UNIT 6. THERMODYNAMICS

It isthe study of flow of energy. It encompasses the study of flow
of heat aswel asmass.

2. THERMODYNAMICS

2.1 System

The part of the Universe under observation is caled system.

SeFFeHRE Ng

he part of the Universe not under observation is called
Surrounding.

System + Surrounding = Universe
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Open System : A system in which both flow of
mass and heat is possible.

Closed System : A system in which flow of heat is possible but
flow of massisnot possible.

Isolated System : A system in which neither heat
nor mass can flow in or out.

3. STATE OF A

Thestatevariables (P, V, T, n) describes the condition of a system.
On changing any one or more of these variables the state of the
system changes.

4. PROPERTIES OF

At The 50 ategorized into one of the
following two types :

Extengve Properties

chrproperties ofersysterm which depends on the mass or the
total number of particlesin the system are categorized as Extensve
Properties. eg. Totd Energy,volume.

NS ve Propaues

Such properties of a sysem which depends on concentration
and does not depend on themass or thetotal number of particles
inthesystem arecategorized asIntensive properties. eg. Pressure,
Dendty, Reractive Index.

Such thermodynamic functionswhich depend only on theinitial
and final states of the system and not on the path followed are
caled state functions eg. Internal energy, Enthapy and the
functions which depend on the path followed while changing
from one state to the other are called path functions. eg. work
heat.
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A sysem is said to be under thermodynamic equilibrium when
none of the state variables are changing and it satisfies the three
equilibriums.

—Vachairkeal-EaeHarium

here1sno mechanical maotion and the pressure and thevolume
of thesystem isnot changing.

I | Ecuilibe

There1sno 1Tow of heal an
not change with time.

the temperature of the system does

——GChemieal-EauHHbiium

T anychemical reaction 1Staking placein the sysemthen therate
of forwardreaction isequal totherate of backward reaction which
means that the overall moles of the system is constant.

It isthe sum totd of the components of energy of the system due
totheinternal factors. Itisdenoted by U (sometimes by E). Since
the system under observation is an ided gas thus the internal
energy of the system is dependent only on the kinetic energy of
the gas and therefore is only a function of temperature. U a T.
Since internal energy depends only on temperature thus, it is a
statefunction.




8. MODES OF ENERGY

Therearetwo methodstoalter theinternal energyofa systemviz.
Heat and work.

Heat

Heat is the energy transferred due to temperature difference
between the system and the surrounding. On heating, thekinetic
energy of themoleculesincreases and therefore the interna energy
increases.

Work

Work is the energy spent to overcome an external force. When
the system does work against an external pressure (expansion) it
tends to reduce the internal energy and on the other hand when
the system contracts due to the externa pressure it tends to
increase the interna energy.

9. FIRST LAW OF

The firg law of Thermodynamics states that Energy can neither
be created nor destroyed.

Ou=q+w

Conventions. In the above system if work isdone bythe system
then w is negative and if work is done on the system then w is
positive. Also, ifheat flowsintothe system then qispositive and
if heat flows out of the system then g isnegative.

- |

A process whose direction can be changed by an infinitesimal
change to the system or surroundings and which can bereversed
by retracing the original path and the system is restored to the
initial state. Thedriving forceof areversible processisvery-very
small and such a process is extremely dow. For a process to be
reversible there must not be any dissipative forces and also the
system should bein aQuas Static State.

10.1 Quas Static State
Stetf at the system seemsto bestatic at all

intervals of time but actually is not. Themotion is so dow that it
is amost impossible to detect the motion and the system seems
to bein equilibrium with the surroundingsat all instants of time.

11. EXPANSION

It isthework done due to the volume changes of the gas. The

mathematical expression for the expansion work is W = —f PecdV.

Always remember, beit expansion or compression we awaystake
the externa pressureasthe drivingforce. For areversible process,

ex

P = PGAS and W= —f PGASdV'

If wedraw a process curve between P and V then the work done
isrepresented by the area covered under the P-V graph as shown
inFig.
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Sign of w : If the volume of the system isincreasing
then the sign of w is—ve and if volume is decreasing
wis+ve

Sign of OU : If the temperature of the system is
decreasing or the product pressureand volume (PV) is
reducing then the sign of OU is—ve elsg, the sign of
OUis+ve

Sign of g : Thesign of q needs to be determined using
thefirg law ofthermodynamics.

. s erewhieh comes back toitsinitial state. The
graph of a cyclic process is dways a closed graph. For a cyclic
process, OU,,=0and (g = — W,




13. ENTHALPY |

Enthal pyis another thermodynamic function (likeinternal energy,
work and heat) which we study in various thermodynamic
processes. It is also a state function like internal energy. It is
defined as the sum of the energy stored in the system and the
energyusedin doingwork. Mathematicaly, H= U + PV. At congtant

pressure OH = c;and at constant volume OU =q,.

14. HEAT CAPACITY

The heat capacity of the system is the amount of heat needed to
rai se the temperature of the system by 1°C or 1K.

C=g/OT.

14.1 Molar Heat Capacity

The molar heat capacity of a system (C w) isthe amount of heat
needed to raise the temperature of one mole gas by 1°C or K.

c=4%
M noT

The molar heat capacity of a system at constant pressure (C)) is
the amount of heat needed to raise the temperature of one mole

gas the system by 1°C at constant pressure.

C,=q,/nOT.
The molar heat capacity of a system at constant volume (C,) is

the amount of heat needed to raise the temperature of one mole
gas by 1°C at constant volume.

C,=q,/nOT.
Thus, we can say that : OH = nC,OT and OU =nC,OT and
C.=C,+R

Type of Gas | C, C, T =C,/Cy
monotomic 3R/2 5R/2 5/3=1.67
diatomic 5R/2 TR/2 7/5=1.4
Non-linear | 3 4R 4/3=134
Polyatomic

|sothermal Process

These processes arethe onesin which thetemperatureis constant
throughout the process.

OU=0,0H=0
w = —2.303nRT log,(V,/V,) = — 2.303 nRT log,, (P,/P,)
q=+2.303 nRT log,,(V,/V,) = + 2.303 nRT log,, (P,/P,)

Adiabatic Process

These processes are the ones in which the heat exchanged with the
surroundings is zero. Such processes are defined by the equation
TVY = constant, T'PY = congtant, PV” = constant.

q=0—-w=0U
OU=nCOT=(PV-PV)/(y-1). = (hnROT)/(y —1)
\ 2 2 11

OH =nC,OT

1SOCNOrTC Frocess

These processes are the onesin which the volumeremains congtant.

Since the change in volume is zero therefore we can say that

w=0

Ll=—nC QT —n0n
v v

H=nCOT
P

| sobaric Process

These are the processes in which the pressure remains constant.

w=- POV =-nROT
Oou= nCVOT

All these processes are happening on a system containing an
we find suitable. v . S

15. TYPES OF THERMODYNAMIC PROCESSES

There are four important types of processes to be studied in this
chapter. The basic meanings and difference of these four
processes are:
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Although the graph of isothermal and adiabatic processesare
similar in nature it should be noted that the P-V graph of an
adiabaticprocessissteeper than that of anisothermal process.

16. GRAPH

When a thermodynamic process is plotted in terms of two state
variable it can be transformed into a graph involving the other
state variable by doing the following :

1

w N

| dentify thetype of curvegiven, whether itisP-V,V-Tor P-T
graph.

Then, Identify every step of the process

Then one by one convert every step into the required graph
bearingin mind critical pointslike, an expanson process will
remain an expansion process and so on.

4. A cyclic process should remain cyclic whichever graph we
meke
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Note : From the given P-V graph.
Process 1-2 isisothermd expandon; 2—3 adiabatic expansion;

3—4 isothermal compression & 4—1 adiabatic compression.




17. IRREVERSIBLE
For an irreversible process the work doneis given by

W = - fPEXTdV- We cannot take the external pressure to be

equal to the pressure of the gasin these processes.

18. FREE

If theexternal pressureof thegasiszerothat isthegasisexpanding
againgt vaccum then the work doneis aways zero, thisis called
the case of free expansion. In this process the gas does no work
asthereisnoeffort put in expansion process. If noheatissupplied
tothe gasthen thereisno changein temperature too. That iswhy
such a processis both Isothermal and Adiabatic.

19. POLYTROPIC I

Itisageneralized form of any thermodynamic process which has
aform PV" = constant wherenisareal number. For anisothermal
processn = 1and for an adiabatic processn = y. Theheat capacity
of a polytropic process can be calculated using the first law of
thermodynamics and comes out to be :

C=C,-R(n-1).

20. NEED FOR

Thefirst law talks about the conservation of energy in a process
but does not speak of the feasibility of a process. It does not tell
whether aprocess will happen on itsown i.e. whether the process
is spontaneous or not. A spontaneous process is one which
happens on its own. Example, heat dways flows spontaneoudy
from higher temperatureto lower temperature: Nothing in thefirst
lawmentionsthat the opposite process cannot happen. According
tofirg law anyprocess where energyremains consarved isfeasible.
But we need some other basis for feasibility of a process. Thisis
where the second law isimportant.

Spontaneous processes

Spontaneous processes have a natural tendency to take place
and no external work isneeded to carry out these processes. Al
natural processes are spontaneous.

Non-Spontaneous processes

Theyare driven by external work and cannot take place naturally.

22. CONCEPT OF |

€ Matter hasanatural tendencyto get disordered or randomised

@ Energy has a tendency to become disordered or dispersed.
It was concluded that any such process in which the total
randomness of the universe (system + surrounding) increases is
a spontaneous process. Entropy is a measure of randomness or
disorder. It is a state function represented by S. We can safdy
say that in a spontaneous process thereisatendency for increase
in entropy. Hence the statement of second law :

The entropy of an isolated system/Universe tends to increase
OR In a spontaneous process the entropy of the Universe
increases.

0S=q/T.
OSTOTAL = OSSYSTEM + OSSURROUNDING> O

(forasponataneouschange)

Thus, In areversible process the entropy of the Universeremains
constant i.e. 0S;,, =0

Entropy changes in a Thermodynamic Process

TTNE eNropy CNanges Im an mamodynaimic process can be
mathematically cal culated by the equation :

— 0S=nC,In(T/T) +nRIn (V,/V,). Thisexpression can be
simplified for the four processes studied earlier as:

Isothermal process: OS=nRIn (VZ/}/)
Isochoric process: OS=nC, In (T,/T,)
For isobaric process: OS=nC,In (T,/T,)
Adiabatic process: OS=0(q,,=0)

Important points to Remember
|. Entropyof asystemremai nsconstelrlt inareversibleadiabatic
ProcesS. Tha eore, It 1Sal SO KNOwN as “isentropic process”.
2. Entropy of an idea gas will awaysincrease in isothermal
expansion.

3. Inareversible adiabatic process the entropy of both system
and surroundings remains the same and there is no overall
changein entropy aswell.

OSSYSTEM = OSSURROUNDINGS: C)SI'OTAL =0




4. In a reversible isothermal expansion the entropy of
surroundings will always decrease to balance theincreasein
system’s entropy to make the overall entropy constant.

5 Infree expandon the entropy of the system always increases
and that of surrounding remains constant. Free expansion is
both isothermal and adiabatic andisirreversible.

23. GIBB’S FREE

Gibb’s Free energyfunction givesusaveryconvenient parameter
to judge the spontaneity of a process fromsystem’s perspective.
Ataconstant temperatureand pressure, OG=-TOS,;,, and for
a process to be spontaneous, OG < 0. The changein Gibb’sfree
energy can also berepresented in terms of the system parameters
as:

OGg/s= OH - TOS,;at aconstant temperature.

28 IHENUCHEVCA

A chemicd equation which givesusall theinformation likeenergy
changes associ ated witha chemi calreaction andphases of various
reactants and productsis called Thermochemical Equation.

All reactions can be categorized into one of the following two
categories:

Endaothermic Reactions

Are those chemical reactions which absorb energy.
(OH = positive)

Exothermic Reactions

Are those chemical reactions which release energy.
(OH = negative)
For a Chernlcal reaCtion, C)HREACTION = HPRODUCTsi HREACTANTS

The changein enthal py during a chemical reaction occurs dueto
breaking and making of bonds.

Also, OH=0U +OnRT.
ENAd HALLYEY Y U
al reactions and is

sometimescalled the Hegt of Reaction. Let’s takealook at various
types of reactions and enthalpy changes associated with them :

Enthal pyof Formation OH ;

It istheheat absorbed or rel eased when one mole of a compound
is formed from its congtituent elements under their standard
demental forms. The enthalpy for formation of the following
substances is taken to be zero under 1 bar pressure and 298 K.
OH°(Q.0)=0 OH°(S, Rhombic)= 0

OH % (C, graphite) =0 OH ° (P, white) = 0

OH°(Br ,1)=0 OH°(H* ag)=0
f 2 f

Enthal py of Combustion

It isthe heat released or absorbed when one mole of a substance
undergoes combustion in presence of oxygen.

CH 4(g) +20 gg) — CO(g) +2H Oz(g) OH =-890 kJmol

Enthalpy of Solution

Itistheheat rel eased or absorbed when 1 mole of acompoundis
dissolved in excess of a solvent (water).
MgSO (8) + H O (excess) — Mg™ (ag) + SO * (ag)
4 2

4

OH o = —91.211 kIJmol
0

— Enthalpy of Hydrgtion

It isthe energy released or absorbed when 1 mole of anhydrous
or partially hydrated salt undergoes hydration by the addition of
water of crystallisation. e.g.

CuSO,+ 5H,0) — CuSO,. 5H,0(9)
OH,yp=—78.9 kImol

Enthalpy of Neutralization

tistheheat released or absorbed when oneequivalent of anacid
undergoes neutrdisation with one equivalent of abase. e.g.

H" (ag) + OH (ag) = HO(l)

OH;=-57.3kJmal

26. HESS LAW OF CONSTANT HEAT
SUMMATIO

Since enthalpy is a gate function thus for a reaction which takes
place in steps the net change in enthalpy can be calculated by
adding the enthal py changes of each step. Thisiscalled the Hess
Law.




27. BORN HABER

The entirethermodynamics process of formation of an ionic crystal
lattice is called Born Haber cycle. An ionic compound is formed
from its constituents through a series of steps involving
conversion of atoms/molecules into gaseous phase for ion
formation, ionisation and e ectron gain to form ionsand then the
reaction of gaseous ionsto form solid lattice.

28. BOND DISSOCIATION

The energy needed to break the bonds of one mole moleculesis
caled the Bond Dissociation Enthalpy of the substance. It is

defined per mol of molecule. eg. Bond dissociation enthal py of
H,is 436 kJmol

29. HEAT OF

It is defined as the energy required to convert any substance to
gaseous atoms. Thisis defined per mol of the gaseous atoms. For
example Heat of atomisation of H will be218 kJ/mol atoms.




SOLVED

_Example: 1]

Calculate the internal energy changein each of the
following cases:

(i) A systemabsorbs15 kJof heat and does5 kJof work.

(i)  5kJof workisdone on the system and 15 kJ of heat
isgiven out by the system.

(i) Here, g=+15kJ
w=-5kJ

According to first law of thermodynamics,
OU=qg+w=15+(-5)=10kJ
Thus, interna energy of the system increases by 10 kJ.
(i) Here,  w=+5kJ

=-5kJ

According to first law of thermodynamics,
OU=g+w=-15+(+5)=-10kJ
Thus, theinternd energyof thesystem decreasesby 10 kJ.

Calculate w, g and OU when 0.75 mol of an ideal gas
expands isothermally and reversibly at 27°C froma volume
of 1I5Lto25L.

For isothermal reversible expansion of an ideal gas,
2

w=-2.303nRTlogy, Puttingn=0.75mal,V,=15L,
V,=25L, T=27+273+300K andR=8.314JK *md *,
we get 5
w=-2.303x0.75x8.314x300log

15

(~ve sign represents work of expansion)

For isothermal expansion of anideal gas, OU =0
OU=qg+wgivesq=—-w=+9555]

=-955.5]

arDoN MONOXIJE 1S alTowed 10 expand rsothermaly an
reversibly from 10 m?to 20 m*at 300 K and work obtained
is 4.754 kJ. Calculate the number of moles of carbon
monoxide.

Sol.

Vs
w=-2.303nRTlog 71

20
—4754=-2.303 x n x 8.314 x 300 log_
10

Thisgivenn = 2.75 moles.

A 5-litre cylinder contained 10 moles of oxygen gas at
27°C.  Duetosuddenl eakagethroughthehole,allthegas
escapedintotheatmosphereandthecylinder gotempty.If
the atmospheric pressure is 1.0 atmosphere, calculate
the work done by the gas. (1L atm = 101.3 J)

V . =5L,T=27°C=27+273K=300K

initia

nRT  10x 0.0821x300
Viina = p= 1.0
OV=Q_ -V, =246.3-5=2413L
W, =~ POV=-1x 241.3Latm=-241.3 x101.3 J
= 244437,

=2463 L

Two moles of an ideal gas initidly at 27°C and one
atmospheric pressure are compressed isothermally and
reversibly till the final pressure of the gasis 10 atm.

Calculate g, w and OU for the process.

Here,n=2molesT=27°C=300K,P =1am,P =10am

w=-2.303n RTlog" = ~2.303 2 x 8.314 JK > mol x
2

1
300K><IogE:11488J

For isothermal compression of ideal gas, OU =0
Further, OU=q+wqgq=-w=-11488 J.

10g of argon gas is compressed isothermally and
reversibly at atemperature of 27°C from 10L to 5L.
Calculate g, W, O U and OH for this process.

R=2.0ca K" mol™.log,2=0.30 Atomic wt. of Ar = 40

W =—2.303nRT log V2
10)0%

Sal.




10 5
=-2.303 % 0% 2x 300Ioglol—0
W =103.991 cal

OU =0; OH = 0 (Congtant temperature)
g=0U-Wqg=-W=-103991cd

| Eamio 7|

Agaspresentinacylinderfittedwithafri cti onl esspiston
expandsagai nstaconstantpressureof 1atmfromavolume
of 2 litre to a volume of 6 litre. In doing so, it absorbs
800 J heat from surroundings. Determine increase in
internal energy of process.

Sol.

Example: 8 I

Since, work is done againgt constant pressure and thus,
irreversible.

Given, OV = (6 - 2) = 4 litre; P= 1 atm
W =—1x 4litre-atm = — 4 x 1.01325 x 107 J
=405.3J
Now from first law of thermodynamics
q=0U-W
800 = OU +405.3 OU = 394.7 Joule

5molesof anideal gasat 300K areexpandedisothermally
from aninitial pressure of 500 Pato afina pressure of
100 Pa against a constant external pressure of 100 Pa.
Calculatew, q,OUandOHfortheprocess. What will bethe
differenceifthesameprocessiscarried outirreversibly?
What arethevaluesof w, g, OU, OH for theirreversible
process ?

For an isothermal irreversible expansion :
OU=0H=0

W= — Por (Vs-V)

V,and V, can be calculated from ideal gas equation.
V = nRT/P=5 x 8.314 x 300/500 = 24.9 m’
V=nRT/P= 1247 m’

Therefore, w = — 100 x (124.5 - 24.9)

=-9980 J

g=+9980J

If this processis done reversibly then the internd and
externa pressure should be same throughout.

OU = OH =0 (temperature is constant)
w=-nRT In (V,/V,)
=-5x8314%x300%1In5
=-20071.3 J

q=+20071.3J

The state of amole of an ideal gas changed from state A
(2p, v) through four different processes and findly returns
toinitial StateA reversibly asshown below.

2pfeeeenaaes A > B
T F 3 A 4
P D

1] — «—IC

0 E -

0 Vy—s 2v

Calculate the total work done by the system and heat
absorbed by the system in the cyclic process.

Sal.

State A to Sae B (Isobaric expansion)

Pressureis held constant at 2p and the gasis heated
until the volume v becomes 2v.

W,=-pOV =-2p(2v-V) =—2pv
State B to State C (Isochoric process)

Volumeisheld constant at 2v and the gasis coolled
until the pressure 2P reaches p.

W,=0(0V =0)
State C to State D (Isobaric compression)

Pressureis held constant at p and the gasis further
cooled until the volume 2v becomesv.

Ws=—p(v-2v) =pv
State D to State A (Isochoric process)

Volumeis held constant & v and the gasis heated
until the pressure p reaches 2p.

W,=0(OV =0)




Total work doneby thegas=W =W, + W, + W,+ W,
oo W=-2pv+0+pv+0=—pv(=areaABCD)
Asthe processiscyclic OE=0

g=-w-q=+pv

where q isthe heat absorbed in the cylic process.

Example: 10

Twomol e ofa perfect gas undergothe foll owingprocesses:
(@ areversibleisobaric expansion from
(1.0 atm, 20.0L) to (1.0 atm, 40.0L).
(b) areversibleisochoric change of state from
(1.0 am, 40.0L) to (0.5 atm, 40.0L)
(0 areversibleisothermal compression from
(0.5atm, 40.0L) to (1.0 atm, 20.0L ).
(i) sketch with labelseach of the processes on the same
P-V diagram.
(i) Calculatethetotal work (w) andthetota heat change
(q) involved in the above processes.

(i) What will bethe value of OU, OH and OS for the
overall process?

Sol. The overall iscyclic one, i.e, initial stateisregained, thus
OU=0;0H=0andOS=0.

1 atm
AB - Isobaric expansion
4 (w=-ve)

BC — Isochoric change

0.5 atm ----------915- ----------- ic =0

CA — Isothermal compression

(w=+ve)

4:0 L

Now, total work W =W, _+ Wg_c+ W_,
Wug=—P(Ve=V,)
=-1(40-20)=-20L am

=-20x 1.01325 x 107 J

=-2026.5J

Woe. = O (Isochoric)

Va
W, =-2.303nRT |0910\LC_

n=2mol.

At pointC: P=0.5atm, V =40L

PV =nRT
0.5 x 40
T = (go801)(2) = 121.8K
{,20))
W =—2.303(2)(8.314)(121.8) log | |
CA 10 \ E )
= 1404.07 J
Total work, W = — 2026.5 + 0 + 1404.07
=—622.43J

'i’r . I.iI_IIiI.

For cyclicprocess: OU=0
e q=-w

q=+62243J

i)

(if)

Calculatethe amount of work donein each of the following
cases:

One mole of an ideal gas contained in abulb of 10
litre capacity at 1 bar is alowed to enter into an
evacuated bulb of 100 litre capacity.

Onemoleofa gasi sall owedtoexpandfroma volume
of 1 litretoavolumeof 5 litresagai nsttheconstant
external pressure of 1 atm (1 litresatm = 101.3 J)

Calculate the internal energy change (OU) in each
caseif the process were carried out adiabatically.

(iyw=-PxOV
As expansion taks place into the evacuated bulb, i.e.,

P,.=0. Henc,w=0.

against vacuum, P,
For adiabatic process,q=00U=q+w=0+0=0.
(i)OV =V -V =5-1=4litres
P=1amw=-POV
=-1x4litreatm = — 4 litresatm
=—4x101.3J=-405.2J(1L —atm = 101.3J)
The negative sign impliesthat the work is done by the
system.

For adiabaticprocess, OU= g + w= 0—-405.2J=-405.2J




5.6 dm® of an unknown gasat S.T.P.required 52.25 J of
heattoraise its temperatureby 10°Catconstantvol ume.
Calculate C, Candy of the gas

v o p

Sal.

The22.4dm?of agasat ST.P.= 1 mol

1
5.6dm’ of thegasat ST.P.= , , * 56 = 0.25 mol

Thus, for 10°rise, 0.25 mal of the gasat constant volume
requireheat =52.25J
For 1°rise, 1 mol of the gas at constant volume will

. 52.25
requirehesat =

10%0.25
C=209JK*md* | |
Now, C=C+R=20.9JK mol
p \
29.214 JK-*mol-!

=20.9

-1 -1
+8.314JK mal =

_C,_29.214

T, 209 14

| Example: 13

Aheatedcopperblockat 130°Closes 340J of heattothe
surroundings which are at room temperature of 32°C.
Calculate

(i) theentropy change of thesystem (copper block)
(ii) the entropy change inthesurroundings

(iii) thetotal entropy changein the universe dueto this
process

Assume that the temperature of the block and the
surroundings remains constant.

Sol.

Tosem = 130°C=130+273 K=403K, T, = 32°C=32
V73K =305K qsyﬂem:7340\]! qsurr:+340‘]

OS - QSystem: _340J_

(i)~ osem =-0.84XK"*
q +340J
(i) OSwr=_"=__ =+111XK"
Tar 305K
inOS or0S =0S +0S =-084+(+111
(iii)
total universe system um

JK1=0273K?

Example: 14

An ideal gasis originally confined to a volume V,in an
insulated container of volume V,+ V,. The remainder of
the container is evacuated. The portion isthen removed
and the gas expands to fill the entire container. If the
initial temperature of the gas was T, what is the final
temperature. Also predictquaitatively, the entropy change
of system, surroundings and the universe.

Insulated

|~ container
n

Vi v,

vacuum

. Thisis a process of adiabatic free expanson of an ideal

gas. The internal energy does not change thus the
temperatureal so staysthe same, i.e., thefinal temperature
isdtill T.

VitVo
OSy¢en=nRIN v, =~ o0V,+V,>V,
OSSJ" = 0 qSJIT. = O
- OSUniv> 0

| Exanple: 15 |

1.0mol of anided gas,initiallypresentina2.00L insulated
cylinder at 300 K isallowed to expand againgt vacuumto

8.00 L. Determine W, OE, OH, OS,,;,and OG..

Sol.

2L 8L

1.0
mol
300 K

Adiabatic
—Vacuum _mp

1.0 mol —pVacuum

W=-p,O0V=0g=0—-OE=0=0H

- T,= 300K

V2 1
OS=RIn =RIn4=1152 XK
sys Vl
OSsurr =0 qsys = qsurr =0

-0S,_,, = 1152 K™

- 0G=-TOS,;, =300 x 11.52 = — 3456 Jmol.




Example: 16

The heat of combustion of benzene in a bomb calorimeter
(i.e., constant volume) was found to be 3263.9 kJmol ™ &
25°C. Calculate the heat of combustion of benzene at
constant pressure.

Sal. Thereactionis,
CH + !
66A) 7202(9)

——6CO g +3HOA
2()  2()

Inthisreaction, O,istheonly gaseousreactant and CO,
isthe only gaseous product.

1 3
Ong:np_nr:6_71:—1 = -
2 2 2
Also, wearegiven OU (or g) =—3263.9kImad ™

T=25C=298K

8.314 -1 -1

R=8314JK™* mol- = 4000 kJK mol

OH (or q)=0OU+ On RT=—3263.9kJmol 1+
p [¢]

3 {8314

L kJK™? mol'l\
| 2 Jz000 )

=—-3263.9—-3.7 kJmol*=—3267.6 kJmol

Example: 17

Calculate the amount of heat evol ved when

(i) 500 cm?of 0.1 M hydrochloricacidismixed with 200
cm® of 0.2 M sodium hydroxide sol ution

(ii) 200 cm® of 0.2 M sulphuric acid is mixed with 400

cm® of 0.5M potassium hydroxide solution.
Assumingthatthespecific heatofwateris 4.18 JK-* g*
and ignoring the heat absorbed by the container,
thermometer, stirrer etc.,, what would be the rise in
temperature in each of the above cases ?

01, 500 = 0.05=0.05moleof H*ions

Sal. (i) moles of HCI = 1600

0.2 X200
1666

200 cmiof 0.2M NaOH =

moleof NaOH = 0.04 mole= 0.04 moleof OH ions

Thus, 0.04 moleof H* ionswill combinewith 0.04 mole
of OH" ionsto from 0.04 moleof H,O and 0.01 moledf
H* ions will remain unreacted.

Heat evolved when 1 mole of H" ions combine with
1 moleof OH-ions=57.1 kJ.

Heat evolved when 0.04 mole of H*ions combine
with 0.04 mole of OH-ions=57.1 x 0.04 = 2.284 kJ

, 0.2
(i)200cmof0.2MHSO = x 200 moleofH SO
2 4 1000 2 4

= 0.04 mole of H SQ = 0.08 mole of H" ions

0.5

400 cm® of 0.5 M KOH = 1000 400 mole of KOH =

0.2 mole of KOH = 0.2 mole of OH™ ions

Thus, 0.08 moleof H" ionswill neutralize 0.08 mole of
OH ions. (out of 0.2 mole of OH™ ions) to form 0.08
mole of H,O.

Hence, heat evolved = 57.1 x 0.08 = 4.568 kJ

In case (i), heat produced = 2.284 kJ = 2284 J

Total volumeof the sol ution =500+ 200= 700 mL

Assuming density of solution = 1g/mL

So mass of solution = 700g

Specific heat =4.18 JK1g*?

or= 9 = 2084
mx C 700X 418

Q=mxCxOT =0.78°C

Incase(ii), heat produced = 4.568 kJ= 4568 J

Total massof thesolution =200+ 400=600 g

or= Q = 4568
mMXC 600X418

=1.82°C

Calculate the enthalpy change accompanying the

tranformation of C (graphite) to C(diamond). Given that

the enthal pies of combustion of graphite and diamond are
and 395.4 kJmol * respectively.

Sal. Remember, enthalpy of combustion is dwaysnegative
we are given

() C(graphite) +O () —— CO (0);0 H°=-3985kImol*

(i) C(diamond)+0O (g) —— CO (g);0 H°=-395.4kJmol*
2 2 c




Ho=?

trans

Weaimat C(graphite) ——> C(diamond), 0

Subtracting egn. (ii) from egn. (i), we get

C(graphite — C(diamond) —— 0;
O H°=-3935-(-395.4) =+ 1.9kJ

or  C(graphite) —-— (diamond) ; O

Example: 19

Calculatetheenthal py of hydration of anhydrouscopper
sulphate (CuSO,) into hydrated copper sulphate
(CuS0,.5H,0). Giventhat theenthal pi es of sol utionsof
anhydrouscopper sulphateand hydratedcopper sulphate
are—66.5and + 11.7 kdmol * respectively

L H=+19kJ

tri

Wearegiven

(i) CuSO4 (s) +aq —— CuSO4 (aq) ;
OSOH =-66.5 kJmol*

(i) CuSO4.5H,0 (s) +aq —-— CuSO4 (aq) ;

0] I—i=+11.7k\]mol .
sol

Weaimat CuSO, (s) +5H,0 (I) —— CuSO,5H,0(s);
QH=?

OH=0H- OH =665 (+11.7) = — 78.2 k¥mol
1 2

the enthalpies of combustion of methane, graphite and
hydrogen are 890.2 kJ, 393.4 kJ and 285.7 kJ mol
respectively.

Wearegiven:
(()CH +20 ——CO +2H 0,0H=-890.2kJmol *
4 2 2 2
(ii)C+0O, —— CO,, OH =-393.4 kI mol*

1
(ii)H + O ——H 0, OH = -285.7kJ mol™*
2 2 2 2

Weaimat:C+2H, —— CH, OH="?

Example: 21

data:

In order to get this thermochemical equation, multiply
egn. (iii) by 2 and add it to egn. (ii) and then subtract
egn. (i) from their sum. We get :
C+2H, —CH,
OH =-3934 + 2 (-285.7)

—(-890.2) kJmol ' =-74.6 kImadl*
Hence, the heet of formation of methaneis:
O H=-74.6 kJmol*

Calculatethehesat of formation of KCI from thefollowing

(i) KOH (ag) + HCl (ag) —— KCl (ag) + H,0
,OH=-57.3kJmol*
__ . (A
(iYH (@+ O
2 2 2)

g —HOA,
2 ()
OH=-286.2kJmal*
(iii) 1Hg+1clg +ag——HCl aq ,
2 %) 2 %) (
OH=-164.4kJmal*
(VK©+ 0 g+ H g +ag——
2 ) 2%()
KOH (ag), OH = -487.4 kJ mal
(v) KCl (s) +ag —— I}CI (ag), OH=+18.4kJmol *

—_—— 0 =

L

g

Mo e P | \_— Cl o KCl o Ll 2
vvearror. Is(S) ! g 1) Feor—>—7 ™t g

2

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

Step 1. Adding Egns. (iii) and (iv) and subtacting Eq. (v).
we have

K(s)+1CI g+H g+1Og ——KCl s +

g 2 2 2 2
() ( I—?CI (aq)+( IQOH (aq)- K(C? (a0)
- - - - -1 i
o 2 1o e Ot S ma O thes EusOhwhict A3
not appear in therequiredequation (vi), add egn. (i) to egn.
(vii) and subtract egn. (ii) from their sum. Thisgives
Ks+1CIg ——KCl s ;
2 2
()= () ()

QH=-670.2+57.3- -286.2=—-441.3kJ

()




| Example: 22

Thecombustion of 1 moleof benzenetakes placeat 298 K
and 1 atm. After combustion, CO (g) and H O,(1) are
produced and 3267.0 kJ of hest is liberated. Calculate
the standard enthalpy of formation, O H° of benzene.

Standard enthal ples of formation of CO (911) and H,O (1)
are— 393.5 kJmol * and —285.83 kJmdl respectively.

Sol.

Aim:6C(s)+3H (@) —CH (A) OH=?

Given :
15
@) Celj h+ _ O (g)——6CO (g)+3H O(l),0H
2 2 2 2
=-3267.0kJmol*

(i) C(s)+0 (g) —— CO (g),0H=-393.5kImol *

1
(i) HA Q)+ Eozg ) ——H,0(1),0H=—285.83kJmol *

In order to get the required thermochemica equation,

multiply Eq. (ii) by 6 and Eq. (iii) by 3 and subtract Eq.
(i) fromtheir sum, i.e. operating 6 x Eqgn. (ii) + 3 x Eqgn.

(iii) — Egn. (i), we get

6C(s)+3H,(g) — CH (1)
OH= 6(-393.5)+3(-285.83) (-3267.0)
=— 2361 — 857.49 + 3267.0 = 48.51 kJmol *
Thus, the enthalpy of formation of benzeneis
OrH=-4851kJmol™*

| Beanie 5

Calculatethe enthal py of combustion of ethylene (gas) to

form CO, (gas) and H,O f(?as) a 298 K and 1 atmospheric
pressurezl' eenthalp|eso mation of CO , H OandC H

are—393.5, —241.8, + 52.3 kJ per mole respectlvely

Wearegiven:
(i)C(s)+0O (g) —— CO (g), OH® =—3935kJ mol >
2 2 1
MH 9 +1o g ——HO(g), OH® = — 2418KImoi ™
2() 2 2() 2 2

(iii) 2C(9+2H (g) —— CH (g), OH® =+523kJmol "

2 2 4 3

Weamat: C2H 4(g) +30 2(g) ——2CO 2(g) +2H 9(g)
OH= — OH,+ 20H, + 20H,
=-1322.9kIJmol*

Example: 24

Given the following thermochemical equations:
(i) S(rhombic) + O (g) —— SO (g), OH=-297.5kImadl *
2 2

(ii) S(monoclinic) + O, —— SO (g), OH =—300.0 kImd ™

Cal culateO Hf orthetransformation of onegramatomof
rhombic sulphur into monaoclinic sulphur.

Sal. Weaimat
S (rhombic) — S (monoclinic), OH="?
Equation (i) — Equation (ii) gives
S(rhombic) — S(monaclinic) —— 0,
OH = 297.5—(~300.0)= 2.5 kJmol *
o §rhombic) —— S(monodinic),OH =+25kJmoal*

Thus, for thetransformation of one gram atom ofrhombic
sulphur into monoclinic sulphur, 2.5 kJmol * of heat is
absorbed.

Example: 25

and —20.6 kJ mol fespectively. Calcllate the hedt of
hydration of BaCl,to BaCl,.2H,0.

Sal. Wearegiven
() BaCl 2H O(9 +aq ——> BaCl (a),0 OH°=8.8kJmol *
2 2 2 ol 1

(i) BaCl (s)+aq —— BaCl (ag),0 OH° =—206kImol™*
2 2 ol 2

Weaim at
BaCl (s)+2H O ——BaCl 2H O(s),0 H°=?

2 2 2 2 hyd

OH=OH, - OH,=-29.4kImol*

Calculate the entha py of hydrogenation of ethylene, given
that the enthalpy of combustion of enthylene, hydrogen
and ethane are — 1410.0, — 286.2 and — 1560.6 kJ mol-*
respectively at 298 K.

Sar. Wearegiven (1) C H (@) + 30 (g) —— 2CO (g) + 2H O
2 2 2 2
(1), OH=-1410kImad™




(H @ + i 0 (94— H O(l),0H=-2862kJmol *
2 2 2 ) 2

1

(ii)CH (g)+3_O (9)—_’ 2C0O; (9 )+3H20(I),OH
2 6 2

=—1560.6 kJmol

Weaimat: CH,+HJ(9) ——CH (9),0H="

Equation (i) + Equation (ii) — Equation (iii) gives

C2H4(g) +H z(g) ——C M (g)l
OH= — 1410.0 + (—286.2)— (1560.6)= — 135.6 kJmol *

oxample. 27 |

Thethermitereaction used for welding of metal sinvolves
thereaction

2Al(s) + Fe,O,(s) —— AL Q (s)+ 2Fe(s)

What is OH® at 25°C for thisreaction ? Given that the
standard heats of formation of Al,O,and Fe,0O,are
— 1675.7 kJ and —828.4 kI mol * respectively.

Sol.

Weaimat  2Al(s)+Fe O (s) —— Al Q (s)+2Fe
(8, QH ="
O H=Sum of O H°of products— Sum of
r f
Q H° of reactants
=[O H° (Al O) +2x O Ho(Fe)] —
f 23 f
[2xQ H’(Al)+ D H° (FeO)]
=[-1675.7 + 0] — [0+ (-828.4)] = - 847.3kImol *

the equation:
CH (g)+20 (g) —— CO (g)+2H O(),0H=-8903kJImol *
4 2 2 2

(@) How many grams of methane would be required to
produce 445.15 kJ of heat of combustion ?

(b) How many grams of carbon dioxide would beformed
when 445.15 kJ of heat isevolved ?

(c) What volume of oxygen at STP would be used in the
combustion process(a) or (b) ?

RN -} ) H ks
@y TTUNTUIC yrvamcyudaliurt.

890.3kJof heatisproduced from 1 maoleof CH,, i.e,,
12+4=1690of CH,

445.15 kJ of heat isproduced from 8 g of CH,

(b) From the given equation, when 890.3 kJ of heat is
evolved, COZformed =1mole=44g

When 445.15 kJ of heat is evolved, CO, formed= 22 g

(c) From the equation, O, used in the production of
890.3kJof heat =2 moles=2 x 224 litresat STP

=448 litresat STP

Hence, O, used in the production of 445.15 kJ of hest =
22.4 litresat STP.

Example: 29

From the thermochemical equation,

1
CGHG(/\ + 7_2 Oz( % ———>3HZO(/-) + 6CO; (g),

O H=-3264.64 kJmoal %,

cal cul atetheenergyevol vedwhen39 gof C,H,areburnt
in an open container.

From the given equation,
When 1 mole of C;H,(78 g of C;Hy) is burnt, heat evolved
= 3264.64 kJ

When 39gof CH ées burnt, heat evolved =

3264.64
x39 =1632.32 kJ

— 78

M

The thermochemi cal equation for solid and liquid rocket
fud aregiven below :

1
2Al s +1°0 —— Al,O :
(970 =6
OH = -1667.8 kamol *
1
H(g + O ——HO1;
2( ) 22@) 2
OH = -285.9 kamol™*

@ If equal massesof aluminiumand hydrogen are used,
which is a better rocketfuel ?

() Determine OH for thereaction :
AlO(s) ——2Al(5)+ 10 g.
22( )

2 3

Sal. (a) From thefirst given equation,




2molesof Al (i.e., 2 x 27 g=54 g) on combustion give
heet = 1667.8 kJ

L 1667.8
1 g of Al on combustion givesheat == =30.9kJ

54

From the second given equation, 1 moleof H, (= 2g) on
combsution givesheat = 285.9 kJ

1gof Hon combustion gives heat = 2859 _ 14205k

2 2
Thus, H,is a better rocket fuel.
(b) Writing thereverse of thefirg reaction, wehave
AOs ——2A s+ 1 OH = +1667.8 kIJmad™*
23() () 1209
Thus, for thereaction given in part (b) of the problem,
OH =+ 1667.8 kJmol*

When 1 gliquid naphthalene (C,,H,) solidities. 149 )oules
of hesat is evolved. Calculate the enthalpy of fusion of
naphthal ene.

Dbk s Lol L ) 400 1]
viuld TTass vl Tiapritniag e (G T J = Lo YITion
108

When 1 g of liquid naphthalene salidified, heat evolved
=149 joules.

When 1 mole, i.e., 128 g of naphthal ene solidifies, heat
evolved =149 joules.

When 1 mole, i.e., 128 g of naphthalene solidifies, heat
evolved = 149 x 128 joules = 19072 joules

Since fusion is reverse of solidification, therefore, heat
absorbed for fusion of onemol e of naphthalene = 19072

joules.

i.e,, Enthalpy of fusion (O, H) = + 19072 joulessmole

g /]

Theheat evolved in the combustion of glucoseisshown in
the equation:

CH 1,0, + 60, (9) —— 6CO, (9) + 6 H,O (9), O.H
= 2840 kamol*

What is theenergyrequirementforproduction of 0.36 g
of glucose by thereversereaction ?

Sol.

The given equation is:

CGH 1206 + 602(9) E— 6C02(g) + GHZO (g) ;
O,H=-2840kJmal*

Writing the reverse reaction, we have

6CO, (9) + 6H,0(9) —— CH,,0; (s) + 60,(9) ;
O H=+2840kImol™*

Thus, for production of 1 moleof CHO (=72+ 12 + 96

6126

= 180 g), heat required (absorbed) = 2840 kJ.

For production of 0.36 g of glucose, heat absorbed
2840

180"

% 0.36 = 5.68 kJ

Calculate the bond energy of C-H bond, given that the
heat of formation of CH,, hest of sublimation of carbon
and heet of dissociation of H,are— 74.8, + 719.6 and
435.4 kJ mol-*respectively.

Sal. Here, wearegiven
C(s)+2H () —— CH (¢),0 H=-T74.8k]
OH = €ane T 26, , —4e.
—748=719.6+2 (435.4) — 4e. ,
€. ,, = 416.3 kJmol
Exampld] |34

Calculate the enthal py change for thereaction

H,(g) + Br,(9) 2HBr (9)

Given that the bond enthal pies of H-H, Br-Br, H-Br are
435, 192 and 364 kJ mol-*respectively.

Sal.

O, H=X B.E. (Reactants) - X B.E. (Products)

=[BE. (H) + BE. (Br)| -2 BE. (HBr) =

435+ 192 - 2% 364 =— 101 kJ




Example: 35

Propanehasthestructure H,C-CH,—-CH,. Calculatethe
change in enthalpy for the reaction:

CHs(9) +50,(9) — 3CO,(9) + 4 H,O(g)
Given that average bond enthalpies are:
CCCHC=00=0 O-H
347 414 741 498 464 kIJmolt

1 +50=0—-30=C=0+4H-0-H

H H

——0—x
~—
&—

OH = (2e; o + 8.+ 5€5-0) — (B0 * 885 1)
=2 (347) + 8 (414) + 5 (498) — 6 (741) — 8 (464)
=-1662 kamoal *

Exampld] §36

Calculatethe entropy changeinvol vedin conversion of
onemole(189) of solidiceat 273 K toliquid water atthe
sametemperature(latentheat of fusion= 6025 Jmol ).

. L S= Qf_H
Sal. Entropychangefor ice— waterisgivenby O; °~ T
f
Here, O H=6025Jmol", T =273 K
f f
-1 -1
0 5= 00 KMol 55 1 9Kk mort
f
273K

Example

Calculate the entropy changeinvolved in the conversion of
onemole of liquid water at 373 K to vapour at the same
temperature (latent heat of vaporization of water

O = 2.257 kJig)

Sal. For the conversion of water — vapour, the entropy
Oy H
changeisgiven by Oy S=
geisg Y Ovep T,
Here, O, H=2.257kJg=2.257*18kJmol=
40.626 k¥mad, T, =373K

40.626 kJmol™
373K

Ouep S= = 0.1089 kJK*

mol-1=108.9 JK-*mol ™

[Example J3é

At 0°C, ice and water arein equilibrium and OH = 6.00 kJ
mol* for the process H ;0(s) — H ;0(l). What will beOS
and OG for the conversion of icetoliquid water ?

Sal. Since the given processisin equilibrium, OG =0

Puttingthisvalueinthereationship, OG=0OH-TOS we
get

OH
0=0OH-TOSor TOS=0H or OS=
T

Wearegiven OH= 6.0kj mol *=6000Jmal *and T = 0°C
=273K

_ 6000 Jmol ™
273K

=21.98JK ~mol *

Examp IS

A+B —— C+D; OH=-10,000 Jmol %
0S=-333Jmol *K?

(i) Atwhat temperature the reaction will occur
spontaneoudy from left toright ?

(ii) At what temperature, thereaction will reverse?

Sal. OG=0H-TOS

At equilibriu, OG = 0 sothat OH =TOS or

OH -10000Jmal™*
= = ) . =300.03K
0S 333K tmelt

(i) For spontaneity from left to right. OG should be—ve
for thegivenreaction. Thiswill besoif T <300.3K

(i) For reversereaction to occur, OG should be +ve
forwardreaction. Thiswill besoif T >300.3K.
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Calculate the standard free energy change for the
reaction,

4NH, (9) +50,(9) —— 4NO (g) +6H,0O (1)

Given that the standard free energies of formation (O G°)
for NH, (g), NO (g) and H,O (1) are— 16.8, + 86.7
and — 237.2 kImal-*respectively. Predict the feasibility
of the above reaction at the standard state.

Example

Here, we aregiven
O G°(NH)=-16.8kJmd™
f 3

Q G°(NO) = + 86.7 kmol

0 G°(HO) =-237.2kJ ma*
0 G°= X 0 G°(Products) - = O G°(Reactants) =

[14x ¢ © o i o
O G(NO)+6x0 G (HO)] -[4xP GNH)
+5x0G°(0)]

= [4 % (86.7)+ 6 x (—237.2)]— [4 % (— 16.8)+ 5 x
0] =—1009.2 kJ

Since O G’ isnegative, the process is
feasible.

IEEiiEE'E!'l

Calculate the entropy change for therusting of iron
according to the reaction :

4Fe(9+30 (9 ——2Fe O (9) OH° =-1648 kJmol *
Given that the standard entropies of Fe, O,and Fe,0,are
27.3, 205.0 and 87.4 JK-*moal*respectively. Will the

reaction be spontaneous at room temperature (25°C) ?
Justify your answer with appropriate calculations.

O =2 S (Products) - 2 S (Reactants) =
2S(Fe0)-[4S’(Fe) +35°(0)]

=2x87.4-[4x%27.3+3x205.0] IK*mol*=
— 5494 JK 'md*

Thisisthe entropy change of thereaction, i.e, system
(OS, e
Now, OG=0OH-TO S

r

= 1648000 Jmol ™ — 298 K x
(-549.4 JK-*mol)

Examplq f

= - 1648000 + 163721 JKmol 1=
— 1484279 JK tmol™

As OG’ is—ve, the reaction isspontaneous.

42

Calculate the standard enthalpy of formation of CH (3)H
(1) from the foll%wing data:

() CHOHA + O g ——CO g +
)2 %) ()

2 H,0 (A) O, H° = -726 kImal*

(i) C(s) +02<9)———>C02 (g) O H°=

1 —~393kJmol™
(iiiy H g+ °
2 029 ———->H20 A,OfH:
()2 () ()
— 286 kJmol-.
| Al XA N PN 0 ol CLlL ALl A
JUT . l_\llll.\/\Q} L1 | \u} 9 L L LA Y
22 2() * ()
Of HO=?

Eqgn. (i) +2x Eqgn. (iii)— Eqgn. (i) givestherequired egn.
with OH=— 393+ 2(—286) — (— 726) kdmal *=

— 239 kdmol-.

el

Calculate enthalpy of formation of methane (CH,) from
the following data :

() C(9+0,(9) ——CO(9), O H°=—-393.5 kJmol *
1 r
(”) H2(g)+2 02(9) _-_>H20( ) ’
O H°=-2858kJImol*
(iii)CHA(g)+202(g) N COZ(g)+2H ZO(A),

OH°=-890.3 kIJmd™*

Sal.

Weaimat: C(s)+2H (g) ——CH (g);0 H°=?
2 4 f

Multiplying egn. (ii) with 2, adding to egn. (i) and then
subtracting egn. (iii) from the sum, i.e., operating egn.
(i) +2x egn. (ii) —egn. (iii), we get
C(s)+2H,(9)-CH,(g) ——0;0 H°=-3935+2
(—285.8) — (-890.3) — 74.8 kJmal*




or  C(s)+2H (g) CH (g); O H°=—74.8kJmol*

2 4 f

Hence, enthal py of formation of methaneis:
OH’=-748kImd™

a VAVA

Calculate the enthal py of formation of carbon monoxide

(CO) from the following data :

()C(9+O (g) —— CO (g); 0 H°=-3935kImol”
2 2 r

(i) CO(g) + Lo, g —(g);0 H = -283.0kJmol
2 () _ .

1
Sol. Weaimat:C(s)+ O g —CO g ;0 H'=7?

z 2() ()
Subtracting egn. (ii) from egn. (i), we get

c(s)+ 0 g CO(g

O H=-3935- (- 283.0)=—110.5kJmal *

o Cs+lo g)———>CO(g);Or H® = ~110.5kJ.

bz (

Hesat of formation of CO is: (f) He= - 1105 kJmol*

I:-)etermine whether or not, It 1S possible for sodium to

reduce @Iumlnlumomdetoalummlumat 298Ig.Gi\6en
that G of Al O 298 K =-1582 kdmol+~; G° of

2 3

NaZO(s) at 298 K = —377 kmol ™.

Thegivenreactionis:
ALLO,(s) + 6Na(s) = 3Na,0 (s) + 2Al(9)
Hence, 0G°= 3 x G° (N3 0) - G} (Al Q)
(G°for Naand Al = 0)
=3 x (- 377) - (- 1582) = 451 kImol *

The reaction cannot occur since OGP (298 K) is positive.

49

Example

The heat librerated on complete combustion of 7.8g
benzene is 327 kJ. This heat has been measured at
constant volume and a 27°C. Cadculate heat of
combustion of benzene at constant pressure at 27°C.

(R=8.3Jmol* K™).

CH(l) +_235(g) - 6CO(Q)+3HO()

6 6 2 2 2 2

15 3
On=6-__=-_
2 2
Also, OU per mol =_327>78_
75
Now, OH =0OU + OnRT

=-3270kJ

3)

=-3270 +{] 51x83x300x10°

OH =-3273.735 kJ

EERE |

Calculate standard heat of formation of CS,. Given that
standard heat of combustion of C, Sand CS,are— 393.3,
—293.72 and - 1108.76 kamol ™.

Sal. Wehave to find OHfor
C+2S—CS; OH="7
Given, C+0,—- CO,; OH=-393.3kJ......... (1)
S+0,-S0, OH=-293.72kJ........ )

CS,+30,— CO,+2S0,; OH=-1108.76kJ.......... (3)
Multiply Eq. (2) by 2 and add in Eq. (1)
C+2S+3Q — CQ+2SQ; OH = - 980.74 kJ (4)
Subtract Eq. (3) from Eq. (4)

C+25—-CS; OH=+12802kJ

OH, of CS,= + 128.02 kJ

heat of formati onvd ueof SF,(g), S(g)and F(g) are: —1100,
275and 80 kJmol *respectively.

SO OH = €5, T 06— O £
—1100 = 275 + 6 (80) — 6e5 ¢
e = 309.17 kJmol




Exampld |49

From the following themochemical equations, calculate
the enthal py of formation of cane sugar (C,,H,,0,)) :
(i) C.Hx,04, (8) + 12 0,(g) —12 CO,(g) + 11 H,O (1)
OH,=-5644kJmol ™
(i) C(9+0O(g— CO (9 OH=-393kJmol*

2 2 r2

(i) H(g)+220(@—>HO() OH=-286k mol

Exampldg E|

The standard molar enthalpies of formation of
cyclohexane () and benzene(l) at 25°Care — 156and +
49 kJ mol* respectively. The standard enthalpy of
hydrogenation of cyclohexene (I ) at 25°C is — 119 kJ
mol . Use these data to estimate the magnitude of the
resonance energy of benzene.

Sal. AIM : 12C(s) + 11 H,(g) —» C,,H,,0,, () OH ="?
OH = 120H,+ 11 OH,— OH,
=12 (-393) + 11 (-286) — (-5644)
=-2218 kJmal

Sol.

Enthal py of formation of 3 carbon-carbon double bonds

OHf(O) —-OH, (@)
=— 156 — (+49) kJ
=—205kJ.

Given, that,
O +H,— O O;H=-119kJ

Theoretical enthalpy of formation of 3 double bondsin
benzenering

=3x(-1199 kJ =-357kJ.
resonance energy of benzene = - 357 — (- 205) kJ

=152 kJmoal .




EXERCISE-1: BASIC OBJECTIVE QUESTIONS

State Functions & Path Functions, Intensive & Extensive

Properties
1 Which of the following is not a state function ?
(a) Heat (b) Internal energy
(c) Enthalpy (d) Entropy
2. Which of the following quantities is not a state
function ?
(a) Temperature (b) Entropy
(c) Enthalpy (d) Work
3 Which of the following is not an intensive property ?
(a) Entropy (b) Pressure
(c) Temperature (d) Molar volume

4, Which of the following is a state function and also an
extensve property?
(a) Internal energy (b) Pressure
(c) Molar heat capacity (d) Temperature
First Law of Thermodynamics & Cyclic Process
5. A system absorb 10 kJ of heat at constant volume
and its temperature rises from 27°C to 37°C. The

value of OU is
(a) 100 kJ (b) 10kJ
(90 (d)1kJ
6. A sample of liquid in a thermally insulated container

(a caorimeter) is stirred by a motor. Taking liquid as
a system for this process choose the appropriate
option :
@w<0;,g=0;,0U=0(b)w>0;g9>0;0U >0
©)w<0;g>0,0U=0(d)w>0;,9=0;0U >0

7. An ideal gas is taken around the cyde ABCA as
shown in P-V diagram
The net work done by the gas during the cyde is

equal to:
1 6P}
g
-
3P
a
v K1Y
Volume —»
(a 12 PV, (b) 6PV,
(c) 5PV, (d) PV,

8. Anideal gasreceives 10 Jof heat in a reversible
isotherma expansion. Then the work done by the

as:
?a) would be morethan 10 J

(b) 10J
(c) would belessthan 10 J
(d) cannot be determined

Types of processes

9.

10.

11

13.

14.

15.

16.

Two moles of Helium gas undergo a reversible cydic
process as shown in figure. Assuming gas to be ided.
What isthe work for the processCtoD ?

0ok 400%

(a) —800 RAN2 (b) zero

(c) +200 RAN2 (d) —600 RAN2
In an isothermal expansion of anideal gas
@q=0 (hov =0
(9gou=0 (dw=0

The maximum work obtained by an isotherma
reversble expansion of 1 mole of an ideal gas a
27°Cfrom224t0224Lis(R=2cd)

(a) —1381.8cd (b) — 600 cal

(c) -138.18 ca (d) —690.9 cal

1 mole of NH; gas at 27°C is expanded in reversible
adiabatic condition to make volume 8 times (y =
1.33). Fina temperature and work done by the gas

respectively are:
(a) 150 K, 900 cd (b) 150 K, 400 cd
(c) 250 K, 1000 cd (d) 200K, 800 cd

One mole of an idead gas expands reversibly and
adiabatically from a temperature of 27°C. If the work
done during the process is 3 kJ, then final
temperature of the gasis;(C, = 20 JK )

(8 100K (b) 150 K

(c) 195K (d) 255 K

Molar heat capacity of water in equilibrium with ice
at constant pressure is

(& zero (b) e

(c) 40.45 kIK™* mol ™t (d) 75.48 JK™* mol*
The pressure of agasis 100 kPa. If it iscompressed
form 1m3 to 10 dm, find the work done.

() 990J (b) 9990J

(c) 9900J (d) 990003

An ided gas expandsin volumefrom 1 x 10 " to

-2 3 .
1x10 m a 300K against aconstant pressure
5 2

1 x 10 Nm. Thework doneis
(8 —900J (b) — 900 kJ
(c) 270 kJ (d) 900 kJ



17.

18.

19.

Calculate the work done when 1 mal of an ideal gas
is compressed reversibly from 1 bar to4 bar at a
constant temperature of 300 K

() 4.01 kJ (b) - 8.02 kJ

(c) 18.02 kJ (d) None of these

169 of oxygen gas expands isothergndly and

reversbly at 300 K from 10 dm to 100 dm .3The
work doneis(inJ)
(a) zero (b) —2875J
(c) + 28757 (d) infinite
The work done during the expansion of a gasfroma

3 3
volume of 4dm to 6 dm againgt a constant external

pressure of 3 amis
(a)-6J
(c) +3043

(b) — 608 J
(d) - 304 J

Entropy & Gibb’s Free Energy

20.

21.

22.

23.

24,

25,

Entropy is a measure of
(a) disorder

(o) efficiency

(d) useful work done by the system

The entha py of vaporisation of a substanceis 8400 J

(b) internal energy

mol and its boiling point is —173°C. The entropy
change for vaporisation is :
(@) 84Jmal K" (b) 21 Imol K
(9 49Imol K (d)12Jmol K*
The entha py of vaporisation of a compound AB at
its boiling point (127°C) is 6.4 kJ mal llts entropy
of vaporisation is :
1 1

(@ 2.56 kImad (b) 16 J mal

3 3

1
(0 16x10Jmad (d) 1.6 x 10kJ mal
The entropy change for the conversion of 1 mal

of a-tin (at 13°C, 1 atm) to 1 mol of p-tin (13°C,
1 atm), if enthalpy of transitionis2.095 kJ mol
is:

(@7.323md K" (b) 14.62JK "mol "
(©563Jmal K" 0

The following data is known about the melting of a
compound AB. OH = 9.2 kJmad . DS =0.008 kJK
mol ' ltsmelting point is :

(8 736 K (b) 1050 K

(0) 1150 K (d) 1150°C

The entropy change when two moles of idea

1

-1

-1

monoatomic gas is heated from 200°C to 300°C

rev sbly orically
@ LR (b) Srant573)

2 l200) 2 \2z3l)

26.

27.

28.

29.

3L

{573)

(© 3RAnN 75) ) R Ant573)

(473

When one mole of anided gasis compressed to half
of itsinitia volume and smultaneously heated to
twiceitsinitial temperature, the change in entropy of
gas (09 is:

(@ Cym In2 (b) C,n IN2

(© RIn2 (d) (Cym—R) In2

One mole of an ideal diatomic gas (C, =5 cal) was
transformed frominitiad 25°C and 1 L tothe state
when temperatureis 100°C and volume 10 L. The
entropy change of the process can be expressed as (R

= 2 cdoriessmal/K)

() 380 228+2An10  (b)5An373+2An10
373 . 568 )

() 7AnS/3*2An (d) 5An373+ 2 An

298 10 2% 10
Which of the following conditions is not favourable
for the feasibility of a process ?

(@ OH =-ve, TOS=-veand TOS<OH

(b) OH=+ve, TOS=+veand TOS>0OH

() OH=-ve, TOS=+veandOH >TOS

(d) OH =+ve, TOS=+veand OH>TOS

In which of the following cases, the reaction is
spontaneous at al temperatures ?

(@ OH>0,0S>0 () OH<0,0S>0

(c) OH<0,0S<0 (dOH>0,0S<0
Which of the fallowing istrue for the reaction ?
HZO(A) wv— H,O(g) at 100°C and 1 atm pressure

(®0s=0 (b) OH =TOS

(c) OH=0U (dOH=0

A reaction hasOH = - 33 kJand OS = +58 JK. This
reaction would be:

(8) spontaneous below a certain temperature

(b) non-spontaneous at al temperature

(c) spontaneous above a certain temperature

(d) spontaneous at al temperature

Thermochemistry

32.

For the reaction :
C(s)+0z(g) —CO,(g)
(8 OH<OU (b) OH>0U

(c) OH=0U (dOH=0
For which of the following reactions, OH is greater
thanOU ?

(N (9 +3H (@ ——2NH (g
(b) CHy(g) +20,(9) —— CO,(g) + 2H,O()




36.

37.

30.

4].

(0) PCls(g) —— PCl4(g) + Cly(g)

(d) HCI(ag) + NaOH(aq) —— NaCl(aq) + H,0(aq)
(OU — OH) for the formation of NHz from N2and Hzis:
(& -2RT (b) 2RT.

(ORT (@ 1_2RT

The difference between heats of reaction a constant
pressure and constant volume for the reaction.
2C2H6(I) + 1502(g) —— 12CO 2(g) + 6H 2O(I) at
25°Cis

(a) -7.43kJ (b) +3.72 kJ

(c) -38.72 kJ (d) 7.43kJ

Consider thereaction at 300 K

Hy(g) + Cl, () —— 2HCI(9); OH° =-185kJ
If 2 mole of H,completely react with 2 mole of Cl,
to form HCI. What is OU° for this reaction ?
@ao0 (b) -185 kJ
(c) 370 kJ (d) =370 kJ
The enthal pies of formation of N,O and NO at 298 K
are 82 and 90 kJ mal . The enthal py of the reaction :
1, N

NZO(g)+ /zoz(g) —2NO (g)
(a) -8 kJ (b) 98kJ
(c) =74 kJ (d) 8kJ
The entha pies of solution of anhydrous CuSO4 and
CuSO .5H O are—15.89 and 2.80 k cal mol

4 2

respectively. The enthapy of hydration of CuSO,to
CuSO,5H Ois:

(a) —18.69 kcal (b) 13.09 kcal

(c) —13.09 keal (d) 18.69 kcal

If CH,COOH + OH —— CH, OO0 +H0 +xkJ
H +OH —— H,0+ykJ

The entha py change for the reaction :

CH.COOH —— CH COO +H "is

(b) x-y
(d) x—yl2

@x+y

(@Qy-x

For the reaction,

2H,0(g) — 2H, (g} O, ¢ ) OH =571.6 KJ

O H° of water is:
f

(a) 285.8 kJ

(0) 1143.2kJ

OH for thereaction,

1
S0, (9)* 5 2 (g)w-=504 (g) OH =-08:3KJ
If the entha py of formation of SO4(g) is—395.4 kJ

then the enthalpy of formation of SO,(g) is:
(8 —297.1kJ (b) 493.7 kJ

(b) —285.8 kJ
(d) ~1143.2 kJ

42.

46.

47.

49.

(c) —493.7 kJ (d) 297.1 kJ

When 0.5 g of sulphur is burnt to SO, 4.6 kJ of heat
is liberated. What is the enthapy of formation of
sulphur dioxide ?

(a) ~147.2kJ (b) +147.2 kJ

() +294.4kJ (d) —294.4 kJ

The heat of formation of Fe Q,(s) is—824.2kJ md

OH for thereaction.
2Fe,056 ) —4Fe(s)+30,(9) is:

(@ —412.1 kJ (b) ~1648.4kJ
(C) —3296.8 kJ (d) 1648.4 kJ
The OH® for the reaction,

4S(s) + 60 (9 —— 4SO (9

i5s—1583.2 kJ. Standard enthal py of formation of
sulphur trioxideis:

(a) -3166.4 kJ (b) 3166.4 kJ

(c) —395.8 kJ (d) 395.8 kJ

Calculate the heat of formation of PCl(s) from the
following data :

2P(s) + 3Cl,(g9) —— 2PCl () OH =-151.8 kcd
PCl () + Cly(g —— PClg(s) OH=-32.8kca

(a) —108.7 keal (b) 108.7 kcdl
(c) -184.6 keal (d) 184.6 kcdl

If S+ 0, —— SO, OH =-298.2kJ
SO+ 0 —S0  OH=-982kJ

2 E 2 3
S0; +H,0——H,80, OH=-130.2kJ
1

H+ _gz ——H,0  OH=-287.3kJ
the enthal py of formation of H,SO, at 298 K will be
(a) 433.7kJ (b) —650.3 kJ

(c) +320.5 kJ (d) -813.9 kJ

The enthal pies of combustion of carbon and carbon

monoxide are -393.5 and -283.0 kI mol
respectively. The enthapy of formation of carbon
monoxideis:

(a)-676.5kJ (b) 110.5 kJ

(c) -110.5kJ (d) 676.5 kJ

Which of the following pairs has hesat of

neutralisation equal to —-57.1 kJ?
(@ HNO ,KOH (b)HCI, NH OH

3 4

() H,S0O,,NH,OH (d) CH,COOH,NaOH
Which of the following neutralisation reactionsis
most exothermic ?

(a) HCl and NaOH (b) HCN and NaOH

(c) HCI and NH,OH (d) CH,COOH and NH,OH
The entha py of neutrdisation of HCI by NaOH is —
57.1 kJand that of HCN by NaOH is—12.1 kJmal "
The entha py of ionization of HCN is :

(a) -69.2 kJ (b) —45.0 kJ



51

52.

53.

55.

57.

(c) 69.2kJ

For the reaction at 300 K
A(9 +B(9 — C(9
OU =-3.0kcal 0S=-10.0 cal/K

(d) 45.0 kJ

(R=2ca mol K}

OGis:

(a) —600 cal (b) 3600 cal
(c) 2400 cal (d) 3000 cal

The standard enthalpies of formation of HCI(g), H(g)

and Cl(g) are-92.2, 217.7 and 121.4 kI mol *
respectively. The bond dissociation energy of HCl is:
(a) +431.3kJ (b) 236.9kJ

(c) -431.3kJ (d) 339.1 kJ

The entha py changes at 25°C in successive breaking
of O-H bonds of water are :

H,0( — H(g)+OH(g OH=498kImd "
OH(g9) —— H(g + O(g)OH =428 kJmal

the bond entha py of the O-H bond is:

() 498 kImal (b) 463 kI mal

(© 428kIma* (d) 70k mal

Calculate the heat of the reaction

CH, = CH,(g) + H9) —— CH,CH(g)

given that bond energy of C- C,C=C, C—Hand

H - His 80, 145, 98 and 103 kcal.

(@) —28 kcal mal (b) -5.6 kcal mol ™

(c) 2.8 kca mol * (d) -56 keal mol

The entha py change for the following reaction is 368
kJ. Caculate the average O-F bond energy.

OF2 (9) = O(9) + 2K(9)

(a) 184 kJmol (b) 368 kJ/moal
(c) 536 kd/mol (d) 736 kJ/mal
The enthalpy change for the reaction,

CH (9) —2C(g) + 6H(g) is X kJ. The bond energy
of C-H bond is:

@5

(© X_
6

) 5

(d) datainsufficient

Based on the values of B.E. given, O,H of N (g is:
Given: N-N = 159 kJmol "H-H = 436 kJmal

N+N =941 kJmol ; N-H =398 kImol

(@ 711kIma* (b) 62 kImadl

(c) -98kImd " (d)-711kImol

The dissociation energy of CH, and CH; ae

respectively 360 and 620 kca/mole. The bond
energy of C-Cis

59.

61.

62.

63

65.

66.

. The heat of combustion of solid benzoic

(8@ 260k ca/mole (b) 180 k cal/mole

(c) 130k cd/male (d) 80k cal/male

For the reaction of one mole of zinc dust with one
mole of sulphuric acid in a bomb caorimeter, OE and
W corresponds to

(A OE<O,W=0 (b) OE=0,W<0

(0 OE>0,W=0 (dOE=0,W>0

The bond energiessC-C,C=C,H-Hand C-H
linkages are 350, 600, 400 and 410 kJmol
respectively. The heat of hydrogenation of ethylene
is i
(&) — 170 kI mal .
(c) —400 kI madl
The standard heats of formation of CH4, H20 and

CH30H are—76, —242 and —266 kJmol respectively.

The entha py change for the following reaction is
CHOH()+H (9 — CH (9 +H O()
3 2 4 2

(b) - 260kImol *
(d) — 450 kI mol

(a) -4 kImol (b) —556 kJ/mal
(c) -318 kImal (d) -52 kJ/mol

Which of the following reaction defines OH¢ ?
(8 C(diamond) + 0, (g) —— CO:(9)

(0) S H.(@) +3 F (9 —— HF(Q)

(© Na(9)+ 3Tz(g) —— 2NH; (g)
(d) CO(g) + _0O,(g) — CO (9)
2
acid a
constant volume is —321.30 kJ a 27°C. The heat of
combustion at constant pressure is
(a) -321.30-300 R (b) -321.30+ 300 R
(c) -321.30- 150R (d) -321.30+ 900 R
OH for the reaction,
C(graphite) + 2H,(g) —— CH,(g) at 298 K

and 1 atmis— 17900 cal. The OE for theabove
conversion would be

(a) — 17900 cal (b) 17900 cd

(c) 17308 ca (d) — 17308 cal

If 150 kJ of energy is heeded for muscular work to
walk adistance of one km, then how much of glucose
one has to consume to walk a distance of 5 km,
provided only 30% of energy is avalable for
muscular work. (The enthalpy of combustion of

glucose is 3000 kJmol - i9)

(@759 (b)30g
(c) 180¢g (d)150g
For the reaction,

2H,(g) + O,(g) —— 2H,0(g); OH°= -573.2kJ
The heat of decomposition of water per moleis




(a) 286.6 kJ (b) 573.2kJ
(c) — 28.66 kJ (d) zero




EXERCISE- 2 : PREVIOUS YEAR COMPETITION

Hrst Law & Reversible and Irreversible Processes

1

Which of the following units represents largest

amount of energy ? (CPMT 1980)
(a) Calorie (b) Joule
(o) Erg (d) Electron volt.

During isothermal expansion of an ided gas, its
(PMT 1991,94)

(8) internal energy incresses

(b) enthalpy decreases

(0) enthalpy remains unaffected

(d) enthalpy reduces to zero.

A well stoppered thermos flask contains someice
cubes. Thisisan example of a (AIIMS 1992,94)

(a) closed system

(b) open system

(0) isolated system

(d) non-thermodynamic system.

In a closed insulated container aliquid is stirred with
a paddle to increase the temperature. Which of the
following is true ? (PMT 2002)

(@ OE=Ws0,g=0 () OE=W=qs0
(c)OE=0,W=qgs0 (d)W=0,0E=qs 0
An adiabatic expansion of an idea gas dways has

(PMT 2002)

(@ increaseintemperature  (b) g=0
(w=0 (dOH =0
For an adiabatic process, which of the following is
correct ? (CPMT 1990)
(& POV =0 (b)g=+w
(9 OE=q (d)g=0.
In areversible isotherma process, the change in
internal energy is (PMT 1993)
(& zero (b) positive
(c) negative (d) none of the above.
Heat capacity is (PMT 1996)

dQ
@ = b) dQ x dT

T (b) dQ

1

(9 ZQ. = (d) None of these.

The relation between entha py (H), pressure (P),
volume (V) and interna energy (E) is given by
(PMT 1998)

@E=H+PV () H=E+PV

10.

11

OH=E-PV (OH=EFTPT V.
One mole of an ideal gas a 300 K is expanded
isothermally from an initial volume of 1 litre to 10
litres. The OE for this processis

(R=2cd mol™ K™ (PMT 1998)
(a) 163.7 cal (b) zero
(c) 1381.1cd (d) 9 lit atom.

If 1 mole of an idea gas expands isothermaly at
37°C from 15 L to 25 L, the maximum work

obtainedis (AFMC 2010)
(8) -13 L-atm (b) -6.43 L-atm
(c) -8.57 L-atm (d) -2.92 L-am

Entropy & Gibb’s Free Energy

12.

13.

14.

15.

16.

For a spontaneous chemical process, the free energy
change is (BHU 1981)
(a) positive

(b) negative

(c) either positive or negative

(d) zero.

For which reaction from the following, OS will be

maximum ? (AIIMS 1982,83)
1

(@ Ca(s) + 5049 = Ca0 (9

(b) CaCO;(s) — CaO (s) + CO,, ()
©C(+0(9—COo@W

(d) No(g) +O4(g) = 2NO (9).
All the naturally occurring processesproceed
spontaneously in adirection which leadsto
(PMT 1985)
(8) decresse of entropy
(b) increase of enthalpy
(©) increase of free energy
(d) decrease of free energy
The occurrence of reaction isimpossible if
(AlIMS 1994)
(8) OHis+ve; OSisdso+ve
(b) OHis—ve; OSisdso-ve
(c) OHis—ve; OSis+ve
(d) OHis+ve; OSis-ve
In which of the following, the entropy decreases ?
(CPMT 1988)
(8 Crystallisation of sucrose from solution
(b) Rusting of iron
(o) Mdting of ice




17.

18.

19.

20.

21.

22.

23.

24

(d) Vaporization of camphor.

Which of the following statementsistrue ? The
entropy of the universe (PMT 1993)

(8 increases and tends towards maximum vaue
(b) decreases and tendsto zero

(¢) remains constant

(d) decreases and increases with aperiodic rate.

Thetota entropy change for a system and its

surroundings increases, if the processis (PMT 1993)
(a) reversible (b) irreversible
(d) endothermic.

A chemical reaction will be spontaneousif itis
accompanied by a decrease of (PMT 1994)

(c) exothermic

(a) entropy of the system

(b) enthalpy of the system

(0) internal energy of the system

(d) free energy of the system.

Gibb’s free energy G, enthalpy H and entropy S are

related to one another by (BUU 1999)
@G=H+TS (b)G=H-TS
(0 G-TS=H (dS=H-G.
OSSP will behighest for thereaction  (AIIMS 1994)
(8 Ca(9+ ~O (9~ CaO(9
2 2
(b) CaCOS(g) - CaO (9 + CO2 )
(©C(9) +O,(9) = CO, (9)
(d) No(9) + O,(9) = 2NO(g).
For areactionto occur spontaneously  (PMT 1995)

(8 OSmust be negative
(b) (OH — TOS) mugt benegative
(0) (OH + TOS) must benegetive
(d) OH must be negative.

According to third law of thermodynamics, which
one of the following quantities for a perfectly
crystalline solid is zero a shsolute zero? (PMT 1996)

(a8 Entropy (b) Free energy
(c) Interna energy (d) Enthalpy.

The enthapy and entropy change for a chemica
reaction are — 25 x 10° cad and 7.4 ca deg?
respectively. Thereaction at 298 K will be

(AFMC 1998)
(b) reversible
(d) non-spontaneous.

(8 spontaneous
(0) irreversible

25.

26.

27.

28.

29.

31

Identify the correct statement regarding entropy.
(BHU 1998)

(8 At absolute zero of temperature, entropy of a
perfectly crystalline substance is taken to be zero

(b) At absolute zero of temperature, the entropy of a
perfectly crystalline substance is positive

(c) Absolute entropy of a substance cannot be
determined

(d) At 0°C, the entropy of a perfectly crystalline
substance is taken to be zero.

One mole of an ideal gasis alowed to expand fredy
and adiabatically into vacuum until its volume has
doubled. The expression whichis not trueconcerning

statement is (PMT 1998)
(@OH=0 (b)OS=0
(c)OE=0 (dw=0
For which of the process, OSis negative ?
(PMT 1998)

(@ H,(9) — 2H(9)
(b)N2(g1lam) > N, (g 8am)
(c) 2S0(9) — 2SO0 (g) + O (9)

(d) C:(diarnond)_’ C(grephite)'
Heat exchanged in achemical reaction a constant

temperature and pressureis called (PMT 2001)

() entropy

(b) enthal py

(c) internal energy
(d) free energy

Which one of the following has OSP greater than
zero? (AlIMS 2003)

(8 CaO (s) + CO,(g) = CaCOs(s)
(b) NaCl (ag) = NaCl (9)

(9 NaNO,(s) = Na'(ag) +NO (ag)
(d) N2(9) +3H,(9) = 2NH3(9)

If the enthal py of vaporisation of water is 186.5J mol™
! the entropy of its vaporisation will be

(CPMT 1988)
(@ 05K *mol? (b) 1.0K™* mol™?
(1.5 Kt mal™? (d) 2.0 K *mol 2,

If 900 Jg of heat is exchanged at boiling point of
water, then what isincrease in entropy? (BHU 1998)

(@ 43.4Jmae (b) 87.2 mole
(c) 900 Jmoale (d) zero.
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32. 1 moedficeisconverted toliquid & 273 K ; H,O (9 40.
and H,O (I ) have entropies 38.20 and 60.03 J mal ™
deg*. Enthalpy change in the conversion will be
(DPMT 1994)
(a) 59.59 Jmal (b) 595.95 ¥mol 4.
(c) 5959.5 Jmol (d) 595959.0 Jmoal.
33. 2 mole of an ideal gas a 27°C temperature is
expanded reversibly from 2 lit to 20 lit. Find entropy
change (R=2 cd/mal K) (PMT 2002) 42.
(@) 92.1 ()0
(04 (d)9.2
34.  What is the entropy change (in JK™* mol™) when one
mole of ice is converted into water at 0°C ?
(The enthapy change for the conversion of ice to
liquid water is 6.0 kJmal * a 0°C)
(CBSE Med. 2003) 43.
(a) 20.13 (b) 2.013
(c) 2.198 (d) 21.98
35.  What isthe free energy change, OG, when 1.0 mole
Ay AELA AP0 G A R R g g sonverted
(PMT 1998)
(a) 540 cd (b) —9800 cd
(c) 9800 ca (d)Oca.
36. Thedensities of graphite and diamond at 298 K are 4.
2.25 and 3.31g cm 3 respectively. If the standard free
energy difference (OGY) is equa to 1895 J mol ™, the
pressure a which graphite will be transformed into
diamond at 298 K is (CBSE 2003)
(a) 9.92 x 10° Pa (b) 9.92 x 10" Pa 45,
(c) 9.92 x10°Pa (d) None of these
Thermochemistry
37.  The compound with negative heat of formation is
known as (DPMT 1981)
(8) endothermic compound
(b) exothermic compound
(c) endoergonic compound  (d) none of the above.
38 OHmpusion Of @CcOompound is (PMT 1985)
(a) positive (b) negative
(0) zero (d) positive or negative 46.
39.  Heat of neutralization of NH,OH and HCl is
(PMT 1985)
(8 13.7 kcal/mole (b) < 13.7 kcal/mole

(c) > 13.7 kcal/mol (d) zero

Heat of neutralisation of a strong acid and a strong
baseis nearly equal to (AlIMS 1988)

(@ 10 k¥mole (b) 10 Cdl/mole
(c) - 57 kImole (d) - 57 Cd/moale.
The mutud heat of neutralisation of 40 g NaOH and

60 g CH,COOH will be (AlIMS 1988)
(@ 57.1kJ (b) lessthan 57.1 kJ
(¢) morethan 57.1 kJ (d) 13.7kJ.

For the transition (PMT 2002)

C (diamond) — C (graphite); OH =-1.5kJ.

It follows that

(a) diamond isexothermic

(b) graphite is endothermic

() graphiteis stabler than diamond

(d) diamond is stabler than graphite.

Which of the following reaction can be used to define
the heat of formation of CO,(g) ? (PMT 1989)

(&) C (graphite) + O,(g) — CO(9)
(b) CH(g) +Ofg) » CO(g) +2HQ(I)

1
(©COO* 9 -cow
(@CH( )+7%)(gz)—>6CO(g)2+3Hogl)

The molar neutrdisation heat for KOH and HNO; as
compared to molar neutraisation heat of NaOH and

HCl is (PMT 1989)
(@ less (b) more

(c) equal (d)depends on pressuree
If OH isthe change in enthalpy and OE, the changein
internal energy accompanying a gaseous reaction,
then (CBSE PMT 1990)

(8 OH isdways greater than OE

(b) OH <OE only if the number of moles of the
products is greater than the number of moles of
the reactants

() OH isdwayslessthan OE

(d) OH <OE only if the number of moles of products
islessthan the number of moles of the reactants.

Heat of neutralisation isleast when
(PMT 1990)
(8 NaOH is neutralised by CH,COOH
(b) NaOH is neutralised by HCI
(¢) NH,OH is neutralised by CH,COOH
(d) NH,OH is neutralised by HNO,.




47.

49,

51

52.

H,(g) + 1,(g) = 2 HI (g) ; OH =12.40 kcal.
According to this reaction hest of formation of Hl

will be (PMT 1990)
(@ 12.4 ked (b) - 12.4 keal
(0) - 6.20 kedl (d) 6.20 kcal.

Equa volumes of molar hydrochloric acid and
sulphuric acid are neutralized by dil. NaOH solution
and x kcad and y kcal of heat are liberated
respectively. Which of the following istrue ?

(PMT 1994)

1
@x=y () x=y
2

©x=2y (d) None of these.
Which of the following values of heat of formation
indicates that the product isleast stable ?

(PMT 1991)
(a) - 94 keal (b) — 231.6 keal
(0) + 214 kcal (d) + 64.8kcal.

Inwhich of the following neutralization reaction, the
heat of neutralisation will be highest? (PMT 1989,91)

(& NH,OH and H,SO,
(b) HCl and NaOH

(c) CH,COOH and KOH
(d) CH,COOH and NH OH.

For the reaction (PMT 1991)
N2+3H2: 2NH ,3OH=?

(@ OE+2RT (b) OE-2RT

(c) OE+RT (d) OE-RT.

An exothermic reaction is one in which the reacting
substances (CPMT 1974)

(8 Have more energy than the products

(b) Have less energy than the products

(c) Have the same energy asthe products

(d) Are at ahigher temperature than the products.
The entha py change (—-OH) for the neutralisation of 1
M HCI by caustic potash in dilute solution at 298 K is

(BHU 1993)
(a) 68 kJ (b) 65 kJ
(c) 57.3kJ (d) 50 kJ.
Evaporation of water is (PMT 1993)

(8 An exothermic change

(b) An endothermic change

(©) A process where no heat changes occur

(d) A process accompanied by chemical reaction.

57.

59.

61.

62.

At constant T and P which one of the following
statements s correct for the reaction ?

Ss(s) + 80, (g) — 8 SO, (g) (PMT 1993)
(a) OH<OE (b) OH =OE
(c) OH>0E (d) OH is independent

of the physical state of the reactants.

Consider the following reaction occurring in an
automohbile 2 CgHig (g) +25 0, (g) — 16 CO, + 18

HZO (g) the sign of OH, OS and OG would be

(PMT 1994)
@+ -+ (b)— + -
©—+ + (d) +, +, —.

Heat of neutralisation of strong acid againgt strong
baseis constant and is equd to (PMT 1993)

(@) 13.7 kcd (b) 57kJ
(0) 5.7x 10*J (d) All of the above.
When water is added to quick lime, thereaction is

(PMT 1995)
(a) explosive (b) endothermic
(c) exothermic (d) photochemical

The heat of formation of the compound in the
following reaction is

H,(g) + Cl,(g) = 2 HCI (g) + 44 kcal

(PMT 1995)
(b) — 22 keal mol ™t
(d) — 88 kcal mal ™.

(a) — 44 keal mol™
(c) 11 kcal mol™

For thereaction C + O,—~ CO, (BHU 1995)
(8 OH>0E (b) OH <OE
(c) OH=0OE (d) None of these.
Enthal py of areaction OH is expressed as
(AlIMS 1996)
(8 OH=ZO0H,—20H, (b) OH = dH,+dHg
© on =" (d oH =P
dHg dHg
The enthal py change of a reaction does not depend on
(AlIMS 1997)

(8 the gtate of reactants and products

(b) nature of reactants and products

(o) different intermediate reactions

(d) initial and fina enthal py change of a reaction.




63.

65.

67.

69.

Giventhat C + O~ CO QH® = xkJ
2CO+0,~ 2COPH’=-ykJ
the enthal py of formation of carbon monoxide will be

(PMT 1997)
@ 2,V () Y52
X -y (d)y=2x.

ﬁe neutralisation of astrong acid by astrong  base
liberates and amount of energy per mole of H*

(BHU 1998)
(a) depends upon which acid and base are involved

(b) depends upon the temperature a which the
reaction takes place

(¢) depends upon which catayst is used

(d) is dwaysthe same.

Equd volumes of methanoic acid and sodium

hydroxide are mixed. If x isthe heat of formation of
water, then heat evolved on neutralisation is

(BHU 1998)

(&) more than x (b) equal to x
(c) lessthan x (d) twice x.

3
S+0O,- SO3+2X kcal

2,
SO+ O-SO + ykcd

2 E 2 3
Find out the heat of formation of SO, (PMT 1999)
@ (y-2% (b) - (2x +Y)
@ -(x+Yy) (d) — 2xly.
For the reaction

CiHg(g) +504(g) = 3CO,(9) +4HO (1) at
constant temperature, OH — OE is
(CBSE Med. 2003)
(a +RT (b)—3RT
(0 +3RT (d)-RT
For which one of the following equationsis OHC .ion

equal to OH¢, for the product ?  (CBSE Med. 2003)
(@) N,(9) + O4(9) — N,O4(9)
() CH (g) +2ClI(g)— CHCI (1) +2HCI (g)
(0) Xe(g) +2F(g) — XeF(g)
(d) 2CO(g) +O,(9) — 2CO(;9)

In which of the following process of neutralisation
magnitude of OH islessthanthat of OH

neutralisation ionization
of water ? (BHU 2003)

(b) H,S0, + NaOH
(d) HAO  + KoH

(@ HCI + NaOH
(c) CH COOH + NaOH
3

70.

71

72.

73.

74.

75.

76.

The enthal py of formation for C,H,(g), CO,(g) and
H,O (1) at 25°C and 1 atm pressure are 52, — 394 and
— 286 kJmol * respectively. The enthal py of
combustion of C,H, (g) will be (PMT 1995)

(@) + 1412 kImal ™ (b) — 1412 kImol *
(0) +141.2 kImol * (d) - 141.2kIma ™.

The heat of combustion of benzene a 27°C found by
bomb calorimeter i.e. for the reaction

CH(1)+720(g ~6CO(g) +3HO(l)is780
6 6 2 2 2 2

kcal mal~%. The heat evolved on burning 39 g of

benzene in an open vessdl will be (PMT 2001)
(@ 390 kcd (b) 780.9 kcd
(c) 390.45 kcd (d) 780 kcal.
If S+0O;~ SO20H =-298.2 kJ
1
so+ O0-s0,0H=-987kJ
2 2 2 3
SOz HO = H $Qy0H =~ 130.2kJ
H+ " O0-HO,H=-287.3kl
2 7 2 2
Then the enthal py of formation of H SO at 298K
2 4
will be (DPMT 1994)
(a) —-814.4kJ (b) +320.5 kJ
(c) — 650.3 kJ (d)-933.7 kJ

H+1/20- HO;OH°=-68kcal (CPMT 1988)
2 2 2
K+H20+aq—> KOH (aq)+1/2H;ZOH°=748kca|

KOH + aq— KOH (ag); OH° = — 14 kcd
From the above data, the standard heat of formation
of KOH inked is:

(a)-68+48-14 (b) - 68— 48+ 14

(c) 68— 48 + 14 (d) 68 + 48 + 14.

The enthalpies of combustion of carbon and carbon
monoxide are — 390 kJ mol ™ and — 278 kJ md™*
respectively. The enthalpy of formation of carbon
monoxide is (BHU 1994)
(a) 668 kI mal ™ (b) 112kImol?

(0) —112 kImol * (d) — 668 kJmol*
C+0,~CO,OH=-x

co +i232—» CO,, OH =y

then OH, for COwill be (DPMT 2002)
(@ 2x+y () x-y
(@y-2x (d)y—x

The amount of energy released when 20 ml of 0.5 M
NaOH are mixed with 100 mL of 0.1 M HCl is x kJ.
The heat of neutrdisation (in kdmol ) is

(PMT 2002)
(a) — 100 x
(c) + 100 x

(b) — 50x
(d) + 50x




77.

78.

79.

8l

82.

Heat of neutralisation for the reaction

NaOH + HCl - NaCl +HO

is57.1 kJmol ™. What will be the heat released when
0.25 mole of NaOH reacts with 0.25 mole of HCI ?

(PMT 1990)
(@ 22.5 kmal™ (b) 57.1 kJmol*
(c) 14.3kImal? (d) 28.6 kImol ™.
Enthal py of neutralisation of HCI with NaOH is x.
The heat evolved when 500 mL of 2 NHCI are mixed

Y\é'stg&g(() ml of 4 N NaOH WiII(Be]-OOX (AFMC 2002)

(c) x (d) 10x

The entha py of dissolution of BaCl,(s) and
BaCl,2H 0 (s) are— 20.6 and 8.8 kJmol *
respectively. The entha py of hydration for

BaCl (s) + 2H O — BaCl .2H O (s) is (PMT 1994)

Eag 284K1 2 2 EZb)_ 29.4kJ
) - 11.8kJ d) 38.2kJ.

The heats of combustion of rhombic and monoclinic
sulphur are respectively 70960 and 71030 calories.
What will be the heat of conversion of rhombic

sulphur to monoclinic ? (PMT 1988)
(8) 70960 cdories (b) 71030 calories
(c) — 70 calories (d) + 70 calories.

OH,; of graphite is 0.23 k¥mole and OH; of diamond
i51.896 kJ/mol. OH yastion  from graphiteto diamond
is (BHU 2003)
(@) 1.66 k¥mol (b) 2.1 kJmole

(c) 233 kImole (d) 1.5 kJmole

The enthalpies of formation of N,O and NO are 82

and 90 kJmole respectively. The enthalpy of the
reaction

2N O(g) +O(g) —» 4 NO(g) isequal to
2 2

(PMT 1991)

(a) 8kJ (b) 88 kJ
(©)—16kJ (d) 196 kJ.
Based on the following thermochemical equations
HO(g) + C(9) — CO(g) +H (g); OH =131kJ
CO(g) + O(g) — CO(g); OH =-282kJ

2 2 2
Hz(g) + 19 9~ H O (g); OH =—242kJ

2 2

C(9)+0,(g)  CO (g); OH = X K3,

the value of X will be (PMT 1992)
(a) - 393 kJ (b) — 655 kJ
(0) + 393 kJ (d) + 655 kJ.

85.

86.

87.

88.

89.

If OHgfor H,O,and H O,are— 188 k¥moleand
— 286 kJmole, what will be the enthalpy change of
thereaction2H,O(1) = 2HQ/(l) +O(q) ?
(PMT 1992)

(@ — 196 kI¥mole (b) 146 kJ/mole
(c) — 494 kJmole (d) — 98 kImole.
Considering the following reactions,
C+_20—» COOH = - 26.4K.
H+o_, HO () OH =-57.8 kedl,

2 E 2 2 |
OH for thereaction

HO+C—-H,+COis (PMT 1994)
(a) 62.8 kcal (b) 314 kcd

(c) — 31.4 kcd (d) — 84.2 kcal.

Given :

C (graphite) + L0 (9) » CO(9); H=~1105kJ
i 2 0

CO(g) +_ O(g) = CO(g); OH =~ 2832kJ
2 2

The heat of reaction for
C (graphite) + O(g) = CO (g) will be

(PMT 1989)
(8) ~393.7kJ (b) +393.7 kJ
(©) - 172.2kJ (d) +172.2 kJ

Heat of combustion OH for C (s), H,(g) and
CH,(g) are— 94, — 68 and — 213 kcal/mal. Then OH

for C(s) + 2H,(g) = CH,(g) is (PMT 2002)
(@ — 17 keal (b) — 111 kedl
(C) ~170 keal (d) — 85 keal

The entha py changes at 298 K in successive breaking
of O-H bonds of HOH are
H O (g) = H (g) + OH (g), OH =498 kI mol *

2

OH (g) = H (g) + O(g), OH =428 kImol *

The bond enthalpy of the O-H bond is (PM T 1994)
(a) 498 kI mol* (b) 463 kJ mol*

(c) 428 kI mol* (d) 70kImol ™

The bond energy of an O-H bond is 109 kcal mol 2.
When amole of water isformed (PMT 1994)

() 218 kcal isreleased (b) 109 kcal is released
(c) 218 kcal is absorbed (d) 109 kcal is absorbed.
Energy required to dissociate 4 g of  gaseous
hydrogen into free gaseous atoms is 208 kcal a 25°C.
The bond energy of H-H bond will be (CPM T 1989)

(a) 104 keal (b) 10.4 kcal
(c) 1040 keal (d) 104 kcal.
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91. Giventhereaction at 1240 K and 1 am.CaCO (s) — (b) C(s) + 2H20(g) — 2H 2(g) + CO2(9)
CaO (s) +CO,(9) (c) PCls(g) — PCl5(g) + Cl2(9)
OH =176 kJ/md, the OE equals (BHU 1993) (d) 2CO(g) + O, (9) = 2CO (9)
98. The entha py change (OH) for the reaction,
(a) 160.0 kJ (b) 165.6 kJ Nz(g) +3H gg) — 2NH gg)
(c) 186.4 kJ (d) 180.0kJ. is -92.38 kJ at 298 K. The internal energy change
92.  The latent heat of vaporisation of a liquid at 500 K OU at 298K is (AIIMS  2007)
and 1 atm. pressure is 10.0 kcal/mal. What will be the (a) -92.38kJ (b) —87.42 kJ
change in internd energy of 3 moles of the liquid at () ~97.34KkJ (d) -89.9 kJ
the same temperature and pressure ? (PMT 1994) ' '
9. The entha py of hydrogenation of cyclohexeneis —
(&) 27.0ked (b) 13.0keal 119.5 kJ mol™, If resonance energy of benzeneis —
(c) —27.0keal (d) —13.0keal. 150.4 kImol %, its enthal py of hydrogenation would
93.  Given the following entropy values (in JK* mol™) a be (AIIMS 2007)
298 K and 1 am : Hx(g) : 130.6, Cl,(g) : 223.0 and (@) —208.1 kI mal ™ (b) —-269.9 kJ mal™*
HCI (g) : 186.7. The entropy change (in JK mal ™) for (c) —358.5 kJ mol (d) ~508.9 kJ mol
thereaction
_ 100. One mole of methanol when burnt in O,, gives out
H, (g) + Cl2(9) — 2HC (g is (PMT 1996) 723 kJ mol* heat. If one mole of O, is used, what
(a) +540.3 (b) +727.0 will be the amount of heat evolved? (AlIIMS 2007)
(c) - 166.9 (d) 19.8. (a) 723 kJ (b) 924 kJ
94.  One gram sample of NH,NO; is decomposed in  a (c) 482 kJ (d) 241 kKJ
bomb calorimeter. The temperature of the calorimeter 101.  What will be the hest of formation of methane, if
Increases by 6.12 K. The hez.at capacity of the system the heat of combustion of carbon is ‘-x” kJ, heat of
is 123 .k_\]/g/deg. What is the molar heat of formation of water is ‘~y’ kJ and hea of
decomposition for NH,NO; ? (AIIMS 2003) combustion of methane is *-z” kJ? (AIIMS 2008)
(a) — 7.53 kI/mol (b) —398.1 kd/mal @ (x-y+2) kJ (b) (-z-x+y) kJ
(c) - 16.1 kI¥mol (d) — 602 kd/mal (© (-x-2y-2) kJ (d) (-x-2y+2) kJ
9. How m_uch ener_gy '_S relgased thn 6 moles of 102. Enthal py of combustion of methane and ethane are
octane isburnt in air? Given OH ] for CO (g), —210 kcal/mol and —368 kcal/mol respectively. The
2
H,0(g) and CgHa (A) respectively are —490, —240 enthalpy of combustion of decaneis (AlIMS 2009)
and +160 Jmoal (AIIMS 2004) (a) —158 kcal (b) —1632 kca
(8 -6.2kJ (b) —37.4 kJ (c) 1700 kcal (d) Dataisncomplete
(c) -355kJ (d) -20.0 kJ 103.  The heat liberated when 1.89 g of benzoic acid is
96. OH?° (298 K) of methanol is given by the chemical burnt in a bomb calorimeter a 25°C increases the
! 0,
equation, (AIIMS 2005) tempe.rature of 18.94 kg of Wat_er by 0.632°C. If the
1 specific heat of water a 25°C is 0.998 ca/g-deg,
@ CHA(Q) + _02(9) - CH (33"'(9) the value of the heat of combustion of benzoic acid
27 is (AFMC 2010)
(b) C(graphite) + ~ O (g) + 2H (g) — CH OH(A) (a) 881.1 keal (b) 771.4 keal
(c) 981.1 kel (d) 871.2 kea
C(di d)+_ O(g) +2H CH OH(A
(¢) C(diamond) 2 2(9) 2(9) - 3 ®) 104. Enthal py change for the reaction, 4H(g) — 2H, (g)
(d) CO(g) + 2H,(g) = CH;OH(A) is—869.5 kJ. The dissociation energy of H—H
97. Assume each reaction is carried out in an open bond is (CBSE AIPMT 2011)
container. For which reaction will OH = OE ? (a) +217.4KkJ (b) —434.8 kJ
(CBSE AIPMT 2006) (c) —-869.6 kJ (d) +434.8 kJ

(8 Hz(9) + Br,(g) - 2HBr(g)
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