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2- Thermodynamic

The release of energy can be used to provide heat when a fuel burns in a furnace, to
produce mechanical work when a fuel burns in an engine, and to generate electrical

work when a chemical reaction pumps electrons through a circuit. [IRE QIS AE

encounter reactions that can be harnessed to provide heat and work, reactions that

liberate energy that is unused but which give product we require, and reactions that

constitute the processes of life.

Thermodynamics, the study of the transformations of energy, enables us to discuss

all these matters quantitatively and to make useful predictions.
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2-3 Types of systems
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(a) (b) (c)

Figure 2-1: (a) An open system can exchange matter‘and energy with its surroundings. (b) A closed system can
exchange energy with its surroundings, but it.eannotiexchange matter. (c) An isolated system can exchange
neither energy nor matter with its surrounding.

2-4 Extensive and intensive thermodynamic quantities
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Extensive properties such as (mass, volume, entropy, enthalpy and energy) depend
upon the amount of matter in the system that is being measured.
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An extensive property is a property of matter that changes as the amount of matter

changes. Like other physical properties, an extensive property may be observed and
measured without any chemical change (reaction) occurring. As more matter is added to

a system, both mass and volume changes (Table 2.1).
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In contrast intensive properties such as pressure, temperature, density and color do not

depend upon the amount of matter in he system. They are the same whether you're

looking at a large amount of material or tiny quantity. An example of an intensive
property is electrical conductivity. The electrical conductivity of a wire depends on its
composition, not the length of the wire. Density and solubility are two other examples

of intensive properties (Table 2.1).

Table 2-1: properties of thermodynamic (Intensive and extensive)

INTENSIVE EXTENSIVE

Independent property Dependent property

Size does not change Size changes

It cannot be computed It can be computed

Can be easily identified Cannot be easily
identified

Example: melting point, color, ductility, conductivity, pressure, boiling point, = Example: length, mass,
luster, freezing point, odor, density, etc weight, volume

Intensive Properties

- ® ¢ e

Boiling Point Color Temperature Luster Hardness

Extensive Properties

w & F 5

Volume Mass Size Weight Length
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m
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M: represents the molecular mass (Intensive), m represents the mass (Extensive) and n:

no. of moles (Extensive).
2-5 State of function
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2-6 The first law of thermodynamic
3T IS (e Lliges (S oS0 9 Sueiand Vg (5 dBlall O] (e paky ehaiglyga ll JoII g3l

AU = q +w (2-6)
AU (Extensive property), represents the internal energy (4dsIWi d3lll), and it is
measured by Joule unit = (U2 - U1) or (Us—U)), where U, or U; represents theiinitial state,
while Uz or Ur represents the final state.

g = heat and w = work two of them are path function while AU.is state function.

2-6-1Internal energy

The internal energy is the total kinetic and potential energy of the constituents (the
atoms, ions, or molecules) of the system. Changing any one of the state variables, such
as the pressure, results in a change in internal.energy.
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Q-1/ how it can be knowingthat the heat is gained or released from the system to the
surrounding and vice versa?

Answer/ the signal + and — for g and w, can help to know that.

Signal Type of process
= el e pllaidl oo Jgdaal! Jidd!
+ ALl e agomall o Jgdeolt i)
- (Exothermic) pUaid! (po Jaoeol! dlawlgs dyaiosd! 8)ly=!
+ (Endothermic) Jareall (po pladl dawlgs duaiood! 8ylyedl

Q-2/How many types of processes

Ans/ AS following:
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2-6-2work
rdolaadl Bymg disao d8lned diSy> 3 Ctudd o (Ao dlalull 5gdll g9 Jaid!

dw = Fdl (2-7)
where F = force, and | =.length of bath (shift).

F=ma (2-8)

where m = mass, and a acceleration.

A(F) 831 § (dl) Blusall o Juoloms Jdl o8 e of oSass

the work required to move an object a distance dl against an opposing force of

maghnitude F.

OB 1 dlune Buz-g S B9l g Jaiall O besg

_F
p= 2 (2-9)

where p = pressure, and A = area.
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93 Sl dSyoe) uSlaall g pex SOl (2l Jaksall oo g8 Bedll yuas OF (2-9) Wolaell Lpsds

(Pin) -1 dJadall Jd oo jmiall Sl Jids Sy 2525 U Sl O] =g A dodaad] dLuaod|

‘Pex 2
Because dw =—p,., (Adl) where Adl =dV (2-10)
Then dw=-p..dV (2-11)
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Figure 2-2: Expansion work has been done as a result of moving the piston against the Pex.
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Wirr = — DexAV Wherel P¥Xd X1/ 11 (2-15)

P.x= constant external pressure
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Figure 2-3: The work done by a gas when it expands against a constant pexis equal to the shaded area in this
example of an indicator diagram.
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2-6-2-1 General expression of the expansion work
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End of the 1stlecture of Chapter Two
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