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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

dasseodl ae d8Uallg Baledl JoLh e (S UI 9o (Open System) zgidall pslaidl .a

daoeall ae Boledl Jolds zeewu Vg 8)ly>S d8Uall Joldh zeww (Closed System) @lioll pUaidl b

JSadI 3 LS Jaeall ao d8Uall g Boled! Jolis ews Y (Isolated System) Jgjaell pUaidl .
(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 surroundings,butiticannot.exchange matter. (c) An isolated system can exchange
neither energy nor matter with its surrounding.

2-4 Extensive and,intensive thermodynamic quantities

(dSaalizaga il laSl) 83550llg Al gaidl ol g3l

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 ddlally AH (JUSYI (AS 39 AY! ASII cpomnll) Jho dlolid! (ol gl

§ dwolnl il o) pustind iy clguld Sy (@Wlg pUal AUS dS ao vl dSialinngays

-plad!

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

2|Page Dr. Abduljabbar I. R. Rushdi 2024-2025



Chpt_Two_1% Law of Thermodynamic PhysChem For 2"° Year UGS_1°t SEM

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 EXTENSIVE

Independent property
Size does not change
It cannot be computed

Can be easily identified

luster, freezing point, odor, density, etc

Example: melting point, color, ductility, conductivity, pressure, boiling point,

Dependent property
Size changes
It can be computed

Cannot be easily
identified

Example: length, mass,
weight, volume

s

Boiling Point

Color

AL

Mass

-

Volume

Intensive Properties

Temperature Luster Hardness

Extensive Properties

Size

o |

Weight Length

(intensive) 535y duols e Juazs Lasl dols duols e (extensive) dolidl duolsel dowud wic
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v V

X X

m .

7 =D, Density (2-3)
m M

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 plad! Bpune e daiay Vg el D> Lo Jadd waiad I plladl olgs s>l (2
Lo pdS elyr dSluw I Goylall (Je daias Vg Jadd Ablgilly doluuYl Al e daia %si Bl
Al ddlall U3 Jlse

uz
AU = ] du (2_4)
Uy

Path function (& k)l 415)
Bly=dly Jasdl U3 Jlie Lo p15 sl aSla U Goylall e daiald 31 Lol (o
q=dq (2-5)

Aw oSS w Jadidl cldSy @yl Ao @Y Aq i Y
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2-6 The first law of thermodynamic
3T I UK o Lgligos (e (U9 dominad Vg (5N AUl Of (e e chaila go Al Jo¥I 0 g3l

AU = q +w (2-6)
AU (Extensive property), represents the internal energy (dds1Wl d3all), and it is
measured by Joule unit = (U, —U;) or (U —U,), where U, or U; represents theinitial state,
while U, or U 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.

ABUa)l odag (Whgal 5 Whd coluz) pladl WlsSed Ly 48,1 d8lall §gazes P adslll Bl

oardl g g pllatll by of @i Gl Bloy 25 lHaYls Loyl 9 AJEDY) BUal Joid
Q-1/ How it can be knowing that the heat is gained or released from the system to the
surrounding and vice versa?

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

Signal Type of process
- ol e pladdl (o Jgdaad! Jadd!
+ pUadl e Jazeall oo Jgdaed! Jadd!
- (Exothermic) pUad! oo Jaoeall dlal gy diaiasl! 8)lyel
+ (Endothermic) Jaweall (o pUadl dlawl gy duationd! 8yl

Q-2/How many types of processes

Ans/ AS following:
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0955 ©ldeaall (10 g9l 14 (3 Cux (Isothermal process) &)=l Az Wgdy ($y28 Oldes -1

(AT =0) O 4de (T = constant) 4uU plaill 8)ly> drys
.(Reversible process) &Sl Oldeal! .a
.(Irreversible process) dxsSs Wi Oldeal! b

Byly=l dxsS' 8 Uls Juam Y Oldeall 10 £l 1o & (Adiabatic process) &S5l wldaall 22
.(g = constant, dq = 0) Jg3xe plas ST lamally alladl udalally
.(Reversible process) druSall Oldea)l .a
(Irreversible process) dwss Wi &ildes! b

BUally (w) Jiddl Jro SlaSIl yams zen g5 o Of aom chralivn ga il S O$I JI Gyladdl Jdo

PN I egdy Blais g LISy (q) B> S e dliiied!

2-6-2 work
0l By g dgao ddluwed WS, X Cundd e Ao dlalull 59dll 929 Jaidl

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

F=ma (2-8)

where m = mass, and a acceleration.

(F) 831 & (dll) Boluwall Conp Jaolons Jadl 56 am o 5 el

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

magnitude F.

OB 1 d>luws B9 S 89l g2 Jaiuall &) Lasg
F

p= A (2-9)

where p = pressure, and A = area.
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93 Sl Ayod) WSlall 9 pey ol (2l akyall (ho 90 Bdll jhuas OF (2-9) Uslasdl s

(Pin) A1 Jaiall B ¢y sl Siaidl Jicks Jads 25565 U8 uaSall O] g oA deland) dLusoll

‘Pex M2
Because dw =—p., (Adl) where Adl =dV (2-10)
Then dw=-p,dV (2-11)

JWI L zemal (2-11) Dolael) JolSHI I wie
Vy
Wyep = — pexj dV small changesinV;, &pin (2-12)
Lois J (po dlg Jgo Jud l:;.n Imielly druSall dudoad! (§ Jiddl Qlaced (2-12) dolaedl pusiud
[(2-2) Sl LSy pladdl e § Ta B i Olpall 095

External
pressure, p,_,

@fﬁa A |9 dv=Ad

>

Pressure, p_ B —

Figure 2-2: Expansion work has been done as a result of moving the piston against the Pex.

OF JI il Sty @axadl 31330 g pin oo Jekits J3T 095 pey 08 &Sl ddbaall 3 onadl B0l e

e Wl Jasall GRS G M Spiue Dby 2yt Sl OB (§31 8309 «0)lgill D> I Juas

Sy plail) (Ll Jaadl e Jiass of ) dedeadl 0de yoiud 03190 Al I duas O JI 2ol el

D089 Pin = Pex bikie Winax gomar oy Sl &doall (§ Bghas I (EWrey) Jaddl Egommo Jioo

dasd 019 Pex > Pin O ST palds Jads 98 el Jiadl 0950 ladis (uSally oel dudasdl iy s
ez gall 0SS saiell Jaddl

7| Page Dr. Abduljabbar I. R. Rushdi 2024-2025




Chpt_Two_1% Law of Thermodynamic PhysChem For 2"° Year UGS_1°t SEM
Pin JIVI Jasall NS e Jomiell Jaddl Ol g ddde clarxall oo AS| pllaidl eiigd U Legg
Pex = Pin OB duwSall ddonl! ‘33 Pex SOl (2Bl laall oo pVB|EIIRVIRTEVIN]

A Dolaall o Camy Jaisall 018 Jledl 3

nRT 15
pin - Vln ( - )
(2-13) Wolawdl U s (2-12) Aslaall (1-5) Aslasll Lasgas Lis
VinRTdV nRT
Wiep = _j V— (where p;, = _ and p;, = Pey) (2-13)
V; in in

Aoleall e sazs ,(2-13) Aolaall JoBI Jsbg ¢ JoI g3 19S5 dde @BR 9T 9 n @08 & oy
(2-14)

i
W,ep = — NRT In 7 (2-14)

laiall) JGadl Jl Jd o jomially dewSall ddoadl § aueddl Jids Gl (2-14) Dolasdl pascins
(s

Aalaed! (po Gz 3ol Jiddl 06 ol 2yl Jadyally pUaidl e (§ 84S ol & oS5 Lo Lol
(2-3) K& § 90 WSy (2-15)

LTl ‘PWAV VI IES pex is constant, external pressure (2-15)

Area=p AV

Pressure, p ©
x

| |
v Volume, V v

pex fpex

Figure 2-3: The work done by a gas when it expands against a constant pex is equal to the shaded area in this
example of an indicator diagram.
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A9 (Won = = Why) Jasseadl e plaidl Jd (o 520l ud Jaidl Of G 10gd ddluo w ded 0S5 Louis
« Won = + Wiy O] ST dx g0 daad)! 0555 Lasice puSall
(Expansion work done) sual Jid (euw jaxiedl Jaidl OB (+ AV) pladl § dueS Jase Lbie
O el (San (- AV) pladl e ality ledis (Compression work done)alds Jad swog
: JWI o 5giolly 3

— W,y = + AV while + W,, =— AV

2.6.2.1 General expression of the expansion work

SBI L Blin sleg § W (e dipan &S g dind cexadl (§ Juolondl il doms Ly saall Jis
0550 boie )9 (Pex = Pgas) Gl lasall byl Pgas dai 090 Lodie b gl =
i b Gud ()l aisally (pgasor pin) Jldars STM Ollazall

> O Wy Py up 2yt g uuSall O3 Pey Bl basiall (po ST L1 dasid 095 Lautie
w09 6(2-3) JSEdI 9 (2-2) JSEII (G WSy pex > Jaeiedl Jasd) dmd (V> Vi) ey g 3!
Adladl (p Jaddl B5La) 09559 (2-15) 9 (2-14) Aslaall 38 9 Jasd!

pasiudy (compression) palin Cgu (Vi Vi) pxad! 018 pex oo J31 51 aiu 0550 Leie (58U
Az go 0950 Jaddl )L oSy rdalandl i

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=2.5x 10° Pa, V; = 0.015 m3, V;=0.010 m3®* and q =-350J
Wirr = — DexAV (2-15)

Wi = —2.5x10°p, x[0.010 - 0.015] m3

Wi =1250p, m3,1p, = Nwm=—Z2m?>= Nm = |
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Wi = 1250 ]

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

AU = +900 J

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=1bar, Vi=1L and V;=10 L.
Wirr == DexAV (2-15)

Wi = —1bar(10-1)L

W, = —9x100J == 0.9 kJ so this means option (c) is correct

Note: that 1 bar L 2100 J why? (Homework 1)

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

pressure).

End of the 1+ lecture of Chapter Two
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2-6-3 Types of expansion work

2-6-3-1 Constant volume (Isochoric process)

Dslaall zaas JWUs (AV = 0) &) T ol e die ddandl @B H oty Y ddandl o g3l 1o (3
t JWE LS didaal) (2-15) Dolaall SISy deuSall ddbanl) (2-14)

%4
W,ep = — NRT (an—f = Zero),becauseV; = Vg (2-14)

i
Wirrev = — Pex (AV = zero), then w =0,and AU =q (2-15)

AWl M) e Juass (2-6) d8Uall Laasd JgY1 0gilad] Aalas (§ Jaddl dagd oye jagasll disy

AU = q + 0,thenAU =q (2-6)
Byly>ed! (51 gy 300 Bylyeld 305 Wdicg (Isochoric) poxoddl g (oud Dloell 0da (§ ddoall 5] Caug
ol ©od wie Al I of (e Aol

AU = q, (2-16)

2-6-3-2 Free expansion (expansioen 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 Jladl dassal (uSlas of b (Pex = 0) (20l Laisd Sl 05S0 Y bodis yoell sukaid! ddas Caus
plladl Js1s Jeud I O zbgs (sl (2-4a) Sl €d Jliog ew = 0 &) (ST 0kl Jas drg Y g
Seion gy Jile i gy ldSy slggdl (0§58l g9 Jawall (e (Insulator) Jile i plasuul
SNAY ool sdaslly slaglll pe fyiall ol I suaiy B gus pllaidl 51 SIS alasall zid daud alaso e
35150 Golissr & Sl dr5399 elsg)l (30 § e 350l 05 gl Jaiall Uid po daglie & 3 o) Coges
drlgy Bguw sdeiall Sl (Pin) sl aisall S ey cplaill e saad dub digas doglty Lass Wgs
(pUatl B oo Jamie Jid dzgn Y g 2l Jaid 929 pus ) (pex = Zero dosis Ly lass

[(2-4b) Sl 3 WSy
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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 39 e LS dhoal) Jictd] Ol Dslana 3 (Pex) dald e 2920l die g

Wirr = — Pex AV=20 (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, V;=21L, V=10 L.

Wirr = — Pex (Vf -V (2-15)
W= —0atm (10 —2)L

Wi, = Z€ro
2-6-3-3 Isothermahreversible expansion of a perfect gas

e Jsa> (Isothermal, AT = 0) L”ST 8yl ) domyd gl L}LLQJ‘JL&JJ ‘év.&&j‘ RNV IRV &9.;.]\ i Juasw
AU dolaadl M3 0 jiadl Jaid)

Vs
Wyep = — nRT In > (2-14)

i

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

for anideal 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 dm3 to a final volume of 15.00 dm?3.

Solution: n = 6.00 mol V; =5.00 dm3, V;=15.00 dm® and T = 25.0°C + 273 =298 K.

Vy
W,ep = — NRT lnv (2-14)

i

15.00 dm*

Wiep = —6.00m94x298Kx8.314]m91iKi1nW

Wyep = —6.00m6el x 298 K x 8.314 J(In 3)

Wyep= —16331] = —16.3 k]

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=5.21L, Vy=2.1Land T=127.0 °C+ 273 =400 K.

Vy
W,e, = —NRT lnv (2-14)

4

2.1dm3

Wiy = —7.5m91x400Kx8.314]m9r—4K_—41nF

Wyep = — 24942 x (— 0.907) = 22615 = 22.615kJ

55 pde a1y (T = 400 K) 8419 dayd g Blanall 8y)yol Ay O dlamdlo oSay Jlgead! IS (09
(Isothermal, AT = 0) 8)l,5! &3 g s dudaadl O ST ddlaadl 00 IS 81yl dyd
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;W UKL (2-6) Aolaad! zual JWhy (AU = 0) cdds-lwl dallalb a5 Jhame Y ade (AT =0 O] Lasg
AU = q +w,0 =q+ wthenQ = -W = —22.615kJ (2-6)

Jaueadl () Ul pe ki) o Byl O aa 19 (g = — 22.615 ki) ddlus Byl dasd of Jaxd

JuS (W = +22.615 k) Jaddd & gall dandl g o] x> (§ Oladill ) pUail S doliyail wis

dasmall i ope jil W8 Jaddl O) de

domyd gy (P %)@ic&é)&;@ Laagally el o @3l S8 (1-1) Dolaall 553 09518 Caru

8y,
pV = T (proportionality constant) (1-1)
Di Vy
V.= nV — =1 -
piVi= pgVysor o,V (1-2)

:IW Dalad| e Jsases (2:14) Usbaedb (1-2) Uslasdl yasgss disg
Di

Wyep = — NRT lnp (2-17)

o palitall 9l statol) JUM @zeoull (§ sl s loghas Lol 0955 Y ladie (2-17) Aolall piseiwd

S (131 sl sl jass Sleglas Lodd 0955 O

Example: 3.2 moles of an ideal gas expands 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=3.2mol p;=5.0atm, ps=1.4Land T=127.0°C + 273 =400 K.

Wyey = — NRT In— (2-17)

5.0 atn

Wiyep = —3.2m9£x400Kx8.314]m91iKi1nT
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W,ep = — 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 dm3to 31.7 dm?3 (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?3 (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 and AU.

2-6-4 Heat Transactions

a8l dadm) Jg31 0l (ST (2-6) Aolandl NSy plasl) ddslul 8Ll (3 il oy

dU = dq + dw (2-6)
ALBI By (UgaT o whd cluy) plail GbgSe) 48,1 d8Uall ggae (p 1ddslull dBlall
(B8l 3U)1 B9 Cpan ell3g Jliadl 3L (a3 Haue ] dgluw 31 iy
cplasdl 3 (AV = 0) pax> (3 s b Juams Vg cae plas Jlg o0 yly> S e AUl S5 Lodiad
plal a1l d8Uall (S glud Ggus el gl die Alatiall Byly>ddl OB (W = 0) e Jids Juasy Y (I
1AW Uslaad) o 51 gy 500b B> K o Aaiiol) 23Uall 50 Wadisy
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AU = q,, at constant V, means 4V = 0 (2-16)
3 A live ddiiwl! ! C,Jgog\_g &> pladl Hly> 2y Ul (o pladl J18)ly> S e dslall Jla) u|

13V Jasiy &yl d8Me (p )l Amydg Bl S e Alaiiadl A8Ual ¢y B8Nl B8 Jlbg yauall

dq a dT (2-18)
QW1 Sl zas (2-19) Aoslael) JolSilisT wisg
qv = Cy AT (2-20)

dadl (pudy cdyly> dmydg (plyll 9 Jgadb 05T lga) pUal 1835 Ae dodkaly Al desd (£ C
dueS Wb 9,35 Iy ¢(Heat Capacity or calorimeter constant) yauadl Cobi i pUail) &ylyoell
dols (29 () KT) B9y (59 Bulg dyyly> doyd aUaidl Bylys> dxyd a8, doidUI duylyedl dSUaI

4SS gl 3,35 &Jls (Molar or specific heat capacity) d.< 3! 91 &Y gall &ylymedl dadl a9
Loluseil ASY1g Buslg digie dzd 8okl ells (o dxlgJga ol alye Byly> Ay ady) Aoy &yl 3Ll
BA>gy iy due gl (o Y (Crm = €/, Molar heat capacity) 4 gell duylpoedl daidl plusuinl g2
B3kl &Y g0 due a3 N i <(J K2 Mol
(2-21) Dslaall e Jaazs (2-20) Dolaadl (3 Co prgad disg

qy = nCyy, AT (2-21)
g (Cs = C/m, Specific heat capacity) e 3! d)lymel dawdb o Slolyab s Ladis bl
Dslaall e a5 (2-20) Dolaall (§ €5 rgas ke SIS 5 Bolall AS Jiod m Came(J K1 gY) Bum g9
(2-22)

qy = mCy s AT (2-22)
(Homework 5) §13WJ/(Intensive)83Sw ol gs ehhind dus gidlg 43yY gall izl Y
cyo BB 78T 90 duc gl of 4yY gall dylyoedl Al po Joladl ESiabivs g Al Cibluwell (§ dlasdlo
.(Homework 6) €13LJ/Jadd d)lysell dasdl o Jolasd!
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0 33 (= 4.2 T KT g7 ) (p sloll e gil) dyylyonll Anedl el hes Jd e sl gl dnes B3l )
Sy dmyd ady) 4.2 ) Wylke Bl &ud e Bl polatel JI glizes slall g axlg phe 5 8 cdadll
B>y dighe dyd
Bolodl &l Byly> Ay 1dy) Lgwobiata] @ gllaall 8ylymull &S (g 8,58 Jasd due gl dylyddl dadl O] Lo
S gy iy 15 () Apatoal) 28Ul o le dusS Il lios Al e gb Ayl slans L @lalgall
Ll Ao ) AL 8L (olaial (I &iblgll due gl dylymell Slaad| 193 Slgall (b lBollg o Lil3
Byl lpobatial i de g (5eud Oalan)l plaze clld Jle (S S
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: Muyeta =22.8 g, T1 = 21.8°C and T, = 75.0°C.
AT = T;-T; = (348.0-294.8)K = 53.2 K

qy = mCy ;AT (2-22)
1450 ] = Cy, (22.8 g)(53.2 K)
1450 J

=12JK1g1

Cvs = 22.89)(33.2K)

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

C.=4.2JKig?

prall Bym Lo plasiinl 8L o1 A8LeSUl ddaadl I q Byl JU] pebd oS Tae
Lo g SSYI yauuall 9 Byl S e AUall Jai| (uld (258 pdsviun le> &b B33 (Calorimeter)
-((Calorimetry)) (oud® 8=l W) ol Lgad oo (3 ddonll Wl «(Adiabatic calorimeter) g»
kel (g s Je il sl oo @bl QW lasgall $lasY ddle daglie 93 sleg (o yramed] 055Gy
@l9) Adys L ol oo yball 100 Jawg 39 coamuSoYl jle Jgs-) diiey 420 Sy (Bomb)
d>ade daxnll el (3 el 9 il (o Golall awgll @ (F3g9edl g G Jeladl shad pusind
39l Gy ddas (§ pasuind (@lg BLASYI 8% dud gl

das &1 (o SN § dio Sl SVl Jarmeall e Ygian 098 Gl 51 Glo Hlams joiall bl
B)ly> dzys eld oy (Thermometer) Hhowes Hladl e 393 Jaweall e B J3aes 0555 Bl
«(2-5) Jsad! § WSy (Tr) Byl dddes dag (Ti) Jod Lol
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sle gl I saeiell J515 z3g90idl BlA> (po daz il 8y yoeial of dliniadl 8)l,od)! S ulid (o Hlyomall Jony
(2-23) Aslaal (adg Lpplu @3 9 yaaaald (AT) Syl dys (3 Bl (wlid I (0 39 Slall
qyv = Cy AT (2-23)
dosd B3yma g oMl oyl syl (3o Gyl O el gy duakend o1 By axiell Jelath) )l Jiel gy
ooyl el ol pead Sy A B3le) Lles g doud ddym0 U3 000 Cy
Agx 3% 93 ydan oo ¢(1) ol JLygS HLS el ey diylall oda (3 (5L yeSU) J9YI ddsplall -1
Al el s 5 (1) Ao slae d3ie 5 B8 5 (Aose JA (e (A B9 B9 y20

qy = ItA¢g (2-24)

: Thermometer
Oxygen input !

Bomb
Sample

Oxygen
under pressure

Water

Figure 2-5: A constant-Velume 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 =12V and t =300 s.
qv = ItAd (2-24)
qy = (10A) x (300s)x (12V)
qv= 3.6x10*AVs = 36kJ

The result in joules is obtained by using 1 AVs=1(Cs?*)Vs=1CV=11.
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Gy Wl (1A =1C s1) 46 cldog A 9 C 571 Busg0 )Ll (ulis 9 (Coulombs) wlas &sb,gS) Limeid!
1 36 (p By ymmiell A8Ual) d5Lgl Bug)l b cldog V d9all Bug (yulind dg=rl!

q=Cs'Vs =]

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

qv = Cys AT (2-23)
Qv
OR CV,S - AT
_ 36 kJ _ -1
Cy = ek = 6.5k] K

Sl gl pael> JUall Jows e o B3le (o doglae dUS B> @i @by &SLYI ddylall -2
8 Bl ulid o9 dnghas A8l (o dazr Wl )yl BT 058 Ay all 0 s g1 Ledls puseiny
(2-23) Wslaall Y5 (50 C dod ddyan oy Bylyoell dmy
Q@ 0alE ol 5ue3 ddas COBT sl gun pllA) pom> § kS Sl Juasus )l i e BUall JUis) wie bl
o g plaill &1l &8l &) 9 (Isobaric) cobl Jass Coxs @it Al oo (§ ddasall B (pliaill
Byly> S (e plladl J) il d8Uall i (yo iims BB Loy mall 0dd s 8yl Aol d8Uall (Solud
JBT 0S5 L gun plarl) dudslull A8Uall &) 9 (2-6) JSadl (3 LS oued Jits S5 (e Jaumall J15 93 CBgun
ol s o )l S e pllaid] Il Alainedl 23Uall 56 Al oo (§ (AU < q) Adinadl 8y)y>1 (50
(Enthalpy) )Ll sgimmalligale @l plail) (5,51 ASualongeys duols § il J) dglus 0555

Surrounding
P.,=1atm

AU<q

System

Figure 2-6: A system is subjected to constant pressure and is free to change its volume.
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Coll Jaiud iy dukaill Jasd (2-6) Aolandl (T 8Ll Laas) JoYI gl dolas Gaudas wic JWhy
(2-24) Doladdl e Juas

AU = q,-w (2-6)

qp = AU + w = H (Enthalpy) or q, = H (2-24)
Lk oy pllall Jd (e dsaiend) ol 8y yiall 81yl dsS Jiay ((JESYI) H OB (2-24) Wolaall e
1O (2-24) Uolaadl 339 ol

H=1U+ w(@4V) (2-25)
Blall iSy ex>9 baiss Of by 9 plladl ez Jia3 V 9 pllad) oo Jied p GBI odel Aslaall e
Ul e dains ST (State function) V> dls Lad ga QY1 O dile cdll o3 LgfS plal) 41l
(AH = Hp— H) 45Lall ol 45LarSIl ddaal) d5Lglg 451!

:3Y6(2-25) dslaadl zuas (Infinitesimal change) (@JiYlaad (§ cadb ais Jgua> dicy

Hy Uy Vi
j dH =f dUu + pf dv (2-26)
H; U; V;
(2-27) dalan)l Je Jua=i (2-26) dolaol) Jo KU .,\_->L>3
AH = AU + pAV (2-27)

b Jaid ot il sueil] iy Gyl 8 gioally A A8Ua)) s A85a! (2-27) Wslaell Jie3
(2-28) dolaall e duams (2:27) Dolaodl Sl dsladl Dslacll oo PAV dod oye (asgailly

AH = AU + Ang RT, (pAV = AnRT Avogadro's equation) (2-28)
(Jbadt 5W) alail) (AH) 1yl & gixally (AU) G-Il d8Uall i) (o &8Nl Jia5 (2-28) slaall

Ologhao Lo oS8 Y ledie 9 dyjladl Al puseind Eou (Isothermal process) 8lyl d>)5 cgdsg

Ul 3l Y gall sde e Slaghas liptd Blialb ¢ Joall S Jaiupg ez ye

AN A8 (339 9 ASLuasSHl Dslaall oya Lgde Jguaml o Sang Jlall Sl @Y gall suay a3 Ang
An = z n (productes) — Z n (reactants) (2-29)
JWs (AV = 0) T dledl (Say o Taz i 055 dudsall ol Alslud) 3lgald Luoloedl el sk Lol

: W JSadb (2-27) dslaedl zas
AH = AU (because pAV = pxzero = zero) (2-30)
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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
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=1mol, T=100°C +273 =373 K, p =1 atm and A,,,H = 41 k) mol*

The reactionis H,0(l) —— H,0(9)

(a) AH,, = AU, + An RT (2-28)
AU, = AHy, — An RT (rearranging the above equation)

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

AU =37.9k]

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

AU = AH, and this means AU = 41k]
:SOas>Mall

.(Joule) sty (KiloJoules) (2 &)ly>dl & gioeall of duls-lll dBUal) doudsuivua! Bugll -1
Syl S gioeall § Adidl dasd oo JBT )i Aol (§ pUa (AU) duks-I) d8Ua)) § picd! dasd -2
Do ub plladl Jd oo diaiead! Bylysedl (o s> OF 92 W3 3 Cuudly pUail uisd (+ AH)
0955 il @b OF ) gactl (Seng Al JI ABLud! Aol oo slodl Joge g9 Skl Jids oy

(= BH) & G pUHI ¢y Bly2ell Siladly palinll Jad > § Sall

2-6-5 Enthalpy change and heat transfer

(AU = g - w) plal) &l d8lall e (asgadl @3 (2-27) dolaald g9 )b
AH = q — w + pAV (2-31)
ladg coll Loy coxig Jaid sued Jid 98 L Juolsedl Jaadl Of Hlasel 9 ol o w o (augaidly
(2-31) doleadl de Jua=s (Enthalpy) Syl (S gioeadl Couyad
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AH = q, — p&V —+pa¥ (2-32)
Lais ol S e il Blall e datay Glyad) Sizmall (§ il O guisind oDl Aolaall ¢y
Adaadl IS jaeiadl sdad! Jid e deias Yo cols
: 36 sl (2-23) Aol

P = Cp AT (2:33)
(2-33) 9 (2-23) ostdolanll pluscinl dis dde (ol Loy cod Lataal! 9l 8y ymial 81yl Jiad g
weiqsﬁpwasgjwﬁ,pﬁ&ﬁwwwm@leugowmw
el iy

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,0 is vaporized.
Calculate the enthalpy change.

Solution: 1=0.50A, 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 ideal gas).

q = ItAd (2-24)
AH = q, = ItAp = (0.50 A) x (300 s) x (12 V)

AH = q, = 1800A4Vs = 1800] = 1.8 kJ

Because 0.798 g of water is (0.798 g)/(18.02 g mol?) =0.0443 mol, where 1 AVs=1).

Because 0.798 g of water, the enthalpy of vaporization per mole of H,0 is

_ 1.8kJ
"~ 0.044 mol

ol rius o () yauadl Ay plusuiwly ()l Geialb il puld @i S U Jlgedly
W22 3 Wl Jgian sle gl Jarun Jle 5 yaunall 1dag ¢(2-7) Sl (3 zdgall yasall plasitnl &3 oy
ol s e 61 (1 atm) @olasYl ol haisal

AH,, = + 41 kJ mol™?
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|_Gas, vapour

L Oxygen

-Products

Figure 2-7: A constant-pressure flame calorimeter (Isobaric calorimeter)
80 Shyall Slsal (AT) Byl Ay (3 il uled IS (m g Bl S e 83 all JUasil 28150
Gl algioa
Example: How much enthalpy is produced for the 4 moles of an ideal gas absorbs 12
k) energy under atmospheric pressure of (1.0 atm)?

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

AH = ap (2-32)
36 05558 Y gall e 38 bl 13 Jgals ol (Sgimmall dasd e Jguazeld ol dlaodl pasiius
nAH = q,

4 mol AH = 12 kJ

H = 12°kJ =+3k 1
T 4mol J mo

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

Thereactionis CH4(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 2rd Jecture of Chapter Two
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2-6-3-2 Relation between C, and C, (Derivation)

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

082 (Cp) b i ol 1 (C) ol @ o Aylydl dadl ST (2-33) 9 (2-23) caidolaadl (1o
Jids e Juasy ol asus o dylysdl dawdl O] I oga eld @ cowddly Cp> Gy dasd O ol
) Jasd Alaiall 8Uall guazr pustid oy ol @z o Ayl daadl > § Juase Y s Hlg sia
AU = zero degd guuas pladl §)ly> dys sl Y ledie ig AT M5 10 (plaill) JL1 8)ly> dzys 2y
Byly> S (e @BUall Jlas] die sded Jid ladis Juaso coll ais e dylyad! dadl 58 Jolaall
ool Ly PAV daid e jrasgaddly (2-25) dolaadl ) Eemmdl die ellds cplladdl (§ 8)Ladl 03 J1 8L

tde duazsd bl aladl O glall e

AH = AU + (pAV =A4RT) (2-27)

(2-34) JSadb slasdl 559 A eitd] 30y 715 s dde d0b R 26d & Laog

AH = AU + RAT (Charles’s law) (2-34)
1AL dolaodl e Juase (2-33) dalaadl (e AH 9 (2-23) dolaadl e Lol Lo AU e (92309
CpAT = CyAT + RAT (2-35)
1(2-36) dolanll e Juazs (ndylall 6 (p0 AT B> dayg
C,=Cy +R (2-36)
13U (A8M1) Wslasdl e Juass odel dolaall Loy ale] dag
Cp,— Cy = R, for one mole of ideal gas (2-37)
C,— Cy = nR, for no. of moles of ideal gas (2-37)

Cp o JB1 Gy O g9 oMel 1S3 Lo iy R (59l Cp 30 Cy gy Ao O s (2-37) Aslaall )
dio JBT ol lais s Bl S e Aliiiodl 48U 035 ke G g 1gd ¢ Cy 30 ST €, O Lo
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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 a1 3l eyl s oo &Ml oy paild pdsiud (2-37) dolaall
A1l dBUall Ciyad g V) Tadg ¢(R) @l aladl coldll Golug Laginn (3,801 &1 cuds &S g

Z)LB ‘oq:.z)\ Oigudog 8yl Lf.)b&\j&U

qy, = C, AT = AU (2-23)
OR
_ _ 9% __ 3
AU = Cv = E_ E nRAT (2-38)
_ _ _ 3
AU=q,=C,= R (2-39)
S JSEIL eal (2-6) olaall S8 el Jicks dr g3 Eu el Jasud o duylyoed! daaad | Lol
AU = q, (nC,AT) — pAV (nRAT) (2-6)

q,(MC,AT) = AU + pAV(nRAT) Rearranging the equation

(Wl e Juamid Gl Balas)l (2-6) Aslasdl (3 Lgsglun Lay AU (e (2925 (2-38) Uoslaall oy

3
#CpAT = o nRAE +ARAT (2-40)
:JW Js Juazs nAT s dolaed! § yb downdisg
3 2-4
Cp = ER +R (2-40)
1(2-41) dolaad! e Jraed aozlly
5
C, = 5 R where this is prove that C, > Cy (2-41)

D15l 3 B)S5 093 (30 Cp dod Aypmn Sy (2-41) Wolaall (30 3 Cy dod 4820 Sy (2-39) Wslaall (1

C,= >R =>x8.314)J mol 'K~' = 12.471 J mol 1K'
v 2 2

5 5 1p-1 1p-1
¢, ZER =3 8.314 Jmol™ " K = 20.785 ] mol " K~
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C,—Cy =R, (20.785-12.471)Jmol 'K~! = 8.314 Jmol 'K~!
1AL Dolaedl UM e Jaasd €y 9 Cp oo sl Lol

C,  20.785fmelK—+ . (2-42)
¢, ¥ T12.471fmelik—= T

AW ALY Oldaad! (3 Lgalasuin! s g3 winuw (@19 ot lyad! oiand| o el Jion Uy Lo 30
Axdiasedlg ddliall OB ol lais cod gl Az dis dyYgadl dyylyedl daad| o (2-2) Jgul

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 G C, C-C, v =C,/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
H> 28.8 20.4 8.33 1.41
N> 29.1 20.8 8.33 1.40
(0] 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 31.4 9.00 1.29
H.0 35.4 27.0 8.37 1.30
CH4 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 = 7 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

o 529 631 ASualuagatl Ll e Ygiae 09So ddasll ode (3 pladl O g ALY kel
Jadd Jas Ko Je laoeall 1 d8Ua)l QL zracwg d8Uallg solell Jio Lagin doball pe $5 ST Juams Yo
sl dndl O aule cdiq = 0 S JWU aeall go (8))y21) d8Uall Joleis zra Y Jgiaall pllasdl & layg
QWS ear laiolaga Al JoYI 095ElL g desd e prgadll die 5 5aue JI Dslune 09S5

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

AU =w (2-43)

A 4 ey Jaid joiedl Jatd) doeds dgm alall) sl 88Uall pa)) Gl gt (2743) Dolaad! (e
doedis Jhazm Ao Adesdl 3 W1 3ue3 OB Wiy i I Diglune Lgied OY Byl 4o dBMe
sdaill sz Dgllaall &8Uall Gl HLll sl Juams Ledis (5T Lgaudd Sl i) Adsill 48Ul (3 paal
& vl hass JWbs Sl Gy dew Jdae J85 ade S @By 48l dBUall b 0 paked
Ul By, Ay 3 s Jhamw G S palds e (WSl e callad] 8yl Ay

ddaadl (§ samiell Jasd) O Gl domiig plal) Al 8Ll Gl e Juamy dualds of 5Ll saad 03)
dulond! (§ 3ua)) i Jaazmy Ca (Wag < Wiso) de,39308) duleall 3 saiall Jietd) oo J3T 090 4S5 LY
2SSl 3 S coliganl) A1l DUl 1 s ey aoeall (b (0 Blyoe)l oluaie e dae o3
rotilesdl (6l o Jaddl (§ Gl g (2-8) Usadl

Isotherm, p =< 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

@ dram W o O] CymedSSle I Adoall § pmadly Bl dmys i3 86 o (2-9) S
satll Jacid domis @emedl 5133 Bgan cnadd! J1oluadl 0 ST(2) 1 (1) 035 30 Lyontll ie g Bglasiel
(el Bylymdl Aoy ) Al (p Al AUl 5] Lasg 8yl s gy 6809 (JLall 5W1) plasld ol
Byl dzys § sl pde cow (AU = 0) O ale [U= (T, V)]

& (%) p2lassl Juamy G c1aid (2) 03) dasdl wie Jaud ] Y1 o 2yl ais 1ASE1 8 glasell
250 ggazme HB JUbg 81yl A2y § wail] o (AU #0) S8 dde pommall Cigbig pliaidl )l Ay
13V Alias (29 &SI oY1 xS glasell § Aliolodl i pdd) Egacme Jiay pllasl) A1l A8Uall §

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 theverall change as composed of two steps.

AUiptar = AU, + AU, (2-44)
AUgotar = (CyAT)q + (C,AT)z = 0 + (C,AT),

Because AU = 0 + wgy4,q = 0 (adiabatic)
AU = wgq (2-43)
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136 raid (2-44) Aslandl (3 (2-43) Uslaall o Jiddl (o523

Waq = C,AT (2-45)
Lol 8yl domys (§ pdadl (e ety &S5l dandl (3 Jliadl 5l suasll Jids 8T s (2-45) Ll
i (AU = 0) O dyle 8ylyedl Ay (§ i) e oty 311 B8Ua)l (§ psdl OB doy3o5d)) dudoall (3
(AT = 0) &1 8)ly=dl dyn g8

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: wgag =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

Gyl Ao 1) e Jary i) bliai] 03 (AT > 0 0r Ty > Ti ) demgo ] dzy dad 955 Lo

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=4mol, T; =500 K, T, =300 K.
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3
Cv = <§R> = 1.5x8.314Jmol ' K 1= 12.47 Jmol 1 K1
(a) q = 0,because of the process is adiabatic

AU =1 C, AT,
(b)

C, for amonatomic gas is 12.47] mol 1K1
AU = (4 mel) (12.47 ] mel=2K~1)(300-500) X

AU =-9.98 kJ
() AU = wgq (2-43)

Way =—9.98 kJ

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

m?3 at 2 x 10° Pa. (a) How much work was performed by this gas? (b)

Calculate AU.

2-6-6-2 Deriving the relation between temperature and volume for a reversible

adiabatic expansion (perfect gas)

AL Aolaodl NS oo s 2SSl LSl ddaal) sl Jids
dU = —-w,; =—pdV (infinitesimal changes) (2-43)

AU Aalaadl I o0 50 ASSLaY! Adaall (§ 3101 d8Ua)l i) (W1 Canyat)l 6 eliSy
dU = C,dT (infinitesimal changes) (2-44)
1(2-46) dolal e uazs cpdolaadl M (3 dds 1l d8UaIL sl oy s gaddl sy
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C,dT =—pdV (2-46)

I OR Ll OS Axd QT ug.o.j Ll g9 ‘:;UAJ\)&M M}Jbﬁﬂ\ RS o] dalaol! Z)l (VN
(2-46) dslaod! L} banll e U292 ‘0.3 olylal ﬁl.d\ Qj}LBJ\

nRT
P="y
NnRTdV
C,dT =- (2-47)
174
C.dT RdV
=k (2-48)
T 174
c fo dT R f’fdv ( )
= n e 2-49
v T, T v, V
(2-50) Wslaal e Juazs Aslandl @ o) JolI ds-by
it R It (2-50)
pin T, =—nR In v, -
e Jua> (2-50) dolaall cuiys Bacby
C, T v,
—In" =-R In_~ 2-51
- n T, n v, ( )

G Uslasll zroaiy ezo) 2wl pliadly Tl o Joatdl ely] S0 &Ll LY e (alsally
Cy Tt V;

_l 2 = l — -
R nTi an (2-52)

o)yl y=edl M\w n OYgell dde e lgauwds Jicg wuea}w"%)\)zﬂ dadl Jied Cy L
Wgads polgs (o Jgouti ol e oo Aylymddl daadl polgs Sl el ol pan cooxd AyYgall

HW 13 ila/n &Yl sde e oS das 85550 I

C C
Y = Cymand Zm

e e Cu/n dagd e pssadl iS5 (2-51) Wsleall dudl A1 dslg

= c (2-53)

n
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T V;
(T—f)c = (V—l),for number of moles for perfect gas (2-54)
i

00 39 LSSl &Sl suadl dudasd 8)lymddl Ay g eoxsdb i) o A3Vl Jiad (2-54) dslaad!

(JUedl il @Y gl

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

T, = Ti(V_)C ,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 dm?3 to 1.00 dm3. The molar heat capacity of argon at

constant volume is 12.47 J K2 mol™?, so ¢ = 1.501. Calculate the work done

of this process.

Solution: n =0.020 mol, T; =25 °C + 273 =298 K, V; = 0.50 dm3, V; = 1.00 dm3

Cvm=12.47JK1mol?, and c =1.501.

1

Ty = T; (V—i )e,rearranging of the above equation (2-56)
T, = (298 K)(M )ﬁ =188 K
1.00dm3
G Uslaally lgiogad o8 (AT = -110 K) (p @15 (AT) dasd Comsd Bylyoddl dmys e Jgumnnll dnsg
Wqq = nC, , AT (2-45)

Wuq = (0.200 mel)(12.47 ] K—tmel=1)(—-110 K)

Woq =-27.4]
Sodlel Jliad! (po L2 13

kel Jids g 39193 S I 9 (T = 298 K & T; = 188 K) pladll )ly> damys § polassyl -1
el Jid oo Sl e S &S e dasias Y Byl sy paadl OF -2
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2-6-6-3 Deriving the relation between pressure and volume for a reversible

adiabatic expansion (Perfect gas)

1

T Vi
(T—f) = (V—‘)E ,after rearranging of equation (2 — 54)
i f

o0 Bladl @2 e pasgad! oS Sl Aslgdly Aslaudl Al e by el 5l dolas eluseiwl
(2-52) 03y Dslaodls Lengad o a9 Jlodl Sl Alao I35

Ty _ pfVy . :
— = —— ,fromideal gas equation (Chapter 1)
T; piV;
PiVys Vy
Coml =—R In— 2-57
YR piVy " Vi (2:57)
Py Vy Vy
Comin —+C,p,In — =—R In— 2-58
vm N p; + vm N Vi nVl- ( )
Py f Vy
Comin — = -RIn—-—-C,,,In — 2-59
|4
Comin L= “ R+ Cp)in L (2-60)
Di Vi
(2-37) doleal UM 0 R daid (ye (o gad
Cpm— Cym = DR, for no. of moles of ideal gas (2-37)

e Jiamid (2-60) Dolasly Lgsarsas o g

Ps Vy
Comlin p_ =—Cpmln V. because Cp —Com~+Com—Cpm  (2-61)
l

i
oo ksl aaoel) Al plaally Jaudl o Jaasdl elyz] SIS 9 (2-61) Aslaal) el Al slg
tde Juas AL 8yLayl
(2-62)
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Ledie 9 d>lg opo ST dad I3 29 LS s Com/Cym = vy > 1 (heat capacity ratio) dw.d! &l
GYE 0655 (2-62) Uslaall Lgogas

Ps Vi, pi Vi,
—) = = 1 -

p V' =p;V;¥,where pVY = constant [N ENIEE] (2-64)

o0 2y Sl k) &Sl dauSall saedll ddhon) @zxly Jassall 3 il (2-64) Asbaodl Jies
Y gall

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: p;=100 kPa, y = 5/3 and V; is bigger twice than V;.
V.
Py = p,-(V—l)V,rearranging of the above equation (2-64)
f
15
ps = (100 kPa)(E )3 = 31 kPa
Jl Dglune diond 9655 OF (> 9420lle 31 kPa (R 4 yiwa]! Jasyall dad Of odel JUiad! opo L2
O Al dem I3 (§ carudly oppes Ji) Bgww Jasadl S8 dule (yG 0 sl W8 el &Y 50 kPa
O Jg3ae 4568 due g Aneall (0 AST Jakiall (et de Jomy &SNl ddoall (§ Sdewl Jids
drazes JWbg pUaill 8yl Je Jadloxs dunyio i1 dukantl (§ Jasoeall (o deslill dBUall &) s Jasxall
LSSl ddea! po dBUal J31 Laas

2-6-6-4 Deriving the relation between temperature and pressure for a reversible

adiabatic expansion (Perfect gas)

C, T; v,
—In— =—R In—= 2-51
n T, 7 (2-51)

M (o el e s ganl o Sn Sl 45Lgilly dslal Al e arailly JUwd) HL) Dslas plasuwly
(2-51) o3y slaalls Lgstgas o yag Jlall Wslae
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Ve  piTy , .
— = ,fromideal gas equation (Chapeter 1)
Vi pfT;
T p:T
f i’f
C,min— =—R In—— (2-65)
v Ti prl
T ; T
f Pi f
Comin—=—RIn— — R In— (2-66)
YT Pr T;
T T ;
f f Di
Comin—+RIn—=—=—R In— -
ym N T, +R In T, npf (2-67)
Je Jhams Ll 8 LaYl dxdlae GiSe (2-67) Uslasdl ()i Solely
T
Com+ R)In-L = R in™L (2-68)
T; Pi
Cominst = R Pl b Cpm = Com+ R 2-69
pm n?i = nE, ecasue Cpp, = Cypy + (2-69)
T
(T—f)cnm = (%)R ,rearranging the equation (2-70)
i i
Tf Com Py . .
T, R = ;,rearrangmg the equation (2-71)
L L

(2-71) Uolaol! ‘3 (Com/R =) dasd o) o292l

p;T¢* = pT;* ,where pT* = constant [(lNEIMLIEE (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 q, w, AU and AH.

3 Lecture and the End of the Chapter Two
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