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THERMODYNAMICS-|

Important Thermodynamical Terms:

1.

3.

SYSTEM: A system is defined as any specified portion of matter
under study which is separated from rest of universe. The surface
may consist of one or more substance.

SURROUNDING: The rest of the universe which might be in a
position to exchange energy and matter with the system is called
surrounding.

Type of system:

(@) Open System: A system which can exchange energy as well as
matter with its surrounding is called Open system.

(b) Closed System: A system which can exchange energy but not
the matter with its surrounding is called Closed system.

(c) Isolated System: A system which can exchange neither energy
nor matter with its surrounding is called | solated system.

4. Processes and their types: The operation by which a system changes

from one state to another state is called processes. In the processes

thereis change in energy.

(@) Isothermal Process. A process is called isotherma if the
temperature of the system remains constant throughout the
process.

(b) Adiabatic Process. A process is said to adiabatic if no heat
enters or leaves the system during any stage of process.

(c) Isobaric Process: A process is said to be isobaric if the
pressure of the system remains constant during each step of the
process.

(d) Reversible Processes. A process carried out infinitesimally
sowly so that the driving force is only infinitesmally greater
than the opposing forcel is called areversible process.

(e) Irreversible Processes Any process ‘which does not take place
in the above manner, i.e., a process which does not take place
infinitesimally slowly, is said to be an irreversible process.A
reversible process cannot be realised in practice because it would
require infinite time for its completion.




5. Extensive and Intensive properties. An extensive property of a
system is that which depends upon the amount of the substance or
substance present in the system viz. mass, volume, energy etc.

An intensive property of a system is that which does not depends
upon the amount of the substance present in the system. The
examples are temperature, pressure, density, concentration, viscosity,
refractive index, surface tension and specific heat.

FIRST LAW OF THERMODYNAMICS

The first law of thermodynamics states that ‘Energy can neither be
created nor be destroyed, adthough its form can be transformed from
one form to other’. This is also known as law of conservation of
energy.

This may be formulated in terms of thermodynamical quantity. Let
E: be the energy of system ininitial state and let heat q be given toit.
The heat absorbed by the system may be used to increase its internal
energy or perform work or both. If the energy of the system in the

fina stateisE,, then (E; — E;) = AE istheincreasein the internal

energy.
Heat absorbed = Increase in + Work done by Energy the system.
i.e q=AE+(—w)

=AE—-w
The minus sign appears because the work done by the system is
taken as (—w) since it will decrease the interna energy of the

system.
(i) 1f nowork isdone, w=0 and

q:AE: E2—E1
= increase in the energy.

E2 =g+ El
(ii) If there is no change in the energy then E; —E, andAE=0.
Hence
q=(-w)
= work done by the system.
For infinitessimal change the Law may be stated as
dg=dE +(-dw)

Or dq=dE—-dw
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If only mechanical work is considered then dw=—-PdV and we
have.
dE =dgq- Pav
Thisisthe mathematical expression for 1st Law of thermodynamics.

State Function and its Differentials:

The thermodynamic functions are state function. These are
independent of how the change brought about. They depend only upon initial
and final of the system. Internal energy, Enthalpy Entropy, Free Energy, P,
V, T etc.

State functions give exact differentials. These exact differentials can
be integrated between limits, without considering actual change that occur as
the system moves from position to other. This can be better explained by
taken example of volume of definite amount of substance.

Mathematically we can write volume as a function of temp and
pressure.

V=1(T,P)

If T and P are given some fix value then volumeis fixed. If T and P
are changed the value of V will accordingly change. Therefore T and P are
called independent variables and V is called dependent variables.

The change in V can be calculated if derivatives of the function V
w.r.t. T and P are known. i.e.

(6V 1 0P) p = rate of change of vol. with temp. at constant pressure

(6V | 0P) = rate of change of vol. with pressure at const. temp.
It temp. is changed by infinitessmal amount (dT) the changeinvol. is
given by.
dv =V /oT)pdTl
Similarly for pressure
dVv =(oV/oP)TdP
If both are changed the dV is given by

dV=(a_Vj dn(a_\’j dP
oT Jp oP )+

Thisis called the total differential at the function (V). This egn. was
obtained by assuming that whether we first change temp then pressure or first
change the pressure then temp.; the final total change in val. is the same.
Thisistrue because V isastate for and dV is exact differentials.



INTERNAL ENERGY :

All matter process energy. This energy is either the kinetic or
potential or both associated with each unit (atom, mol, ion etc) of the
substance. In the case of molecular system the various energy contribution to

the total energy of the mol. are trandational K.E. (E;), rotational energy

(E;), vibrational energy (E,;), bond energy (Ey) intermolecular intraction
energy (V). electronic energy (Ee) and the relativistic energy

(E = mc?) . The energy of the moal isthus given by :
E=E+E +E,+E,+V7 +E¢
The total energy contained in an assembly of mol. is caled the
intrinsic or enternal energy. The internal energy of a substance or a system is

a definite quantity and it is a function only of the state (i.e. chemical nature,
composition, temp., pressure and vol.)

ENTHALPY:

In general chemical and physical process occurs at constant pressure
rather then const. vol. because the reaction vessels are generaly open. [In
other word most of reaction are carried out in an open system instead of close
system]. Thermal changes at constant pressure are expressed in terms of a
new thermodynamically function denoted by H and called as the 'Enthal py'
or 'Heat content' of the system. Thisisgiven by :

H=E+PV .. (D)
At constant pressure the total heat supplied to the system will increase the
internal energy of the system and part of it will be utilized for work to be
done.

ENTHALPY ASSTATA FUNCTION:
According to the first Law of thermodynamics.

(G) p = AE+PAV e
=(Ex —Ep) +P(Vo —V)
=(E> + PVo) + (K + PV4) .. (3)

SinceE, Pand V are state of the system .., therefore we can say the
quantity H (= E+ PV) isalso astate function. If Hy and H, aretheinitial
and final enthalpies of the system then egn. (3) can bewritten as:

(Mp=Hz-H;
= AH (@)
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Substituting the value (), in egn. (2) we get

AH = AE + PAV .. (5)
For enfinitismally small change, we can write

dH =dE + PdVv
And (@), =AH. .. (6)

The magnitude of change in enthalpy AH , like internal energy, also
depends only on the enthapies of the initia and final state of the system.
Thus

AH = HFinaJ —-H Initial

HEAT CAPACITY OF A SYSTEM:

Heat capacity of a system between any two temp., is defined as the
guantity of heat required to raise the temperature of the system from lower to
the higher temp. divided by the temp. difference.

If the mass of the system is 1 mole, then the heat capacity is termed
as molar heat capacity. Thus the molar heat capacity of a a system between
temp. T1 and T2 isgiven by

q
C .
(WL.T2) T,-T,
As the heat capacity varies with temp, hence the true molar heat
capacity is given by differential egn.
c-4
dT
Heat Capacities at Constant Volume:
The molar heat capacity of a gaseous system is determined at
constant vol. In this case, no external work is done by the system or on the
system (i.e. w = Q) since there is no change in vol. Hence from first law of

thermodynamics [AE =q+wj]
q=AE

_ o} | AE
CV(TZ_Tl) |:T2_T1:|v |:T2_T1:|v

oE
S = [6_Tl,




Heat Capacities at Constant Pressure:

For a thermodynamic system it is easer to work at constant pressure
instead at constant volume. Because there is change in volume while doing
an experiment. Let there isincrease in volume by AV and the work done is
W. Then,

(6), = AE~w

g
Cor,m) = {ﬁl

Increase in volume means, work is done by the system i.e. w=—-PAV
Hence,
(), =AE—(-PAV)

(), = AE + PAV

[ AE+PAV
Cor, ) = T T
2 1 P

" AH
C =
P(T,-Ty) T,-T, }P

c _(ﬁ]
Pl ),

Relation Between C, and C.:
As we know Internal energy is state fn. it can be regarded as a
function of too independent variablesV and T i.e.

E=fM,T)

Theincrease ininternal energy dE can be ex pressed as

dEz(Ej dn(ﬁj & @
oT )y oV )

Dividing the above equation by dT, and keeping pressure constant.

We get
(dE) (an (GE) (dvj
= == +|=]|= ee(2)
dar ), \oT ), \ov ) \dT

The heat capacity at constant pressure of a system is defined as the
rate of change of enthal py with temperature pressure
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dH
(&)
ar ),

But we know that H=E+PV.
d
.. Cp=| —(E+ PV
p [ dT( )l

(d_Ej +p(d_V] )

dr J, dr J,

Substituting the value of (%} fromeq " (2) inthe eq " (3), We
p

will get
o= () - [2), (8)-e(2
oT ), \ov)p \dT dr ),

-(2)-(#) 5

But we know that the rate of change internal energy with temperature is the
heat capacity at constant volume. Therefore,

o [V)[(E
cp_cv+(aTjKav)T+p}
But for an ideal gas, we know.
(G—E]:OandP M)k
v daT J,
Therefore eq" become as
¢ =¢ +R
CP_CV:R

Work Donein Isothermal Reversible Expansion :
Consider a gas in a isothermal condition is enclosed in a cylinder
fitted with aweightless and frictionless piston. The cylinder is not isolated.



(R

pha—p

Initialy the ext. pressure P on the piston is equal to the pressure of
the gas within the cylinder. As shown (Fig. a) If the ext. pressure is lowed by
infinitesimal amount dP i.e. it falls from P to d-dP (Fig. b), the gas will
expand by an infinitesimal vol. dV, i.e. the volume changes fromV to V+dV.
As aresult pressure will fall to P-dP i.e, it become again equal to the ext.
pressure. It this process is continued such that the externa pressure is low—
by successive small amounts and as a result the gas undergoes a series of
small successive increment of vol. dV at atime.

As the system is in thermal equilibrium with surrounding, the
infinitesimally small cooling produced as a result of infinitesma small
expansion of the gas at each steps, is offset or makeup by the heat observed
from the surrounding and the temperature remains constant throughout the
operation.

The work done by the gasin infinitesimal expansion isthus given by

dw=—(P—dP)dV

=—-PdVv
Ignoring the product dPdV .

The total work done w by the gas in expansion i.e. from initial vol.
V1 tofina vol. V2 will be given by:

\
w= —j PdV
Vi

oy [PV = nRT]

Sincefor ideal gas P,V =P,V a constant temperature.
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w=—nRTIn[

W:—nRTInL ij—nRTln[ﬂ]
P
(a) Heat Absorbed by Gas::

As the process is isothermal i.e. during the process the temperature.
Of the system is maintained constant. i.e. .... Therefore according to first law
of thermodynamicsi.e.

<< [J0 |0

q=AE+(-w)
q=-w

q:—w:—nRTIn[\éj
V,

1

(b) Changein Internal Enerqy :

In an isothermal process, the temperature of the system remains
constant throughout the process of expansion. For an ideal gas the E depends
only on temperature, therefore, it follows that at constant temperature, the
internal energy of the system (gas) remains constant.

(c) Changein Enthalpy :
From first law of thermodynamics we can derive :

H=E+PV
AH =A(E+PV)
=A(E+nRT)

Since for isothermal process ... and .... Both are equal to zero.

Work Donein Adiabatic Expansion :
In adiabatic expansion, no heat is allowed to enter or leave the
system. Hence.

q=0
According to 1% law of thermodynamics, since q = 0 therefore:

-10 -



q=AE+(-w)
O=AE-w

w=-AE
In expansion work is done by the system on the surrounding, hence
w is negative. Accordingly AE is (-)vei.e. there is decrease in the interna

energy of the system and an increase in temperature. Work is done a the
expense of the interna energy of the gas.

(a) Changein Internal Energy (..) :
The motor heat capacity at instant vol. of an ideal gasis given by

_(dE
G _(d_T |
dE=c,dT
For finite change AE =c, dT

(b) changein Enthalpy AH :

H=E+PV

AH = AE + A(PV)
=AE+A(RT)
=AE+ RAT

Substituting the value of AE

AH =¢,dT + RdT
=(c, +R)dT

AH =c.dT

We know

(c) Calculation of w:

Since in an adiabatic process g = 0 hence according to the

1% Law of Thermodynamics equation. The work donein this case is given by
the expression.

w=AE = AT
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THERMODYNAMICS-1I

NEED FOR SECOND LAW OF THERMODYNAMICS
(Limitation of 1% law of ther modynamics)

The first law of thermodynamics was very exact but has some limitations
which due to which second law was given, they are given as under.

1 The first law gives definite relationship between the heat absorbed
and the work performed by a system in a process but it puts no
restriction on the direction of the law of heat.

2. According to the first law the energy of an isolated system remains
constant during a change of state. But it does not tell whether a
specified change or a process including a chemical reaction can
occur spontaneoudly.

3. Thefirst law states that energy of one form can be converted into an
equivalent amount of energy of another form. But it does not tell that
heat energy cannot be completely converted into an equivalent
amount of work.

ENTROPY:

The concept of entropy is vital for thermodynamics. It is a
Greek word meaning ‘change’, the suffix ‘en’ is written to identify it with
energy. It is denoted by S. Entropy is a measure of randomness or disorder
ness in a molecular system More is randomness large is the value of entropy.
Entropy is also a measure of unavailable energy. As entropy is a measure of
randomness of a molecular system, this statement is also in line with the
observation at boiling it of a fluid. Under ordinary normal condition when
liquid is heated its temperature increases, at the B.P the temperature remains
constant till whole of the liquid is transformed into vapour state with the
continuous supply of heat. This can be explained by considering the
molecular arrangement in the liquid and vapour state at a given temperature.
The molecular arrangement in the liquid is a bit more regular than the vapour
state of the some substance. To disturb the regularly in the liquid stale some
work must be done. This work done on the system increases the disorderness
of the system, but not the temperature at the boiling point. There is more
disorder ness in the vapour phase than the liquid. We can say the entropy of
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the vapour is greater than that of the liquid state of the same substance. In
general for any substance

Sgas > Siquid > Ss;olid

ENTROPY ASA FUNCTIONOFV & T:

The concept of entropy can be given mathematical foundation for this
we shall start from 1% law let us consider an ideal gas that is under
going a reversible change from an initial state T1, V1 to find state To,
V2 the 1% law can be given by.
dg,, =dE+(-dw) ... (1)
If only mechanical work is considered then
—dw= PadVv

.. dg,, =dE+PdV
. NRT
For anideal gas dE=C dT and P = EVE hence

dg,, =C,dT + nvﬂ dv. ... (2)
Dividing equation (2) by T we will get
Wy _c T g™ 3)
T T \Y

To know the total heat change we must integrate this eq" between the
initial and final limits.
2 T, Vi
I%zcvjd_T+nRJ-d_V
1 T 1 T w Vv

{9 _~ (T Ve
J‘?_Cvm(_l_ J+ann[Vj .......... 4)

1 2 1

Since is an exact differentia therefore the function whose change is
given by must also be a state function let this state function by ‘S’ and
hence.

dg
v G
| (5)
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We know entropy dSis aexact function and Sis a state function.

2
Jmi:Cvln o +nRIn Ve
1 T T \A

The R.H.S of the eq" depends only on the state variable T1, V1 and To,
V2 therefore the quantity on L.H.S. should also be a function only of
state variables.

f do,
!

(To,V,) = S(T, V)

ENTROPY ASA FUNCTIONP& T:

It Py is the pressure of the gas in the initial state and P- in the final
state, then

BV, = RT, for onemole of gasininitial state
PV, = RT, for one mole of gasin final state
V, RT, T,/T
v, PV, R

substituting this in equation (4)

AS=C,In n +RIn| = L. —RIn L
T, T R
=[C,+R]In Tz —RIn L
T R
AS=CPIn[£J—RIn[EJ
T R
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FREE ENERGY:

Free energy is the thermodynamic function of state and is defined as a
property of the system at the expense of which the system doses work. We
know that energy can be converted into work. The portion of energy which
can be converter into useful work is termed available energy while the
remaining portion of energy which cannot be converted into useful work is
termed as unavailable energy.

‘Total Energy = (Isothermel ly aval ableenergy ) + (Isothermal ly unaval abl eenergy)‘

When entropy is multiplied by absolute temperature the product ‘TS’ is equal
to the amount of heat not free to be used for useful work, because entropy in
considered to be measure of unavailable energy. Therefore, out of total heat
absorbed by the system, an amount less then by ‘TS’ should be the available
heat which is used for doing useful work and is called ‘FREE ENERGY’. If
‘X’ be the tree energy then by definition
X=q-TS

Since heat is absorbed at either constant volume or at constant pressure,
therefore the term ‘q’ may either be replaced by ‘E’ or ‘H’. Therefore, we
may have two solutions.

E-TS (at constant volume)
H-TS (at constant pressure)

i. X

(i) Thefirst type of free energy is known as Helmoltz’s free energy denoted
by ‘F’ or ‘A’. This isothermally available internal energy is written as

F=E-TS
(if) Thefirst type of free energy is known as Gibb’s firee energy denoted by
‘G’ and represent isothermally available enthalpy which is used for doing
work by system.

G=H-TS
1. HELMOLTZ’S FREE ENERGY

The system will do maximum work when it goes from initial to final
state and if the processisreversible, hence

AE = qrev + Wmax

-15-



W, =AE — Qo e (1)

From second law for an isothermal processqreV=TAS. Therefore
equation (1) can be written as
W, =AE — TAS ... ()

where A S is change in entropy of the system when it goes from initia to
fina state. But this maximum work is done on the expense of free energy of
the system defined as

A= E - TS
Since E, T and S are state function of the system, therefore A is aso the state
function of the system and we can write

AA =AE - TAS ... 3)
Under isothermal condition comparing equation (2) and (3)
AA = W, 4)

which means, maximum work done by the system in an isothermal proce3ss
is at the expanse of Helmoltz free energy.

2. GIBB’S FREE ENERGY

The Helmoltz free energy describe the process taking place at
constant volume, therefore, it is not very useful, since in chemistry or
biology most of the process occurs at constant pressure due to this reason
another thermodynamic function of state known as Gibb’s free energy was
introduced. This describes the process taking place at constant pressure and
at this stage dose maximum work at the expense of Helmoltz free energy ‘A’.
All the work done may not be useful or net work done by the system. The
Gibb’s free energy ‘G’ is defined as that energy which is available for doing
the useful work or net work. The useful work done in a process is at the
expense of Gibb’s free energy.

In solid and liquid all work except the PV work doneis considered to
be useful work

Wit = Winax = Wpy = AG
If the processisisothermal and pressureis kept constant then
W, = PAG
and W, = AA
W = AA + PAV (D)
or in general
G=A+PV . )
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In the process involving ideal gas and under isothermal condition
when the volume of gasis kept constant then

AG =AF = w__,
The Gibb’s free energy can best defined by equation (2) i.e.
G=A+PV
but it is known that
A=E + PV

G=E-TS+ PV
And it isaso known that
E+PV=H

e

Hence
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