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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

Jaoeall e d8Uallg Bkl Joldh zewn U1 98 (Open System) zgikoll pladl .3

Jaseadl g Baled) JOLh zeewg Vg BylyxS d8Uall Jolds e (Closed System) @lioll paidl b

JSad! 3 LS Jasseadl ae d8Uall 9 85l Jolils e Y (Isolated System) Jgjaed! pUaidl, .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 surroundings,butiticannot.exchange matter. (c) An isolated system can exchange
neither energy nor matter with its surrounding.

2-4 Extensive and.intensive thermodynamic quantities

(3:Sanlizo 9ol SlusS) 83S5all5 A gad] ol g2l

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

OS2 ( AG 8yl dBlallg AH (JUSYI <AS 39 AY! AUSI cpmaddl) Jho dholidl ol gl

§ Joldl il o gl plduiud Uiy dguld (Say (19 pUall AS a5 ae ARl diSialinage s

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
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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 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

o

Boiling Point

Color

AL

Mass

Volume

Intensive Properties

:5‘

Temperature

v <

Luster Hardness

Extensive Properties

Size

o1 |

Weight Length

(intensive) 855w duols e Juases Ll dlols ol s (extensive) dlolidl duolsl dowd Jis
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|4

E =V (2-1)
X

o Xm (2-2)
m — Il

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 Jguo gl plaidl e e dasian Vg plladll Dl e Jadd uatial JI pllail jolgs il (p
Lo pd ey dSllug S gaylall e daias Vg daidd &gty dsluyl Blod! e datias ST Bugucxl
Q11 d8lal el Jbe

uz
AU = .f du (2_4)
ui

Path function (&)l d15)
Bylyoelly Jasdl U3 Jlis Lo pi5 ey dSly U gaykall e daiad 21 Aol 2
q=dq (2-5)

AW IS5 w Jadd! cldSy gosb Al Y Aq oo Y
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2-6 The first law of thermodynamic
3T IS (0 Leligaes (S (09 S Vg (5 dBUAI Of (e iy ehaiglogall JoI 0g3ll!

AU = q +w (2-6)
AU (Extensive property), represents the internal energy (ddsIWi d3Wall), and it is
measured by Joule unit = (U2-U1) or (U= U)), where U, or U; represents theinitial 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 § ©h3 (i) pladl G dnblly 48, Blall ggazxe (p 1dds-Wl d3Uall

02l lgan ae pladll b3 of Wi Ll Blby djlaYls gl o LEsY) d8Uall Jes3
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
= ball e pladl (o Jgdaed! Jadd!
+ Pl e Jamall (o gibeall Jdl
- (Exothermic) pUadl (po Jaoee dlawlgs dyaiosd! 8)ly=!
+ (Endothermic) daeoll (o pladl dlacwlgs diationd! B)lyell

Q-2/How many types of processes
Ans/ AS following:
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0955 Oldeaall (10 g9l 1o (3 Cus (Isothermal process) &)=l dxys @gdy (§y258 wldes -1
(AT = 0) OB 4de (T = constant) b plal 8)ly> d>)o
.(Reversible process) dwwSall Wldoal! .a
(Irreversible process) duwSs Wl Oldeal! .b

8yl S (3 JolS ez Y wldeall (40 £l 14 (3 (Adiabatic process) 4S5kl wldeal] -2
.(q = constant, dq = 0) Jgj=s plas &1 Jaxally pllaidl cyuBalallg
.(Reversible process) &Sl Gldan)l .a
(Irreversible process) dwuSs I &ildosl b

BBUally (W) Jatdl Jio sl ans g5 o Of s ecthualindgail) Il O33N 1 ylasdl Judg

OPEINI egis 3lais 19 WKy (q) B> S e diied!

2-6-2 work
rdolaoll Byang disas ddluned LiS)> 3 nld e Ao dlalnoll 838l 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) Bluvall o> Jaoloms Jil o6 s Of oSy g

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

maghnitude F.

OB 1 dlune Bu-g S B9l g Jasall O bosg

_F
p= 2 (2-9)

where p = pressure, and A = area.
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93 oSl ESyoe) (uSlall 9 pex ol (2l Jadall (o 98 Bedll yuas OF (2-9) Wolaall bpss

(Pin) A1) Jasuall Jd ¢pe somiedl el Jids Jady 213003 U8 uwiSedl & Eug A duoelad! &Ll

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

JWI UKL el (2-11) Aoslael) JolS 3 wie
Vi
Wyepr = — Pex j dV small changesinV;, &pin (2-12)
Lo H! opo dlg Jgo Jud Ig.o}qadb Sl dplonll § Jaddl Ol (2-12) Uolaodl puseind
(2-2) Sl QLS plladl pax> (3 Tur B i Olpsidl 0SS

External
pressure, p_

&éa, Al d dv=Ad

>

Pressure, p_ | o |

Figure 2-2: Expansion work has been done as a result of moving the piston against the Pex.
O JI canalo S @xadl 533 g Pin 3 ekl J3T 0555 pex 018 Sl ddasll § paxsnll 8315 wie
e Il Jasuall CsS G 1 Biue Al oty (el O (553 8303 c0)lgd! Al J) Juas
g plall et Jasd! e Juass Of J) ddkasdl 008 et .00315) Al Y1 s OF I syl Ll
diogdy Pin = Pex Lolie Winax gomary oy &uuSall dudoa)| G 8ghas N (Zwrey) Jaddl foazme Jin
doud Ol Pex > Pin 0L ST pakds Jiks 98 saindl Jaidl 095 bodie (uSally ol dudoall ausdiy cdudluo
zgall 0555 saiall Jaidl
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Pin &I ladall IS (0 jomiedl Jaddl Qlus gl ade cdasall (o ST pUAIL @i U] Leog
Pex = Pin OB &Sl ddoanl 39 Pex ol (2l Jadall e Y A1 (e W gl
3 Aslaall (3o sy Jaisal] 016 JUiadl 5Ll

__ NnRT

. 1-5
(2-13) dolandl e Juaxs (2-12) Doleall (1-5) dslanll rigas die
VinRTdV nRT
Wrev = - f V. (Where pin = V. and pin = pex) (2'13)
Vi in in

Aslaall e Juass ,(2-13) Dslaald JolSl dsbg ¢ JoBWI s 9SS 4de ALBR 9 T 9 n 08 O Loy
(2-14)

Vy
W, = — NRT In v (2-14)

Jasall) Jedl Sl L oo jomially Al ddoall § ddaill Jads Qlusd (2-14) Uslaal! piseind
APERY

Aslaedl (o Caun jaiall Jiddl OB ol 2l Jasually pUaill x> (§ 848 Clpaill 9SS Lodis Lol
[(2-3) JSad! § 290 WS (2-15)

\UZEmE e PN /AT IS pey is constant, external pressure (2-15)

Area=p AV

Pressure, p ©
x

| |
v Volume, V v

pex ’pex

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 = — Why) Jaemall (e pladl Jad ¢pe st ud Jadd) O (g2 g dlles w dasd 055 Lowis
. Won = + Why O] T daz g0 degidl (955 Lodis uSal!
(Expansion work done) sual Jid (e jomiell Jaidl OB (+ AV) pladl 3 sued hase bdis
0 il oSes (- AV) plad! x> aldiy ke (Compression work done)aldl Jadk oww
: JWI pggially 3

— W,y = + AV while + Won = - AV

2.6.2.1 General expression of the expansion work

SO Blas sleg 3 W oo dipmo &sS aubg imd cpmnll (§ ool il deais Loy suaill Jass
05 bdie (53 .(Pex = Pgas) @JB‘“ Laall Tfﬁl-"“-" Pgas dasus 0950 loie ol e asb
fh b Gdid (o) larally (pgas OF pin) Sl lais c.§i cogbude e Olaisll

> O Eling Pex o oy gas LunSall OB Pex sl Ll (pe 1ST 581 ass 090 Laie
o9 €(2-3) JS& 5 (2-2) JSl 3 S5 Pex > kol Jitdd dmdls (V> Vi) 3hots Cogn i
ALl Jaid) Byl 0559 (2-15) 9 (2-14) Wolaall 38 9 Jaid)

pdsiudg (compression) paliny g (Vi Vi) ezl O pex oo JBT 31 baius 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=1bar, Vi=1Land V5= 10 L.
(2-15)

Wi = —1bar(10-1)L

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

Note: that 1 bar L =100J 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 15t Jecture of Chapter Two
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2-6-3 Types of expansion work

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

Waleall gaas JUWLg (AV = 0) &) T ol @m is el @S9 5e oy Y dukasdl (yo £oill 1o (3
: QWS 4uSeMl ddaal] (2-15) Uslaall cliSy deusall ddaall (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 axs (2-6) BUall Laasd JoYI gl dslae (3 Jaidl daid e (asgaidl dic

AU = q + 0,thenAU=q (2-6)
8yl S gy 303 Blyoxld 30y Wdic g (Isochoric) paxoedl g (oud Alodl 0o (§ ddoall O] g
Lozl g s Ul I of (p0 Al

AU = q, (2-16)

2-6-3-2 Free expansion (expansien 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).

sekezall pin Sl daial GuSlan 5T dis (Pex = 0) g5 tais SUla 05 Y boie yoedl Skl Ao o
pllad) Js-1s Jyeud Sl & s g0 sllg (2-4a) JSadl el Jlwg ew = 0 &) §Taued Jads uzn Y Sl
Ssioe lagin Jile Hlaz dzgr GliSy cslggll (o £raall 99 Jaall e (Insulator) Jile e plasul
Ja 1) Lol el elgglll oy §paall el I sdaty Cagu plaidl 5 OB alasall zuid dasd aloso e
A1 Ol A it dzsg slsgll (30 fre 1oell 055 sl Jaiall U8 ro Aaglie &1 3D o) CBges
dorlgy gan saiall Ul (Pin) Al Jasall G elldug cplladdl 5L sdad b digns dosdy lass g5
(pUad! Jid (o Jamie Jad uz g Y G gl Jaisd 929 pue O) cpex = Zero dosts byl Tasss

[(2-4b) Szl (3 LSy
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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.

:QS’S@::S deuSeM) ddoal) Jaid! Olues Dslas Q3 (Pex) 4o e rgadll disy

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€ro
2-6-3-3 Isothermakreversible expansion of a perfect gas

Je Juaxs (Isothermal, AT = 0) (§1 8, days gy Jball Hul) Sl sael e goidl 1o Juae
;I Dolaadl UM o0yl Jiiad)

Vy
W, = — 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? to a final volume of 15.00 dm?.

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

Vy
Wyep = — RT In—> (2-14)

l

15.00 dan*

Wyep = —6.00m91x298Kx8.314]m91‘—4K‘—41nW3—

W,ep = — 6.00 6l 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=5.2L, Vy=2.1Land T=127.0°C + 273 = 400 K.

V
Wyep = —MRT In > (2-14)

2.1dm3

Woop = —7.5aqcucn!yutoo,z(rx8.3141an=w1i4!(i1nF

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

AR pAs (am 1oy (T = 400 K) 8419 dayd L) Blasall 8yl dys G AasMe (3Say JIgand! IMS 09
.(1sothermal, AT = 0) 8)l,5l &3 © g4 Cad ddoadl &1 (ST ddadl 3 IS Byly2dl dmpd
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1 QW1 JSadU (2-6) Waleedl gaas JWLs (AU = 0) cduds1ul dallaly pis Juass Y ade (AT = 0 O lasg
AU = q +w,0 =q + wthenQ = —-W = —22.615k] (2-6)

Jauoall ) pUatdl ¢po ] U Bylyoedl O ams 1R (g = — 22.615 ki) &dlw 8ylyddl daid of 2>l

JuG (W = +22.615 ki) Jidll duzrgall danddl Olg o ) ez (§ Ol (gf) pladl & boligail Lis

agoeall 48 oo ot 8 Jaddl Ol e

domyd Sgubos (D @ %)waéysqa Lasally eonsdl o @3RI G5 (1-1) bl Y553 0936 Ca

Byl y=dl
pV = T (proportionality constant) (1-1)
Di Vy
V.= nV — =1L -
piVi pf fOT pf Vi (1 2)

AW Daladl e s (214) Dolaall (1-2) Dolasdl yasgad Jics

p.
W,ep = — NRT In p‘ (2-17)

o aliiall ol Sdaiell 3lal) el (it pass Sleghas Lald 0955 Y Lodie (2-17) Aslaall piseiud

Sl A3 el sl ass Gleglas Lol 095G of

Example: 3.2 moles of an ideal gas expands from a pressure of 5.0 atmto 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 p;i=5.0atm, psf=1.4Land T=127.0°C + 273 = 400 K.

W,ep = —NRT In— (2-17)

5.0 atin

Wiey = —3.2m9lx400Kx8.314]m91iKi1nT
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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?3 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 dm3 (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

d3llall daaz) JoY 0gilall (51 (2-6) Dalaodl UM e plail) sl d8Uall § )] ey

dU = dq + dw (2-6)
eI Blall Cym (Wlgal of whd coli) pladl beSe) 48yl Blall ggame (p Il d3Uall
 (BusLudl ,8La1 898 Cun ell3g JUI Sl (a3YL) Saue ] dgluns HI iz
cplasdl cll3 (AV = 0) pax> @ asS Gl Juam Vs cpee s Jlg oy 31y S e A8l Jai5 Loiad
plall) Adsu) 8L S9lud CBgar ool g e dliial B)lyddl B (W = 0) jaeie Jik Juamo Y
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)
& &dliae i)l 401 36 0ly o pladl Byl ady ) S350 pladl J1 8l Kb e a8Uall Jlass] &
13YE asig Lk &8s (p Bylysl dmydg Bl S e Altiedl ABUall oy 8N O JUlbg yaall

dq a dT (2-18)

dqy = Cy dT (2-19)
tJWI JSadl s (2-19) dolaall JoBIIIST s

qv = Cy AT (2-20)

dadl oy cdipy> dyag (plyddl ol Jgadb OB slgu) pladl 1S5 (e dekadg 4l dod 2 C
dusS Ll 8,35 &g «(Heat Capacity or calorimeter constant) yauall ol g pUaill &)ly=ell

duols (B9 o() K?) Bu>gs (ldig Blrlg doylys> daxyd plaidl Byly doxys 29, doyUI oyl yedl d8Uall

48 LBl (8,33 &J1s (Molar or specific heat capacity) 4.« ! 91 &Y gall dylysdl Al o 9
Lolusial 8919 cbulg Dugie dzmyd Bolall ells oy dlg Jga of plye 8)ly> Ay &) Aoy &yl A3 Ul
BA>gs wliig due gl 0 Yy (Cm = C/n, Molar heat capacity) dyYgell &ylyzell daudl plusinl 9o
Bola)l Y g0 due Jiad N Eu> () K1mol?)
(2-21) Wslaall e Jsams (2-20) Aolaall (§ Cm asgas disg

qy = nCyqy AT (2-21)
wodig (Cs = C/m, Specific heat capacity) 4 9 &)lyodl dawdl o Slolyadb s lodis Ll
Dolaall e Jsazs (2-20) Dolaall (3 €5 pargas die S 5 .Balall QLS Jied m Co() K1 gL Bugo
(2-22)

qy = mCy ;AT (2-22)
(Homework 5) §13LJ/(Intensive)8iSy (olg3 elhind dus gidlg &)Y gall ¢pimud! S
cyo BB 7ST 92 dacgidl of LyYgedl duphyoell dadl an Jolardl ASiolios ga Al bl (§ :dlasdo
.(Homework 6) €13kJ/dadd &)lyoe)l dadl ao Jolasdl
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0dp 55 (x 4.2 1 K1 g 1) (p slol) &gl Aplyodl Anedl Jall o (b e 5 Aply s Bole JS)
G)ly> d2p> 10y 4.2 ) ylade Byly> G e Bl polatel JI bz clall oo dxly plye S O cdondl]
Bd>lg dughe d>)d
Baled) b5 Byly> Ay 23y} Lewobiate] gllaall Bylyaxdl &S oy 8,53 Jasd due gidl ol dasdl ) Lo
S bl s 283§ o) 2Bl (yo e 3uaS ) oS Alle e g Ayl colae L) glholgall
Ll A2 ) AL18 B olaiel J) &iblg)l dss 93l dyplyoed) Slaad] 13 Slgall s (bliolbge i3
Bylyod) Lguolaiol dice de un 3eud Oolanll @lase s Jlie ¢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: Mmetal = 22.8 g, T1 = 21.8°C and T2 = 75.0°C.
AT = T;-T;= (348.0-294.8)K = 53.2 K

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

=1.2]JK1g1

Cvs= 22.89)(53.2K)

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

C.=4.2JK!g?

sl oy Lo placiiel 20U 5T Al dudond) UM g Syl Jn] ol oSy Ldac
Lo g ASYI yauall 9 eyl S8 e d8Uall JUas) wlid (2,3 puseiu gz 45b C33a0g (Calorimeter)
.((Calorimetry)) (oudd 8)ly>)l JWS) jold Lgud @iy (&) dikos] W ((Adiabatic calorimeter) 2
el oy Al2ls Jelall syl e 0z Wl Jlal aiuall g5y ddle doglia 53 cleg iy yaumall 09SH
Blg) i b ol o y2ekell Wb oy 39 cmadSoY i Jo3a) diiay 5420 sl (Bomb)
d>die diaxl el 3 cudh 9 mball oo Solall Lawgll (3 (F39ed) pibgr Cu Jeladll sy pusiud
39l By Adas (§ pasuind (g QLAY )% uud g

o OF (o SSTI (3 din slaiw SVl Jamall e Ygia0 0550 SHly U1 Glo Hlamy ymiell bl
Byly> dzyd el oyl (Thermometer) shmee Hldadl 1da 95 Jaall e B Jyaes 0555 GLASYI
((2-5) JSadl § L5 (Tr) Byodl s s (T) i sl
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slegll I yzmaall J51s z3gaidl Blisl (o Gzl 8)yoeiall of Alaziall Bylyoll &sS olid (e Hlyoall Jany
(2-23) Walaoll Tadg Lol @iz 9 yaaeld (AT) B3l dyd (3 Byl (wlid NS e M3 o)l
qv = Cy AT (2-23)
Qi Adyma g el Doyl sy o (258 O o) gy duataall of 8y yoxtall el Byl Jiad g
oyl paall Colb s oSa Agae Baled Tlas g dad 4850 D510 Cy
dg B0 93 yuae (o o(l) ol GLyeS HLS pyed e dsylall oda (§ 3(dLyeSl) oI diglall -1
Al Adabeall a5 (1) e slre dpie B il g e SR (e (A HldERg D90

qv = ItA¢d (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=10.0 A, A@ =12V and t =300 s.
qv = ItA¢ (2-24)
qv= (10A4A) x (300s)x (12V)
qv= 3.6x10*AVs = 36kJ

The result in joules is obtained by using1AVs=1(Cs*)Vs=1CV=1)J.
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3% Ll (1A = 1C s7) S ey A ol C s 8umgs HLall ulis 9 (Coulombs) el dsbeSdl disesd!
13V (p By ymeiall Bl 45l Bugll Gl elliog V e gall Bumgy uliasd garl!

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= o = 65KK

Silly Shgrdl pasl> Jbell Juws e o Bole (1o daglas AS Gy o by &LII ddylall -2
8 Bl uld (309 doghas dBlizl (yo dez Ul 8yl BT 058 Ay hall 04 a9 sl pusviug
((2-23) Dolaall I (10 C dod ddymn oy Byl Ay
Q@ pakds 9 sued dudes BT slgu pllaMl e § 5 cllid Juasug 8yl S e Blall Jlasl due bl
o) By pllasll a1l @3Uall &) 9 (Isobaric) ol Jass cox exiuw Al ods (§ dkasll H18 ¢pUaill
Bly> S e allasdl I Aol A8Uall 0.2 oo (im0 B8 (o9 mall 0a el )l Aol AUl (Sl
J31 0955 Cagan pllaill a1l B8 U1 &) 9 (2-6) JSadl (3 LS el Jids S (e Jaeall J1 5 925 (g
ol Lais o Byl S e pladl I Alatiedl 23Ul G Al 00 (§ (AU < q) dastiodl 8l ¢y
(Enthalpy) &Ll simalligie 3l pliaill )3 ASualiasgors duols § ol I dglune 0585

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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ol bass g sdaill Jitd (2-6) Wslaall (5T d8Uall Jads) JgII 093l Aolas Gesda’ s Sl
(2-24) Dolad)! e Juams

AU = q,-w (2-6)

qp, = AU + w = H (Enthalpy) or q, = H (2-24)
baip coxdy pladl Jd (e duaieall g1 8y yomiall Bylymdl daS Sy (Y1) H SI8 (2-24) @slaall (re
1516 (2-24) Dolaall 339 ol

H =U+ w[4V) (2-25)
BUall WSy e Jaid & Loy 3 .pladl az Jaa3 V g pladll aius Jias p Ol oMl @slaodl oy
Ul e deiad (ST (State function) Al Dls Lad g QY1 O ade - J1g3 g8 pllaild a1
(AH = Hp— Hj) 45058l 9l 45LarSIl ddaal) d5lgily A5l

1396 (2-25) dslaa)l zuas (Infinitesimal change) (oY dadd (§ Caxdls a5 Jpua> dicy

H Uy vy
j dH =f dUu + pf dv (2-26)
H; U; v;
(2-27) Dalaadl e Juas (2-26) Dslaad) JolSI Sl
AH = AU + pAV (2-27)

ol Jaius oo ) suetll Jig olyoell (S gizeally dads 11 EBUal cp 453 (2-27) Dolaall Jiod
(2-28) Wslaall L Juazs (2-27) Dalaab Sl dolall Dslaadl e PAV ded o (asgailly

AH = AU + Ang RT, (pAV = AnRT Avogadro's equation) (2-28)
(Jbodt 5W1) plail) (AH) &)lyodl S gimally (AU) dudsIal d8Uall pasll oy &Ml Jad (2-28) Al

Ologhan Ludd 9955 Y ladie g il Do) pusuind Eus ((Isothermal process) 8!yl d>ys cgudog

L;UAJ\JL&.U OY gl dde e Dloglae Lod (bladl CL";U:AJ“}&J‘ hasg x> e

AN A3l (339 9 AsluasSIl Wslaadl (0 Lgade Juanel Sang Jliall Sl) Y gall siay il Jia3 Ang
An = z n (productes) — Z n (reactants) (2-29)
dl.«.]bg (AV = 0) 6T s (Sos s o> o Og5ud ddall of ALl Slgal) ool @zl sl W]

: W Sadb (2-27) Aol zuad
AH = AU (because pAV = p x zero = 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
k). 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 Ay.,H = 41 k) mol*

The reactionis H,0(l) —— H,0(9)

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

AU =41k] — (1mel)(8.314 ] mel * K1) (373 K3
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 = 41k]
1Ol
.(Joule) ply (KiloJoules) (& &)y=d! S giceall of Al ABUall dodseiuell Bugll -1
Syl Sgieall § aill dasd o J8T L3 Alod| (§ plaild (AU) &) A3Uall § padl dod -2
Dpo o8 pladl g oo daieall ylyadl (o s OF 9GS § Cadly pUadl uiid (+ AH)
0955 patll @B Oyl (;Seug AR I ALl Dloell (o slodl J92x5 99 Sed Jids Sy
(= BH) & Gy plUaidl (0 Blyell Silagdly alidl Jids Ul § Sl

2°6-5 Enthalpy change and heat transfer

(AU = g - w) plall &1l dslall e jasgasll o3 (2-27) dolaal) go,0b
AH = q — w + pAV (2-31)
3y Cols daip caxiy Jadd sued Jad 9 L Juolodl Jasdl O Hlael g lhalay Lo w e pgatllg
(2-31) doleadl e Jsas (Enthalpy) @bl Sgiall o yadl
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AH = q, — pAV +piV (2-32)
lais Co )l IS e Al BUall e datny Glydl Syimall § il O guisiud oMel Aslaall ¢y
el UM saiedl siadll Jids e deiins Vg b
13V zeual (2-23) dolawll

a4 = Cp AT (2-33)
(2-33) 9 (2-23) xdalaedl plasiul die ddde ol Laius o diatond] 51 8)yxiall 8yl oS g
ol ol ol pom el SO o Logd Byly> S o AUl WIS JasG (1 dadoadl ] oLV ey
1Icol lavo

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 ideal gas).

q = ItAd (2-24)
AH = q, = ItA¢ = (0.504) x (300s) x (12V)

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

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

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

_ 1.8k]
"~ 0.044 mol

ol lards Cod (! yaandl Ay plusuiwl (el Sl il (ld ey 2SS e JIgedly
uow_gigb:- djjm ;LCﬁJJa,&wdl.m _9Jb).’.mAJ| U..Qj ‘(2-7) M\@@oﬂ\w&\ ﬁ\do;«.wb G,U.)‘o.u
ol iy o (6T (1 atm) @olaedl o)l lassall

AH,, = + 41 kJ mol™?
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|_Gas, vapour

L Oxygen

-Products

Figure 2-7: A constant-pressure flame calorimeter (Isobaric calorimeter)
ddym0 olyall Slgall (AT) Byl) &y § sl old IDS (o lldg Byl S e @B Uall Jas! Adlye 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)
1 3YE 09Sad WY gall (yo ddad Lol ci>lg Jogalg ()l (Sgimmall dagd (e Jguamll odlel Aslandl pusuind
nlAH = q,

4mol AH = 12 kj

H = 127k =+3k -1
" 4mol J mo

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

Thereactionis 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 27 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)

oSas (Cp) ol s o 9l (C)) ol e o Ayl Al (81 (2-33) 9 (2-23) gsdolaodl oy
Jid ladie has <ol aid o Lyl daad) O] Jloga &3 § adly Cp > Cydagd O bl
! drdd datell Blall ez pusuiund Cu (ol pax Cod dylyadl Al > (§ Jaze Y ($Alg 30
AU = zero ded pruad pladl §)ly> doys paS Y ledie iy AT UM (4o (plaidl) L1 8)ly> d)ys 28)
Bly> S (e dBlall JUa| die sued Jids ladie hass ol daiup cass Lyl Al H0 blaall
L9l Loy AV dad e pangadlly (2-25) dolaall I gozyll die elldy cpllaidl (3 8,1 035 J1 ALY

e uass Bl plall 0gilall oy

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

(2-34) JSadb Aoladdl 05859 A ! 30y ol e ake Al R dagd O Loy

AH = AU + RAT (Charles’s law) (2-34)
4 Dslaol e Jammi (2-33) Wslaall 50 AH 5 (2-23) Dslasll 50 ghslas Loy AU e pargaills
C,AT = CyAT + RAT (2-35)
(2-36) Aolxall e Juammi p,all S (0 AT G g
Cp==Cv +R (2-36)
a1 (8B3a1) kel e Juames oMel Walaall ()3 Bale] 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 0o S8 Cy O 99 oDlel 1S5 Lo iy RS9l Cp o0 Cv b ddas O el (2-37) sl &)
dio JBT o laid o )l S e Aliniall U 035 dulac ST g Nigd ¢« Gy 0 ST Cp O Loy
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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) 8! Lgabi’ijliﬁ oyl piaadl o Ml e pacl) puseind (2-37) dalasl
A1) BBl Cyad Cng U Tadg ((R) hlal) pladl coldl Ssluw g @,a)l &T culs VIS

1O ezl gy 8yl SabYI 3Ll

qy, = C, AT = AU (2-23)
OR
_ _ 9 _ 3
AU = Cv = E = E nRAT (2-38)
_ _ _ 3
AU=gq,=C,= 3R (2-39)
JU1 JSEDL zeal (2-6) Adlaadl O duad ik dr gy Cu il Jasd o Loylyoell ! Ll
AU = q, (nC,AT) — pAV (nRAT) (2-6)

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

QW) e Jaseid (il Balaall (2-6) Asbasll 3 lgagls o AU & o925 (2-38) Dslasdl oye

3
#CpAT =5 ARAT +nRAT (2-40)
:JWI e Juams nAT Je dolaadl (§ 4 dawudsg
3
Cp=5R+R (2-40)
1(2-81) Dslaall e Jams sazllg
5
Wy 5 R where this is prove that C, > Cy (2-41)

15l 318,53 093 (30 Cp dnsd Ayme (5Say (2-41) Wslaadl (50 9 Cy Lo Ayan (,Sey (2-39) Dolaall cye

C,=>R =3x8314Jmol 'K = 12.471 J mol 'K~

5 5 1 1 1 1
€, =5R = 5 8.314) mol'K~! = 20.785 ] mol 'K~
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C,—Cy = R,(20.785-12.471)Jmol 'K~! = 8.314 Jmol 'K
13U Aoladl IS (e (Jamid Cy 9 Cp (o ! Lol

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

A AL Oldesd! (8 lgalusui] as g eiaw (219 oainylyad! oatad | o dxadd) Jion Uy el 50,01
Apdaisellg ddledl Chl) ol laiss o 9 fa i 4yY gall dylyell daaadl i g (2-2) gl

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 20.8 125 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
N2 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
SO2 40.4 314 9.00 1.29
H20 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 ~1p-1 “1p-1
CvziR:§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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