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Physical Chemistry

PHYSICAL CHEMISTRY
SCOPE

CHEMISTRY is the CENTRAL SCIENCE
PHYSICAL CHEMISTRY is the CENTRAL CHEMISTRY
Theoretical and Experimental

« Recommended Books

1.Physical Chemistry : P.W. Atkins
2. . . : G.M. Barrow
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Apparatus for Studying the Relationship
between Pressure and Volume of a Gas

As P (h) increases V decreases
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Pa1lv Constant temperature

P x V = constant
P1xV1=P2x Vo

Constant amount of gas
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A sample of chlorine gas occupies a volume of 946 mL at a pressure of 726 mmHg.
What is the pressure of the gas (in mmHg) if the volume is reduced at constant
temperature to 154 mL?

Pyx Vy=Pyx V,
P, =726 mmHg P, =7
V=946 mL V, =154 mL
P xV, _762mmHg x946 pat”
Vv, 154t
g ,20 (perfect gas) L (ideal gas) Jols' L Jloas) slajls pusl 4 0iS o cond b o988 51 a5 Slasl8
b 5 S Lol s 0 4 was e ol ez ByE 5l B esas 0 5SS Glas pSoul it
(real gas) L, (non-ideal gas)¢ (imperfect gas) ;5 Jloas! & s, 1, s, pl aS oS o k) Jigy ool
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Gas Expanding and Contracting

Capillary
tubing ~

Mercury :
\

Low High
temperature temperature

As T increases V increases

Variation of gas volume with temperature
at constant pressure.

BLh P,
- Charles’ &
Py Gay-Lussac’s
20 / Law
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AH) M) L] i (LN 0 N AN
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Temperature must be
in Kelvin

VaT
V=constantx T
V1/T1 = V2IT2

T(K)=t(OC) +273.15
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T=t+273.15
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A sample of carbon monoxide gas occupies 3.20 L at 125 oC. At what temperature will
the gas occupy a volume of 1.54 L if the pressure remains constant?
V1/T1 = VoI T2
V4=320L Vo =154 L
1 =398.1@ Ty =72
T1 =125 (0C) + 273.15 (K) = 398.15 K

_V,xT, _1.54)/ x398.15K

T, = =192K
2y, 3.20¢

R 1 )ladie awlxe
ol o (STP) Standard Temperature and Pressure ,lxs Lali o oS o35 dlal, 511, R lade

. O;uLw?
t=0°C
T=0+273.15=273.15K
P=1 atm

1)l pax L YYIF 85l Ll jo bajls 51 Jow S e
n =1 mol
V=224 lit

el pulys>
PV =nRT
R :&
nT
_ latmx22.41lit

= =0.082056 litatm mol 'K ™
1molx273.15K
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1 atm =101325 Nm?

1lit=10°m3

R = 0.082056 lit atm mol1 K

R = 0.082056 x10° x m*™ x 101325 x N m? x mol''x K

R =8.314 N m mol K

R =8.314 J mol' K
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1cal=4.18 J
R = 1.9872 cal mol K™
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PV

E:I+BPP+CPP2 +-... )Ludd)mJlJ).ﬁdeélJA
PV B, C
=1+ Y 4 b oa ddoles
RT v e 2> 6 Jbrs
pols by, po 4y olgion |y Wil g 009 By yme Jlinig calpo s By g By
BP P = B_V
A%
B
B, = —%
PV
The Ideal Gas Law
Deviations from Ideal Gas Behavior
PV =nRT or PV =RT, V =V/n
Units of pressure Units of temperature
1Pa=1Nm~
1 atm =1.01325%10° Pa
1 bar=10’ Pa Triple point of water occurs at 273.16 K (0.01 oC)

1 torr = Latm
760
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Deviations from Ideal Gas Behavior

20 = EH
e ey
RT 1.5 T _—— He
[ — e
T .-'_',-_:-——.F""H_'_'__
e o oqe ~ o = =_—,_:-""'-r‘=-;_.-"'----
“compressibility factor’ el e Ideal gas
.H""\-\__,_'-"
0.5 1 1 1 ] ]
i 200 Ak G 00 LR
P i bar

Ideal gas: z=1
z<1: attractive intermolecular forces dominate
z>1: repulsive intermolecular forces dominate

Virial Coefficients

Ly =1 +B£V +li32’/ +--- Virial expansion
RT Vv

second virial coefficient,

VA
B,
B,

ye
¢ third virial coefficient,etc.
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Malecular kinetic-energy
distributions at three tem-
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naw the distribution ba-
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FIGURE 13-8
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Mew York: Jobn Wiley, 1587}
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Deviations from Ideal Behavior
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The molar volume is not constant as is expected for ideal gases.
These deviations due to an attraction between some molecules.

Finite molar molecular volume.
For compounds that deviate from ideality the van der Waals equation is used:

where a and b are constants that are characteristic of the gas.
Applicable at high pressures and low temperatures.
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"Thermodynamics is a funny subject. The first time you go through it, you don't understand it at all.
The second time you go through it, you think you understand it, except for one or two small points. The

third time you go through it, you know you don't understand it, but by then you are so used to it, it
doesn't bother you any more."

Thermodynamics
*Deals with eguilibrium systems.
*Thus, the variables x, y, z and t are irrelevant!
*Microscopic (statistical) theory concerned with the average behavior of an
extremely large number of microscopic entities, i.e. atoms or molecules.
‘However, classical theory ignores the microscopic details and deals instead
with a few macroscopic variables which are easily measurable, e.g. pressure,
volume, temperature, etc..
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Thermodynamics Vs. Kinetics

*Chemical Thermodynamics - Study of Chemical reaction energetics

—i.e., CH4 + 202 — COz + 2H20 + U
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Thermodynamics Domain (State)

/ Kinetics Domain (Path) \
N
1 _cH,+0, J \\
CO; + H,0
T Initial
Final

Understanding a chemical reaction and its energetic properties lead to the spontaneity prediction of the reaction.

Syste

Surroundings

Open Closed Isolated

System: the region of interest, of sufficient size that average properties like temperature are well-
defined; to be distinguished from the environment (i.e., the rest of the universe)

*Open system: exchange of energy and matter
*Closed system: exchange of energy but not matter
*[solated system: can exchange neither energy nor matter

Thermodynamic State Properties
*Extensive: These variables or properties depend on the amount of material present (e.g. mass or
volume).
The ratio of any two extensive variables is always an intensive variable. V/n = molar volume,
Intensive: These variables or properties DO NOT depend on the amount of material (e.g. density,
pressure, and temperature).
* Phase: a physically homogeneous and mechanically separable part of the system, e.g. a vapor, liquid,
or mineral
* A system may be

homogeneous (one phase)

or
heterogeneous (multiple phases).
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Work of Expansion
*Work is a Form of Mechanical Energy

Work = Force x Distance
OW = F Ax

O
\ ) .
~.7 Distance

|]‘Zl

area = W = pAV
1

- S0, considering an example of a p-V graph,
see right
-as we go from a point on the curve where
V =V, to a point where V = V,, it can be
shown, by using incremental steps, that the
Work done is the area under the curve,
because

W=pAV

(b)
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(a) If heat flows into a system, it is positive (+Q). Heat flowing out is designated as negative (-Q). (b) The
experimental way to tell if a gas’s internal energy changes is to take its temperature. Since internal energy is
determined by temperature, a rise or fall in one of these quantities implies a similar rise or fall in the other. (c)
If a gas expands (pushes in the direction its piston moves), the work it does is positive (+W). If the gas is
compressed, the work done by the gas is designated as negative (-W).

| Isomatric
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o 2
5 > isomat
vt
Y . Isatherms
a 7
T2
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Wolume
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W=nRTIh-2 (I
Vl
Plvl =P2V2 _1:£
2 Vl
Pl
W =nRT In—L 2)
P2

Thermodynamic Processes

- isothermal process — constant temperature

Pressure

Isothermal
Ta=T,y

- Isotharm

Q Wy —

|I...|'

. Yol e

W=
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Isathermaal
T? = T]

| + -
15othaErnm
.-r""-r

YValumea

Q vy

W=0

Va
W= P@dv

A
W =P (V2 -Vy)
W =PV, - PV,
PV:=nRT,

PV, = nRT;

W =nRT, - nRT;
W=nR (T, -Ty)
W = nRAT

-here T is kept constant as
the system goes from one
p-V point (p,V;) to another

p-V point (p2,V>)

-the graph is a hyperbola
because p = nRT/V (nRT is
a constant) sop u 1/V

-as work is done on the
system, by adding heat (Q),
the gas expands (piston
moves to the right) and AU
must be zero (AU=0)
because there is no change
in T; thus,

Q=W

1S o0 gt Sl HLAS 50 e slod g x> Y
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- isobaric process — constant pressure

O

T, Ta IS INETs Isobharic
Pz=p
3_!
7
iy
[
Walume
Q LT I
|
1_.' J i
2 lew:ﬁ"""l;'_ "'.l|:I

-here p is kept constant so on the p-V

graph we move horizontally across

the graph from one isotherm to
another isotherm at a higher
temperature

-as heat is added (which is why T, >
T; ) the system does work, the area

under the curve is clearly pAV so we

can write
Q = AU + pAV

Pressure

T, T, [Sothems Isobaric

! 2=
/!
T3 »T Isobar

|

| !

| ¥

| l

Vi I.rl':h Volume

||_.|'
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W =P (V2-Vy)

W = PV2 - PV1

PV1 = n1RT

PV2 = anT

W = anT - n1RT

W =RT (n2 - n1) = RTAn(g)
An(g) =Nz — N4

Conventions
Ow, the work is negative when the system does work on the surrounding, i.e. it expands into low-
pressure surroundings;
Ow, the work is positive when work is done on the system by surrounding, i.e., high-pressure
surroundings compress the system.
Expansion work: mechanical [® w =-p.dV

First Law of Thermodynamics
“Energy cannot be created or destroyed. It can only be changed from one form into another.”

Rudolf Clausius 1850
Thermodynamics
Concerns the study of the Eguilibrium properties (or guasi-static egquilibrium) of a system

and its surroundings.
- Temperature is a variable, and heat and work are somehow involved.

Surrounding Universe
System
Work “Tient
IMass

The above system is open.
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Thermodynamics
-Concerns the study of the Eguilibrium properties (or guasi-static eguilibrium) of a system
and its surroundings.
- Temperature is a variable, and heat and work are somehow involved.

Universe

Surrounding

System
Work

IMass

The above system is underqgoina an adiabatic change.

Thermodynamics
Concerns the study of the Eguilibrium properties (or guasi-static equilibrium) of a system
and its surroundings.
- Temperature is a variable, and heat and work are somehow involved.

Universe

Surrounding

m System “@:t

The above system is closed.

Thermodynamics
-Concerns the study of the Eguilibrium properties (or guasi-static equilibrium) of a system
and its surroundings.
- Temperature is a variable, and heat and work are somehow involved.

Universe

Surrounding

System

The above system is /solated.
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Thermodynamics

-Concerns the study of the Eguilibrium properties (or guasi-static eguilibrium) of a system
and its surroundings.

- Temperature is a variable, and heat and work are somehow involved.

Surrounding Universe
Syste
m
The above system is isolated. System Wall
Thermodynamics

and its surroundings.

Concerns the study of the Eguilibrium properties (or guasi-static_eguilibrium) of a system

- Temperature is a variable, and heat and work are somehow involved.

. Universe
Surrounding

Syste
VS | efieat

System Wall
The above is an example of a dithermal wall.

Ent hal py function oJGl &G
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AE=E, -E, =q -w
AE =q-p, AV
AE =q-P(V, -V))
E,-E, =q-P(V, -V)
(E, +PV,) ~(E, +PV,) =q,
M b el ol o] Jladie g el oo G > it abowgs ols JLizd j0 a5 el S5 Qp alal, ool jo
2L g 59,0 bS5 clyme |, E+ PV (08 a0 Lo oo cll> 90 10 piew o5 (E + PV)o e g0
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H=E+PV
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AE Example

* When Mg burns in air, the reaction is
Mg(s) + %202(g) — MgO(s)

* The heat of reaction is AH = -601 kJ

* What is the energy of reaction AE at 500K?

AV = An RT/P

AE=AH -P AV =AH -RT An

An = - mol

AE =AH + % RT = -601 kJ + 2 kdJ = -599 kJ

*A change in internal energy can be identified with the heat supplied at constant volume
ENTHALPY (H)

(comes from Greek for "heat inside")
Internal Heat 59,0 sl S

Heat Content S S Slgize
Gibbs Heat Function S (Sle S &l
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The heat supplied is equal to the change in another thermodynamic property called
enthalpy (H)

ie. DH = q

* this relation is only valid at constant pressure
As most reactions in chemistry take place at constant pressure we can say that:
A change in enthalpy = heat supplied

Functions of State
*A function of state is a property of a system whose change depends only on the initial and
final state of the system and not on the path taken between them.
*A path function is a property whose change does depend on the path.

Enthalpy
*The enthalpy change is an energy change defined by

AH=Qp

where qp is the heat absorbed at constant pressure.
*The enthalpy is a function of state.

Enthalpy of Reaction
*The enthalpy of reaction is the change in enthalpy AH that occurs when the molar amounts of
reactants in the balanced equation are converted to products under standard conditions.
*For the enthalpy of reaction is the heat transfer when 1 mole of

CHg4 reacts with 2 moles of O .

Energy and Enthalpy
From the first law: q = AE + PAV.
-With no change in volume the equation simplifies to qy = AE.
At constant pressure: gp = AE + PAV.
«There are times when both volume and pressure can change; the heat involved in the
reaction is then a more complicated function of AE.
-Enthalpy: the heat output at constant pressure. H=E + PV.
«In general, AH = AE + PAV + VAP.
-At constant pressure, a change in enthalpy is given by:

AH = AE + PAV = gp.

«Normally, AH and AE are fairly close to each other in magnitude. In the combustion of
propane AE = -2043 kJ, AH = -2041 kJ and w = —PAV = -2kJ.

Exothermic vs. Endothermic

*An exothermic reaction is one whose enthalpy of reaction is . An exothermic reaction
liberates heat.
*An endothermic reaction is one whose enthalpy of reaction has . An exothermic

reaction absorbs heat.
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Surroundings

Heat B System i Heat

Endothermic

Surroundings

Heat ﬁ System w Heat

Exothermic
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Thermometer

High
pressure Vacuum

gas

Newton’s Legacy

"I seem to have been only like a boy playing on the seashore, and diverting myself in now and
then finding a smoother pebble or a prettier shell than ordinary, whilst the great ocean of truth
lay all undiscovered before me."
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Lastly we get to the adiabatic process — no heat is transferred into or out of

the system
H Adiabatie
) Isatherms Q=0
o1
5 Adiahat
5
a
&
I
|I.:_l = II 1
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, 2 v
Vi LF! Yalurme
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Ther nochem st ry sombgo )3
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Law of Conservation of Energy - Energy canbe converted from one form to
another, but the total quantity of energy is assumed to remain constant in ordinary
processes. (In nuclear reactions matter is converted into energy, so then we have to
say that the amount of matter and energy in the universe is a constant.)

Thermochemistry

The study of the quantity of heat absorbed or given off by chemical reactions. All chemical reactions
either give off or absorb energy.

THERMOCHEMISTRY

The study of heat released or required by chemical reactions

Fuel is burnt to produce energy - combustion (e.g. when fossil fuels are burnt)
CH4(g) + 20:(9g) CO,(g) +2H,0(l) + energy

Law of Conservation of Energy: the total energy of the universe is constant and
can neither be created nor destroyed; it can only be transformed.

The internal energy, U, of a sample is the sum of all the kinetic and potential
energies of all the atoms and molecules in a sample
i.e. it is the total energy of all the atoms and molecules in a sample

Endothermic process: a change (e.g. a chemical reaction) that requires (or
absorbs) heat.
An input of heat corresponds to an increase in enthalpy
Endothermic process: AH > O (at constant pressure)

Photosynthesis is an :\\C’j: Forming Na* and
endothermic TN Cl™ ions from
reaction (requires Cg“i NaCl is an
energy input from endothermic
/ process
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Measuring Heat
Exothermic

reaction, heat given
off & temperature

of water rises

Endothermic

reaction, heat taken
in & temperature of
water drops

UNITS OF ENERGY

S.I. unit of energy is the joule (J)
Heat and work ( energy in transit) also measured in joules
1 kJ (kilojoule) = 103J

Calorie (cal): 1 cal is the energy needed to raise the temperature of 1g of water
by 1-C
lcal = 41847

First Law of Thermodynamics:
the internal energy of an isolated system is

Signs (+/-) will tell you if energy is entering or leaving a system
+ indicates energy enters a system
- indicates energy leaves a system
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Endothermic process: a change (e.g. a chemical reaction) that requires (or
absorbs) heat.
An input of heat corresponds to an increase in enthalpy
Endothermic process: AH > O (at constant pressure)

Photosynthesis is an :\\’Q//_ Forming Na* and
endothermic waut Cl™ ions from
reaction (requires cg"i NaCl is an
energy input from endothermic
/ process

Vaporisation
Energy has to be supplied to a liquid to enable it to overcome forces that hold
molecules together
+ endothermic process (AH positive)

Melting
Energy is supplied to a solid to enable it to vibrate more vigorously until molecules
can move past each other and flow as a liquid
+ endothermic process (AH positive)

Freezing
Liquid releases energy and allows molecules to settle into a lower energy state
and form a solid
- exothermic process (AH negative)
(we remove heat from water when making ice in freezer)

Reaction Enthalpies
All chemical reactions either release or absorb heat
Exothermic reactions:
Reactants products + energy as heat (AH -ve)
e.g. burning fossil fuels
Endothermic reactions:
Reactants + energy as heat products (AH +ve)
e.g. photosynthesis
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Enthalpies of Chemical Change
-AH is an extensive property — its value depends upon the amount of reactants.
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-AH is attached to the chemical equation to indicate the amount of heat involved in the reaction.
E.g. the combustion of methane:
*CHa(g) + 202(g) —» CO2(g) + 2H20()) AH = - 890kJ
«2CH4(g) + 402(g9) » 2C04(g) + 4H20()) AH = -1780kJ
E.g.2 determine the amount of heat that would be evolved when 150 g of methane is burnt.
‘Reversing reaction changes the sign of the heat.
«CO2(g) + 2H20(l) - CHa(g) + 202(9) AH = +890kJ.
What is the C-H bond enthalpy in methane?
We want AHO for the reaction: CH4 — Cgag +4H
Any path will do (equation of state.)

AHO (kJ/mol)
CHg +2 Oy — COy + 2Hy0 -800
2H70 — 2 Hy + O +480
2Hy — 4H +870
Cgraph — Cgas +700
NET CHgq— Cgas +4H + 1600 kJ/mol

The bond energy for C-H in methane is +1600/4 = +400 kJ/mol.

Hess’s Law
*Hess’s law when a reaction at constant temperature and pressure can be written as the

summation of a series of reactions, the enthalpy change, AH, of the reaction is equal to the
summation of the AH’s of the individual reactions.
E.g. determine the heat of formation of NOy(g):

Y2 N2(g) + O2(g) - NO; AH =7

*Forming NO3(g) from N2(g) can be thought of as 2 step process:
Formation of NO(g) 2 Nao(g) + 72 02(9) - NO(g) AH° = +180 kJ
Oxidation of NO NO(g) + 2 02(g) - NOy(g) AH°=-56kJ
Overall %2 Na(g) + O2(9) - NO(9) =+124 kJ

-Missing steps in a sequence can be determined using Hess’s law.

E.g. determine the heat for methanol decomposition to its elements from the heat of
combustion and the other given reactions. Heat of combustion is

CH30H(g) + O2(g) - CO2(g) + HO(l) AH =-726.4 kJ.

Decomp. CH3;OH CH3OH(l) — C(gr) + 2H,(g) + %2 O4(g) AH,° =7

Form CO, C(gr) + O(g) - COx(Q) AH,° = -393.51 kJ
Form H,O 2H,(g) + O(g) - 2H,0() AH5° = -571.66 kJ
Overall CH3OH(g) + 3/2 05(g) - COy(g) + 2H20(1) AH°= -726.4 kJ

AH® = AH.° + AH,° + AH3° or AH,° = -726.4 + 393.51 +571.66 = +238.77 kJ
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Standard Heats of Formation
-Standard state the pure form of a substance at 1 atm usually at 25°C.
-Standard reaction enthalpies, AH®, difference in enthalpy between products and reactants
of a reaction each in their standard states.
-Standard heat (enthalpy) of formation the standard reaction enthalpy per mol for the
synthesis of a compound from its elements.
-Since reaction enthalpy depends upon conditions of experiment, it is usually reported at
some reference condition, AH®
-Most tables present enthalpy data in its standard state and as the heat of formation.
-E.g. (HCI) is —92.3 kJ and the reaction is:
<Y2Hy(g) + 72Cly(g) — HCI(g) =-92.3 kJ
-AH of pure elements in their most stable form under standard conditions is defined as zero.

E.g. Na(g), Na(s); C(g), C(gr), C(d).
- of elements in another form often given.
-Na(s) - Na(g) AH° = 107.8 kJ/mol. Also called the enthalpy of sublimation.

rol.wn_;l JSas 6b)flg Jasaid ) plastiwl leo).f
5 L5 1o wad oy plunl 4z 5 ,KaiSTy plucl 4z wils s liard slo STy o 45 soluz! § o o
20,5 S8 STy g5 2 Glp Olgen ) ) soses alaly g Wl pame (Jge (ST Gre sleo
AH = Hp - HR
S o) iy ST
Fe,0,(s)+¥H,(g) [0 - YFe(s) +¥H,0(()
AH = HHFe +‘~HHZOE_B{FQO3 'HﬂHHZE
Bl (Sl ¢ Ggy0 (551wl Limis 05a5 by Glsised |y plard 5 S jo (L3150 Jseome Jloz YU lolas
Mo S Glsics B e 950 Sla lgice | Wl Dlyis b g G dslons g (6503l L el

L b oo P gl e 90 b (LSl ols cand Bllae  JUST 4 olgzds
H=f(T,P)

Gl 50l (FAAND K) Y0 OC clos 3 yhumadl Sy Lid 40 a5 IS el |y o pamie o JUST ol )3 G3ub s

g ot jho il s aen e Syga pr g welr Syga 5y ¢ O2 JSB 53 3T e 03, oo Sho
0591 Gy oy bl Sl plgige Koo led yo 0 ] polie (LSl ol 5 pliigds oo els LA HY, o =0 Sy

dH® =CS T

[asrs AH= [0 Co T

HY ~Hipg s = [, Co @T

HS = HS,, +LT98_.5 CodT

S A ey p STy



e p> JUB
www.jamshimi.ir @jamshimi

YFe(s) +%02(g) M - Fe,0.(s)
L el iy STy ] s s plol YAAND K slad 5 pimna] Sy i Lyl o STy 4505 00 0

0 (o] 0 v o D

AH _HFeZO3 _EHFe +7H02E
O Jley (Bl b sl s o8 05 ce S p0 i JoSts @y ot b Lyl jo 23STy (ST i Gl ol

oS i e s Ay b g aidlge 5 0kl LS55 6T b g o 85 Lo | o 5 5o g
« i )JJJulS.A| J.o.c L)"‘ PL.....:-‘ LJ"‘ )‘ 6.)[.3) ode LS‘)" ‘;3 0)31 Sl u‘ﬁsso /LA?Q.A.M.A.A ‘) r:Lu...'>1 )‘ &.?4'” Ji.iuﬁ

Los 9 STy slo 5" (ya aboal)
A o Hlid oy Ogan |y oy ST Ol s STy o gl ol asS aSilioren

AH° =Hj —H}
YU adal,y 51 ST anib o KiaST g olge Jloy slo JLGT gaame HY g OV game Jbo s slo JL! ggoxe HY a5
Og 48,5 i ol jlas o Led a4 Cod

E@AH"S _BOH‘% % BHE
0 or 0 DaTDPD (TIlE’P
. _ (PH[O -
: Gl Colb jLid o o3 LS lea a3l gl
o= LS o0k LS H_aTEL Sl g
[(bAH O
O 0= ZCP C,
] oT b N yoazms S\ sl
dAH°® =dT [AC,
A2 oo Sy |y g adal ) el SO JLas o T g T s les jo YU alaly 5l 6.5 )1,
T o _
J’Tl d AH —ITI AC, dT )]
g Gl e e Sl ey STy sle)S sl p ] i alail)
T _ Db
J'Tl d AE—J'Tl AC, T (I1)

tanl oo 50 gy IS g T &Y olee cus 5 cpos
AHj, - AH;, = [* AC, @T
T,
AE, -AE, =[ AC, @T
S i plazl 059 slo,S polae Sl YU SVolas > (gl g aiiid Bg,m0 iy S SYolre plo YU SYoles
dged ,lAi8 10 0‘536‘ oo 4y o 059 (Slo,S Ol s 5l il S8 IPERE O alold ST g il polas ouisS
AH% _AH% =AC,(T, -T)
AH;Z :AH% +(z CP—ZCP)(T2 -T))

N yeame  NSly sl



e p> JUB
www.jamshimi.ir @jamshimi

AE, =AE; +(3 C, =5 C )T, -T,)

N jeae S|yl
o9 oS il b ol caws jo atmin les SO 0 STy sle,S o5 o YU sledge,d pile s o b
ool ua:z..\....a 0‘35@ LS,S-.’.‘) LSL‘") g 1) L)“"S‘ﬁ LSL")? av‘l‘.,:Sb o INVELY ;,5).“4 |nLM.:>|
bS5 Jgard So sl ookl b g 0905 jeal uli 1) ooy slo S Olsiees ;00 wlloly T Th alols o5 5o
10905 dwlore (155 co Dglaie slales jo 1) a3lS 059
Cp=a+bT +cT?
Ty, Ty wolﬁ)'dlolé)og.x‘oﬁww)'@cﬁq;gdugA})|o6ol.">ﬁoL5.AW).¢b6|ﬁ C,b,aQT)oc\S
Dl 0 2) Oypar ady S olas
0o [+ —_— T
AH;, —AHG =[* (a +bT +cT7) AT

083 oo ey Al o] 5165 LR

1
02 Epl]

o — o D
AHTZ - AHTl + Q,T +; "

1

AHg, =AHy, +a(T, —T) +%(T§ -T?) +%(Tj -T3).

Saolizdge 3 093 Ugsld

5 oy 30,5 oo bgype JO (Some S8 > Sz 50 bt bileS 5 Jobss Sl 4 o 5l (rrmy A
9 I (Sare Sgr S 0SS 4 hiled lend g (s o Lo eSS0 45 wrs e (LaS ally; ol
pso Jol o)l 1) qull Sl A8 Jolas oy dalllas ;0 Sosliadge s 5 ol Jols (Ggmn &S, Cuz
LS 5o Jols oS comdly ol Sl ol lpads (3051 Cemdy Lol a5 Sl (el ol (i Seaalinoge
&b S b plgie ) ol pls Ko Jolas Cdl L oS csl e ol Com Cand Gl 50wl ed e
Sl medss JiSge (plos conm ]y Jolas Sl 4t 53 5 &b Gl s 05Vl 995 (e (Seslinge 5

Sl Bb U5 o e e o b 5 p e wigtige L2l s0sBungs ek b (0 by 5l
bosboe 20lS (5)Lad 5 auS pe Jadl ojlo JLaBl j0 aS 1) ez plad (g355udg5 ek 00,5 LaS e Koo )1
Jya> B 0w puz 4 & pu 5l () 6551 il (eled 0 ol ciliSie &> 4z 0 50 b e 90 aSiaBse
S 555 T3 b b slaJemd Wpdy oo Sjpe S93ans oS 1) La s (nl (eles Whoe JUSH () Sl
L s ol masd S olaas Bpo  jeme VoS 5l (S obnl Sy 5 p S sl b
preelion (srmb et la g2

Js75 S a5 09l on 35 (59,000 5 WIS (53 sl Heaboes sl Sy ST S 0 1) (5g; akes G aSedse
Js5 o 008 o 59, 5 ] S @ Gignee Sglre 0 kS (59, &S nl Se Ll el (s
&b oyl plnl (amb jska STy S LT a5 @S (G in il a5 (LY iRl L Sl (b s
G5 Zgz W el e Sl (s yol ST e 1 a8l LSS S gazme Cand ol o 28L plaxil Sjgo o g
F3jbeies 0ylgen | Salindga 5 ped ol a5 058 a8 )5 IS0 (sl guax &l 5 Jgol San



e p> JUB
www.jamshimi.ir @jamshimi

Saolin 3940 53 093 UPL (Fegec SlAULS

4l o] 5w o puens |y alias S lapls ol ded Lol ol oo Lo Cilitie jgeo a0 Sesliuoga i pgo g8
5 &S ez S5 oolye b Doy ol ol wls Jobss e S g9 4 bl b Sla S
A2 oo Glelu g pdai Jolas 8,50 1) Lo Ol o pgo (98

o mBge o] Ko g el pd Kl ol sles 4 YU sl 5l e,S gogBusgs Jl auly o 4G yglailen
WS o ol iz Jol SO e 1) Cllas ol «Clausiusy yugs jslS 0gd Bro IS (6 lude a5 ol

35 ook Lo,5 &0 15 (6o (5 b (lool 4l o 3,105 5l 5 ke 429 sk 5 31 a5 JUi
‘35 o Lord Kelvin 505 5 )

ol b ologen asGT (g9 0,5 Joad JI5 @ 1) o 9 8,5 (oo 31 LoyT (5590 Joo3 Sy b sl o0
b JUET S powr oo 4 055" oo 31 Lo )5 (g 5ldio

e S35l (X905 09l on 00y (g Sunbly (pl 4 00 5 (o0 ik LaJolas b BLS I o (Bg pge (5B Gl
bles Joodi g all Jols 2l o cetcew ST 0l oow 5 Jols > 4y e oS Y RCORVEALY Olgi oo
s53unss ol hles cle 4 aS WS 0 1) T 51 B 5 s e Sigey B SsPusss sb 4y ol
5 e, 0g5u0g3 JED e 45 a0 o HLiS palS 0 Lo 08,5 e ol b e S YU maw Sy 5l O
O yg) Sy Y5 g5 o 45 ol 393095 J925 iz 5o a9 el ol sled 4 YU sles

el Soglitis WS oo e Sl 338 Azl b a5 el IS 5 Loy 5150 (corend Salinnge 5 pgo (gl i o

Saoliadg0 3 093 YL il 6533 Yl 9 9

ol ;5 mls Sl 2o 5 5Ll Sl 3ds (o 0 5l IS S 50 Ol Sealindge 5 (slaom 5
plil &y yloly 1y Joou b (2iSTs 0,10 Joled (ghaS e (59,0 el yo o5 st il 0950055 la s olond
) &S me (59, (pl oo g eog alal) 1o (g5piey 4 DYed hled b a5 (Lol (o adlllas el 0 1 WS
ANEES b Jolate Gl (S @R 50 Gt 4 Jle O] 0 &5 oo wllie azg 000 ay Sy
Gy > SosS et gad g ool pliiS, b Jobiel ogmusss 3 Sy m Salls sl 00 Gy
S ade panl a5 e (59 2 W o0

therm.res.

oS u-“ ML‘@ AEthermres. L Q BUBERW:N

e JB Ltaln 1y (SleyS aie (9,51 )0 5esS pb g ASthermres. Coodle a5 3 I8 Covanl ik
S rS IS dlesgy olo S aie (9,8 ek g s Gnle> 052y (Blg3s gles o 0 ol S a5 > o
flss Sy iy alad 5l

dE

- therm.res.
therm.res. T

ds

eS8 S |y 5 alal ) o Jood oled (6l g
dSmechres. = 0



e p> JUB
www.jamshimi.ir @jamshimi

w25 0 1) s (92975] et pdlgion s5kaz peien 9 00 G 1) Sledl (pl &S il gony Al e
pealiier Sanlinage 5 pgd (8 1) ()] g st Cannlo 5l S val oS (1S 0 ke | 05 90 Casnd cpl o
Jade aSilml Gl cd Sao 5 o] ez 0 (298] e 0gh el plpcuaS )y Syga Jeo By -
2950 pedd Zlisnl Gl 1y abiwg oS> (pl I oS Ol 1) ASthermres. poilgi oo 9 0l oo yao ASmech res.
S o 021,8 AS i

295l Wgy o0 L 993 Oyga nlpls g Jol Sl ) cm pleiS p &) sar oS oo Jez 0550 50 Y
£85 Ol mila |, ASinemures. « AS piw (g9,5l yads labassy ST cnlpli Gbge (Rl U5 ol ol
28,5 4 g5 oo AS + ASthermures. 6 oz Cwde 55, 511y o Gwse

Js‘ﬂbé)lg)é Ql.’;.o
29550 0980 Led g 5Lad led 0 JLu a4 haws o Kile a2 50 0aSs 5 sl S p0 mle Ol Jgpo S (285 -

S 50 et e az ]

AS = =-109JK™

therm.res.
3

Sl o S5 Caltdg Dl a4z g L) et Jos a3l I g cel ho il ASmechres 057 <y b
Fobg Glgs o was Ol 1) e (95 et

AStherm.res. + AS = 0
AS = -AStherm res. = +109 J K

5 rhadl S JLad 5 50 0 4SS 00 0 wibise mle OF 5l i VAT KT gl 4 O B Jge Sy 095

sl V.- °C

p9S 5> 0)bys (Jlo

S s g OC)ééavidsb)iiégﬁ#bM‘&)ms Voo OCPQT)BL.’M’:’.LA&?T&S[’G"’)B
JUES! 50) Sl jolizr 00 B)b &y o5 BL 51 LS (g laie JUl gl (98] et allige LI 0 jhne]
(asle e olf lales Lo 5

o S odied (LS5 elial degarme (9,8 35 Sl gt B aged QLU pdgenS ol Sy gl bl T Jo
il ss a8 1) s SloyS wlie (23l 5 )ly 05 I (9l e drslome gz 1) p3gcitS  Jsou

i as o
!DJSM therm.res. 373

-9
Oy Ee Aslherm.res_ _2_73
AStherm res. = -0.00098 q
BSunw. =0 RANEES 2 J925 o sl
AS = -AStherm res. = +0.00098 ¢

oo LRl YL Gliee a5 o] g, AT e o Cull S p 4y 0,5 aie Gl LeyS L



e p> JUB
www.jamshimi.ir @jamshimi

pel Jsos S 50 58 Jse N blusl gl g9, oits Canngllant JUlio
peiled Sl ) pdgiadS (sl (il W 0,5 o0 &j50 pabeiS p & jpa bl Jos T S
a8l r:l;pl )lS )Lx.ii.a ﬂ&gcﬂi‘fﬁ Ll 6‘)-.’

V
AEmech.res. = nRT ln —=
1
Fs S o0 (el (Slo S e 1) (S e (6551 B cl S0l Joos e
AEthem‘l.res. =-nRT ll’l&
1
V.
Astheml.res. =-nRIn = u"‘)‘L‘J
1
ASmech.res. =0
ASyniv. =0 f‘”""““‘fﬁ JS"S 61)’.
AS = _Astherm.res. =+nR ]l’l ﬁ

1
SleyS aie 4l g sl oo plxl blad! fled pdsbeass o olj] bludl 0 a5 1,50 a5 iz aulyi oo

JEEETINCL CRGN | EXY
AS, ., =AS=+nR ]n&

1

o9ilS SBloe S9PudeS S 390 J5oU 45 wad(os (LS 9 W boe ASuniv. > 0 (nlpln sl V2 > Vi 92
S (oo s o Sle G gm0 4 0)l500 (o (98] 5 Sl Sy ke (Lo (6551 45 0iS (o0 ke (i

o b a b i) Sl S ey Sl pealys e WS 28 S o0 a0 1) onal Casy il >
PS5 40 kS

DS o0 Do (§355ud9> Oy STy ol ASyniv > 0

el Jolw Sl 50 s 2L ASyniv = 0

058 pll 0950095 O jsar WS Sz j0 a5 04l bled jiaSTy il ASyny < 0

Carnot cycle  ¢5)ls JSuw b g5)l5 y9o

&b S GEL (S9y0 655wl (g9l (Sl (o9l (Gme Jlade Gl (pare (S 0 (oot o
&5 ol adg LeS e Ko 3 LS 38,5 o] IS &S S ise omyn 1) ebile el jo wdl e 2>
Ol PR s 5s0 Cnl Wlsny SIS 5se (nl LI wllioe Sy e S A LS (g le (pls 5 (S
Ry el 4l JoSi5 Al s oz 5l aS )5 S g 0l 18 (g padds B3I 0 oyl S Jge SO a5 s |
90 Om LeyS 9 Sl SzrS Calid gy HLES LB LS DS ey 0,05 o0 plonl pdyeiS O jpan al> e
) S 5 (SloyS arie g pimms (2 4p0 2 50 00l dlslee (65, Cni g Wb Lz (Syx SLSTL Leo

RSP RUNRERNT Py



(5o p=> (JUB

www.jamshimi.ir @jamshimi
Adiabat
Th
~ Adiabat
| 7,
o \"‘Isotherm
Isotherm\ 2
3
NS
Volume, V

r:lqé‘ )lf .]a.u.’j.? )15 "L’L’cs" Ll Vo > A V4 > )’| r:).?”‘.ﬂ Oy Th YL sbs SO 39 )lf Jg‘ 4.19).0

oo JUSHE 4 p )5 e 51 LS 59,5

V.
w, =—-RT, In—=

1
AE=q+w
q=-w
V.

=RT In—2%
q h v,
ol e Sy R Tray ol Ol Lo 0l o0 Lhics V3 P GV, S &gbboi Soga 5T pgd al> o

t ol plo b ses il Sle 5 e ol Sslibol al> o

q2=0
AE; =wy =Cy (T)=Th)
S 69y 2 ) Oty awgs 9 99800 pS1ie Vi o2 B V3 oo 51 Ty sl j0 p355) &9 5T pguw o o

Sl ge JE S s aie 4 55 51 Lo S 50,5 o el

w, = -RT, lnﬁ

3
AE=q+w
Qs = -Ws
q; =RT, ln&
V3

IS 9,5 (slos s aid, YU Lo 098 o o510 V3 adgl oo B Vi oo 51 S5LLoT &g 5 205l alo o

335 o0 iz Sl S (g 05 o0 plaxd 5B (55 2 01 0515 Jee cnl 53 0 lgd sy 0o Th
AE4 = CV (Th — T/)
Wy = Cy(Th=T))



www.jamshimi.ir

W=Wq+ Wy + W3+ Wy

w =-RT, Y2 -RT, In Vs
V,

1 3

dE =dq + dw
dE=dw 0O Cy.dT=-P.dV

RT
CydT = ——dV
Y

Cvd_T:_Rd_V O CV] 12_- ln&
T \% T, V,
v/R
ET.T_ZSC — Vl V.T Cy/R
i 21y
oho Vs
T,5® v, =TSR v,
Thcv/R Vl — T[CV/R V4
ARA
VvV, V,
w =-RT, Y2 -RT, In Vs
Vi 3
w =-RT, ln& +RT, lnL
Vi Vi
V.
w=-R(T, -T)In—=
(T, -T) v,
q=+RT, lnﬁ +RT, ln& E].V—z =
\& Vi ™V
Vv,

q=-RT, lnﬁ +RT, In—
V,
1 1

V.
q =R(T, —T,)lnv2

1

o 2> JUB
@jamshimi

=V,

asly alool IS S Jaie

oyl L3 Ll

23 oo i 1y 58 awgs aidly bl SIS YL O)le

OB buwgs 0w da slo 5

Sl gl odls Ciz> sle,S L ool raL?;.S‘ A s oo)fdﬁ » Lg)'LéT S s oolaiwl 0,90 0ole 45T (5,90 iy

S o s gl 9l 5l s

U 43 leyS Jsass o35k

WS oo Byas p)5 as 5l a5 Bras 65, ghre Jlade il oad pll @ IS bl jeige SO0 Sles



(5o p=> (JUB

www.jamshimi.ir @jamshimi
oé)‘l.g= ﬂ
An
R(Th—T,)ln\\i2 T —T
o33l = v 1 — hT l
RT, 11172 b

1

d5zg OISl a5 55l0 o0 (T2 1y Lo 9503 Jad (SilSn 55,3l 4y ol sk a1y (SloyS (55, (lisnd 45 cnslS ol

Ao Tl g caliie Th o wlios iy (B9 ol 0l oS 320 | o oo (Sealiyoge i 00jl b Geile S

b sl ce L @ o5V jsadall s> slales 4o 1, lorpetle aSul L) sl loe e Jgl 45 sl gmily ity
sl (6500 Syt ol 030 el poms (s 10 45 (655b e G cegd il SRl il 0oLy

S o, Kl azp0 Yo vgas 5 8w sles g ol Kiiles azj0 VYV sgus oYL sles o Lo ile G il

95 oS Gl ) (sele ez 003l S o0 S 50 1) wiS e

_393-293

033 x100 =25%

Oy sa 03l gy LS 3y 1 g 08,5 e 5 02ly S Jolee 95 g0 00l o 4y oS Lo S 0ly ez e il ol

|, bl ol 59 Amaslone bl 41BN 0929 Jar 590 5 (6,500 ol 45 oyt Ablce 003l ,iSTas ol
WS o )5 ol Y i T g YU e i T Jladie b aS oo jles iniile 457 5,91 o 9920

Sl Sl 6 S5 (9 0

loads ool lid py JSK& 0 aiS o Jais pie !y D 9@ Glacdls a5 Y 5 ) aliie 3 cliS e 90

Ve >®<
@< Y s

(€5 K .
ASaﬂb =) M)ébdga)‘wgsvﬁ‘ﬁx

DS =Y s 5D 48l s (95 s

i =BS plyr 398 03,8 4D 31 (1) pras Janags 4By s (95 kSl

Sl TBS Y Hp dbesp @ aD I (Y) e sy 4S5y waas (98] S

28 () s 5l g 99) 0P oy (V) e Lawgs 9 00l 9,5 @ Gl (Jgo5 oS 0,5 jea8 lgiee
b sl ol (SlSem) (5599 578 0l 4l 50 it (929,51 i 905 (o5



e p> JUB
www.jamshimi.ir @jamshimi

Ascycle = Asgllb _Asézjb
ASSlb = Asézjb + AScycle
JoSis 95,157 190 (gal; olaws 5l aas o ploxl JTo.\il S aS |y bS50 2 eiS Hedd puile o Jl>

Cuils pulgs o515 piile S 003l alaly 5l g ol azdl

W _ T, =T
An ) Ty
il pules —W = Qn + Qp (9>
qtq, _T, =T,
An Ty

L9555 pe 03bgd 5l
by GlP e g Sl Jho Slo S 9yl s 65 H90 50 50 ol

so g SoyS bz g9yl 50 e Al Glaz (g9l 0 ed LS A pACiT 1 6590 J95 0 0 cnlpl
Mol Hao Wb 50 s (29,500 eadd JolS 590 40 a5 0aud oo Az g S

AScyge =0

AS =087,

By ol Do b o gl lple S J928 e S Sl 90 (i (q9,8) DL Al o

S5 B U575 osdiee aml allios @ Sl 1l Sa 5 b - &b Sp sz 95y0 b 4@ S ) s

5 0,0 (s e Jo5 Job 30 (98l St (S ¢ BAS pALEET p olgt all pdyEiS p olsS o pdy & 50

lior Sy o abal 51T Sl s
b d
Sy =S, =AS = [ e

Mb‘aﬁl:m):wgmj).’wu_i))QOMAJOL..ALQLA;JMAqASW“SLosg_s‘ﬂ.ai’uJ‘ML?mu’_ds

Wﬂ)ulﬂg@,ylulﬂ&&bl)

d
il & e Al e ey ) Sl ol liees 10 anoce ol 1) gyl Sl dS = e
25 Sygar Sealusgays Jol Jol 35,5 sgame 0515 5 bluasl 5 (36 ) & g 5 )5 o5 2 dlte calis
dH =dE + P.dV
g |y py by, Glgise I aBlioe P = Pex pdyoess n Jooi G 0
Qe = dE + P.dV
oS oo e T 1) abady 0280



e p> JUB
www.jamshimi.ir @jamshimi

dq,, _dE  PdV
T T T

dS:d—E+P'dV
T T

Adloe Sealizoge i 90 g Sl ol S 5 kel Cunsay ala
o8l 098 Sby Sl (G950 5 50 olRiws e b gV E 0 Sl o 50 e (59,0 5 65le O 2
b oo Gl s
Gl iy )l €lid g Lo b €pox g Lo 380 S Ll cd )8 ojladl Lositinns Olg sod |y ot (529,
o o G P g «T LV 5 «T 5l s &g 15T Logos g il oo 2dl> a5,
Blse Lo g oo 5l (ol (9,80t Jol Sl

S=f(T V)

oSO EGNE

() dS= Eﬁ_TBV dT -I'Ha—VHT dv

00E O
dE =C,, dT + dv
v Eﬁ_VBr
4g 2 9E , PdV
T T
dS:C—VEﬂT+i%§£D @V +Lp @v
T T tovH T
C 1 0pED | O

) dS=—-Y[MdT +— +PdV
W == ovE T H

SRk

il pedle Il g 1 alaly g0 s ool aslis |
eSO _ C,

_ nosg _
B, T 0 Hove, ©

|-
Y]
5
—
oo

ds=Sv@r
T
AS=S, -8, :ITT cvd% =C, ln%
! 1

<ol sles yo Il aladl,

O]
as=LHED | pigy
T %Br 0
. . _ OEO
Wil s yho plp S slals (ol jﬂ_VBr
dS=lP dv
T

. poRT
NG an B v O¥T 9



e p2> JUB
www.jamshimi.ir @jamshimi
dS= Rd—V
\%
AS =S, -S, =R In—2

UM RPN PE LRG| ER

AS=C, ]n£+Rln&

T, v,

fabl e Hlad g Lo 5l (ol 9,5l pgo Cdl>

S=f(T,P)

0oSO 001
() dS= Brh, [t §ipna BP
H=E+PV L E=H-PV
dE=dH-P.dV-V.dP
JP v\

T T

dS=L@H-Lp@v-Lv@p+ip@v
T T T T

ds =ldH —]—V [dP
T

(PH[O
dH =C, dT [dp
"Hor
C, 1 [PHO 1
dS— P AT +— mp—-vmp
7 Hop b,
C 1 OpHO H

(IV) dS——PElT +—%75r _VD [dP

(IV):g (1) adaly 90 o (2l las s azg5 L

_I-.

_G 003] l OHI] —VD
orh T Hod, THAM, O
oS oo (g Sl g0 yo 1) (V) doles J>
dP =0 =ub ,Las ol

ds=Se@r
T
AS=S, =S, =C, ln%

1
. 7 . C . e
u.....ajl)AS)lmLe‘Jyﬁmsomlw@@z;pw)gm@opw)TwﬁTP),{oLa.oolS)z

Sged Sy



(5o p=> (JUB

www.jamshimi.ir @jamshimi
CP
? A
b
s =fc, &
i dT = Owl.a LgLoo )o H
1 OpHO _ O

S——%fa —VDdP

e AVl s sla s 5o Ko opise AT L 4 5ipl JLad @ e g s Slae 5 Sl ol

- (PHO
liee yo py S cdl gles o lijA&é‘fLMsw‘)Mf‘f B_Br Jade oS a8

1

dS=-—V [P
T
ds —EBP——Rd—P
P P
AS:—Rln&:Rlni
P] PZ
LN ES
AS=C, ln 2 +RIn—L
Tl PZ

> il Jlonsl I8 Jge o Juls j5550 cpl aiSga IS+ OC 5 Y0 °C (sles 93 (95,5 550 o Lo

il Cy =%R e S sy |y S slos g 00,5 Sl T8 S

qr+w;=0
qi = -Wq



e p> JUB
www.jamshimi.ir @jamshimi

W, = -nRT, In~2 = -1 x8.3 X298 In— = 4740 J
v, 24.8

wq =-1740 J g1 =1470J
Sobbol bl p9d dl> yo

V, TR =y, TR

v/R /2
(298]
V,=V,020 =50x =57 lit
*On 0 2730
273
q, =0 AE, =w, :Iz9x n [C,dT

AE, =w, =1 X% x8.3 x(273 -298) =310

AE> =-310J wy, =-310J
AE;=0 prsnl o515t pow o yo
gz = —W3
V— DVT \@—]: 5% £8= 28.3 lit
A\ 4 V, 50
w; = —nRT, lnﬁ =-1x8.3 X273 1In 28.3 =1590J

V; 57
w3 =1590 J gs = -1590 J

;_i:.?bboi p5|)3: P)LQ’.,. 419).0

q4=0

298 3
AE, =W, =J'273 nC, dT =1 XE x8.3 X(298 -273)
AE,=310J ws =310 J

Qtotal =1 + 2 + 3 + Q4
g=1740+0+ (-1590) +0=150J
wW=wq+wy+ws+wy=-1740 + (-310) + 1590 + 310 =-150 J
AE =AE+AE> + AE3 + AE4=0 + (—310) + 0+ 310=0
Heat Reservoir at T

q, =1740J
(carnot engine) — w =1501J

q, =15901J

Heat Reservoir at T,

bia 00 it oy p 393l b 5B aSws 5 (b (5 5k 0)ligd 0B 03ls mrdgs B Jle 10 a5 55 5350 - JUo

i 5 Oh polie aS dcwls |y jgige Jawgs ool ploxl IS awsy -YO °C w QT oo Solbol yokay pas g 00
S Cles e g0 2 0 1) Hgige (003L) leadly Jlade 5 0lS Clus j5ige cpl sl )

w =-nR(T, —T,)ln% :Je

1



e p> JUB
www.jamshimi.ir @jamshimi

w = 1 X8.3(298 —248) In
24.8
w=-290J

V.
q, =nRT, IHVZ

1

50
= 1x8.3x2981n 2
n 248

Onh = 1740 J

-W=0qnh —q

(+290) = 1470 - q;

q,= 1450 J
(w

E =100 D—WD
O9n O
(H(-150)0J

E =100 =8.6%
H 1720 H °
0O =290

E=100———=16%
H17a0H™ "
oad iz le)S o3 Vvt 2 ln )5 gylie ax i e IS 0 PCy Ve e OC slao 50 o 955 5ige S

03,5 o0 g 0 5 e

E=-" x100
dy
w = —q, XE x107 E =2l 400
h
w=-q, F2 =0 107 x100
h
w =-1000 313-273 x107 x100
373
w = —-268 J
w_T,-T
dn T,
-T
+w = x—h___!
W = T,
w = —1000x313=273
w=-268 J

ol o Mo ax T j5es ol cesl AFe MO s (Y /F K) Jsons (o> aladi o o] pes sl S
AS :@:8.75Jmor11<‘1
" 14

AS, =830 4117 Tmol K
20.4



e p> JUB
www.jamshimi.ir @jamshimi

5 At Vo (Sl o 08T e Sl g w18 oolanl 5500 1) Jlowl 5B Jse Susi)lS S St Lo
o i 4y S5LLST O yge) s 38 )5 o0 e Jauadl G JLES B0 pigpl jsh g 005 g9,8 £er K
.Cy=25Jmol"K" o, o Yoo K sles o cdl>

. A—,{)jT Cawdo ‘) 4-1>)-9;‘° 40 AE mech res. 9 AEtherm res. g9 polis 2l

QS dla |y 5 a0 0,5 e 51 Lo ,S baus 003k eue] s gl 5l eslaxal b o

Voo KU Lo g 500adl SO U blasl g #00 K jo aiasl Voo (S15 ST > u8g 1) (l Cand dils iz
IRVELE N E W

DS Clas |y iile 003L 7 Cand ol 5l ool b wo

S dslie pab 1) 0 g o slacend il a

:J>
Cv =25 J mol''K™’
P, =10 atm P, =1 atm
T,=600 K
T,=300 K
‘el
w, = —nRTlnﬁ = —nRTlnﬂ
1 P,
10
w, =—1x8.3 ><6001nT wq = -11467 J
AE1 =0 S r:/.Sg}.;" O
AE1 mech res. = +1 1467 \J

AE=q+w

g=00 A E=w=nCJAT

AE =w =1 x 25 (300-600) = -7500 J

AEmech res = +7500 30 5 o0 (Sile pe Ll

oé)'l.g ML?LA H

E:Mxloo :M x100 =50%
] 600
Gl A Cod 1SS i
E =2007399 100 =50%
600

ol S lad g 04l Les 4y (S fagé Lol wo

Saoliadge )3 pgms Jol (Gloo p0 (5 233Uy piwd
2955 p90 (5 b oo o 55 1) S 8300 i Sl oS ) e G0 mez Gl 5 Greges Ceend ) 0
e g 0).;‘59 S8 colawl 590 055009 Dl sl Sz S 0 A5 Sl 00,5 Seludge 5 Eorwe o)lg 1,



e p> JUB
www.jamshimi.ir @jamshimi

@ s (ols platsl Coz by pem (B 08 e | e o S 90 (958 G D9l Gl o
S osB cnl il b 8500 Lo Dl Gl 00 09l g0 allen 5 IS e LIS )0 s S (g5,
Sl s a2 ol Jaas aldl 0gd oo iU Sl odl Jams ol Sl slales @ o oy o a5 Sla jiideS

91 (65508 Cepagas pgus (5l 45 Sl o (s 5 Cend 090 5 3l 58 sl stalss]
33 Cundl oS 3z o1 5 S i OlSel G958 6551 5 (IS lhan 05 st alisdle S 4, pshailes
Oyede il b oS e o ailil e S sl sl g ol iliard lpianns 50 bl S s
@958l 9550 59 9 Wilige ho Bl E Gl pogs e n Il o o failid Al s solie JSCi5 Lo S S

Sgdise Jleel b 5 pas 5
The entropies of substances at 0 K can be assigned the value of zero is the third law of
thermodynamics .
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If entropy of each element in some crystalline state be taken as zero at the absolute zero of
temperature, every substance has a finite positive entropy; but at the absolute zero of
temperatue the entropy may become zero, and does so become in the case of perfect
crystalline substances.
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