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SYSTEM : A selected part of the universe under thermodynamic investigation

SURROUNDING : All other parts of the universe outside the system

UNIVERSE : System + Surrounding

Types of System

Open System Closed System Isolated System

Exchange Energy & Matter Only Exchange Energy Neither Exchange Energy nor

Matter
Hot Tea in open cup Hot Tea in closed cup Hot Tea in Thermos flask




PROPERTIES EXTENSIVE INTENSIVE STATE FUNCTIOIN PATH FUNCTION
PROPERTIES PROPERTIES

DEFINITION Dependsonthe Independsonthe Independson Depends on the
amount of matter amount of matter the path, path
present in the present in the depends on the
system system state of a
system

EXAMPLES Mass, Volume, Pressure, Enthalpy Work, Heat
Internal Temperature,
energy,Heat Surface tension,
capacity, No. of  Viscosity, Melting
moles Point, Boiling
Point, specific heat




Isothermal Process Temperature Constant
Internal Energy Constant

Adiabatic Process Heat does not exchange with the
surroundings
Temperature changes

Isobaric Process Pressure Constant

Isochoric Process Volume Constant

Reversible Process Driving & Opposing Forces differ by
an infinitesimal amount




Sign Conventions

(+) ve Heat Absorbed
Q (-) ve Heat Evolved
'} (+) ve Work done by the surrounding
W (-) ve Work done by the System
AH (+) ve Endothermic
AH (-) ve Exothermic
AS (+) ve Spontaneous
AS (-) ve Non-Spontaneous
AS 0 Equilibrium

AG (+) ve Non-Spontaneous

1
2
3
4
5
6
7
8
9

AG (-) ve Spontaneous
AG 0 Equilibrium




Law of Thermod

E LAW STATEMENT

1 15t Law of Energy of the Universe remains constant
Thermodynamics

Total Internal Energy of an isolated system constant

Energy neither created nor destroyed an only be converted

from one form to another

AU = Q+W

Isothermal process, i.e AU =0 hence W = -Q,
Adiabatic Process, i.e =0 hence AU =W,
Isochoric process, i.e AV=0,W=0 hence AU = Q




SR. Law Statement

2"d Law of Total Entropy of a system and its surroundings increases
Thermodynamics in a spontaneous process
AS total = AS sys + AS surr >0




Hess’s Law  The law states that Overall Enthalpy change for a reaction is equal to

sum of enthalpy changes of individual steps in the reaction
Or

Enthalpy is a state function
(AH depends only on initial & final steps not on the path followed by

reaction.)




TERMS

Work [W] Work is defined as The energy by which body is displaced

through distance d with an application of force.
w=f.d

Internal Energy [U] Every Substance is associated with a definite amount of energy,
this stored energy in a substance is called as internal Energy.
Internal Energy = Potential Energy + Kinetic energy

Enthalpy [H] Enthalpy of a system is sum of Internal Energy of a system and

the energy equivalent to PV work
H=U+PV

Entropy [S] Entropy is a measure of molecular disorder or randomness.
AS=Qrev /T

Gibbs Free Energy [G] The Gibbs energy is definedas G=H-TS




DEFINITIONS-

Enthalpy of
Fusion

Enthalpy of
Vaporization

Enthalpy of
Sublimation

Enthalpy of
lonization

Enthalpy of
Atomization

Enthalpy of
solution

One mole of Solid converted into Liquid at constant Temp &
Pressure

One mole of Liquid converted into Gas (vaporized) at constant Temp
& Pressure

One mole of Solid converted into Gas at constant Temp & Pressure

One mole of gaseous atom removes electron

One mole of gaseous atom dissociates into atoms

One mole of a substance is dissolved in a specific amount of solvent




Standard Enthalpy of  One mole of pure compound formed in its std state from its
formation elements in their std states

Enthalpy of One mole of the substance in its standard stateis completely
Combustion oxidised

Bond Enthalpy Break particular covalent bond in One mole of gaseous molecule
to produce gaseous atoms/ radicals

Enthalpy of Chemical AH =Y H oroducts = & H reactants
Reaction

Enthalpy of Chemical AH =Y H
Reaction

[If Bond Enthalpy

given]

reactants” z H products




O AR A O AALT AL Tl MMAAR D AMREAAL AAMRLAS

Devlve anr e'xpfa'ess:cpn for /vesque \/0 u’mf/

CPv) work O~y
De:n"ve W) = — PAV

COthc/eY CeYtam onrhou)m,L pr c15 6)’)C}056<:/ Ir A

CYlinder Pitkec coryHL Priction ess, oiqicl movable
Piston of cavea A’ ot comstant P'YQSSuYe g -
\/| = ITriticd volume

On expoansion of gas,
chiveckiem , v clistance d '
The fovce e>evted by gees b A*QQOEX{EBeY-

pPrstom

istor. moves jr. ca cpeoeces

& u
’ Py essure
iy ? i etk Pe'xi: x A ke

B Cl) [C—)ve Sigr that
CpPposes rmoveme
toOHere Pe“_t e

Externed atmospbexic pressure
Amoun£ of (Verk clome J)a the ﬁu,s = ﬁoyoa x clistainyce
g L ) = x . S 1
On subshituboen oo™ ¢3) iv (¢iD jvves
C/t)=———Pexi—></—\Xd‘—~~—(fﬁ)
Bepd A el AN e Valwurme change 1" the
Sqstens
(DO = —Paep X AV o>




& mevec, . — Jtuea 7 s T bt i - W
S Cive an wexpression ¥ov the maximum ok ol
ldo}heyma/lj =& 9’61/&)1517)\7' oy

Ve - Wwax = —2-303 nRTJDJ,‘,Vl/V/ oY
W mon =

. —2-303 NRT deg), Py /Pa
Considey '’ mol

. es of an fdeal gots enclosec
JYL ck C%’IOY)CJP.'Y P:tted Cl)l.ﬂ'\, P’npcl‘forllgjf,’movabjc

Piston . Gaus wexpands [sotheymall z&’b”G‘VETSEA'J
f%om mrtral volume (V1) to fmal volume (Vo).
*As the &_QXPC]Y).S;OY) i5 veversible,'P'is greater 133
a \/evg small cLucmt.'JCj dP than Peset. Theus

P— Py = P Pt = CREIP o I
Volume ¢of o gas Mmoteases bb an Infmitesimead
amount dv - Vasg M +dv - LAV:’ Va—V| d}

AV = dv 1 e

The Small cLuomlﬂ'{j of wovk dome ,

. s e R, OV s )
(ormbi r)/'”r)j g (i) £ (7), 91’\/65

dw = — (P—cP)dv

clw —Pcly + P Vv
Nealed”’j ey Pwduc‘c clP. v CVevg small)

- [Jw = —pdv] {Iv)

mmw. =

ﬁe total ™maximaum wjo§ chrIe |’5 b{omed
b&j f’n’cecfrqhw of wq” noliv) between the Limits

of tmitial oand Pirnal otates.
Pinad
Jw )

IniHeJ
Hen ce
< wqu

v
By quY)(cj I clecd 80&3 &ctuu'ﬂ'om) Byl = DRE
i P —= T R
9 \V4
When = —“j LRE )y
5 V
)

Va. a =
> ,YLRTf 2 T = (Comslank
v, ¥

—NRT [Un vjVVL
J
=ORE n o — Jdn VY

2 R In M2 /i

_0.30% NRT Jog VL/Y_,’J
Beyles ld;—rﬁgt constant Tempevatare,

> re AV e Po Vo ¥ VQ/V;: P,/‘D?_
; : IA
Wiaa = =2 306 DRT Jtogy pl/fDl’

»




Derive relation between AH & AU

H=U+PV
U = Internal Energy
P = Pressure,
V = Volume
H1 =U1+ P1V1
H1= Initial Enthalpy
H2 = U2 + P2V2
H2 = Final Enthalpy
AH =H2 - H1
AH=(U2+P2V2)+(Ul+P1V1)
AH =(U2-Ul1)+(P2V2-P1V1)
AH = AU + ( P2V2 - P1V1)

At constant Pressure, P =P1 =P2
AH =AU + (PV2-PV1)
AH=AU+P(V2-V1)

AH =AU + P AV

Asume reactants & products behaves Ideally,

Applying Ideal Gas Equation, PV = nRt

P1V1 = nl1RT ,P2V2 =n2RT

AH =AU + ( P2V2 - P1V1)

AH = AU + ( n2RT — nl1RT)

AH=AU+(n2-nl1)RT
AH = AU + Ang RT
Ang = no.of moles of gaseous products — no of

moles of gaseous reactants




