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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 electron through a circuit. _

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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Figure 2-1: (a) An open system can exchange matter and'energy with its surroundings. (b) A closed system can

exchange energy with its surroundingspbut.it.cannot exchange 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
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measured without any chemical change (reaction) occurring. As more matter is added to

a system, both mass and volume changes (Table 2.1).

In contrast intensive properties such as pressure, temperature, density and color do not

depend upon the amount of matter in the 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, concentration and solubility are two

other examples of intensive properties (Table 2.1).

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

INTENSIVE
Independent property
Size does not change
It cannot be computed

Can be easily identified

EXTENSIVE
Dependent property
Size changes

It can be computed

Cannot be easily

identified
Example: melting point, color, ductility, conductivity, pressure, boiling point, Example: length, mass,
luster, freezing point, odor, density, etc weight, volume
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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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q=dq (2-5)
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2-6 The first law of thermodynamic
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AU = q +w (2-6)
AU (Extensive property), represents the internal energy (ddsIWl ddlll), and it is
measured by Joule unit = (U2 —U1) or (Ur = U), where U, or Ui represents the initial 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.

2-6-1 Internal 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
- Tagomall e plail] ia Jgibeal] Jadd)
s Pl e Jagomall ¢po Jgibvall S
- (Exothermic) pUadl (po Jaoee dlawlgs dyaiosd! 8)ly=!
+ (Endothermic) darsead! (po pladl dlacl gy dyaiocd! 8yl y=ell

Q-2/How many types of processes

Ans/ AS following:
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2-6-2 work
rdolaoll Byang disas ddlune) LiS)> é udd o Ao dlaluall gdll g9 Jaidl

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

F=ma (2-8)

where m = mass, and a acceleration.

(F) 8521 § (dl) Blusall ops Jaoloms Jil o6 pas Of ey g

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

magnitude F.

OB 1 dolune B9 XU Bl 9o Jasgall Of Laag

_F
p= 2 (2-9)

where p = pressure, and A = area.
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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.

Of JI il S panddl 31350 ldag pin ¢y Jels JBT 0955 pex 08 Sl dkasll (3 @axsdl B3 e

e S Jasuall CiS G 1 Biue Aluney oty (uaSall 08 (553 8303 c0)lgd! Al J) Juas

Sy plarl) 3ledl Jasdl e Juass OF I ddaadl 0da yeiad 03153l Al I duas 0 JI golsd) Laaall

did9 Pin = Pex Ldie Winax gy oy &Sl ddaall (3 89has I (EWrey) Jaidl goomoe Jia

dasd 09 Pex > Pin O (ST paldl Jads 90 saiall Jaadl 0550 Lodie (uSally ool dudaall Gy Al
zgall 0555 saiall Jaidl

7] Page Dr. Abduljabbar I. R. Rushdi 2025-2026

Ref. of PhysChem: Atkins_(12" ed) 2023, Levine_(8" ed.)_2020 & Zumdahl_(11*" ed.)_2020



Chpt Two_ 1" _Law of Thermodynamic PhysChem For 2" Year UGS_I** SEM

Pin JSW1 Jadsall NS o jowiedl Jiddl Olus g duds cdaceall oo ASI plaill oigs U3 Legg
Pex = Pin OB &Sl &doall 39 pex Colill 2yl Jaisall g Y JI e W giall
AW Daladl (0 sy Jaiall 0 Sl jlal)

_ nRT (1:5)
pin - Vin -
(2-13) Dolandl e Juaxs (2-12) Dolaall (1-5) dslanll (aigas wie
VinRTdV nRT
Wiev = _f 72 (Where Pin = V_ and Pin = pex) (2'13)
Vi in in

Asleall e Juass ,(2-13) Dslaald JolSl dsbg ¢ JoBWI s 095 4de @UBR 9 T g n @8 O Loy
(2-14)

Vy
W,y = — NRT In v (2-14)

Jasall) JUedl Sl L oo somially denSall ddaall §odeil Jads Qlusd (2-14) Uslaal! piseind
APERY

Aslaedl (o Gawn jaxiall Jididl OB ol 2l Jasually pUaill e (§ 848 Clpaill 9SS Lodis Lol
[(2-3) S § b 90 WS (2-15)

LTy (WA IARTY TTT= pex is constant, external pressure (2-15)

Area=p AV

Pressure, p ©
x

| |
v Volume, V v

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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