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1- Ideal solution (follows Raoult’s law).

2- Nonideal (real solution), deviates from Raoult’s law.

2-1 Properties ghidedl solution
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2-2 Ideal solutions (Raoult’s law)
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Figure 2:1: AT equilibrium, the chemical potential of gaseous form of a substance A is equal to the chemical potential of
its condensed phase.
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Figure 2:2: The partial vapour pressures of the two components of an ideal binary mixture are proportional to the mole
fraction of the components.
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Figure 2:3: Two similar liquids, in this case benzene and methylBenzene (toluene) behave almost ideally
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Figure 2:4: lllustrates the gas molecules (yelf6Wwpatti€les) dissolved in the liquid and in equilibrium will the liquid particles.
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The End Of 1t Lecture_Chapter 2
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Figure 2:5: In a dilute solution, the solvent molecules (the blue spheres), and the solute particles (the red spheres)

2-4 Investigating the validity of Raoult’s diodilHenry’s laws
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Table 2-1: Shows the values of vapour pressure of.the'mixture of propanone (C), and Chloroform A.

Xc 0 0.20 0.40 0.60 0.80 1
pc/kPa 0 4.7 11 18.9 26.7 36.4
pa/kPa | 46.3 33.3 23.3 12.3 4.9 0
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Figure 2:6: The experimental vapour pressure of a mixture of chloroform (trichloromethane) and acetone (propanone).

Homework 2: The vapour pressure of chloromethane at various mole fractions in a
mixture at 25°C was found to be as follows: Calculate the Henry’s
constant.

X 0.005 0.009 0.019 0.024

p/kPa 27.3 48.4 101 126

2-5 Positive and negativeldeviation from Raoult’s law
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Figure 2:7: lllustrates the vapour pressure of ideal and, positivéand negative deviations from Raoult's law.
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Table2:2:'Shows the difference between ideal and, positive and negative deviations from Raoult's law.

Deviations Pressure AHgolution Examples
Positive Psol. > Pideal Endo. (+) CH3OH & CgH14
Ideal Psol. = Pideal Zero CoH1s & CsH1»
Negative Psol. < Pideal Exo. (-) CH3OH & H,0
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2-6 Colligative properties
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Chemical potential, u
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Figure 2:8: The chemical potential of the liquid solvent in a solution is lower than that of pure liquid. As a result, the
temperature at which the chemical potential of the solvent is equalto that of the solid solvent (the freezing point) is
lowered, and the temperature at which it is equal to the vapour (the beiling point) is raised. The lowering of the liquid’s
chemical potential has a greater effect on the freezing point than in the boiling point because of the angles at which the
lines intersect.
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2-6-1 The lowering of vapour pressure
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02l Jiey JUby coldall d3Lo! dag Jid cotiall )l Jaiall o G801 py —py JlaEe)! Jie

P QW) Sl dalaed) Jied FigSads - llatall e Qi) d8La1 das Codell (el aisall

_Ap

 Pa

(Sl il (plasid gudd) 3580 Aslaall (o ed Byl Sy

10 J gl uSIFei imad 3399 . (oYl 3ylall) e gall s 0ldel) yp Jgall Sl e eatd] oS
ng

XB = 0+ ng (2-14)

XB (2-13)

@Y. (2:14) olaedl s JWby plaadl o Jagd g O g K My iz A5 Gldall &S &) Loy

ng
XB =
B n,

tde Juazid diglu Loy ML (J gell sl e (29239 (2-12) Aoslaadl ] 2z

(2-15)
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np Pa—Pa
P * 2-16
n, p, (2-16)
:L“;UJI Sadb Aolasdl Cuiys (e cldug coldal) ngj.zjl 9D e Jguasdl (S WY gadl sue JMS (1o
Wp
Pa—Pa _ MB N7
Pa L/ | (2-17)
M,

AW Uslaall e Jaames (2-17) Dobaadliudys saleby

(2-18)

oeSally ()l baiall (Lol d8yae day iliall i gall ALSUl Slu [P EA PN PRI

Example 1: The vapour pressure of pure water at 25 °C is 23.76 torr. The vapour
pressure of a solution containing:5.40 g of a non-volatile solute in 90.0 g
water is 23.32 torr. Calculate/the.molar mass of the solute.

Solution: py = 23.76 torr, py = 23.32 torr,w, = 90.0 gand wg = 5.40 g.

P1—DPa _ wp My
P4 Mg wy

(2-18)

23.76'torr —23.32 torr _ 5.40 g 18 gmol™!
23.76 torr Mg 90.0 g

1.08 g mol™?

.01851 =
0.0185 M,

1.08 g mol™?!

= 58.35 gmol™!

The End Of 2rd Lecture_Chapter_2
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2-6-2 The elevation of boiling point

ey Jgkall § Codadly Codedl )l o 0)lgdl 9 OWA dzys I @plarll i Juamy S 031901 €93 O
(P 0l g Aol Aslaedl L(2-9) JSadl (3 zubge WSs 1 atm oylude Jass

ma(g) = ma(D) + RTIn x4 (2-29)
0529 ¢(1 atm) Jldes Jassall e Blasl o Uiy ! 5ol SLueSIl agadd! Jied pip(g)nol v
(Normal boiling point) &slaeyl oWl dys &1 (2-19) dolaal! 3 89S dall AB8MaINgye dlas>Dlall
Caasall Joloall (3 OBT slgus Juas 8oL o dag cBlanll oldall Jgall Sl 8L (285,35) 31955 Cudal
Adseall pl ol

Alg)

Hx(g,p)
1l
p,(1)

All) +B

Figure2:9: The equilibrium involved ThyitheXealculation of the elevation of boiling point A present as pure vapour in the
mixture, A being the solvent and B'aynonsvolatile solute.

2-6-2-1 Deriving angexpression for the elevation of the boiling point
o Sl A e Blasll 448 (p Ol Ay 8oL duolsd! 8Nl Bliis dage Bglas Jgf O
oo oyl B e 1(2-19) Wslaall (3 4] 5l LSy ¢ 5Ly ($51 yslall § ol (BlaasSI agasll
kel AaLs| das (adgell c Blgluadl A8Me e Ladloxs 8yl domys (§ B33 &) duaeS Hlas) 5o U
1AL wlglasdl $LST o ldy ol o ($9 e dall ) allase pall
A CYalandl UM (o )3 g - llazall e oldeld gty 8ol dBlall ¢y d8Mall byl -A
(2-20) @slaall e Juaz (2-19) Dslaedl a3 Bolely
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(2-20)

Chpt_ two_Solutions
a(g)—1a (D)

Iny, = RT
(274 SEM_Chpt_1) Y6 (p 3barSIl agaly 8,1 d8Uall oy d8Madl Hl6 03l e
(2-11)

H=G
rde Juams 5ol Bllall (o L9l ey (2-11) dolrall (§ GlaaSIl ag=ll e el

— GZ(g)_G:l(l) — Avoth (2_21)

Iny, o e
A G odall 5l Alasd (AyYgell) 8yl BUAIA g G oo o

JoT UM e G5 @iy Byl Aoy e Jgedl sl (3 sl o A8Ma)) JieS @) dplaad LS -B
Byl domys ] dud (2-21) Uolalel) dds sl d8)a)

(2-22)

dl  acrerd AvapH
nxys T ‘P vap . st
= - =— R 1°*SEM_Chpt_4

dT R dT rrz (Revise SLhptd)
@M\ o Sy coldadl d8lsl wie Oilgdl (Ao Blaslligyl =l domyds asdl Cllaiy odlel L”g)SA LS
A Aslaodl M (po dinslin @l cudold Jgall sl

Ao H
diny, =< ~pr=dT (2-23)
Syl dmyag J gl Sl cpe S Lgid e o JoB1 S 9u O6 g ¢(2-23) Aslaall JolSS oy -C
AW Aoslael § LSy
Iny, 1 TA
vav — ar (2-24)

o> sl ol ey il ol Jyall S0 2 i3 9 A Gl cpld Gl s 25 T T

Ol &1 a1y Galad il sall )5Sl Egazmn &) Loy T o T Jobiesd liS " 0 ki 0 O3 51,2l
Xatxp= lory,= 1-yp (2-25)

s &5 () el Jsall Sl () covdald Jpall )l Joiias (2-25) Wolaall s
:3YE(2-42) dslaodl uas g (1-xp) ol

A, HT1 |
vep —dr (2-26)

In(1-xp) = -7~ | =
T*
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LMl (g cdgloadl OWe damyis il sl go Cldedd S godl Il oy a8l J1o3 (2-26) Aslanll
Ay Byl Aoy il (e 00 Bl il G JoBWI 3 aupg U8 (5)lsedl ()=l S gimall O L
(W e Jhazs (2-26) dslaadl e85

ApapH

1
— (2-27)
R T

1
In(1-yxp) = -
n(1-xg) T
e § Cod! O] L dkaseall Jdbeadl ) Gylatll wis (1 — yp) JMiall Coyds oy 8shasdlioda (§ -D
(In(1 — xp) #—xp] Wby xp K 1 3l & dux dds Blanll Cldell &S HhogSau,anl
: U JSadb (2-27) dslae)l ruas <oy
ApapH 1 1
— = 2-28
X8 = —p G-p) o (2-28)
Dol zaad @3 (09 (T = T7) grwas clldog yly=edl dys S lawo O350 Juo sl ! Hlé odlel 3§; LSy

:Ju SSadb (2-28)

ApapH ATy
XB - R T*Z

LW domy s gas) Vg el (] sall Sl oy doaybo A8l &) e 4835 (2-20) sl
A Dolasdl e Juass ((2-29) Dolaadl i3 8ole] -E

(2-29)

T
AT}, = Kyxg,where K = T Elevation of Bp (Ideal solution) (2-30)

oPls> e daiad AT ed Bly cdudarlys duols (o OlWadl ol glanY1 & e aS55 (2-30) Aslasd!
O Ao Skl Jias Codall Aol Olpaall od elael &) G cpdall

Somalle psill e sdesns & p3 ATp @ T* calils dde ccools A”T“—f"ﬂw' sl o5 4] Ly
'AvapH L”SJBL.;J' @)b’J‘

L) 3o @19 Vg0 e Cansliiy Oldal) S gadl U1 O dle duz JA8 B Cldal) J gl w31 O] Loy
1 QW JKadb (2-30) Aslandl zuals WLy (b = No. moles of solute/kg of solvent) <b 50,JL

AT, = K;, b, Boiling point elevation (Empirical relation) (2-31)
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(Ko) oI5l 08 (50 o o (2-3) skl - copekald (o)) gyl QWA iy ol Ky Ja5 e
SlezsYlg Ol Ay

Uni. Of Mustansiriyah
College of Science

Table 2-3: Boiling point K» and freezing point Ky for constants.

Kw/K kg mol Ki/K kg mol*
Benzene 2.53 5.12
Camphor - 40.00
Phenol 3.04 7.27
Water 0.51 -1.86

Wyldie 4u¥ger sledl ] Bl I Gliedl 56 4de (0.51 K kg mol?) 32 slall oldsdl dos el
oo ST (2 ool OUe damys ol Bl 0.051 K yluaay slall OLIE 425 &8) (3 o «(0.10 mol kg)

0.25 K slaiay 5l Ol damyd 38y (3 oy 418 dlle 2,53 K kg mol™ 5ludasg sLall
Homework 3

(0.10 mol kg't) 3 CBlaall Gldell &Y g0 & skisl e giudd! Olde Aoy SUSHYI i Casus]

2-6-3 The depression of freezing peint

(XB) VMo Jso S A Olds e EoladlTglmall 9 (21 A cliall Codall oo 0950 gl 1in (§ 0lgl
131 Dl 0585 Codall () 5ka) BleasSUl agand! G18 slazmidl damys dis s

ma(s) = pa(D) + RTIn x4 (2-32)
(B cdiall Codal) GluasSIlager) Jiad Py (5) e
Js91 &) o lagin B3ty colglade Lagdl diludl (2-32) Uslaedly Al (2-19) slandl e LasMedl &)
Sl G galaSy ¢ cliall (lasSdl dgadl (olid Jiad 40l dslaally Hlel) (3leasSIl dgardl (old Jie
4001 Dlaall slezeiY dmmys (olasayl Dolee Blarsl ol cYslaadl jbais! (Ses el ¢(2-10)

2

AT; = K yg,where K = Freezing point depression (2-33)

fus

17 |Page Prepared by Dr. Abduljabbar I. R. Rushdi For-educational use

Ref. of PhysChem: Atkins_(12" ed)_2023, Levine_(8" ed.)_2020 & Zumdahl_(11* ed.)_2020


mailto:dr.abduljabbar@uomustansiriyah.edu.iq

Uni. Of Mustansiriyah 2" SEM-2026 _Bologna_Process
College of Science Thermodynamics of Liquids
Dep. Of Chemistry dr.abduljabbar@uomustansirivah.edu.iq

Chpt_ two_Solutions PhysChem For 2" Y_UGS_2"?_SE

A(s)

Figure2 :10: The equilibrium involved in the calculation of the lowering of freezing peiftyis betweeh A present as pure
solid and A in the mixture, A being the solvent and B the solute that is insoluble in solig A

Jxa3g ¢(T" = T) sbezsddl daps (olassiVl Jies AT bl (1) bl codold sleasidl danys Jied T
Jgmazl @3 slazeddl Ay polasl el O ;S juuadl (a9 cpdall ol sleamidl Sgine Agyy s H
Adle slezil A9 (qbly Apy o H dlezsil S gioee clliad @ ciludal) (2 s e

AW Dolaal e Juass elldog b el 4050 ao byl ity J godl uSU1 O daaseall Jdlall (3

AT = K¢ b, Freezing point depression (Empirical relation) (2-34)

0ylie gy s A Sl ol Jlhe d5 U el &S Lol . gyl Slozi) Ay ol K Jied G
doyd jads e Joanw <0.10,m0] Kgt laylaie &Y ges dxlgiall Gldwll S ade ¢1.86 K kg mol?
o)l die G esloll gyl Collll (yo S S AST 55 988U gyl ol Wl L0.19 K liay Slaxns)

(2-3) J9usl gy 4.0 K ylkias 0950 sboamidl dmyy o5l O ellisg 40 K kg mol™?

Homework 4

Ol &d¥40 T Cus (2-3) Jgdzd! ladsciwe ¢epidly Jgiual) slezsdl domys (olassYl Hldde s
.(0.10 mol kg?) g2 Cdladll
Example 2: If you were to make 0.800 m aqueous solution of glucose, what would be
its boiling point and freezing point? (K, = 0.51 °C/m, and K; = 1.86 °C/m).
Solution:
AT, =K, b (2-31)

18| Page Prepared by Dr. Abduljabbar I. R. Rushdi For-educational use

Ref. of PhysChem: Atkins_(12" ed)_2023, Levine_(8" ed.)_2020 & Zumdahl_(11* ed.)_2020


mailto:dr.abduljabbar@uomustansiriyah.edu.iq

College of Science

Chpt_ two_Solutions

2" SEM-2026 _Bologna_Process

Uni. Of Mustansiriyah
Thermodynamics of Liquids
dr.abduljabbar@uomustansirivah.edu.iq

PhysChem For 2" Y_UGS_2"_SE
0.41°C

. Of Chemistry

AT, =0.51°C/m X 0.800 m

ATb — Tgolution _ T};ure solvent . Tf,"l””"" — T};ure solvent + ATb

100.00°C + 0.41°C = 100.41°C

Tiolution —
AT;=K; b (2-34)
AT; =1.86 °C kg mol=2 X 0.800 mol kg~ = 1.49 °C

ATf — T?ure solvent T;olution - T;olution — T})ure solvent™" ATf

0.00°C-1.49°C = -1749°C

TSolution —

2-6-4 Osmosis
D9l ddlas Sl C35my (s Ulg ((Push) dass, i@l dua,£1 A3l (yo diitin (OSMOSIS) (530391 AalS
Sy Jglomally (il Codell cr caaly G S auds cline IS oo Jolomall I (201 Codal) 3L
ZQUJ\ JS.WJ\ @ T2 90 Lo§3 oldadl 99 L?B.JJ| Codwll 3lasy o)

lp+17

)| el

Pure solvent

px(p) Hlp +10)
T

Equal at equilibrium

Figure 2:11: The equilibrium involved in the calculation of osmotic pressure, I1, is between pure solvent A at a pressure p
on one side of the semipermeable membrane and A as a component of the mixture on the other side of the membrane,

where the pressure is p + 1
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dory § Jgkomadl de Baday OF o 1 Jaiall b 352 (1) 500L @ 0y S (539001 Jaiall Ll

(2-11) Sl 3 o 9o W3 cdghall I (a3l Coddl (3305 pue e

Junt clgat] e WIS s JI Slgadl QL) 52 45790391 83 dangadl Wil (3 dagoll Aiedl 4o
.(Osmometry) 503991 duds JMS o 8 aSIl liosal) dyyY gadl ASIN g i ¢ SN

lasall of da>Me (Sas ¢ 53 9a)9Y! lasually 4599 Jodd o Z3ged Jhax 989 (2-12) Sl oy
Sl 9T @alls 5 gaadl Jais Lo (3190l Juases .40) 53991 odis guidy Ul Jglomall 390 iyo Lty juSlaall
oy By Gy okl ) () Codadl Jlas) &) 9o el 1) AUl dup sl Shgeisd! Jasuall
o 39 Blud) 335 s dzrgp Y ad 1y Ll o Aanlae T o)l e iy dilecdinass e
gzl Bl )lsl D> 3 ] damMle 5o o bial) ASholinsga ) dodlaodl Lol shonall 555 i B
(Ugkoaly (A1 Cadall) 3Ll g2 slasdl (oile e dadi 5550 of oy el JlarS!

Al (§ dgzrll) dde OB Lo ) azy Bgww 0dgzr (g il AL day Jiy Bguw Copdall (JleasSIl dgrl
(2-11) S8l o Jglomallgzr 5T ¢ uSlandl asall Jadaad day (&)

dasall Hb WSy Jghomal) Chises 1S5 e Jghazdl § Lk Sl dudal Al duolsdl (e gl Ida
S 9ol 1S o byl Caslity Wgned JLoY

A
Solution Height proportional
to osmotic pressure
N
) Semipermeable
Solvent y membrane
\_ /

Figurey2:12: In a simple version of the osmotic pressure experiment, A is at equilibrium on each side of the membrane
when enough has passed into the solution to cause a hydrostatic pressure difference.
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2-6-3-1 Deriving a relation between the osmotic pressure and molar concentration of

solute

Az G Wl (p) 3000 @ 3y (2-11) JSadl G WS o(p el dgnll) B odall GlasSUl g
Sy (4 Oldall 292rg) dmts Ladsna 0580 SlaoSIl dgandl 18 ((2-11) JSad! (aad Ag291) Jglonall
3153 Bgun A codold 3leasSl agad! Sl el o el e g JL 1 oo e odel) J gadl S 518
(p + 1) dslall e 3Ll laa o) dons
By pldll o oY gl 1S9 $i90iY) Jasall o ANl JiS () Aslaah@laxsl Jos (0,3
1 3Y6 (2 wlghsdlodag ¢ yp < 1 Moy Cadses Jgloeall OMled po i wlghs
M 3 A el BleasSIlaganl 56 elldsg cJgloall (§ udoll GlagSl dganll 8 pa3 Aolas LS -A
i JEINUSaIL dis s cniilasll
Ka(@) = wa(xa, Pt 1) (2-35)
Sbaedl Jlan dsgs Cua U Colardly ¢ il coded! Jgl Lol ilandl M0 BleasSOl gl ye
QU JSEIL Dslaadl 0585 elldsg codall e Qldedl 86
ma(xap H I =y(p + II) + RTIny, (2-36)
I Dolaa)l e Juaxs (2-36) dalanlly (2-35) cndaland! zozog
wa(P), = wa(p + M) + RTIny, (2-37)
(W e Juass ((2-37) Aolaadl 53 83lebg
wa@ + 1) = u(p) - RT lnyx, (2-38)
B Sl NS (o )3 9 cpdall GlasSUl agaell e asuall 136 d8500 oy U -B
Py
Gm(Pf) = Gn(P:) + Jp | Vindp (2-39)

 JWI Kb (2-39) Dolaall BUS (Say Copdoll Gl dgalls pasgan)] dicg

p+1I
WG + ) = W5 @) + f Vodp (2-40)
14
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A L?ﬁJJ\ Codel) L:.s)yj&-” W’H Ji3 Vy, G

1AW Doleadl e Juaz (2-40) dolaall (2-38) dslaadl po Wy (p + 1T) daid e (2925

p+1T
o) - RTInxa =50y + [ Vddp
|4

(2-41)

p+1
—RTIlny, = J V.dp
P

doid &g duz piuo 0550 laisall § sl S18 ¢(2-41) oslael) JoB! dsT wis T olblien La -C
:JWI gl e (2-41) Dalaadl o ped)) 3ol oS S Uy A6 Codeld (5y¥gall el

p+11 p+11
j V.dp = ij dp=V,.I1
P P

 JWI JSadl (2-41) Dolaall gmas

—RT Iny =V, 1 (2-42)

(hises Jelall O Hlasl @3 31y dn(1— yp) JMaadl Inxa Jidcesl ooy Aolall (1o ) C3ylall
QW e Juass (2-42) Dalasdl (o ] 32l iasgaills In(1— xp) = — xp oladell zua JWL
—RT In 4y = ~<RT In(1-yp) = + RTxp

: W Sl rmatd ((2:42) Uslaall a9 ok Dolasdl (o0 Il Byl )3 Bale] da
RTyg =V, I1 (2-43)

LN JSKEL (2-43) slaol) el sy ¢« yp = Z_B 6 daaseell Jdbeall -D
- A
RTng =~ n,V, I (2-44)

dw\wb ZUQLan\E.Maﬁ ade ccodel L“,KH WJ‘MVCAP ngV,, = Vlhadld Z)ll.w

RTng = VIl (2-45)
:3YE muais dalasll Cudyi Balel UM o Aalaadl Jasuds Sy Ayl 0da die
(2-46)

IT = RT[B],Van't Hof f equation

Prepared by Dr. Abduljabbar I. R. Rushdi For-educational use

22 | Page

Ref. of PhysChem: Atkins_(12" ed)_2023, Levine_(8" ed.)_2020 & Zumdahl_(11* ed.)_2020


mailto:dr.abduljabbar@uomustansiriyah.edu.iq

Uni. Of Mustansiriyah 2" SEM-2026 _Bologna_Process

College of Science Thermodynamics of Liquids

Dep. Of Chemistry dr.abduljabbar@uomustansirivah.edu.iq
PhysChem For 2" Y_UGS_2"?_SE
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dolaadl 04 (pudg ¢(np/V) Llddadl IS o ey V19 B Il ()Y g0l 2SN [B] Jied

Dgn cild dolaay

Example: When 2.35 g of a nonelectrolyte solute is dissolved in water to make 755 mL

of solution at 22 °C, the solution exerts an osmotic pressure of 835 torr.
a) What is the molar concentration of the solution? b) How many moles of

solute are in the solution? c) What is the molar mass of the\solute?
g/mol?
Solution: wtg=2.35g,V=755mL,p=835torr=and T=22°C +273 =295 K.

1 atm =760 torr, so 835 torr = 1.10 atm.
o JNgudhdodd Qgn cild dolas LRES O

a) IT1 = RT[B],Van't Hof f equation (2-47)
1.10 et = 0082 L295KB
' N K mol [B]
[B] = 0.045 M
n
b) No.of moles = M XV = 0.045 I X 0.755 L- = 0.034 mol solute
: N Wt , _ 2.35g
0-of moles = molar mass’ 0 M35 =0 034 mol
2.35¢g g
=— =69.12 —
molar mass 0.034 mol 69 mol

Homework 5: 9 g of a nonelectrolyte solute was dissolved in enough water to produce

a 500 mL solution. The Osmotic pressure was measured to be 1871.1 torr

at 500 K. What is the molar mass of the solute?

The End Of 39 Lecture_Chapter 2
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2-7 Temperature-Composition diagram and interpretation (Ideal

solutions-Raoult’s law)

die 431520l HlgboY1 (S5 1l ey 0ilgil S9u> 4edal AU Ul (§ auSAUI-Bylyor)l dmy S Jalases
IMs ope La>M5 .1 atm oyldie 0950 boluisl Al Jaaedl il wie cldSy cdalizes dyl> @l
i Solall 3l 3 pdng Hshall Jalases (pe Jawdl syl § ad J3ladl gkl B (2413) JSCad!
Sl Ladt oSy 9 oA/l gyalall e ool 015! dasDle oSy Lt Jala 3l IS (09
Soxdl ozl ) Uglus Hlsdl lais gras odie A1 5yl Jagall & (HUI) 8,1yl dans slasel
1 atm J] ol

Vapour
composition

a4

Temperature, T
= :

Boiling
temperature Liquid

a0 of liquid a,

Mole fraction of A, x, and y,

Figure 2:13 The temperature—composition diagram corresponding to an ideal mixture with the component A

more volatile than component B.

a3 (85 0980 il JSU I/ Ll 0)lgll dalaie (3 LAl O <1 atm g gl Jasuall OF b & s
asen 28y, dzys (p9) WAl Wils oy (Liquid) Ble el Jasdl  dsladl WAl @l
Adliges o815 elliay U1 sl (VProrar = 1 atm « 59l Jasall ] 9lue (SI (55l Jassall s
donys S e Jildl o 0393 (3 0950 I L) daliseall SN Jiesd (Vapour) sl (sl Jasdl Lo
0550 5l O Adlall Jlrall § ade (tie line) Jasyl Jases (ouw Ll oy oy (U1 Lol el 81,

24| Page Prepared by Dr. Abduljabbar I. R. Rushdi For-educational use

Ref. of PhysChem: Atkins_(12" ed)_2023, Levine_(8" ed.)_2020 & Zumdahl_(11* ed.)_2020


mailto:dr.abduljabbar@uomustansiriyah.edu.iq

Uni. Of Mustansiriyah 2" SEM-2026 _Bologna_Process
College of Science Thermodynamics of Liquids
Dep. Of Chemistry dr.abduljabbar@uomustansirivah.edu.iq

Chpt_ two_Solutions PhysChem For 2" Y_UGS_2"?_SE

(VP a0 1/Bp) #S3ll et ost Ol damys ellioy Jolaallg el

Loled J5Ludl glall (3 0550 gosedl Of (aa 1igd (VP < 1 atm) 1 atm oo J31 el Jassall 0550 beie
((2-13 JSCadt) Jsladl sl (oS35 Jiey Ya Ol (5Ll gapedl OLE dys (g0 JOT (5T Sl a3 Jaul)
Q 050 el OF (o 198 ¢ J3Lud) gopedl OLIE damys oo el 33T sy ((VP > 1 atm) 0980 Losie Ll
(2-13 JSad) i) S5l oS5 S g O Lol (il ) ghall

B ao O)lgs V> § 0550 Bl 192 S dlde (BLul gomin e AaiiS §)lydl )3 ais bodis L
Gl Jaydl das M5 (e didyae oS )bl S35 B9 <(phase boundary or the coexist curve)

(2-13 Jadt) sl S¥9 Sl S0 O NEY

2-8 Distillation

g8 W3 Olgzg §disud die a3 uSAI 93 A JSluld Jhas 13k (2-13 JSad)) oMel ,S3 Lo 339 Lo iad
(an SR Jilaall) @ S Sl ellioy o3 (a8 €2 Bl das ) due bodie Jiew JLI O
A2 &S (Tas A8 835 181 pelarw S )Ll elliapung

(Geloly Ol Aoy U S g5l ) Tl Y1 A gl 3650 e

Bel)d (S - @2 9 @ o L S Tl s (0 LSy @, dlaill (e Gl s i sl oS dasbio oSy
2laddl ey ¢(Distillation) Akl swd oMel @ )83 @l duoal . oY el J5lald To oUW dys
(JUl s gell § WS e g5

2-8-A Simaple and fractional distillation

e e pusuud Cus Ll SS9 Hdl o (Simple distillation) Jacud! pladl S o
Liquid/) yUaied! x& Ll Oldadl e (Liquid Solvent_volatile) 8 pUaiedl Cilodall- 51 guudl Juad
.(Separate Lojven: from Leoiuze OR Seoute) ual! 9f (Solute_non-volatile
Ol 8593 41,85 @iy Canm Ballaiall Jlguud! Juad «iid (Fractional distillation) Gyl wlasill (§ Lol
(B 098l (e Jgmadl o 23S (S oSl
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oo gl e DS @lj LS Laode by WS oo cdoylall lisall sde Je gzt pdaidl LS dosas

:(2-14) L“;UJ\ M\ L} Tog0 l.as_gjn\la.ﬁ.w

Temperature, T

Y.
Y

0 — 10 i
(a) Composition, x (b) Composition, x

Figure2:14 The number of theoretical plates is the number of steps needed tobring.abotut a specified degree of separation
of two components in a mixture. The two systems shown correspond to (a) 3,(b) 4 theoretical plates.

2-8-B Azeotropes

oy Jalases g 98 (2-15) JSad! ol cdliadl JoeaddieuSiUI-6 el dys Jalases s g (2-14) S|
lesd @1 9 .cJadh) 03B e Wl Byl Loy @1 o (Audadiondl) AU il JWloxal) uSHUI-8) 1,21
s ¢(A-A or B-B) (&l 0gSl 2z o dail il oo 5931 (A-B) B 095edl 5 A 098l o Sl 090
blaalbs (Ul ghald (6Bl aasall cod dlazng Jghxal) (A baasall jads e Jony Lol A
Jdleall (e Eoill lia (39 ¢(2-15) Sl (§ g g0 LSy dunds Jladl e Jglmall Oldadl dyo 28y e Jomy
ol (p0 Dyl 8T 0985 Judloxall (30 £l 1o O (o (@19 s 0S5 uSJ Byl AUl dayd Ol
0950 lad L .93 0938 oy L g (Bl 20il L3205 1 Lol (Aiadl Judloeall (0 rlel fST) 2ol
Lol 113 ((AA'OFB-B) () 058l (giier o Ll e Lol (A-B) B 09Sadl 9 A 09Sedl e Ll Al
deadors Slaalby (JUadl Jgloall (5l lasiall §98 dlazmg Jolall (5l aaiall 28y e Jon

L;LLAJ\J«; Jeloal] Ol oy (o
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~ Vapour A a,’
[o] ey
5 composition
d
a
£ Boiling :
2 temperature of liquid
b a
0 1

Mole fraction of A, x, and y,

Figure 2:15: A high-boiling azeotrope. When the liquid of composition a is distilled, theecomposition of the remaining
liquid changes towards b but no further.

9 Lzgo 055 (S Byl Blall dasd OB Jullxall (o £l 100 (188°6(2-16) Sl (3 b g0 LSy dund
(Al Judloead! po L l7iel JBT) dladl Jllomall cyo Tilpdinnt BT 19S5 Jullomall o £l 1 OF (g3

Vapour
composition
=~ Boiling
£ temperature of liquid
©
4]
jo N
£
2
b a
0 Mole fraction of A, x, and y, 1

Figure 2:16 A low-boiling azeotrope. When the mixture at a is fractionally distilled, the vapour in equilibrium in the
fra€tionating column moves towards b and then remains unchanged

S LS dbololl QLA dzyd 9 ¢(2-15) JSadl (§ LS ddladl OLdadl dzs 93 zosell o B4l agd dag
33 Bl gosall ) e 295959 goiell o Wl Easedl oo ol M Cnyas S 01 ¢(2-16)
Laghad (S Y Cuon B ghall of J5Ladl yglall (3 elgwr oSN pud iy S 5 Al OLe dys
((Fractional Distillation) (s aladdb Juadll oy ST (Simple Distillation) Jasud! sladdl
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2-8-C Immiscible liquids (Steam distillation)

O o 252 O 0lg) die csLadl/QUSSYI gie 98 (drhas adl) USTgud! (o goill 1o (e AiaYl (yo

0553 din piuo 3 g G O5Sall o gl s By G 05Sall o Lt 0950 Jo1 058l
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.ﬁ- >

e
(a) (b) ,

Figure 2:17:The distillation of (a) two immiscible liquids is quite different from (b) the joint distillation of the separated
components, because in the former, boiling occurs when the sum of the partial pressures equals the external pressure.
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2-9 Liquid-liquid phase diagrams
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2-9-A Phase separation
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Figure 2:18: The temperature—composition diagram for a mixture of A and B"The region below the curve corresponds to
the compositions and temperatures at which the liquids are partially miscible. Fhe.upper critical temperature, Tu, is the
temperature above which the two liquids are miscible in all proportions.
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Figure 2:19: The temperature—composition diagram for hexane and nitrobenzene at 1 atm.
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Figure Error! No text of specified style in document.:20: The temperature—composition diagram for water and
triethylamine. This system shows a lower critical solution temperature at 292 K.
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2-9-C The distillation of partially miscible liquids
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Figure Ertor! No text of specified style in document.:21: The temperature—composition diagram for a binary system in
which,thé upper critical solution temperature is less than the boiling point at all compositions. The mixture forms a low-
boiling azeotrope.
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Figure 2:22: The temperature—compasition diagram for a binary system in which boiling occurs before the two liquids are
fully miscible.

The End Of 4th Lecture & The End of Chapter 2
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