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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
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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

(85l
(AV = 0, Isochoric) p=x> (§ s Hld Juaz Vg cpae plas Jlg o0 8)ly> Ko (Je d8Uall JauS Lodind
ABlall S9lud Lgus el g e Al Byl O (W = 0) mie Jids Juaze Y ST cpllaill el
1AW Aslaall G 91 qy 30,0k B3l S e Aiiiadl A8Uall oy adic g plail) A1l
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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
SS9 ¢ (1 K) Bulg dogie dzmyd B3kl el (yo Uy Jgo gl plé Byly> dmmyd ady) dohDUI dyylyell A3 Ul
dcgidl ;0 Y (Cm = C/n, Molar heat capacity) &Y gl Lylyzell dawdl pluscinl s lolasui
Bu>gy iy
Baladl WY g0 e Jiad N Eus () K1 mol?)
(2-21) Dslaall e Jsas (2-20) Dolaall (§ Cm asgas disy

qy = nCy, AT (2-21)
o9 (Cs = C/m, Specific heat capacity) & 3! &)ly5) dadl osaiid S lolyadb s lodis Ll
Aslaal e Jia=d (2-20) Uolaall § Cs gl die IS 9.8kl AS Jiod m (I K gh) Bug
:(2-22)

qy = mCy s AT (2-22)
(Homework 5) §13LJ/(Intensive)8iSw 1olg3 chhind dus gdlg &)Y gall ¢pimud! S
cyo 5158 AST 9 ducgidl of LyYgall dylyoell daudl an Jolaill &Siolivs g Al Cobluwoell (§ dlasHlo
.(Homework 6) €13kJ/dadd &)lyoe)l daudl ao Jolasdl
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pdd a3 (2 4.2 ) K1 g ) (2 slall due gl Aylyonll dncadl Jliall o dad s g5 Ayl dms B3l S
)y dzd @by 4.2 ) ylida Byly> A e Bl poliarel JI glizw sloll (o dxly plye 0T cdasdl]
Bd>lg dughe d>)d

B3l s Byly> Ay 1y Lpwobiaial Cgllandl Byl 4usS (ye 8,S3 Jand dus il Aylyaadl dadl O] Lo
S ghly> Ao 2855 (§ dpaond) Bl e dle 4 JI i ddle due o dyly> Olawe g 0l g8
el dorys b)) Al Bl poliasel 1 dsbolg)l dne gl dyplyadl lad] 195 ol gall (a5 JolBollig ¢l
831yl Lguolaal i A (y3eud Oolaell alaxe S5 Jle e St

Example: What is the specific heat capacity of a 22.8 g sample of metal that absorbs

1450 J of a heat from 21.8 °C to 75.0°C?
Solution: Mmeta = 22.8 g, T1 = 21.8°C and T2 = 75.0°C.
AT = Tf—T,- = (348.0-294.8)K = 53.2K

qy = mCy s AT (2-22)
1450] = Cy (22.8 9)(53.2 K)
1450 ]

= =1.2]JK1lg1
Cvs= 22.89)(53.2K) JK—g

Homework 7: How much energy is needed to heat 9 g of water from 25 °C to 85 °C?

C-=4.2JK!g?

sl Bpa o plasial Asbnall gl dsbeSl ddas)l D5 g Sl Jan] wld oSas Wee
Lo g ASYI yauall g ey S e d8Uall JUais) (wlid (2,3 i gz 45b C33a0g (Calorimeter)
.((Calorimetry)) (oudd )Lyl JWS) jold gud @iy (&) didos] W ((Adiabatic calorimeter) 2
skl oy Al Jelanll sl e el Sl Jaisall i)Y Adle daglia 95 eleg oo yruall 055
o) &8y Laz Culd @iy yxdall 1l Jawy 39 (oSl j& Je3-ud ddis ¢ SWls (Bomb)
d>die diaxl el 3 cuh 9 mball oo Solall lawgll (3 (F39ed) pbgr Cu Jelad)l sy pdsiud
39l By Adas (§ pasuind (g QLAY )% uud g

ddes &1 (o WSTI (3 dio olaiwy Iy Jarmall e Ygian 0% Glly s (lo Hlizey sl bl
Byly> dzyd pwld oyl (Thermometer) shaee Hldadl e 95 Jaall e B Jjaes 0555 SLASYI
¢(2-5) Jsadl (§ WSy (Tr) @yod! ddas dasg (Ti) Ui slall
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slegll I ymaall g3 @350l Bl (pe Lozl 8ol of Aliiodl )lymell S (ulid e lyonall sy
(2-23) Wslaal) Tadg lpluc o 9 yruald (AT) Byl 425 (3 Gl Gobd I 0 elldg LI
qv = Cy AT (2-23)
Qs Adyma g el Doyl sy o (258 O o) gy Auataall of 8y,axtall el Byl Jiad g
oyl yanodl ol rad oSew - Ans B3le) Llas g desd &0 I3 (90 Cy
Agx B0 93 ydumn o () b JLygS LS a3 e Ayl oda (3 H(A5LeSl) JoY Adplall -1
AN Adalaall a5 (1) e shaa At ) 3 5l g (Ase JOA (e (AP HlE09 B9 yas

qv = ItA¢d (2-24)

: Thermometer
Oxygen input

Bomb
Sample

Oxygen
under pressure

Water

Figure 2-5: A constant*oliime bomb calorimeter (adiabatic calorimeter).
Example: Calculate the specific heat if a current of 10 ampere (A) from a 12 volte (V)
supply is passed for 300 seconds (s).
Solution: 1=10.0A, A ¢p =12V and t =300 s.
qv = ItA¢ (2-24)
qv = (10A4) x (300s) x(12V)
qv= 3.6x10*AVs = 36kJ
The result in joules is obtained by using1AVs=1(Cs*)Vs=1CV=1)J.
Gyd Wl (1A = 1C s) 418 &g A 9l C s B0 5Ll (el 9 (Coulombs) el 45U Sl diseid|
: 3YE (p 8y youiedl dBUal 4Slgdl u>gll S8 Wllug V i gdll sugy (ywlind gl
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q=Cs'Vs =]

If the observed rise in temperature is 5.5 K, then the calorimeter constant is:

qv = Cys AT (2-23)
_ qy
OR CV,S - AT
_ 36k] _ 1
Cv=c = 65K

Silly gl pael> Jbell Juws (e o Bole (1o daglaa (M) AS Gy oo lgdy ASLUI ddylall -2
8 Bl uld (309 doghas dBlil (ye dz Ul 8yl BT 058 Aty hall 040 a9 bl puseing

((2-23) Dolaadl UM (10 C dad ddyan oy Blyodl Ay
oAk 9l sued dulas BT slgu plal poxs § kS Sl Juaseg 8yly> Sl (e d8Uall JUas| wis Lol
pUail) sl @8Ually yadl &) 9 (Isobaric) ol Jasus coxd giiuw Al ods (§ dalasnll 16 cpladl 3
e pladl JI i) BBl odn o yam O g yall 0dd o .5l Alanied! AUl Golud o) CBguw
plaill A1l dBUall_pasdl O] 9 (2-6) Sl § LS auked Jies S e Jaromall J13 923 Qgun Byl S
Byly> S e pladll J) i)l d8Uall G Allsde §.(AU < q) Uaiall 3l oo J8T 0S5 B g
Sobadl Sgall gl (3llay pUaill (5,31 ASualios g3 duols (3 il I Dglwe 0555 ol Lai
.(Enthalpy)

Surrounding
P.,=1atm

AU<q

Energy

as Heat

System
Figure 2-6: A system is subjected to constant pressure and is free to change its volume.
ol bass g el Jisd (2-6) Wslaall (T d8Uall Jads) JgII 093l Aolan Gendas e Sl
(2-24) Dslad) Le Juams
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AU = qp—w (2-6)

qp, = AU + w = H (Enthalpy) or q, = H (2-24)
iy oy planll J3 e duatasd! gl 8)ymeiell Bylyadl dxeS Jto ((JUBYI) H 518 (2-24) Dslaall oye
1516 (2-24) doleall 339 .0l

H =U + w (pdV) (2-25)
Blall liSy @9 laid ) Ly 9 .pladl e Jia3 V g plad] iy Jiad p OB odel dslaadl oo
Ul e deias (ST (State function) A= Dls Lad g QY1 OB ade Al> Jlgs g8 plall dds1|
{(8H = Hy — Hi) 43L3a)! o1 454,801 ddoal] 45lgls 451!
:3Y6(2-25) dslaall zuas (Infinitesimal change) (Y1 dad (§ cadb ais Jgua> dicg

Hy Uy Vy

f dH = dU + p dv (2-26)

(2-27) Ualadl de Juas (2-26) Ualaal) JoS1 3Ly

AH = AU + pAV (2-27)
bl laas cod Ol saed! Jadg ‘:'S)b.zﬂ Sgixallg A1l d8Uall O A8l (2-27) doleadl Jia3

(2-28) dslaadl Lo Juazs (2-27) dslandl @hlal) doladl dslaall e pAV daid e (1923l
AH = AU + Ang RT, (pAV = AnRT Avogadro’s equation) (2-28)

Jl) plal) (AH) )l Sgioealb aadly (AU) ddstudl d8UaJb assdl oo d8MaJI (JeS (2-28) dslanl
Lo 065 Y bie 9 il Dol pasind Eus (Isothermal process) 8>l d>)s wgdog (Jbe]!
QG Sl ¥ gall sde e Sloglas Lol Plaalb ¢ Jladl jWl Jaiypg ez (16 Slaglaa

A1 283adl (339 9 ASeSI Aslaall ye lgale Jguaml Sang Jball SLal) Y gall saay pill Jio3 Ang
An = z n (productes) — Z n (reactants) (2-29)
JWls (AV = 0) 1 dladl (Sas Eumes i e 098 dxbiall gl Aslud) Slgall Juolodl paesdl el Lol

 JWI 52l (2-27) Dolaall g

AH = AU (because pAV = p X zero = zero) (2-30)
Example: If water vapour is assumed to be an ideal gas, molar enthalpy changes for

vaporization of 1.0 mole of vaporization of water at 1 atm and 100 °C is 41
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kJ. Calculate the internal energy, when (a) 1 mole of water is vaporized at 1
atm and 100 °C. (b) 1 mole of water is converted into ice.

Solution: n =1 mol, T=100°C + 273 =373 K, p = 1 atm and Av.pH = 41 k) mol?

The reactionis H,0(l) —— H,0(9)

(a) AH,, = AU,, + AngRT (2-28)
AU,, = AH,, — AnyRT (rearranging the above equation)

AU =41 k] — (1mel)(8.314 ] mel * K1) (373 K)
AU=41kJ] — 3.1k]

AU =37.9k]

(b) Here the water is converted to ice (solid), so this means AV =0
AngRT = 0 and pAV, =0

AU = AH, and this means AU ‘= 41 k]
Sl

.(Joule) ¥y (kiloJoules) (» &ly=el Sgizeall of Al dBUall dodseiue! Busgll -1
Gyl Sgieall § paill dasd (o JOT DjWI Aol (§ pUaild (AU) &) A3Uall § sl ded -2
Dpo o8 pladl g oo dataallBylyodl oo s3> OF 9GS § Cadly pUadl uiid (+ AH)
0555 i)l 08 &1yl (S Al 1 ALl Dloedl (e slodl 9205 99 Suked Jids Sy

(~ BH) &F oy plianll po Bylymell Solasily palil Jiks Dl 3 uSall

2-6-5 Enthalpy change and heat transfer

(AU = g - W) pladd A1l BBl o6 Gangail @5 (2-27) Dolaall )l

AH = q — w + pAV (2-31)
sy cobl Jasp coniy Jadd sl Jid 50 U Juolod! Jasdl of Hlael 5 Wola b w e pagaills
(2-31) dslaadl Ae Juax5 (Enthalpy) $)lyod! S gioeall ooy

AH = qp — paV +pi¥ (2-32)
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bais cond )l S o Al BUall  fo datiny §lymdl Sgizall (§ adill O it oMel Aslandl 40
Aol UM jouied] sued! Jad (e dwdas Vg ol
: 3V zuas (2-23) dolawll

qp = C, AT (2-33)
(2-33) 5 (2-23) rdolanll pldsuiwl Lis dde (ol lais co dsaiaall 91 8)ymiall 8lyzdl Jini gp
oS ol ol pom el SO o Logd Byly> S o AUl s Jash (I dadoad! J] ol com
1Icol Jaso

Example: Water is heated to boiling under a pressure of 1.0 atm. When an electric
current of 0.50 A from a 12 V supply is passed for 300 s through a resistance
in thermal contact with the H;0, it is found that 0.798 g of H.O is vaporized.
Calculate the enthalpy change.

Solution: 1=0.50 A, A =12V, t=300s, p, 1 atm (constant pressure) and wt of water

H.0 = 0.798 g, (Vaporized means that the water is transferred from liquid to

gas, and it can be represented as an ideal gas).

qp = ItAd (2-24)
AH = q, = ItAdp-= (0.50 A) x (300 5) x (12 V)

AH = g, = 1800A4Vs = 1800 = 1.8kJ

Because 0.798 g of water is (0.798 ¢)/(18.02 ¢ mol) = 0.0443 mol, where 1AV s=1J.

Because 0.798 g of water, the enthalpy of vaporization per mole of H20 is

_ 1.8kJ
"~ 0.044 mol

ol lais o () jauadl Ay plusiwly (Gl Sgimalb sl (eld e S U Jlgadl
U".)Mﬁi’.)b} di)—’-ﬁ CLCﬁJ-b;&equlAﬁ _9.6).’.“».6.5' U..Qj ¢(2-7) M\@@oﬂ\w&\ ﬁ‘J&u—wL\ g‘,U.)‘o.u
ol lais e ST (1 atm) Gl ozl lasal

AH,, = +41kJ mol1
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|_Gas, vapour

| |- Oxygen

‘F/Products

Figure 2-7: A constant-pressure flame calorimeter (Isobaric calorimeter)

b ymn Slyall Slgald (AT) Bylyoell demys 3 il Guld IS cp0 elldg Byl St e d3Uall Sl &dlye o

(Ll g

Example: How much enthalpy is produced for the 4 moles of an ideal gas absorbs 12
kJ energy under atmospheric pressure of (1.0 atm)?

Solution: g =12 kJ, n =4 mol and p = 1 atm (atmospheric pressure).

AH = qp (2-32)
13I8 09838 Y gall oo sua) el cd>l9.Jgady Galsd! Sgimmall dasd e Jguasl] odle] dalaadl paseind
nlAH = q,

4molAH =12 kJ

H = 121 =+4+3k 1
T 4mol J mo

Homework 8:1f 10.0 g of methane combust completely, how much energy is released?

The reactionis CH,(g) + 20,(g) —— CO,(g) + 2H,0(g) AH =-890.3 k]

Homework 9: 4.82 g of unknown metal is heated to 115.0°C and then placed in 35 mL

of water at 28.7°C which then heats up to 34.5 °C. What is the specific

heat capacity of the metal?

End of the 274 lecture of Chapter Two

23 [ 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

2-6-3-2 Relation between C, and C, (Derivation)

qy = Cy AT = AU (at constant volume) (2-23)
4y, = C, AT = AH (at constant pressure) (2-33)

oS (Cp) b Jars o ol (C)) ol o o Ayl dadl (ST (2-33) 5 (2-23) osdslaadl oy
Jids s Juass <ol ais cod dylhad! dadl O] Jl 3ga @3 3 Cuadly Cp > Cydaed O bl
I drdd daiell Blall ez pusuiud Cu (ol e Cod dylyadl dadl A>3 Juazw Y (Slg 30
AU = zero desd zuual pladl 8)ly> days 4l Y ladie Mg AT IS (1o (pUadl) 51 8))y> dzys 2
Bly> S (e dBlall JUa| e sued Jids ladie uass colbdaip caod Lyl Al H0 blaall
gl Loy AV dad e angadlly (2-25) dolaall I gozyll die elldy cplladl (§ 85,1 035 J1 A8L2YL

i Juazs Sl sl 0gilall e

AH = AU + (pAV =ART) (2-27)

(2-34) JSadb Aol 95859 A id! 30y ol s ake Al R dagd O Lag

AH = AU + RAT (Charles’s law) (2-34)
AW Dsladl e Juami(2-33) Aslandl e AH 9 (2-23) Dalaadl 50 llolas by AU (e pasgailbs
C,AT = CyAT + RAT (2-35)
1(2-36) dalaall e Juai (ndylall I (g0 AT B> dag
Cp e~ CV + R (2'36)
:3JU) (A1) Aoleadl e Juass oMl Aalanll oy 8ale] dasg
C,— Cy = R, for one mole of ideal gas (2-37)
C,— Cy = nR, for no. of moles of ideal gas (2-37)

Co oo JB1 Cy &1 529 oMeT 483 bo iy R 9l Cp (3o Cy 7ok dudas & s (2-37) Aolaadl &)
s JB ol ks o Byly> S de Aliiedl DUl 033 dkas O (g 1igd « Gy (30 ST Cp O Lasg

cols x> o
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Homework 10: Why the T of the system @ const. V is higher than T of the system @

const. p?
(Monatomic gas) &1 oI 5L eyl piasd) (ro &Ml oy aatld pusind (2-37) dslaad!
A1) 88Ul iy =g U Tadg ¢(R) i) pladl colid) Solu Login Gl &1 cuds IS

1O ezl gy 8yl SabYI 3Ll

q, = C, AT = AU (2-23)
OR
_ _ 9 _ 3
AU = C, = T 3 rRAT (2-38)
_ _ _ 3
AU=gq,=C,=3R (2-39)
JU1 JSEIL zeal (2-6) Aolaall O suad ik dr gy Cum cull Jasd o Lylyondl sl Ll
AU = q, (nC,AT) — pAV (nRAT) (2-6)

qp,(nC,AT) = AU + pAV(nRAT) Rearranging the equation

QW) e Jaseid (il Blaall (2-6) Asbaall 3 lgagls Lo AU & o925 (2-38) Dslasdl oye

3
#CpAT = 5 ARAT + nRAT (2-40)
tJWI e Juazs nAT Je dolaadl (§ 4 dawudng
3
Cp=5R+R (2-40)
H(2-41) doladdl e Jraxd aozxlbg
5
C, = o R where this is prove that C, > Cy (2-41)

15l 3 18,53 093 (30 Cp dnsd Ayne (5Say (2-41) Wslaadl (50 9 Cy Lo Ayan (S (2-39) Dolaall cye

C,=>R =23x8314]Jmol 1K' = 12.471 ] mol"'K~!
2 2

5 5
—=ZR = = 8.314]J mol 1K1 = 20.785 ] mol 1K1

C”Z 2
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C,—Cy = R,(20.785-12.471)Jmol 'K~! = 8.314 Jmol 'K
13U Aolaedl IS (e (Jamid Cy 9 Cp oo duenddl Lol

& =y = 20.785J — k= =1.67 (2-42)
Cy 12.471 - melK—2*

AW AL Oldesd! (§ lgalusui] as g eiaw (219 oainylyad! oatad | o dxadd) Jion U y Lo 50,01
Apdaisellg ddledl Chl Col laiss o 9 fae i 4yY gall gyl daaad) 2 93(2-2) J 9!

Table 2-2: lllustrate the molar heat capacities of ideal and real gases at constant volume and constant pressure.

Molar heat capacities for various gases (J mol? K1)
Gas Co C Co—-C v = Co/C,
Monatomic gases
He 20.8 12.5 8.33 1.67
Ar 20.8 12.5 8.33 1.67
Ne 20.8 12.7 8.12 1.64
Kr 20.8 12.3 8.49 1.69
Diatomic gases
H2 28.8 20.4 8.33 1.41
N2 29.1 20.8 8.33 1.40
(07 29.4 21.1 8.33 1.40
co 29.3 21.0 8.33 1.40
Cl; 34.7 25.7 8.96 1.35
Polyatomic gases
CO: 37.0 28.5 8.50 1.30
SO; 40.4 314 9.00 1.29
H20 354 27.0 8.37 1.30
CHa 35.5 27.1 8.41 1.31

Example: Estimate the molar heat capacity of nitrogen.

Solution: Because the N: gas here is diatomic so:

5 5 1 1 1 1
€, =R = 8.314) mol'K™* = 20.785 ] mol 'K~

Homework 11: Calculate the molar heat capacity of helium gas (helium is a monatomic

gas and it is ideal gas).
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2-6-6 Adiabatic process

s 523 631 4Salud gl Lalaidl e Ygian 0950 Adkoadl 0 (3 pllatl] ST 43 A5 Aol
Jadd Jad o Lo Jaomall J) Bl JBEL zrawsg d8Uallg Solall Jio lagin Joball oo g5 T Jams Vg
ool o) 3 4k el = 0 515 WU nsmall o (Byol) Z5Uall Ity eacer Y Jgsmall il 3 Lo
QWIS eams lainlsgol Jo31 0g3alh g daid e prsgaill dis 9 siuo ) Diglns 05S5

AU = q + w,AU=0+w (2-6)

AU =w (2-43)

A A g Jadd el Jaad) G sga plail) Ads Il 88Uall paddl O i (2-43) Lolaodl e
Ao hraze Sl ddeadl § 51 sue3 B ey o (Y Diglune Liaid OY 8yl dusSh B
Sdaill sl dogllaall AUl G 5Ll suel Juamy ladie (T lguudts 3Ll Slisy) A1) d8Ua1 (§ st
@ 0Pl hams JWhy S Oloie dew Juae J85 ade S @B 48,1 BUall 3 (e paed
U 8y A (3 e e o S palds wie (WSl e g cpladd] 8yl A

ddas)l @ 3ol Jasdl O G domiig plarl) Adsull d8Uall Glus (e Juasy aalss of Sl saas 03)
edon! (3 suedl Jid Juaze) > (Wad < Wiso ) ee,39538) dudaall (3 saeidl Jatdl oo JBT 0950 28510l
AS 3o (LS Slisjnl) A1 BBl (kb (bo el Jaomall 1B cyo Bylyxll olate Ao duodg )
rogisdes! (8l (u Jadd) § Gyall s g (2-8) SSadl

Isotherm, p o< 1/V
Adiabat, p < 1/W

Pressure, p

Figure 2-8: An adiabat depicts the variation of pressure with volume when a gas expands adiabatically and, in this
case, reversibly. Note that the pressure declines more steeply for an adiabat than it does for an isotherm because
in an adiabatic change the temperature falls.
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2-6-6-1 The work done of the adiabatic process

& ez AW s 8] Cum@SEadl ddasll § parsdly Bl dmys i3 U misgs (2-9) Sl
aslas

sadl Jicdd Aol pomndl 31352 g ecppand) 1 slead) 50 (61 (2) I (1) o3y 0 il s s J gV B ghasell
& A1 8Lall 5] g -(Isothermal process) &3yl s @igay oSy ((Jbed! Hl) plaild Lol
Byl days (3 sl pue o (BU = 0) O e [U = f (T)] syl ) Al

& (353) p2lassl Juamy G had (2) e8) il die Jaud! J] JeYI o 2yl dis 1 dSL1 Bglasell
il ggazme 1B JWbg )l &) § sl s (AU # 0) Slb drke ool Sgibag pladl 3yl Ay
136 Aios (9 AL J9YI ighasell § Alolodl Ol g gecme Jiay pllal) duds-lull A3Uall §

Temperature, T

VT Volume, V Vf

Figure 2-9: To achieve.a change of state from one temperature and volume to another temperature and volume,
treat the overall'change as composed of two steps.

AUtotal = AUl + AUZ (2'44)
AUgotar = (CyAT)1 + (C,AT); = 0 + (C,AT),
Because AU = 0 + wgy4,q = 0 (adiabatic)

AU =wgq (2-43)
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13V s (2-44) Balaodl (§ (2-43) Dsladdl o Jitdl (505

Wgoq = C,AT (2-45)
Lol e8ylymedl Ay (3 il e daitny 4SS Loo¥! ddasdl (§ Jlall HUl) el Jass &T o (2-45) dolaall
G (AU = 0) O dake 8ylyol dmys 3 psadl e oy A1)l 28Ul § sl O drayignl Aol 3
(AT = 0) §l )ldlidrys g

Example 1: 700 kJ of work was done on ideal gas in a perfectly insulated container.
(a) How much heat energy was transferred? (b) What is the change in the

internal energy of the system? (c) Will the temperature increase or decrease

during this process?

Solution: wag = 700 kJ, (done on ideal gas = compression).

(a) q = 0,because the system is insulated (adiabatic)
(b) AU = wgq, for the compression of the gas (2-43)
AU = +700k] (2-43)

(c) The temperature is increased because the process is compression

> dzpd 28 e Jamo L] Llisail Y (AT > 0 or T > Ti ) dezgo §)lpox)] oy daid (955 lis

Example 2: The temperature of 4 moles of Ne gas decreased from 500 K to 300 K during
an adiabatic process. (a) How much heat energy was transferred? (b)
Calculate the change in the internal energy of the gas. (c) How much work

was performed during this process?

Solution: n=4 mol, T, =500 K, T>= 300 K.

3
Cv = (ER> = 1.5x8.314Jmol ' K1 = 12.47 Jmol ' K1
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(@) q = 0,because of the process is adiabatic

AU =n C,,,AT,
(b)

C, for a monatomic gas is 12.47] mol 1K1

AU = (4 mel) (12.47 ] mel—2K—%)(300-500) K

AU =—-9.98k]
() AU = wyq (2-43)

Waqy =—9.98 k]

Homework 12: Nitrogen gas expands adiabatically from 0.02 m3 at 20 x 10° Pa to 0.08

m3 at 2 x 10° Pa. (a) How much work was performed by this gas? (b)

Calculate AU.

2-6-6-2 Deriving theyrelation between temperature and volume for a reversible

adiabatic expansion (perfect gas)

AW Aslaadl JIS (o Jany 4S5 luoY! LeeSiall dudaal) sl Jis
dU = —w,; =—pdV (infinitesimal changes) (2-43)

13 Aslaall IS (o 9 LSS0V dand! (§ Akl 33Ul i) JWI syl Bl NS
dU = C,dT (infinitesimal changes) (2-44)

1(2-46) Dolaall e Juaz catlslasd M § &1l 3BUall pill (e Gasgall disg
C,dT =—pdV (2-46)
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IS (e Jasall (e e OF oSy Jasiall @gabg JUedl Sl @l il pass odlel Aalaadl &) Lasg
[(2-46) dolanll § aiall pe (o925 @3 WhL alall G gilall

nRT
P = A
nRTdV
C,dT =— (2-47)
|4
C,dT _ nRdV liz)
T |4
1 e drSall Adasdl § 8ylyddl dmyog eaesdl (§ Aapalall ol il dolaall § kel Jiolasll dsby
c ij dT R fodV (2-49)
— =—-n — 2-49
Y T; T Vi 4
(2-50) Walaall e Juazes Aslaall § k) JoI sl
¢, int R InJt (2-50)
v nT—i =—n nVi
e Juaz (2-50) Uolaall iyl el
c, T v,
—In— =-R In— 2-51
n Ti Vi ( )
IS Dolaall gy emsd) dnadll plaally baudl oy Jaddl elyz] oSar ddlud! ;LY oo palsally
C, T Vi
Yint = mnt i
nR T, (2-52)

%)W\M\Mh@}’}d‘&d&&MMj@ﬁ@pM "%JW\M‘MCVM
ddgass Golg e dsml bl e ol Lol Andl Golgs OB g ol @ o &)Y gall
HW 13 flila/n &Yl sue e lgouwdd das 83510 I

C C
f = Cv,m and ;m = (2-53)

e Juazs Cu/n dad oo (asgadl AUiSy (2-51) Dolael) &l DIWI 3Ly

V.
(T—f)c = (V—l),for number of moles for perfect gas (2-54)
i
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00 ddkatg A4Sl EeuSall daell dudaad 8)lyaddl dmyng earadb il o A8l a3 (2-54) Dslanl)

el Sl oY sal

VT, = V;T;,whereVT® = constant (Why?), HW 14 (2-55)
Vy 1 , ,

Ty = T,-(V— ) ,rearranging of the above equation (2-56)

Example: Consider the adiabatic, reversible expansion of 0.020 mole Ar, initially at
25 °C, from 0.50 dm3 to 1.00 dm?3. The molar heat capacity of argon at
constant volume is 12.47 J K* mol™?, so ¢ = 1.501. Calculate the work done

of this process.

Solution: n =0.020 mol, Ti = 25 °C + 273 = 298 K, Vi = 0.50 dm?, V; = 1.00 dm?

Cvm=12.47 J K mol™?, and c = 1.501.

T, = Ti(::—; )% ,rearranging of the above equation (2-56)

: 3 1
AUl dolaall Lo gad @3 (AT = -110°K) (2 (19 (AT) dosd oz Byl dmpd (Jo Jguazll dang
Waq = NCymAT (2-45)

Wag = (0.200 mel)(12.47 | K—mel=2)(—110 K)
Wag ==27.4]
Sodlel JGadl 1o J2D 13

Sl Jid ao 3319 S g (Ti = 298 K & T = 188 K) pladl 8yly> dzys § (plassyl -1
Sue! Jids o Sl e 3Ll daeS e dasias Y Bylysell Ay paidl S -2
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2-6-6-3 Deriving the relation between pressure and volume for a reversible

adiabatic expansion (Perfect gas)

T V; 1
(Ff) = (V—l)? ,after rearranging of equation (2 — 54)
i f

o0 )Ll aad e pasganll (Sep Sl Asleidly &SIl Al e il Jledl S dolas plisuiwl
(2-52) o3 Dslaalls lgugad o5 (309 Sl Sl Aslas U5

Ty _ PfVy . .
— = ,fromideal gas equation (Chapter 1)
T; piV;
PrVy Vy
=—R In-L 2-57
CymIn 7 In 7 (2-57)
Py Vy Vy
Comin —+C,,,In — =—R In— 2-58
v,m n D; + v,m n Vi nVi ( )
Py Vy Vy
Comin— = -RIn—-C,,,In — 2-59
pm N D; nVi vm N Vi ( )
V
Com L =" R+ Cpp)In L (2-60)
Di Vi
(2-37) dolaodl UM (10 R dad (e (o920
Cpm — Cym = DR, for no. of moles of ideal gas (2-37)
de Juaid (2-60) dolaall lguasgas ©3 (9
C,..ln Pr =—C,,,In & because C,,,,,—Cpm+Cop—=C (2-61)
vm i pm Vl' ) pm v v pm

o0 ksl pononl) &l plaally Locedl G Jodd! elyz] SIS 9 (2-61) Aol &l DIl sl
tdke Jhas ALl Lyl
(2-62)

33| 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

Ldis g d>lg o ST dasd I3 29 L 0wl Com/Cym = v > 1 (heat capacity ratio) .l ol
JYE 0555 (2-62) Uslaslb lgo g

v; V
(&)=(V—f>y,or—(—>y =1 (2-63)

i

p VY =p;V;¥,where pVY = constant [ ERIIEE (2-64)

oo 3ty JUdl JLl ALYl deuSall sl ddes) @xelly Jassall (§ sl (2-64) Aslasdl el
Y g0l

Example: When a sample of argon (for which y = 5/3) at 100 kPa expands
reversibly and adiabatically to twice its initial volume. What is the final
pressure will be?

Solution: pi=100 kPa, y =5/3 and Vs is bigger twice than V..
V.
Py = p,-(V—l )Y, rearranging of the above equation (2-64)
f
15
py = (100 kPa)(E )3 = 31 kPa
| glus diasd OS5 O (1 950019 31 kPG (B Az ySeiued! Jaiuall dasd Of oMel JUiodl o Ja>d
Ol oam I3 (§ Condly .oiped iy Dow dasall S8 dule (xiye Caslal uB el &Y 50 kPa
O J9iae 4595 due 938l Adeadl o AST Jadyall yads (o Jomy SOl ddeall (§ Suenl Jads
Jaze JUdlg pland] byly> de Jablox duny’o i dndaall (§ Jasomall (pe Aol dBUall &) s ol
LSSVl ddead! po d8Ual 18] Jads

2-6-6-4 Deriving the relation between temperature and pressure for a reversible
adiabatic expansion (Perfect gas)
—In— =-R In— (2-51)

IS (30 el e pasgadl o Sau Sl &8lgdly sl Dl e il Sl Sl Aslase plasoly
(2-51) pb) @olaolls lgargas o5 (309 Jbiall Dslae
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Ve pilTy ) ,
— = ,fromideal gas equation (Chapeter 1)
Vi pfT;
T p;T
f i’ f
ComIin=—=-R In (2-65)
o Tl pri
T ; T
f Pi f
Comin—=—RIn— —R In— (2-66)
I P T;
T T ;
f f Di
Comin—+RIn—=— =—R In— -
vm N T, n T, npf (2-67)
e hazs ALl )Layl dandlas cliSy (2-67) Dslasdl Cody3 Bolely
T
Com+ R)In-L = R L (2-68)
T; P;
Comint = R nPL b Cpm = Com+ R (2-69)
pm nFi = nE ,becasue C,,, = C, -
T
( Ff)cnm = (%)R ,rearranging the equation (2-70)
i i
Ts Com Dy . .
(F) R = -p—,rearrangmg the equation (2-71)
i i

(2-71) Dolaodl § (Com/R = a1) dasd (e (yasg2:dbg

;& ,where pT* = constant [0 EIMLEE (2-72)

Homework 17: Suppose that 1.00 mole of an ideal monoatomic gas at 1 bar is

adiabatically and reversibly compressed starting at 25.0 °C from 0.1000
m3 to 0.010 m3. Calculate g, w, AU and AH.

3 Lecture and the End of the Chapter Two
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