LESSON - 5 o

THERMODYNAMICS

KEY POINTS-

The branch of science which deals with the
quantitative relationship between heat and other
forms of energies is called thermodynamics.

Some Important Terms Related to Thermodynamics

0] System : It refers to that part of universe in
which observations are made.

(i)  Surroundings The remaining part of
universe other than the system is known as
surroundings.

(i) Boundary : The wall that separates the system
from the surroundings is called boundary.

Types of Systems

0] Open system : In open system, there is ex-
change of both energy and matter between
system and surrounding.

(i) Closed system : In closed system, there is
exchange of energy only between system and
surrounding.

(iii) Isolated system : In isolated system neither
energy nor matter is exchanged between sys-
tem and surrounding.

Intensive Properties : A property which do not
depend on the quantity or size of matter present in
the system is known as Intensive properties. e.g.
temperature, density, pressure etc

Extensive Properties : A property whose value
depends on the quantity or size of matter present
in the system is known as extensive properties.
e.g. mass, volume, internal energy, enthalpy, heat
capacity etc.

State functions : The variable whose values depend
only on the state of the system and not on how it
is reached is known as state functions.e.g., AU, AH,
AG, volume, temperature, pressure etc.

Path functions These depend upon the path
followed, e.g., work, heat, etc.

Thermodynamic Process : It is the operation which
brings change in the state of the system. The
different types of thermodynamic processes are :-

0] Isothermal process : In which temperature
remains constant. (AT = 0)

(i)  Isochoric process : In which volume remains

constant. (A V = 0)
(iif)  Isobaric process :
constant. (AP = 0)

In which pressure remains
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(iv) Adiabatic process : In which there is no trans-
fer of heat between system and surroundings.

(@ = 0).
(v) Cyclic process : It is a process in which
system returns to its original state after

undergoing a series of change, i.e., AU cyclic
= 0; AH cyclic = 0

(vi) Reversible process : A process or change is
said to be reversible, if a change is brought
out in such a way that the process could, at
any moment, be reversed by an infinitesimal
change.

(vii) Irreversible process : The processes other

than reversible processes are known as

irreversible processes. All natural processes

are lIrreversible.

Internal Energy (U) : It is the total energy within
the substance. It is the sum of all types of energies
of the system like chemical, electrical, mechanical,
vibrational, translational, etc. It is a extensive
property and state function.

Zeroth Law of Thermodynamics or Law of Thermal
Equilibrium : This law states that, if the two systems
are in thermal equilibrium with a third system then
they are also in thermal equilibrium with each other.

First Law of Thermodynamics : It states that, The
energy of an isolated system is constant.

Mathematically, AU = q + w
Sign convention

0] g is + ve , when heat is transferred from the
surroundings to the system.

(ii) g is - ve , when heat is transferred from
system to the surroundings.

(iii) w is + ve , when work is done on the
system.

(iv)  wis - ve, when work is done by the system.
Modes of Transference of Energy:
Heat (q) and Work (w)

Expression for Pressure - Volume Work
(i) For isothermal irreversible change

q=-w= Pext( Vi - Vi)
(i)  For isothermal reversible change

q = -w = 2.303 nRT log Vi / V;
AU = Wgyq

(iv) For isothermal expansion of an ideal gas into
vacuum, w = 0

(i)  For adiabatic change, q =0,




Heat Capacity

()

(if)

(iif)

HefT-11 QAT faaD

(iv)

(v)  Temperature.

Heat Capacity of a System(C) : Heat Capacity
of a system is defined as the amount of heat
required to raise the temperature of a system
by 1° C.

Molar Heat Capacity(Cm) : The quantity of
heat required to raise the temperature of one
mol of a substance by one degree celsius (
or one kelvin) is called molar heat capacity.

Specific Heat Capacity(c) : The quantity of
heat required to raise the temperature of one
unit mass of a substance by one degree
celsius ( or one kelvin) is called specific heat
capacity.

Heat (@) = m x ¢ x AT

where, m = mass of substance

¢ = specific heat or heat capacity
AT = change in temperature

Relation between Cp (Molar heat capacity
at constant pressure) and C, (Molar heat
capacity at constant volume) for one mol of
ideal gas

Cp - Cv = R (where R is universal gas constant)

Enthalpy (H) : It is defined as sum of inter-
nal energy and pressure-volume work. It is a
state function and extensive property.

Mathematically, H = U + PV

Like U, absolute value of H also cannot be
known, AH is determined experimentally.
AH = H2 - H1 = AHp - AHR

For exothermic reaction AH = -ve and for
endothermic reaction AH = +ve. Relationship
between AH and AU
AH = AU + An(g) RT

Here, Ang) =
moles.

change in the number of gas

Enthalpy or Heat of Reaction (ArH)

It is the change in enthalpy that accompanies
a chemical reaction represented by a balanced
chemical equation.

AH = AH() - AHR)
Factors affecting enthalpy of reaction

(i) Physical state of reactants and products.
(i)  Allotropic forms of elements involved.

(iii)

Chemical composition of reactants and
products.

Amount of reactants.

Various Forms of Enthalpy of Reaction

(M)

(i)

(iif)

(iv)

v)

(vi)

(vii)

(viii)

(ix)

Standard enthalpy of reaction(ArHO0) : The
standard enthalpy of reaction is the enthalpy
change for a reaction when all the participating
substances are in their standard states.

The standard state of a substance at a
specified temperature is its pure form at 1
bar.

AH® = [sum of standard enthalpies of
formation reactants] - [sum of standard
enthalpies formation of products]

Standard enthalpy of fusion (AfusHo) : The
enthalpy change that accompanies melting of
one mole of a solid substance in standard
state is called standard enthalpy of fusion or
molar enthalpy of fusion.

standard enthalpy of vaporization (AvapHo) :
Amount of heat required to vaporize one mole
of a liquid at constant temperature and under
standard pressure (1bar) is called its standard
enthalpy of vaporization or molar enthalpy of
vaporization.

Standard enthalpy of sublimation(AsusH°®)

Standard enthalpy of sublimation, is the
change in enthalpy when one mole of a solid
substance sublimes at a constant temperature
and under standard pressure (1bar).

Standard enthalpy of formation(AfHo) : The
standard enthalpy change for the formation of
one mole of a compound from its elements in
their most stable states of aggregation (also
known as reference states) is called Standard
Molar Enthalpy of Formation.

Standard enthalpy of combustion (AcHO):
Standard enthalpy of combustion is defined
as the enthalpy change per mole (or per unit
amount) of a substance, when it undergoes
combustion and all the reactants and products
being in their standard states at the specified
temperature.

Enthalpy of atomisation (AaHO): It is the
enthalpy change on breaking one mole of
bonds completely to obtain atoms in the gas
phase.

Enthalpy of solution(AsoiH?) Enthalpy of
solution of a substance is the enthalpy change
when one mole of it dissolves in a specified
amount of solvent.

Enthalpy of Neutralisation (AnHo) : It is the
enthalpy change that takes place when 1
g-equivalent of an acid (or base) is neutralised
by 1 g-equivalent of a base (or acid) in dilute
solution. Enthalpy of neutralisation of strong




acid and strong base is always constant, i.e., AG = AH - TAS

57.1 k. The Gibbs energy criterion of spontaneity
Hess’s Law of Constant Heat Summation : If AG > 0, process is non-spontaneous
This law states that the change in enthalpy for .

a reaction is the same whether the reaction If AG < 0, process is spontaneous

takes place in one step or in a series of If AG = 0, process is in equilibrium state
steps.

Third Law of Thermodynamics : As the
temperature of any pure crystalline substance
increases towards absolute zero, the entropy
also increases towards zero.

According to Hess’s law
AH = AH1 + AH2 + AH3

Applications of Hess’s law are ) i
Relation between Gibb’s Free Energy and

Equilibrium constant
AG = - 2.303 RT log K¢
v fag
QAT i gg @ S AT IR 3T YE
$r FART & &I AECHS HEY T AT g,

(a) In determination of heat of formation.

(b) In determination of heat of transition.

(c) In determination of heat of hydration.

(d) To calculate bond energies.

Bond Enthalpy(AbongH®) : It is the average

amount of energy required to break one mole SSATIThT Sgelldl gl
of bonds |.n ga?e(.)us molecules. . FEATITE & e 75 w orse
Bond Dissociation Enthalpy(AdissH0) : (i) AP : T TEAS F 3T T FT Ferd

The energy required to break the particular
bond in a gaseous molecule is called bond
dissociation enthalpy.

T & o W YeTor T S E
(i) 9RAY : TP & raTEr FTEAS F AT AT
gRAA FgTdT ¢l
(i) IRHFAT : g7 AR ST AErm @ gRaw @
37T LT §, IREAT Fgardr gl
T F TFR
() e @AF : gar e # [ 3k

In diatomic molecule, bond dissociation
enthalpy = Bond enthalpy

In  polyatomic molecule, bond dissociation
enthalpy # Bond Enthalpy
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ArH = [sum of bond enthalpies of reactants]
- [sum of bond enthalpies of products]

Entropy (S) : Entropy is defined as a measure
of randomness or disorder of a system.

The change in entropy during a process is
mathematically given as

ArS°® = x8° (products) - £S° (reactants) = Qrev
I T=AH/T

Spontaneous Process : A spontaneous
process is an irreversible process and may
only be reversed by some external agency. All
natural processes are spontaneous process.

Second Law of Thermodynamics : The
entropy of the universe is always Increasing
in the course of every spontaneous or natural
change. ASuniverse > 0 or ASgyst + ASsur > 0

Gibb’s Energy or Gibb’s Free Energy : A
function which is used to measure the maximum
amount of work done in a thermodynamic
system at a constant temperature and pressure
is called Gibbs free energy.

Mathematically, G = H - TS

Change in Gibbs energy during the process
given by Gibbs Helmholtz equation :

TR & a3 3 geT At & -
YeTeT giaT &

(i) g e : §¢ FHT &, Had For &

3eTA-vel faer 3R aRaer & & gar &

(i) Rafa Fer @ Talfa Rea #7, @ea

3R oGy & &g 7 ar Far iR T & g
& 3META-YET il &

g AOT : T VT TSI A Ay # 3ufeyd
o &Y HAT AT S W PR AGH e &, g
T[0T HEATCT g1 S A9, Teled, aldl 3MTie

fawdict qor : g U S A @er A7
39fRYd ge T AT AT WS W AR 7L Far
g, TaEcdol aur gerar g1 S gegA, A,
HaART Foft, Tededy, FSATIRAT 3R

HITAT Bl : 98 W foHeT A FHad e
T HTEAT W TR aXm g, 7 fF 39 d& dgaar
& dle W A Fear §, 39 HaEAT Boled &
T H ST SACGT & | S, AU, AH, AG, 3T,
dTIHATA, gaTa 3Mfe |

Y F P ITEROT fHT A0 9y W AR A
g N, F, FuAT, IR

FSATIfAH YA : Ig dg Ufhar § o AT 6
Tufa & sgarg arar &1 FsaAmfadr gwa Afde
g FT grdr & -




(i) GHaA yHA : GEH duAE R @ gl
(AT = 0)

(i) WH-ITIGA A : FGH 3T 2R war
2l (Av = 0).

A YHhH : [GH g f&X I|ar g1 (AP
= 0).

TQUTSH YA : Ueh 3ISANIS Uishar forad
yotelr R IHU & S FEAT @ O3e
UeTd AT BT & , 3U TEISH UshA FEd &
(g = 0)

(v) TR YHH : T TS AT wikar § foae
ﬁmqméﬁﬁwm?lm%aﬁ
ol e Rl #F @ie amar § e, AU
THT = 0; AH TP = 0

IHAVIT UHHA : Th TohdA AT IRadel dsir
SHAUN T FEaTT §, S9 30 Ry
A 8707 iaqed IRadeT & @Rt IchiAd
fRaT ST Th|

HAHAUMNT UFH : 3IchAUNT YhH &
HARFT 37T TR THAT B om0
gﬂgmﬁhmmmm
|
AR Far (U ) : I8 T &1 iR &1 Fer
Fofl g1T §1 UG T Y @ YR BT S
S e, faegd, Fitae, Hue, ciHerRed
W?W%I%WWW}T\TW&T
FeleT g

(iif)

(iv)

(vi)

(vii)

FeAmIfadt F1 T e ar ardr wqee #1 g

%ﬁmw?m a2 ed el Ded
ﬁm%m@ra@uwﬁ%sﬁa‘wa@%
a:maaﬁard’mm?rﬁrmw

FeATfaR F1 94A7 @A 30 @99 & 3qER
, UF afia @E B Foi 3aRadNT @t ¥ |

TodT ¥ A, A
Hhd aROrér
() q+ve AT § , S« FSAT HI gRAT I AT
H TUAARA fhar Srar §

(i) q-ve T §, ¥ FSAT & g T gRay
H TR fRar ST &

(i) w +ve 81T &, 9 eI WX HF fRAT ST
g (iv) w -ve 8IaT §, S8 faerT g@nT &y
%mm%

AU=q+w

(M

(i)

(iif)

q =0, AU = Wad

(iv) Pata & e ree AW F gHardT gEor
FET, w=0

FeATETRET

e i FwATaRGr (C) : R Fem Hr
FsATeRar & fdr A &1 amEs 1° C
ol & foU 3maTs FSAT T AET &k FT OH
gienia fohar ST gl

AR FSATRET (Cm) : R 9eref & T AR
GSTART HI d9ART Ueh 33t afeaad (I s
Ffeaet) dent & U 3maeas FSAT T AR
fafrse FeATenRar Fgr S ar gl

fafdse Fwamenfar (c) : & 9@ & e S
GegA &I dUA U 33t afewaw (I us
Hiede) dold & folT 3TaeTeh FSAT I AMET HI
fafarse FeATeTRdr Fgr S ar gl

FSAT (q) = m x ¢ x AT

8T, m = &1 F gIHATT

c = faferse FsaT a1 FeATenRar

AT = agaeT & gRada

& Al e AT & v Cp (R g X Aler
FSAYRET ) 3R Cy (W I3¥dd W AR
FeATeRAn) & & GEe

Cp - Cv = R (Si8f R Trasifas 3 i ®)
el (H) : 3@ 31aRe 3o 3N g - 3de
P & IET F FT & gRINT fFar s &1 I8
Teh TAEAOT T R aeAT Bl gl

AT T A, H=U+ PV U R®g HF
faxdar AT o AT AT fRam ST Fehar §, AH
JAecA® ¥ O TeTRa forar sirar g1

AH = Hz - Hi = AHp - AHR FaTaTdl 3ifafshanait
& foT AH HUTIeH 1T €, STet 3ifafhar & ikt
FSAT 3cAfoid 8ldl & Td FeATT fAfRanst &

T AH eTcas giar &, Sl aRaer & FsaAT H
37aLNYOT g &l

AH 3R AU & & @< -

AH = AU + An(g) RT g, An(g)
i TEar F aRadH|

v I FAATFAT Y FwAT (ArH) ;g Ty

# uRade § S v ddfad Tarfas geetor
EaRT TE TS ARTHAT & A g ¥

= T Aew

Foll & TURROT & aiF : A7 (q) 3R &= (w) AH = AHp) - AHR)
AT - AT FE F FAF - 3ifafeRar Fr wdedr wF wfdd e arel G
() wHaATT FFHACT vHA & v () 3R R Scurer Hr #ifaw Fufa)

g =-W = Pext( Vi - Vi) (ii) efAe deal & IR

(i) FHAT AT 9HH F AT (iii) mmmﬁmﬁmm|
q = -w = 2.303 nRT log Vi / V; (iv) AfFeRer FHr AT
(v) @9

(ili) FEuT W ¥ T,
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FAFFAT 1 e F AT w0

(i)

(i)

(ii)

(iv)

v)

(vi)

(vii)

(viii)

(ix)
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FWFI A AGE wded (AHY) o R
Tarafas fRfRar fr Aes Tededr ag vededr
IRadd &, S IRGRAT & HET Aiarer Tofr gy
39T ATl AU #H &f|

oY Terey I AlAS raear fFdy Afése ag W
mga‘s'%mm% St 298K ,1bar & 9 9T
Sl & |

AH= [ IffeRs & Ao fEs e &
TN - [3eUrEl F AE fRaa wededt F1 A

ATTF T Tededt (AnsH®) : 9T HTel 31T Terey
F AT H glaare teded gRader &t gerd Hir
T Tededl AT AR ITeled TededT &gl STar gl

AWE arsger Teded (AvapH®) @ e 5T & TH
xn?-rﬁﬁmtﬂtruammu IR) W
arsdihd A & AT 3Maegs FSAT A 3HHT
AT Tededt AT AR arsue Tededr Fed ¥

A Fedqrad Tededt (AsupH®) @ T 39 &
Wmﬂaﬁﬁwmwmmmm)w
FEAUTAT & gl arell Tededr qRade &1 39T
AT FEAUTdT Tededl Fgd Bl

A e wwded (AH) : 5 3ifE F v
AT T 3Hh & decdl, ST 3T Fad TR w4t

AT B (TH T AT Tl 3aear i Fgd
l}lﬁﬁﬁch{rl 9 glAarel AT u—ﬂ—cﬁ

Ty fr ufd Arer a8 vededt aRads &, S 3@
&8l & HolEd®d gIdT ¢, JId AT JfAfhasw ud
3c91g Ueh Tafrse amq @ HYAT HAleAsh HAEATHT
# gl gl

Fo Tededi(AH®) : TE I rgear F R
3 T & U Ao F UTEAA e A o
dlsehy AT & Feod T gl dlell Tedodl-
IR gl

e - Tl (AsoiH®) : Rl gy i Rer-
et g Tded - aRada g, S 8% T
?ﬂﬁﬁmﬁﬁﬁwmﬁmﬁwm
|

sereftetor tededi(AH?) : Ig ag ueded
qRaded § S d9 g1 § o9 fohdr 3w (ar
&) & 1 AH-FAJeT HT de] fdorgsr # 1 amA-
Wm(mm)mmﬂmm
¥ Gaer 37 3R UST &R & SerileRoT
el Hea fE @ &, Ui g 57.1 KJ/
mol 81T § |
e #T fd : I A & 3R, fRer srfafhar
F v el #F Iiadd @A T 8, 9%
H@Twwﬁmaﬁwaﬁrmﬁw
ST B

gF & fH & HqaR
AH = AH¢{ + AH2 + AH3
e & e & 3uAer §

(W) FoAT & [T & FuRor #)
(&) THAUT F FSAT & FTUROT H|
(c) Sieh FSAT & faeRor #|

(F)  ET Foll T IUEAT A F AT

ey e (ApongH®) : T AT U3t F v
FreT afe2 @1 digeT & [T 3TGeTH St 1 raa
AT g

e A et (AgissH®) : fReT i 3707
F AT FeeT Y AsT F AT NIAF FoAT P
dies e el Sgr Jrar gl

gfuTAR 3707 ﬁ, ey e eded =
S~ . ,.%i(,f )
Wﬂﬁ,mmmnm
¢

ArH = [3ffeRET I ey el F1 oA -
|3c‘1IE‘|' #r 3mey TR FT WT]

Tegndl : Teerdl T fohelt RATed T rcgaear &
AT & T H gRANT FAT Sar §
m@ma:amam # 9Rads & afod
Fq

ArS® = A S° (3c9Ig) - A S° (m)=(hev
/I T=AH/T & ¥ & g/ aar g1
wWavyafdd 9HH : Toayafdd 9HH TH
IIchAUNT Tehe BIaT &1 Fg fonell STeg @rereT
(Agency) ¥ EaRT & 3HTAT T ST Tehel B
T TTpias THH Faayafdd T

FEARTIAS HT GO H : T Tad-vafdd ar
wTshfdieh IRace & aRIeT SEATS &I Teerdr gaem
o T B

ASuniverse > 0 or ASsyst + ASsurr > 0

firssr 39T a1 frse HqFa F1 : U Bolel ST
3YANT SHAFIA Fsha F R AT 3R g W

fPT T HF Fr F&FTH AT F A & v
foram ST 8, 39 Rieet A% Foll Fgarar gl

AT T/, G=H-TS
|d|so1 geHgleCs WW&WQW%

eireT fatest o &

AG = AH - TAS
Tad:gafdd whd & fav st FaT AMIEs
afg AG > 0, UHHA Faa:vafdd g gar ¢
afg AG < 0, THA FTaa:vafdd gar §
Ifg AG = 0, UHH WFIEGEAT # g

FeARTIaR T daw e R g fheefad
wﬁwmé@éﬁwel—qaﬁrmm%‘
ﬁéﬁmaﬂal—aaﬁrmaﬁ%‘l




fres 7w 3ot 3k e Ruws # oy
AG = - 2.303 RT log K
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MULTIPLE CHOICE QUESTIONS 6
T el weat: '
The enthalpies of all elements in their
standard states are :
(@) unity
(b) zero
(d) different for each element
gaﬂa?qﬁaﬁru—ﬁ—q"rr oot 3T Het - aTYT A g
(a) 3H1S
(b) =T
(c) <0 8.
(d) @ deat & AT Bea gy &
For the process to occur under isothermal
condition , the correct condition is :
(@ a=0 (b) Ag=0
) AT=0 d T=0
TF UHA & gAa aREgfaET & @ § v,
T Rufa g &
(@ g=0 (b) Ag=0
€ AT=0 (d T=0 9.
For the reaction , 2CI (g)—Cl. (g); the signs
of AH and AS are respectively ?
(a) +ve & -ve (b) -ve & -ve
(c) +ve & +ve (d) -ve & +ve
HRMBFAT 2C1 (g) — Cl(g); & faw, AH 3k
AS & Reg AW §
(@) +ve & -ve (b) -ve & -ve
(c) +ve & +ve (d) -ve & +ve
The criteria for spontaneity of a reaction at
constant pressure and temperature is :
@ AH>0 (b) AS<0
(c) AG<0 dAG>0
B gam 3k amae w AfAfear #r @
yafddr #1 AwEs &
(@ AH>0 (b) AS<0
(c) AG<0 d AG=>0
10.

In the relation, H = U + PV, U represents :
(a) universal energy

(b) gibbs energy

(c) thermal energy

(d) internal energy

o H=U+PVHA, U gafar ¢ :

(a) AEHIHAS For (b) frsaT Fall
(c) UIA Fall (d) A& Far
Intensive properties is :

(a) Enthalpy (b) Temperature
(c) Volume (d) Entropy
g 0T ¥

(a) vedr (b) AT

(c) 3T (d) Tegrdr
System + surrounding = ?

(a) energy (b) space

(c) world (d) universe
e + gRdwr = 2

(@) Far (b) 3idRkaT

(c) faea (d) sEAS

According to the movements of matter and
energy, in and out of the system, system is
classified into:

(a) four types (b) three types

(c) two types (d) one types

fae & e 3R A gard 3R FIT & FROr

¥ AR, AFT B Feffea fmar g

(@) IR YhR (b) & UBR

(c) a YR (d) TH YHR

In open system ,there is:

(a) exchange of both energy and matter
between system and surrounding

(b) exchange of energy only between
system and surrounding

(c) exchange of matter only between
system and surrounding

(d) neither energy nor matter is exchanged
between system and surrounding.

ga e &, g

(a) faera 3Rk o & &g T 3R g
gl T 3MeTA-YeT

(b) fr 3R aRRaer & & sae Folr &1
JHTETA-Yare

(c) frT 3R aRRaer & & shae geg &
JTET-SETeT

(d) g 3R aRar & fa a7 ar e ik 7
& uerd &I e el giar gl

In closed system , there is :

(a) exchange of energy and matter between
system and surrounding

(b) exchange of energy only between
system and surrounding

(c) exchange of matter only between




11.

12.

13.
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system and surrounding 14.

(d) neither energy nor matter is exchanged
between system and surrounding.

¥¢ o &, T &

(a) Terr 3R gR@er & & Fat 3R g7
GlIdl ohl JHATCTd-YcTed

(b) faera 3R aRaer & T Faa Far &1
ATcTeT-YcTeT

(c) o 3R afkaer & I had geg &1
JHTCTA-9ET

(d) g 3R gR@er & da o ar Fom iR &

& gerel &7 e vt g gl 15.

In isolated system, there is:

(a) exchange of both energy and matter
between system and surrounding

(b) exchange of energy only between
system and surrounding

(c) exchange of matter only between
system and surrounding

(d) neither energy nor matter is exchanged
between system and surrounding.

fafia e & ar ¢ :

(a) T 3 aRAY & T Soft 3R geg 16.

Gl T 3TETT-9ET

(b) fawra 3R aRaer & T Faa Far &1
3ATcTeA-YcTeT

(c) e 3R afkaer & s had geg &1
JTCTeT-YcTeT

(d) g 3R gR@er & fg o ar Fem iR 7
& 91 I IS -Uel g gl

The variable whose values depend only on
the state of the system and not on how it is
reached is known as :

(a) adiabatic function (b) state function 17.

(c) both a and b (d) none of these

7 W s A Faa e A1 sEewr |
frik #xar @, @ B 39 a% F TF W
ST a1 B, 3¥ 59 T H AT T &

(a) TEIEA Holel (b) 3TEEAT FoleT

(c) a 3R b g=t (d) 8 & PS AGT
Which of the following is not a state variable
or state function

(a) work (b)
(c) temperature (d)

efaf@ad & @ Fl9 @ tF EEAT W AT
ITEAT Folel oTal &
(a) Fr
(c) amT

volume

(b) 3T
(d) e

pressure 18.

AU = q + w is mathematical statement of:
(a) third law of thermodynamics

(b) second law of thermodynamics

(c) first law of thermodynamics

(d) zeroth law of thermodynamics

AU = q + w arfaf@a &1 afordT 3 &
(a) FSARIASRT & IexT g

(b) FeATaTfcRr #T gET faaH

(c) FSAREIAHT T dgell faad

(d) FeArEfde &1 gegal f@gA

For isothermal reversible change

(@) g9 =pext ( Vi-Vi)

(b) =0

(c) g = 2.303 nRT log ﬁ

(d) none of these vi
THATNT IfehA=g ThA & faT
(@ g = pext ( Vr- Vi)

(b) g=0

(c) g = 2.303 nRT log ¥

(d) none of these vi

For isothermal irreversible change
(@) g = pext (Vi - Vi)

(b) g=0

(©) q = 2.303 nRT log %f
(d) none of these :
FAGIT 3chAAIT UHA & faT
(@ g = pext (Vi - Vi)

(b) g=0

(©) g = 2.303 nRT log KJ;
(d) 3T & IS A

For adiabatic change

(@ a = pext (Vs - Vi)

(b) =0

(¢) g = 2.303 nRT log g
(d) none of these

TeuTsH yHhA F faw

(@ g = pext (Vi - Vi)

(b) =0

(c) q = 2.303 nRT log Y
(d) 37 & FI |
For exothermic and endothermic reaction A
H is respectively :

(a) -ve and +ve

(b) -ve and -ve

(c) +ve and +ve

(d) +ve and -ve




FoATadt qur FeATS FRTRAT F T A H 23, Which of the following is not an intensive
HAL: FNIMT- properties :
(@) -ve and +ve (a) temperature (b) pressure
(b) -ve and -ve (c) volume (d) density
(c) +ve and +ve farafaf@a & @ Sl a1 T8er 071 7 B
(d) +ve and -ve (a) a9 (b) e«
19. The heat absorbed or released by the (c) 3maq= (d) gefca
system at constant pressure is expressed 24, Which of the following is not an extensive
as: properties :
(@) AU (b AH (a) temperature (b) heat capacity
(c) AS d AG (c) enthalpy (d) internal energy
R g@ W Aem g @nfa a1 s frrafaf@a & @ Fla a1 Rwdor qor 73 &
AT fF SSATIA® Wad % ganT oged (a) (b) FSATETRET
i(a;)“'AG”UE" L ©) A H (c) T=dedy (d) 3R Far
25. Predict in which of the following, entropy
(© AS (4 AG decreases :
20. The heat absorbed or released by the (a) Temperature of a crystalline solid is
system at constant volume is expressed as : raised from OK to 90K
(@) AU (by AH (b) A liquid crystallizes into a solid
(c) AS d) A G (c) 02 (g) — 20 (9)
R 3maas W e gant seenfa ar seafea (d) CaCOs (s) — CaO (s) + CO2 (g).
AT fF AT Wad ¥ ganT oged TAET ¥ PR #F ¥ frad teerdt ged
foram e @ ¥
(@ AU (b) AH (a) TF rEeT BT FT a9 0K T 90K dF
€ AS d A G RIS
21. A property whose value depends on the (b) Tk &I HT S TN H IRAT & el
quantity or size of matter present in the 3
system is known as : () O2(g) — 20 (g9)
(a) internal properties (d) CaCOs3 (s) — CaO (s) + CO2 (g).
(b) external properties 26. There are some ice cubes in a well-closed
(c) extensive properties thermos flask. This is an example of
(d) intensive properties (@) closed system
ag IUIferEeT A Awrr § sufeud gea iy A (b) open system
a1 mssr W A Far &, FaEdmEr & (c) isolated system
(a) 3aRe [oT (b) STEZEOT (d) non thermodynamics system
(c) Taechofaror (d) a8t 3T TF IS @E A §g 4 woed A 3O 96 &
22. A property which do not depend on the ?}b—g ¢ I§ FAH TH AT ¢
quantity or size of matter present in the (a) ¥a =
system is known as : (b) el Ay
(a) internal properties (c) Taofad He=r
(b) external properties (d) 3rFsATIfaHr AT
(c) extensive properties 27. For the reaction C(s) + Oz (g) — CO2 (g)
(d) intensive properties (a) AH >AU (b) AH < AU
a§ AU A e A sufeya gea i A () AH = AU (d) none of these
T AT W AT ¢ Far 8, Fwaman § gfafar C(s) + 02 (g) — CO2 (g) ¥ T
(a) 3MaRe agor (b) amExr IOt (@) AH > AU (b) AH < AU
(c) Taechofaqor (d) arget ToT ) AH = AU (d) =9 ¥ F1S A&
HEfT-11 RHTIA fasTr) —=




28. For dissolution of glucose in water: (b) nature of reactants and products
(@ AH >0 (b) AH <0 (c) various intermediate steps in the
(c) AH =0 (d) none of these reaction
Il F TeEs & aters 91 (d) initial and final enthalpies of reaction
(a) AH >0 (b) AH <0 %&aﬁmﬁwﬂwmﬂaﬁmaﬁm
(c) AH =10 (d) SAH & HIS T ] .
29. For the reaction C(s) + O2 (g) — CO2 (g) (@) 3 AR 3¢ # o
(@) AH >0 (b) AH <0 (b) SEFRHT R Iearel H FFfd
(c) aH =0 (d) none of these (©) il . e .
(d) wfafsrar & aRfEe 3k sifaw et
gfafssar C(s) + 02 (g) — CO: (g) # faw o . _
(@) AH > 0 (b) AH <0 34. If liquids A arf\d B form an ideal solution
(€ AH =0 (d) T @ S & (a) entropy of mixture is zero. .
(b) The free energy of the mixture is zero
30. For an ideal gas, Cy and C, are related as
follows: (c) Tpttahfree_inergy as well as the entropy
of the mixture is zero.
@ Cv-GCp =R (b) v+ Cp =R (d) Enthalpy of mixture is zero
() Co-Cv=RT (d Cy-Cv=R o sk ;
e A B U& 3Tgel HHTUTA ST
wH aed A F faw, Cv AR Cr 3w wER %aw
wafad & (a) FsOT T TeErdr g ¥
(@ Cv-Cp=R (b) Cv+Cp=R
© Co-Cy=RT @ Co-Cy=R (b) TESOT T Hrd Foll YT &
P P (c) AF Foi & r-arY ST & vegrh
31. The least random state of the water system Y g
'(S:) _ (d) fAsor & Tededt =
a) ice
(b) liquid water 35. Wher.m water is z.added_to quicklime, then
reaction occurs will be :
a) explosive endothermic
(c) steam . . (a) losi (b) dothermi
(d) randomness is uniform (c) exothermic (d) photochemical
a@ e #1 wa@ F Aow Fufa & o9 R gt a3 F ueh fremn emar € oar
(a) % yfafear o &
(b) e TT=T (a) faTwles (b) FHTST
(c) &9 (c) ZsATEIdY (d) IR AFT
(d) wrefeasar T & 36. The thermochemical reaction, NH4OH + HCI
32. The total entropy change for the system and — NH4CIl + H2O0 AH = -51.5 KJ, is an
surroundings of a spontaneous process is example of :
given by (a) enthalpy of atomisation
(a) AS system + AS surroundings > 0 (b) enthalpy of neutralization
(b) AS system + AS surroundings < 0 (c) enthalpy of combustion
(c) AS system + AS surroundings = 0 (d) none of these
(d) none of these FAT (WS gAROr NH,OH + HCl —
et Faa: yafda wa & fav e ik af@er NH4CI + H20; AnH = -51.5 KJ, T& 3T &:
FT Fel Tl IRade gham (a) FUTT Tt
(a) AS system + AS surroundings > 0 (b) erdieieur et
(b) AS system + AS surroundings < 0 (c) cgd Tededr &1
(c) AS system + AS surroundings = 0 (d) T8 T FIS LY
(d) 7 T FIS et 37. If AG < 0, then
33. The enthalpy change in a reaction does not (a) the process is spontaneous
depend on (b) the process is in equilibrium
(a) state of reactions and products
HEfT-11 RHTIA fasTr) (o)




38. If AG = 0, then
(a) the process is spontaneous
(b) the process is in equilibrium
(c) The process is non-spontaneous
(d) none of these
gfe AG =0grar 43.
(a) Wshd Tad: wdTdd grem
(b) YshHA HIFEATTEAT H FAM
(c) 9sh# TG G Fdfcid gram
(d) 3= & FIg gl
39. If AG > 0, then
(a) the process is spontaneous
(b) the process is in equilibrium
(c) The process is non- spontaneous
(d) none of these
I AG > 0 g ar 44,
(a) 9shd TAA: wdTdd grem
(b) UshH FIFATGEAT H G
(c) Yshe FTad: =1l Udfcid &I
(d) 3= & FIg gl
40. Flying bird is an example of
(a) closed system
(b) open system
(c) isolated system
(d) microscopic system
33 aren gslt RFwer 3erEor §7
(a) dg Ao (b) e T
(c) 9us Ty (d) g&#A for 45,
41. Evaporation of water is
(a) an exothermic change
(b) An endothermic change
(c) adiabatic process
(d) None of these
qrelt FT arsdieor §
(a) FsATEdr gRadeT
(b) FEATAMSY gRETA
(c) TErSH Ushal
(d) 9 & IS G
HET-11 I fa=1)

(c) The process is non- spontaneous 42,

(d) none of these

Iy AG <0 grat

(a) Wshd Tad: wdfdd grem

(b) YshHA HIFATGEAT H oM

(c) 9sh# Tad: G Fdfcid gram
(d) To& & IS G

In which of the following neutralization
reaction, the heat of neutralization will be
highest?

(@) NH4OH and HCI

(b) CH3COOH and KOH

(c) HCIl and KOH

(d) NH4OH and CHsCOOH

farafaf@a & & e sqriislieor sfdfear &
AT i FSAT gad HAF e

(@) NH4OH and H2SO4

(b) CH3COOH and KOH

(c) HCI and KOH

(d) NH4OH and CH3COOH

Hess’s law deals with :

(a) change in heat of reaction

(b) rate of reaction

(c) Equilibrium constant

(d) All of these

8 &1 A Amafof@a & wefta &

(a) fAfRAT & Fvar & gRadar

(b) 3rfAfHRIT Fr &3

(c) aFITaEAT e’

(d) s & Y

Which law of thermodynamics introduces the
concept of entropy

(a) third law of thermodynamics

(b) second law of thermodynamics

(c) first law of thermodynamics

(d) zeroth law of thermodynamics
FEATITTAT T Sl AT AIA Tegrdl Fr rqeomn
&1 IR T 87

(@) FsAREIASR & e Aga

(b) FSATTICERT FT ET foia#

(c) FSARIAHT T dgerl e

(d) FSARTAR #1 geaal Fad

During isothermal expansion of an ideal gas
its

(a) enthalpy remains constant

(b) Enthalpy decreases

(c) Internal energy increases

(d) Internal energy decreases

TF Y AT & FHANT WR0r F SR sHh-
(a) Trdedr RRR @ &

(b) Tt wA g S

(c) 3NdR® Foll 9 S §

(d) 37AR® Foil He & ST &




46. A gas expands isothermally and reversibly. frelt ereer freefdd gerd #1 a4 W
The work done by the gas is L # 3 Tgar ¥ 303 e o e A
(a) zero (b) Maximum 3 dodr §1 38 FEa 8-
(c) Minimum (d) none of these (a) FSAMIAHT T IR AT
wF A wHada AR soEAvieT @ weRor (b) FeHATTHT HT GERT {32737
Far &1 A R frar R w1 R (c) FEATIAT T gga forwre
(@) YT (b) 3RaH (d) FeAETfder &1 qegal f@gH
(c) geIaH (d) 5T & FIS AT
° ANSWER OF MC UESTIONS
47. For a gaseous reaction N2O4s — 2NO> .Q Q
(a) AH >AU (b) AH < AU 3 Fil:
(c) AH = AU (d) none of these
i AT N0, — 2NO,; & T T b 2 ¢ 3 b
(@) AH > AU (b) AH < AU 4 c 5 d 6 b
(c) AH = AU (d) S8 ¥ P A Z d 5131 b 5192 a
48. The enthalpy of combustion of a substance 12 b 14 d 15 b
(a) is always positive a ¢ ¢
(b) is always negative 16 a 17 b 18 a
() zero 19 b 20 a 21 ¢
(d) none of these 32 S 22 ¢ 2‘71 a
c c
i(a";“m'a'nﬁ;ﬂ?;?“"' 28 a 29 b 30 a
) mnwm% 31 a 32 a 33 ¢
© %]_Jm; 34 d 35 ¢ 36 b
(d)s%ﬁﬂqﬁ%’o‘-lﬁ 37 a 38 b 39 c
40 b 41 b 42 ¢
49. Which of the following has highest entropy ? 43 a 44 b 45 a
(a) water (b) graphite 46 b 47 a 48 b
(c) mercur);ef . (d) hydrogen o 49 d 50 ¢ 51 2
?a; _— b) 3 VERY SHORT ANSWER TYPE QUESTIONS:
(c) 9= (d) g rfer oe 30T gee:
50. Which of the following is an intensive .
property ? 1. Define enthalpy.
(a) volume (b) mass Ans: It is defined as sum of internal energy and
(c) density (d) energy pressure-volume work..
S 7 @ Fh @ T aor #7 mﬁﬁmﬁaﬁl
(a) 3 (b) geTATH 3¢a<isﬁﬁ3ﬂaﬁ$ ﬁﬁ% SIT-3Ide & & ANT &
(©) T d) it t?vtr gRATRT T gl
2. h ibb’s f ?
51. As the temperature of any pure crystalline ) at do. you mt-aan b.y Gibb’s free energy
substance increases towards absolute zero, ~\NS: A function which is used to measure
the entropy also increases towards zero. It the maximum amount of work done in
is known as ° a thermodynamic system at a constant
(a) third law .of thermodynamics temperature and pressure is called Gibbs free
energy.
(b) second law of thermodynamics .
(c) first law of thermodynamics e g I & I FAT FHS § 7 .
(d) zeroth law of thermodynamics 3T U Weked TSIl ST WAt Sohet o PR
a™ 3R g W T T FF AT 3R AET
HET-11 I fa=1) —




& A & T R ST 8, 38 Fiest Haa Far
FHgelrdl gl

3. Explain specific heat capacity.

Ans. The quantity of heat required to raise the
temperature of one unit mass of a substance
by one degree celsius (or one kelvin) is called
specific heat capacity.

Rfdse FsaATnRar Ft g

e TRelT 9ery & e SRS GedA H diAmT
s f3aft afcaaw (a1 & Ffeas) so= & v
mea;m@rﬂmaﬁﬁﬁwmw
1T 2

4. State Hess’s law .

Ans. This law states that the change in enthalpy for
a reaction is the same whether the reaction
takes place in one step or in a series of
steps.

9 &1 e qae

3cdt: g fuw & ER, fedlr wf@fear & fov
ey #F 9Rads gHeT WwBar &, T AR

3aRadey gt &1
9. State standard enthalpy of combustion.

Ans. The change in enthalpy during combustion of
one mole of a substance in its standard state
is known as standard enthalpy of combustion.

e 1 AEF Tl FT FUT # O F

3ca¥: Rl 9erd & Te A & 3HAT AlAS HTEAT H
ggeT & e el F @Y aroaRads & Alds
ggel el Fgd &

10. What is entropy ?

Ans. Entropy is defined as a measure of random-
ness or disorder of a system.

10. Ueerdl FuT 87

3ea: Tegrdy A R A Y srcuawr & A9 &
&7 ® aRenia fRar srar 2

SHORT ANSWER TYPE QUESTIONS:
oy 39T g

U UG A AT FS TGl HWell A FAT STl gl
5. What do you mean by adiabatic process.

. A thermodynamic process in which there is no
heat transfer from in or out of the system is
called adiabatic process.

TEUTSH WA & ATT FAT THSAA 872

3o Teh 3SAMIC Hishdr fSad yomelr 3R 3maarg
& @ FSHT FT AEA Gar FAe gl §, 39
TEISH oha Fgd o

6. State standard enthalpy of formation.

Ans. The change in enthalpy during the formation
of one mole of the substance from its constit-
uent elements in their standard state is called
standard enthalpy of formation.

AFF R el & FuaT & */E |

3ca?; [ et & uce doal @ 3T Al aEAT
# T AT & AT & ST tededt 7 g are
IRadsT &l AT TR Tededt el Srar §

7. What is relation between Gibbs energy and
equilibrium constant?

AG? = - 2.303 nRT log Kc
frew Fa1 3k FaEEwr R F T T

Ans.

1. In a process, 701 J of heat is absorbed
by a system and 394 J of work is done by
the system. What is the change in internal
energy for the process ?

Given, g = 701, w = -394 J, AU = ?
According to first law of thermodynamics,

AU =qg+w=701+ (-394) = 307 J

It means that internal energy of system is
increased by 307 J

TF UHA A AF ganr 701 J FEAT qaifa

# o & 3k 394 J FRF fram ST ¥ 1 5w

UhH # IaRSE FoT A Faar aRadd gem ?
3caR: fear €, q = 701 , w = -394 J, AU = ?

AT & T FIF & AR,

AU = q + w = 701 + (-394) = 307 J

37T [P Y 3edRes Foit 307 J Foar Bl
2. Calculate the number of kJ of heat

necessary to raise the temperature of 60.0

g of aluminium from 35°C to 55°C. Molar
heat capacity of Al is 24 J mol"' K.

Ans.

s Ans: For ‘n’ moles of substance, g = n x Cyn x AT
Hd 0' 87 no. of moles of aluminum,
3cadl. AG” = - 2.303 nRT log K¢ 60
n= 5 =222 mol
8.  State first law of thermodynamics. Given Cn = 24 Jmol 'K’
Ans. It states that, “The energy of an isolated sys- = 24 x 102 KJ mol'K"
tem is constant.
AT = (273 + 55) - (273 + 35) = 20K
FeAEfad 1 yuw e qasd q =222 x 24 x 10° x 20 = 1.07 KJ
HEfT-11 RHTIA fasTr) (7o)




60.0 g ¥IfATATH #1 A9 35°C ¥ 55° C 1A &
mmﬁmﬂaﬁmaﬁrmma?R?Al
#) Ao FSATRGT 24 J mol' K &

TG T F n AT & T, , g = n x Cm xAT

UATATTH & Al T T,
n= %2 =222 mol

Given Cn, = 24 Jmol 'K’

feertier &)

Al R® AT & H9T & W), &7 U &
NS

R, = & @urc, = 5, I g o

C,=Cy+R=>C,-C, =R

5 A 5. Derive relationship between AH and AU,
=24 x 107 KJ mol" K for a reaction involving gases at constant
AT = (273 + 55) - (273 + 35) = 20K pressure and temperature.
q=222x 24 x 102 x 20 = 1.07 KJ Ans. Let us consider a reaction involving gases. If
. . Va is the total volume of the gaseous reac-
3. ﬁn(t)halples O': (f)ormatlon :’Iocog%)é 2?2(9)' tants, Vg is the total volume of the gaseous
92 (gj and 12 «(g) are - ':__' » 81 and products, na is the number of moles of gas-
.f7 Ill( p motll respt.actl_villyc.) "“1 :tihCeO value eous reactants and ng is the number of moles
:IAOr or ;Ceoreactlon. :04(9) (9) — of gaseous products, all at constant pressure
20(g) + 0 9) 0 and temperature, then using the ideal gas
Ans. AH = YAH product - Y AfH reactant law, we write,
=> AH =[AH {N20(g)} + 3 xAH{CO2(g)}] PVa = naRT and PVg = nsRT
- [AH {N204(9)} + 3 x AH{CO(g)}] Thus, PVs - PVa = ngRT - naRT
=> AH => P (Vg - Va) = ( ng - na )RT
= [81 + 3 x (-393)]- [9.7 + 3 x (-110)] => PAV = AngRT .. (i)
=> AH = [ - 1098 - (-320.3)] = -777.7 KJ Here, Ang refers to the number of moles of
CO (g), CO2 (g), N2O (g)vd N204 (g) #r gaseous products minus the number of moles
\ FAA: -110,-393, 81 TF 9.7 kJ of gaseous reactants.
mol” & HfARFAT:N.04 (g) + 3CO (g) — N20 As we know that at constant pressure,
(g) + 3CO: (g) F fT 1 AH AT 71 Hifarel AH = AU + PAV........(ii)
I} - 0 0
R A = LAH sere- YAH st Substituting the value of PAV from equation
=>ArH = [AH{N20(g)} + 3xAH{CO2(g)}] (i) in equation (i), we get, AH = AU + AngRT
- [AH {N204(g)} + 3 x AH{CO(g)}] R g 3t av @ A sfafear § T AH
=> AH = [81 + 3 x (-393)]- [9.7 + 3 x (-110)] AR AU, F T geu [AERT F
=> AH = [ - 1098 - (-320.3)] = -777.7 KJ 3ea¥: & U e 3iffRar W AR wea §, Srae A
_ _ nfier §1 FRR g td a9 W Va T afa-
4. Derive relation between Cp and Cv. fget &1 ud Ve AT IcaEl @1 sel 3adel
Ans. We know that; H = U + PV g dr na A A ©d ne T 3curet
=> AH = AU + A(PV) & HAlcl T T @, df ey A FHr &
3TAR- PVa = naRT @21 PVe = ngRT
Since for one mole of ideal gas PV = RT. > A= DR A B = Ns
Hence AH = AU + A(RT) 3Ad:, PVe - PVa = ngRT - naRT
=> AH = AU + RAT (Since R is universal => P (Vs - Va) = ( ns - na )RT
gas constant) => PAV = ANgRT e (i)
On dividing both side by AT we get; S8l, Ang T 3Gl & Al @ AT Ud
H _U, ¢ I fAfFTRt & A & FE&4r & 3a7 B
_T ! u U ST 6 & St § TR R g
Since Cp = 7 and Cv = 7, Hence we get, AH = AU + PAV ......(ii)
o= G TR G -G R FHIEIT (i) & PAV AT (i) # @
.. . i AV &7 AT ii
Cp 3R Cv & diw wayr T+ WeH 91T ¢ B, AH = AU + AngRT
3 A Aed g &% ; H = U + PV =>AH = AU
+A(PV) T A 3Meel & & v PV = RT;
Ad: AH = AU + A(RT)
=>AH = AU + RAT (If% R wasifas &
HefT-11 R I =




LONG ANSWER TYPE QUESTION

& 3T v

Calculate the standard enthalpy of formation
of CH30H (I) from the following data:

3
CH3OH (I) + 5 02(g) — CO2(g) + 2H20(l);
AH® = -726 kJ mol’

C (graphite) + Oz(g) — CO2(g); AcH’= -393
kJ mol

AcH®= -393 kJ mol™
2H. (g) + O2 (g)— 2H:O(l);
AH® = -572 kJ mol™
AR (i), (i) IR (i) Siisel W gH 9o grem
1 C (s) + 2Ha(g) + 5 O2(g) — CH3OH());
AH® = (726 - 393 - 572)= - 239 kJ mol.

37d: CH3OH(l) &7 ATeieh-fakasl Teded-239 kJ
mol g

. 0
H, + 10 = H.O(l); 2. For the reaction 2A(g) + B(g) — 2D(g) AU
(0) + 20aA0) ~ H:O{) = -10.5 kJ and AS® = -44.1 JK'.
AfH® = -286 kJ mol 0 .
A We h to find Calculate AG" for the reaction, and
ns. Ve have 1o tin predict whether the reaction may occur
AfH® for the reaction : spontaneously.
C (s) + 2Ha(g) + & Oa(g) — CH3OH() Ans. For the reaction 2A(g) + B(g) — 2D(g);
From the given equation in the question, we Ang = 2 - (2+1) = -1 AU® = 10.5 kJ mol
get =- 10500 J mol" and R = 8.314 JK"' mol
CO2(g) + 2H20(l) —CHsOH (I) + 3 02(g); AH? =AUY + AngRT = -10.5 + [ (-1) X 8.314
AH® = + 726 kJ mol” .....(i) X 298 ] = -12978 J
C (graphite) + Ox(g) COng), AH? According to Gibbs Helmholtz equation :
| — ,
Irep h A9 Se AG? =aHC - TAS®
= -393 kd mol™ . (ii) 0
AGY = -12978 - [ 298 X ( - 44.1)]
2H: (g) + O2 (g)— 2H:O(l); , 0o _ -1 0 _ —
| (Given AS™ =441 JK' ) AG" = 163.8 J =
AH® = 572 kd MOl e (iii) 0.164 KJ
On adding equation (i), (ii) and (iii) we get; SinceAG? is positive , hence the reaction is
C (s) + 2H2(g) + % O2(g) — CH3OH(l); non - spontaneous in nature.
AH® = (726 - 393 - 572) = - 239 kJ mol” . sfMfRAT 2 A(g) + B(g) — 2D(g) ¥ faw AU°
. = -10.5 kJ @ AS? = -44.1 JK' ¥ ; IHfHEA
Hence the standard enthalpy of formation of ¥ AT 4G° #Y T T 3R TART & F=4T
CH3OH(l) is- 239 kJ mol” HATFA Taq: yafdagy g & 2
fAFafaf@ sifdsl @ CHiOH (I) Saiat 1 AH- 393 2A(g) + B(g) — 2D(g): ITARRT & T Ang =
far=e wediedt e A 2 - (2+1) = -1 AU® = 105 kJ mol"! = 10500
CHOH () + 3 02(g) — COz(g) + 2H20(); J mol" and R = 8.314 JK' mol™
AH®= -726 kJ mol” AHY =AU + AngRT
C (Iwrse) + O2(g) — CO2A(Q); = -10.5 + [ (-1) X 8.314 X 298 ] = -12978 J
AcH® = -393 kJ mol™ fOreq - geAgiecs AHERUT & AR
1 0 _ A0 _ 0
H. (g) + 7 O2 (g)— H:O(l); AGO AH" - TAS O
AH= 286 kJ mol” AGP = -12_21)78 - [0298 X ( - 44.1)]( Given AS
= g = B AR T s ;’%44.1 JOK ) AG%— 163.8 J = 0.164 KJ
1 AGATcHS &, 31a: JfAfRar aa: yafda
C + 2H +50 — CH3OH(l S ’
(S):ﬁ'r 1%:;(9) 2 z(g)qu o ()m % T w2
?g N z:t(f)l CH:OH () + 2 0 - 3. Calculate the enthalpy change for the
A Hz‘fgz + 7262kj )r:ol‘1 j (i) M process CCls (9) — C(g) + 4Cl(g)
ToT o iem e T e and calculate bond enthalpy of C - ClI in
C (Iwrse) + O2(g) — CO2A(g);
HEfT-11 RHTIA fasTr) (A1)




Ans.

HefT-11 QAT faaD

CCl4(g)-
AvapH® (CCls) = 30.5 KJ mol™
AHC (CCly) = -135.5 KJ mol

2aH® (C) = 715 KJ mol” , where A H® is
enth1alpy of atomization AzH° (Cly) = 242 KJ
mol

From the data given, we get following equa-
tion: CCls (I) — CCls (g)

AvapH(CClg) = 30.5 KJ mol™ ....(i)

C (s) + 2Cl2 (g) — CCla(l)

AH® (CCly) = -135.5 KJ mol™ ......(ii)

C(s) —C(9)

AaH? (C) = 715 KJ mol™ ... (iii)

Clz(g) — 2CI(g)

2aH? (Clo) = 242 KJ mol™.......(iv)

With the help of above four equation we have
to find AH for the reactionCC14 (g)—C(g)+4
Cl(g)

By applying Eqgn. (iii) + 2 x (iv) - (i) - (ii);
we get, CC14(g) — C(g) + 4 CI(9) ;

AH = 715 + 2(242) - 30.5 -(-135.5) = 1304
KJ mol’

Bond enthalpy of

C - Clin CCly = =22 = 326 KJ mol”

CC14(g) — C(g) + 4 Cl(g), sf@fFar & AT

Trded-aRadsr sird AT va CCl, & C - CI

#r ey wededt i e Hifee-

AvapH® (CCls) = 30.5 KJ mol™

AH® (CCly) = -135.5 KJ mol

AaH® (C) = 715 KJ mol™, T A oH° o
et &

AaH® (Clo) = 242 KJ mol™

. foU 3T st ¥ §H Aeafaf@a gdeRer grea

81T & CCly (I) — CCls (g)

AvapH® (CClg) = 30.5 KJ mol™ ......(i)
C (s) + 2Cl, (g) — CCla(l)

AH® (CClg) = -135.5 KJ mol™ ......(ii)
C(s) —C(9)

2aH? (C) = 715 KJ mol™ ... (iii)
Cla(g) — 2CI(g)

AaH® (Clo) = 242 KJ mol™......(iv)

STRIE TR THEEOT S TERIar ¥ g i
CC14 (9)—C(g)+4 Cl(g);

& faT AH AT FET gem

AT [(jii) + 2 x (iv) - (i) - (i) ], WS W
gH uTed glar §

CC14(g) — C(g) + 4 CI(g) ;

AH = 715 + 2(242) - 30.5 «(-135.5) = 1304
KJ mol™

CCly & C - Cl & &Y Tededr g

=13 326 KJ mol”!






