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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

daoeall ae d8Uallg Bkl Joldh Zewn U1 98 (Open System) zgikell pladl .3

ool ae Baledl Jol e Vg B)lyxS d8lall Jolds e (Closed System) 3lioll plad! .b

a1 3 LS Jassead! ae E8Uall g 8oLl Jols e Y (Isolated System) Jgjaed! plaidl, .c
(1-2)

Open Closed Isolated

(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 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

(dSolizagall ©lLuasll) 85550lly Adgatdl Golg=dll

Extensive properties such as (mass, volume, entropy, enthalpy and energy) depend
upon the amount of matter in the system that is being measured.

OleS (P ( AG Byl dBlally AH (WGP AS oY Sl cpznll) Jo dlalidl olgsdl

§ doll il oyl plduiund Uil dguld (Say (@19 pUall AS a5 ae ARl diSiolioage s

pladl

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

‘=

Boiling Point

Volume

Color

Intensive Properties

.,
e é * o

Temperature Luster Hardness

Extensive Properties

s BB 1

Size Weight Length

(intensive) 835y duols> e Juaz Liasl dholis duols e (extensive) Aelidl duolsell dowd wis
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v |4

X

o Xm (2-2)
m — ]

72 D, Density (2-3)
i M

= (2-3)

M: represents the molecular mass (Intensive), m represents the mass (Extensive) and n:

no. of moles (Extensive).
2-5 State of function

Ul Jgro gl plaidl e e dosizy Vg plad] Dl e Jadd uosiad JI pladl jolgs il (p
Lo i3 sl dShaan 1 Gostall (e daiiay Vg Jaitd dslgilly Al Aol e daiay (T cByuzn
A1) A3l 3 e

up
ui

Path function (&)l d1s)
Bylyoelly Jasdl U3 Jlis Lo pi5 ey dSly U gaykall e daiad 21 Aol 2
q=dq (2-5)

AW IS5 w Jadd!l cldSy goyb Al Y Aq oo Y

4|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_I'"_Law of Thermodynamic PhysChem For 2" Year UGS_I** SEM

2-6 The first law of thermodynamic

3T I IS (o Lghgad (e (g o Vg G&5Y AUall Of (e pai chaiglage Al Jo¥I o g5l

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.

Blall oday (WUgT 5 ©h3 (i) pladl O gSe) dublly 48, Blall ggazxe (p 1dds-Wl d3Uall
2l lgan ae pladll b3 sl wlSie Ol Blby djlaYls gl o LG d8Uall Jess

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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0955 Wldeall (o g9l 1o (3 Cu> (Isothermal process) &)=l dxyd g (6528 wldes -1
(AT = 0) OB 4de (T = constant) 4l plail 8)ly> d>)o
.(Reversible process) dwwSall Wldoal! .a
.(Irreversible process) &wwSs Wi wdeal! b

Byl &S 3 JoS ez Y Wldesdl 0 £5301 142 (3 (Adiabatic process) 4Sc5kesY! Gldeall -2
.(q = constant, dq = 0) Jgj=s plas &1 Jaxally pllal oy 8oLl
.(Reversible process) drSa)l &ldeall .a
.(Irreversible process) 4wwSe Wi widaal! .b

BBUally (W) Jatdl Jio ClaSIl ans g5 o Of s ecthualindgail) Jg¥I O33N 1 ylasdl Judg

OPEN1I eghs 3lais 1o KTy (q) By S e diied!

2-6-2 work
rdolaoll Byang disas ddlune) LiS)> @ udd o Ao dlaluall Bgdll 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 regquired 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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93 Sl @Sy Slaall 5 pex Coldd) 2yl baisall (po o8 Boill yiuae O (2-9) Aolaall (s

(pin) 11 Jassall B (30 Somiedl Sdaill Jids Jads 2503 U8 yuSadl O] =g A duelad! dLuunol|

‘Pex 2
Because dw =—p., (Adl) where Adl =dV (2-10)
Then dw=-p,.dV (2-11)

JWI IS el (2-11) Wolael) JolS 3 wie

Vi

Wiyer = — Dex '[ dV small changesinV;, &pin (2-12)
Vi

Lowis S (po dxlg Jga JaB o omially duaeSiall dudond! § Jiidl Ol (2-12) Wolaall pusind

(2-2) Sl 3 LS plladl eax> (3 Tur B e ol psidl 0SS

External
pressure, p_

tea,AJ d dv=Adl

Pressure, p_ B —

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

doud Ol Pex > Pin 0L ST pakds Jits 98 saiedl Jaidl 095 bodie (uSally ol dudoall aasaiy cdudlus
zgall 0555 saiall Jaidl
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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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A9 (Won = — Wiy) Jasmall (e pladl Jid (e 320l 4 Jaidl O g 1igd ddleo w dasd 9SS Lois
. Won = + Why O 1 dxg0 doal] (955 Lesis Sl
(Expansion work done) sue3 Jads (e jomiadl Jadd! 0 (+ AV) pladl § dued o bedis
o8 il oSy (- AV) plad! e aldiy bidis (Compression work done)aldl Jad (owwy
: JWI poghall U3

— Wyy =+ AV while + Won =— AV

2.6.2.1 General expression of the expansion work

JWI OB 3lae sleg 351 o digan duaS g Wi el § o lonll il s Ty sall Jas
0550 bis 599 (Pex = Pgas) G hiaal bolus Pgas dlaid 09 Lodie s = =t
fh b Gdid (o)) larsally (pgas OF pin) Sl i c.§i cogbude 8 Olaisll

o O3 Wiy Pex i Hyoxts Cgan GusSall OB pex gyl asudll (e ST dasz 0550 Leie
w9 6(2-3) SS9 (2-2) JSKE! § LS pex > kel Jasd) dads (V> Vi) Sty g S
Al (B Jadd| ByLa) 0959 (2-15) 9 (2-14) dolaall 36 9 Jakd)

pdsiudg (compression) palin ge (Vi> Vi) @2l O pex oo JBT 31 Jaius 0550 Laie S
Axzrga 0955 Jalddl 5)L] Sy cdalaedl uds

Example 1. How much work is required to compress a monatomic ideal gas at a
pressure of 2.5 x 10° Pa from an initial volume of 0.015 m3to a final volume
of 0.010 m3? What is the change in the internal energy of the system if the
system releases energy of 350 J in this process?

Solution 1: Pex=2.5 x 10° Pa, Vi = 0.015 m3, Vs = 0.010 m3 and q =-350J
Wirr = — PexAV (2-15)

Wi = — 2.5x10° p, x [0.010 - 0.015] m3
Wi =1250p, m3,1p, = Nm~—=2m*= Nm = |
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Wi =1250]

AU = q +w (2-6)
AU = -350] + (1250]))

AU = +900)

Example 1: What is the work done in kJ of an ideal gas is allowed to expand from 1 L
to 10 L against a constant external pressure of 1 bar?

Answer 2: (a)-9 (b) 10 (c) - 0.9 (d) -2
Solution 2: Pex=1 bar, Vi=1Land V5= 10 L.

Wirr == PexAV (2-15)
Wi = —1bar(10-1)L

Wi = —9x100J =-0.9 ki so this means option (c) is correct

Note: that 1 bar L = 100 J why? (Homework 1)

Homework 2: What is the value of pin expected when the volume is expanded or
compressed against the constant external pressure pex (Atmospheric

pressure).

End of the 1t Jecture of Chapter Two

10|/ 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_I'"_Law of Thermodynamic PhysChem For 2" Year UGS_I** SEM

2-6-3 Types of expansion work

2-6-3-1 Constant volume (Isochoric process)
Waleall e JUWLg (AV = 0) &) T ol @m is el @S9 5e oy Y dukasdl (yo £oidl 1o (3
:QL"JSZ\MS;}U\ ddeal) (2-15) dalasdl GNiSy deuSall ddanl) (2-14)

%4
W,op, = — NRT (lnvf = Zero),becauseV; = Vg (2-14)

i
Wirrey = — Pex (AV = zero), thenw = 0,and AU =q (2-15)

AW BN e Jaxs (2-6) BUall Ladsd JoYI gl ddlan (3 Jaddl daid e (asgaidl dic

AU = q + 0,thenAU=q (2-6)
8y, S gy 303 Bly>eld 30y Wdic g (Isochoric) paxsell €9 ol Dlodl 0dd (§ ddoall O] g
Lozl g is Ul I of (p0 Al

AU =gq, (2-16)

2-6-3-2 Free expansion (expansion into a vacuum)

2- Free expansion: An_expansion in vacuum and no work is done during free
expansion of ideal gas (reversable or irreversible process).

sdatall pin 3l il (uSlas 9l s (Pex = 0) (20l Jais Ul 05Su Y bedie yoddl Sdeidl dudas i
plad) 31> dye 03 5Ll & s g0 (5l (2-4a) JSad) 3 Jlieg cw = 0 &) (6 aued Jiads drgn Y Sl
Sgize bagin Jile Hlaz dzgs Sy celggll oo Eriall 929 Jaall (ye (Insulator) Jile Hlaz plasuiawl
S80S duo ol el elgglll (ye &l el ) ety Cagu plaidl 5 O alasall zuid dasd aloso e
45l5n Wi AT ellis a9 clggll (30 frhe ol 098 Gl basall U3 oy daglie &1 3 o) Bgur
drlgy Bgan sdaiell Ul (Pin) Al Jaiall O elliug cplladdl 5L sdad dub dipas dody lass Wgs
(pUad! Jid (o Jamie Jad uz g Y G gl Jaisd 929 pue O) cpex = Zero dosts byl Tasss

(2-4b) JSadl 3 Sy
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0.
Vacuum, p.,=0

Expansion

Surrounding Surrounding

Figure 2-4: Free expansion of an ideal gas in vacuum and pex equals to zero, (a) before expansion and (b) after
expansion.

1 Y6 el SN dpdand) Jiid) Ol Aslas (§ (Pex) dagd oy psgal] isg

Wirr = — Pex AV =0 (2-15)

Example 1: How much work is required to expand 2 L of an ideal gas at a pressure of
10 atm into a vacuum until its total volume is 10 L?

Solution: Pex=0atm, Vi=2L, Vi=10 L.

Wirr = — Pex (Vf - Vi) (2'15)
Wir= —0atm (10 —-2) L

Wiy = Z€ero
2-6-3-3 Isothermal.reversible expansion of a perfect gas

Je Juaxs (Isothermal, AT = 0) (§1 &1, days gy Jball Hll) Sl sael e g9l 1o i
;I Dolaadl UM o0 3ol Jiid)

Vy
Wyep, = — NRT ln7 (2-14)
i

The equation (2-14) is for calculating the work done of isothermal reversible expansion

for an ideal gas.
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Example 1: Calculate the work done by the system when 6.00 mol of an ideal gas at
25.0 °C are allowed to expand isothermally and reversibly from an initial
volume of 5.00 dm?3 to a final volume of 15.00 dm?3.

Solution: n = 6.00 mol V; = 5.00 dm>, V= 15.00 dm® and T = 25.0 °C + 273 = 298 K.

Vy
Wyep = — RT In-> (2-14)

4

15.00 dud

Wyep = —6.00melx298Kx8.314]meliKilnw

W,ep = — 6.00 1m0l x 298 K x 8.314 J(In 3)

Wep= —16331] = —16.3 kJ

Example 2: How much work is required to compress 7.5 moles of an ideal gas to get
127.0 °C from 5.2 L to 2.1 L? What is the change in the internal energy of
the gas? How much heat will be transferred during this process?

Solution: n=7.5mol, Vi=5.2 L, Vf=2.1Land T=127.0°C + 273 = 400 K.

Vy
W, = —NRT lnv (2-14)

4

2.1dm3

W,y = —7.5m94x400Kx8.314]m91_—4Ki1nﬁ

W,op = — 24942 x (— 0.907) = 22615 = 22.615 kJ

AR pds g g ([T = 400 K) 8119 dasd L) Blanall 8yl dmys & dlasMle ¢Sy Jlgeadl IS (09
.(1sothermal, AT = 0) 8)l,5l &3 © g4 Cad ddoadl &1 (ST ddaall 03l IS Bylyodl dmpd
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QB KL (2-6) Aslaall g Sy (AU = 0) cdds Il Aallall 5 Juasms Y dle (AT = 0 &) Loy
AU = q +w,0 =q + wthenQ = —-W = —22.615k] (2-6)

Jauoall ) pUandl (po ] o Bylyoedl O ama 1R (g = — 22.615 ki) &dlw Bylyddl daid o JaxD6

JuG (W = + 22.615 ki) Jidld duzrgall danddl Olg o ) ez § Ol (gf) plasdl & boliail Lis

daaoeall 8 ooyl U Jakdl &) Je

domyd Sgubos (D @ %)@Ss&é)&s@ Lasally eonsdl o @3RI G5 (1-1) Aslaodl o2 0956 o

8)ly>)l
pV = T (proportionality constant) (1-1)
Di Vy
.V- = V — D — -
pPiVi pf fOT pf Vi (1 2)

AW Daladl e Jyas (214) Aolaall (1-2) Dolasdl yasgad Jics

p.
W,ep = — NRT In : (2-17)

p

e paliiell ol sdesedl Sl el (B sl e Sloghas loud (19S5 Y ladie (2-17) dolaalf plseid
S el dasallb sl e obeglae lod 0S5 Of

Example: 3.2 moles of an ideal gas expand from a pressure of 5.0 atm to 1.4 atm at a
constant temperature of 127.0 °C. (a) Is the work done by the gas or on the
gas (b) How much energy was transferred by work and heat?

Solution: n=3.2 mol pi=5.0 atm, ps=1.4Land T=127.0°C + 273 =400 K.

p.
W,ep = — NRT In— (2-17)
Py
5.0 atin
Wyep = — 3.2 mol x400 K x 8.314 ] mol 2K~ In————
1.4 atm
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Wyep = — 13548] = — 13.548 kJ

Because of the temperature is constant, AT =0, therefore AU =0, then g =—w, and then

g= —(—13.548 kJ) =+ 13.548 kl. So, this means that the work is done by the gas on the

surrounding and the heat is transferred from the surrounding to the system.

Homework 3: A sample consisting of 2.00 mol He is expanded isothermally at 22°C

from 22.8 dm? to 31.7 dm? (a) reversibly, (b) against a constant external
pressure equal to the final pressure of the gas, and (c) freely (against
zero external pressure). For the three processes calculate q, w, AU.

Answer (a) 1.63 kJ (b) 1.38 kJ (c) O

Homework 4: A sample consisting of 1.00 mol Ar is expanded isothermally at 0°C from

22.4 dm3 to 44.8 dm? (a) reversibly, (b) against a constant external
pressure equal to the final pressure of the gas, and (c) freely (against

zero external pressure). For the three processes calculate g, w and AU.

2-6-4 Heat Transactions

dslall aax) oY1 093l (51 (2-6) Aslaall UM (e plail) duds il dBUall (§ ] oy

dU = dq + dw (2-6)
SO (@bui) pladl wgSe) (welly WlRaYI dilgll Syl d8Uall) oame (B 1ddslull d3Uall
L 898 Cuun Wby Ul 5Ll asIL) yoe (J] Dgluw Sl Ol aieldl d8Uall Cus (gl

(5Ll
cpladl L3 (AV = 0) pax (3 %5 SUld Juamy Vg cyme ol lg oy Byl S (e d8lall Jais Loind
plail) ddslul A8Uall S9lud Ggun paraell g8 die Alaziall 8)ly=ell OB (W = 0) szmie Jids Juame Y S
1AW Dol o 51 gy 30,0b Byl S e Azl BUal) Joy2 ladie
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AU = q,, at constant V, means AV =0 (2-16)
& &aliae i)l 401 36 0ly 3o pladl Byl ady ) $350 pladl J1 8l Kb e a8Uall Jlass] &
1 3YE aniy gyl B (p B)lymedl dmyng Byl i o Al BBl o 231 Sl JLbg yasall

dq a dT (2-18)

dqy = Cy dT (2-19)
:JWI Sl s (2-19) dolaal) JoB3I 35T s

qv = Cy AT (2-20)

L)lyoed) dadl (oudg dyly> dzydg (Pl of Jgadb O sl guw) plaidl 5835 e daialy &l dasd (2 C
dBla)l dueS @b 8,35 &9 ¢ (Heat Capacity or calorimeter constant) yawwll cob 9l plasl

ddgads duols (B9 () KT) Bugy (yoldiig Bulg duylys Aoy pllaid] B)lys- dxyd 280 da) I duylyonll

pUA dLiS iy il G

4 LBl (8,33 &J1s (Molar or specific heat capacity) 43! 91 &Y gall dylysdl Al o 9
Lolusial 8919 cbulg Dugie dzmyd Bolall el oy d>l9.Jgn of plye 8)ly> Ay 2, AayDI &yl A3 Ul
BA>gs il due gl 0 Y (Cm = C/n, Molar heat capacity) duygell &ylyzell dand! plusiul 9o
Baladl WY g0 e Jiad n Eus () K1 mol?)
(2-21) Dolaadl e Juami (2-20) Dslaall § Cm prrga5 dicg

qy = nCy,, AT (2-21)
wdig (Cs = C/m, Specific heat capacity) 4 9 &)lyodl daudl o Slolyadb s Lois Lol
Aslaal e Jiaz (2-20) Vslaadl 3 Cs gl die IS 5 .8aldl AS Jiod m (I K gY) Bug
:(2-22)

qv = mCy ;AT (2-22)
(Homework 5) §13LJ/(Intensive)8iSye yolg3 chhind dus ¢idlg &)Y gall piaud! M
cyo 5158 AST 9 ducgidl of &yYgall dylyonll daudl an Jolaill LSoliva g Al Cobluwsell (§ dlasHo
.(Homework 6) €13kJ/dadd &)lyoe)l dadl ao Jolasdl
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