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

2- Non ideal (real solution), deviates from Raoult’s law.
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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 2Error! No text of specified style in document.: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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Pa = XaPa (2-6)

1
Phenzene = 2 x 75 torr = 37.5 torr

1
Pmethylbenzene = 2 x 25 torr = 12.5 torr
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Figure 2:3: Two similar liquids, in this case benzene and methylenzene (toluene) behave almost ideally
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Figure 2:4: Illustrates the gas molecules (yellow particleshdissolved in the liquid and in equilibrium will the liquid particles.
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The End Of 15t Lecture_Chapter 2
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Figure 2:5: In a dilute solution, the solvent molecules (the blue spheres), and the solute pacticles (the red spheres)

2-4 Investigating the validity of Raoult’s dod.Henry’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 | 46.3 333 23.3 12.3 4.9 0

a3 ALl pSLAUN (28 o€ Bolall (pe A3LDY dasS IS (40 3lgall Hglaw e (3ya O Sy oDl JUiadl (30
S b 90 S5 ¢S50 09 oo Ll Bl @)l yglas dibolgll SN (3 Lol ccdgsly 0938 (pe L@alBI ol
Homework 1 $4l e Jgrasdl §Ad dolas pldseiwl (Sas .(2-6)
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Figure 2:6: The experimental vapour pressure of a mixture of chloroform (tfichlaromethane) and acetone (propanone).

=C
3

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 negativesdeviation from Raoult’s law
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Figure 2:7: lllustrates the vapour pressure of ideal and, positive\and negative deviations from Raoult's law.
093 UM o ganmall (Gl Laruall Lylus 0450 Uslomall ()bl Jaiall Gl ddtall Al (§ Lol
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Table'2:2: Shows the difference between ideal and, positive and negative deviations from Raoult's law.

Deviations Pressure AHsolution Examples
Positive Psol. > Pideal Endo. (+) CH3OH & CgH14
Ideal Psol. = Pideal Zero CeH1s & CsH12
Negative psol, < pldeal EXO. (_) CHSOH & HZO
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2-6 Colligative properties
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The lowering of vapour pressure.

2- The elevation of boiling point.

3

The depression of freezing point.

q

Osmotic pressure.
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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 equdhto that of the solid solvent (the freezing point) is
lowered, and the temperature at which it is equal to the vapour (the bailing 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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Np _Pa—Pa

ny Pa (2-16)
W) Sl Aalaall sy oS eling coldall gzl 39l (e Jgwamd! oSar Y gall sie IS oy
Wp
Pa—Pa _ MB
p* - M (2-17)
A MA

AW Dsladl e Juases (2-17) skaadhendss 8oleb

Pa—DPa _ wp M,

Py, Mg w,
TSNP WTERIRTETESINIE, (- 15) s looll piiins
19 ¢ > P )20 : 2 e

(2-18)

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 substance in 90.0
g water is 23.32 torr. Calculate the molar mass of the solute.

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

Pa—Pa _ Wp My

Pa Mg w, (2-18)
23.76'torr —23.32 torr _ 5.40 g 18 gmol™!
23.76 torr Mg 90.0 g
1.08 g mol™!
0.01851 =
Mpg

_ 1.08 gmol™!

= 58.35 g mol™!

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

ey Joloeall § odally codedl Hlw op 0)lgal 9o Wil s JI Gylall die Juam 1 05190l 63 O
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na(g) = wa(D) + RTIn x4 (2:19)
OSasg (1 atm) slades Jassall (e Blasl ot Ly (2l Hled) GladSIl aganll Jiod, (g )0l o
(Normal boiling point) &alaeYl oldadl Ay &f (2-19) Uslal 3 B9Sdell A8l gy dlaxDlall
Cadseall Joloeall (3 OB slgun Juames 83L31 odeg cdlaaall oldall (Jgoll ~uSII B3L3 (a85)5) 31835 Cpdoll
adsall pg gl

Alg)

ux(g,p)
1
p ()

All) +B

Figure Error! No text of specified style ipydocument.:9: The equilibrium involved in the calculation of the elevation of boiling
point A present as pure vapour in the mixture) A being the solvent and B a non-volatile solute.

2-6-2-1 Deriving angéxpression for the elevation of the boiling point
o ol 38Me e Blasl 448 (o Ol dmys 3L Lol B8Nl Blanisy dago Bglas ol O
oo 23l O] e (2-19) Wslaall § 4d] 5Lt S ¢ Jiludly (SH) sl (§ odadd (JleasSIl gl
Cldad] AL day cpkgd) o Blglusall A8Me (o Ladloxs B)lyal Ay (§ 8oL &) duaS sl 0 U3
FIW Slglasdl 161 o Gy Jeadl 0y (S ccpdall ) llaie pall
1A Yalaadl M e ) @9 - pllaiedl e Gldel) J gall_wsSdlg 8,2l dBUal ¢y d3MAl sl -A
-(2-20) dolaadl (de o= (2-19) dolaall )5 8olely
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J5T s e W3 g Byl A o Jgall STl (3 sl o d8Ma) S @I ddlandl LS -B
1Bylymell days ) duwd (2-21) Do) Aol d8dall

ding, 1425, A (2-22)
A T ’r vap . 2-22
=-— T 7 __ R 15t*SEM Chpt 4
dT R dT rrz (Revise -Chpt 4)

@ il OB elldyy coldedl Lal wie 01l e Llaslgylmll domyds psd! by oDl (3,85 WS
AU Laodl IO yo diaslio oty o) S gl STl

ApapH
diny, =<~ dT (2-23)

iy B3 Sl Sl o S0 L g B3 9m 518 clliyy (2-23) slaall JolS5 i -C
Ul dolasdl (3 Y

Ina 1 (TA,pH
dinyy = — — VP AT 2-24
Jo A =R j T? (2-24)

Ay § | U iy () Codall Jgadl Sl g Jia3 9 A il el QL) )y Ji3 To T

Ol (&1 a>lg Gl @ sall 55Ul ggnma Ol Lasg T 0 T Jiasd &Sy 4" 0 Jhkad g O 8)ly0)l
Xatxp= lLory,= 1-xpg (2-25)

Lo @89 €3y (yp) el sl usSIb ()rg) codeld Jsall sl Jadind (2-25) dslaadl M= (1o

13V (2-42) ol zuas ldog (1—-xp) Woln

DpapH (T 1,
—dT 2-26
R J).T? (2-26)

In(1-xp) =-
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Bl (o9 e phomall 0L oy Julil) il e lod) J gl oSl cr0 285U Jia3 (2-26) Bolas)
g Bylyedl Ay i) e ol T el o JoBHI s pg U3 (el (ol (sgzmall O Ly
1AW e Juass (2-26) Daladl JoS

AvapH (1_ l* (2_27)
R T T

In(1-xp) =

I (§ Cand! & dakeoll Judlall J) Gylaidl i (1 — yp) DMl Coys o Bgkasddloda (3 -D
[In(1 - xp) =—xp] kol xp K 1 O]l dur A5 23Laall Clial) &S OGS4
W) Sy (2-27)dstaa)l s elidsg

CAgpH 11

X = —p— =7 (2:28)
dslaadl ead @3 (pe9 ¢(T = T) e ldog 8)lyll dys Lgﬁa.y.w 098 ool ! z)p oMl @,SS WSy
:Jul &b (2-28)
AyapH AT
XB = R — (2-29)

O] Ay $lasyVly Cldall (J gall SeSl n doaylo 283a)) &) (e uSE (2-20) Uslaol!
1B Ualaadl Lo Juaes ¢(2-29) Uslaodl (i Bale] -E

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

oPls e daiad AT, ed Bl el duols (o W) gyl VI &) e uS5S (2-30) Wolaol!
Sl Az il Jiaid Codal] Aol il il i elacl & G coodall

A H @ s @
v;f )‘..\.E.QJ\ ol el (w 4.31 Las

Syimalb paillide uaine pe (29 ATp @ T7 sl dde 0l
DpapH S Gl

W& a5 @19 4idYse o caanlidy Cldall Jgall Ul G318 dle dur Jul8 B ldeld J gl usd1 O Loy
1 QW Sl (2-30) dslaadl zmuad JWLy (b = No. moles of solute/kg of solvent) ¢b 50,Jb

AT, = K, b, Boiling point elevation (Empirical relation) (2-31)
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(K) ol 8 (5 ans s (2-3) il ol (o) ol DAl s ol Ko (i o
Sy Oldall dsyud

Table Error! No text of specified style in document.-3: Boiling point K» and freezing point Ks for constants.

Kv/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

Wylade 4dYgen slall J) Glay Gl Gldal S ade ¢(0.51 K kg mol™) 32 cladd oldadl &y cobs
0o ST (2 ol Qe Ay ol Olg €0.051 K ey sloll OWE 4255 a8y (§ o <(0.10 mol kg™)

10.25 K ey sl OLe A2 1d) (§ e 18 e 2,53 K kg mol™ yladosg elol!
Homework 3

.(0.10 mol kg?) 92 Claadl Cldall ddY g0 S Oiel (J gl OLde dys gLyl ylude Wi

2-6-3 The depression of freezing peint

(X B) IaEe Jgo S A Ol e @olonll Jglonall 9 (11 A cliall Coddl (e 090 gl 19 (§ 051931
31 Uslus 0550 Codall 9kl 3laeSIl dganll O slazmidl damys i ade

wa(s) = wa(D) + RTIn x, (2-32)
(1 bl Gl BlasSIl agad! Jal 1 (5) G
91 &) g0 Loy 355 <Ol liasie Logil ALl (2-32) Wslaally &l (2-19) Wslaall iy Lamdlall &
Sl 3 ged 9o LSy ¢« diall (oSl gl Gulsd S5 &30 Aalaallg 5] (luerSIl gl Gl Jio3
;AU U3laadb slass domydy (o lasa| dolas Blanil ol Olslasdl Hlais! (Ko clds ¢(2-10)

%2

ATf = K xp,where K = Freezing point depression (2-33)

fus
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|
All) + B Hal

px(s)
Als)

Figure Error! No text of specified style in document.:10: The equilibrium involved in the%ealculation of the lowering of
freezing point is between A present as pure solid and A in the mixture, A being theysolvent and B the solute that is
insoluble in solid A.

Jiay ((T7 = T) sl domyy (olassVl Jies ATy Wl - ((21) S5l Codadd slazidl days Ji3 T G
Jgmamdl @3 sl Aoy polasl Jel &1 S il (o codell (! sboamidl (Sgime Ay o H
Adle slezil dxydg tably Apy s H Sleaeil Bgioes cllied (@1 ilodal) (2 Les lgde

AU Aoleall e Juass sy b Oldall 40Y g0 gbasle Canlisy J gl sl Ol ddaseall Jdlxall @

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

&ylkie gy s A Sl slall Jlte AT e lusin| duaS Lol . guynidl Slozmil Ay ol K Jia G
dmd paas e Jorw 0.10 mol'kg! Waylade &dYges dxlgiedl Cldall O ade ¢1.86 K kg mol™
Dylie g csloll gyl COI (o 1S S ST 548 )588W (quyamill ol T .0.19 K liday slozsdl

(2-3) Jgudhazl) 4.0 K yladay 0553 slezs¥l damys (olassVl 5 elldsg <40 K kg mol?

Homework 4

ldedl Y 90 B o (2-3) Jgand! lodsituns ¢cpinlly Jginal) slozsdl domydy (Bl e (]
.(0.10 mol kg™) s» Bl

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:
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ATb = Kb b (2-31)
AT, = 0.51°C/m X 0.800 #:2 = 0.41°C

Tsolution - T*solvent =0.41°C = Tsolution = Tsolvent + 0.41°C
T, =100.00°C + 0.41°C = 100.41°C

AT;=-1.86 °CX0.800m =-1.49°C

ATf = Tsotution — T sotvent =— 1.49 °C = T 54144i0n—0.00°C =— 1.49 °C

T.otution = 0.00°C—1.49°C = —1.49°¢

2-6-4 Osmosis

Dsedl dddas 4l G35 (5l ¢ (Push) e gdS (gllg ;291 A3l (ye Aiiies (OSMOSIS) S)3039] 4ol
Sy dslxally (2l Codall cry onin Gl B acds eline IS ¢y Jalomall 1 (201 Codall Glak)
:Jlﬂ‘ M\ 3 290 L;Sg oldadl 99 ui.'J\ gﬁid\ RYF:59) o)

_lil #TI” _

Pure solvent Solution
px(p) Hlp +10)
\ r/

T 7
Equal at equilibrium

Figure Error! No text of specified style in document.:11: The equilibrium involved in the calculation of osmotic pressure,
1, 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 + I
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Jars (8 slmall e (gaky O oz 61 Ll B (3528 (M) 0,0l ) 30y S (§903Y) Laisall Lo
(2-11) Sl § oo ge WSy cdgloadl I (21 codall 335 pue e

ot clgas] pe WIS 3l I Blgadl Q1 52 &)903Y1 85 dungadl Uil (§ dogoll AskaYl (4o
.(Osmometry) & 50599 dudi M- ¢po 8l szl 4yY gall ST ugss ¢ S

lassall of dasdle Sy ¢85 9a38Y Jasally djgaisdl Jukodd Jauo 3905 Jioy 929 (2-12) Sad! e
Sl o 3alay gl Jaiss Leie ilgidl Juamy . ds)g03 9! e gty (S| Jskoall gas iy Ly uSlanll
Jory G ey Joloeall ] (201 Codadl JUsl O] 2 e sl g Aol dupBINE! (55503991 Jaiall
o5 (39 JSLll (335 Gl uzgn Y 4d (S Ulg (i U1 10 dedlae T Cniall g0 ity Ao s e
gl BB O3lsl Al 3 &) dlamlo 9 grsbild ASuolns gl donllaall BB slmall 1S5 (B B
(Jgloally (B codall) 3ladl p clasd) (gl o damds 09550 O com Gpdoll GlesSd!

Vbl § wgdl) adde 08 Lo ) azm Bgun 0 09«0l Lo 1 dmy Sy Bgan Codal) JlaasSIl dgd!
(2-11) S8l e Jglmall@gz P ¢ puSlandl asgall Jaudaad day (42!

GueY lasall Gl GlliSy Jglowall Cabine 555 € Jgnaztl (3 Lgho sl ddasl ) Aol (0 9l 1
(Y9l 1SRN o byl Counlidy W ol

A
Solution Height proportional
to osmotic pressure
N
Semipermeable
Solvent 2 membrane
AN /

Figure)&fror! No text of specified style in document.: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

dez G ol (pp () 327b 4 3 ¢(2-11) Kl 3 WS o(p sl dg2dl) Bl odald lasSUl agzll
g (4d OlLall 39290 danits Linases 0950 GlaasSIl gl BB ¢(2-11) Sl o ol dgadl) Jgkonaoll
2135 g A odal) Gl gzl 51 el o o)1 (e g dI T o0 i codeld Jgall wS O
(p+ 1) Jslonall e 3Ll Jasaidadia) dns
B pldll o (Y gall WSA ($i9039Y) Jasall (r Al a3 () Aslaallilazsl Jos (oy3)
13Y6 (p Wlghsdlodag ¢ yp K 1 eldg Caase Jgloxall OlMled Loias Wighs
DS (3 A Codall GlearSUl gl O clliog cdglomall § ool (BlaassSll dgandl € a3 Aslae &S -A
rGUINUSadL die iy il
La(P) = waxa, oot 1) (2-35)
Dbaedl g dsg e QI Calally ¢l Codadl JgI1 il el S0 JluaSl dgzdl e pm
QU UL Dalaadl 0S5 @ldag odall e ldall G
ma(xap B I =wa(p + II) + RTIny, (2-36)
LI Dslaa)l e Juami (2-36) Dslaally (2-35) cxdolaall goze
uaP), = wa(p + II) + RTIny, (2-37)
(W e Juami ¢(2-37) dolaadl iy Baleb
wa(p + ) =py(p) —RTInx, (2-38)
A Saadl I (0 @3 9 el BlaeSIl dgad! e Jassall ;80 45500 i U -B

pr
Gr(D)) = Gm(pD) + j Vodp (2-39)
Pi
;61 AU (2-30) Aslaol DS oSy ukall SlarS)l dgmll psgadll s

p+1II
G + ) = W) + f Vodp (2-40)
P
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A B Codell §Ysall el JisS Vin o
AW Dolaall e Juass (2-40) Aslasdls (2-38) Woladl o Wy (P + 1T) daid e By

p+II
wip) — RT In x4 :ﬁep%f Vondp
P

p+1I
—RTIny, = J V..dp (2-41)
P

dad Oy duzr o 090 laisall § ! OB ¢(2-41) Wslaald Joall JsT wie &l golidlien; L -C
AW gl e (2-41) @slaal o el 5ol Jaad o Sar s &6 Godall (¥ gall poxxl!

p+1II p+1II
f Vadp = V,, j dp =WV 11
p 4

A KU (2-41) Dslaodl s el

—RTIny,=V,II (2-42)

cchisee Jolomall O Hlael @3 131y dln(1— yp) SfaielbIn x, Jlodiel ooy Dslaall (o ol 3,1l

:JW e s (2-42) Bolaall 5o a3l gl (1= ) & — i Aol g JUL
—RT In 3 = =RT In(1-yp) = + RTyxp

U1 UKl eaadd ((2:42) Aslaall dgas oty Dalaadl (po Yl GBylall (a3 Bole] day
RTyg =V, II (2-43)

AN SKEL (2-43) Dslaall s Doy ¢ yp ~ Z_j 56 daasea)l Jdlall -D
RTng =~ n,V,, I (2-44)
r W1 JSadb Aolanll el dude ccpdoll U1 el i3 V G ey Vi =V laiall O] ey
RTng = VIl (2-45)
Y6 easaiy Aalaall (s Bole) UM (o Dslaall ot oSy Aoyl 02 dic
IT = RT[B],Van't Hof f equation (2-46)
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Uolaall 0dd pudy ((Ne/V) Hlaall UM (o oy Sl9 (B ldall (§)Ygall SN [B] Jind e

D cild dolaoy

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.

oMel gudhignd B9 Cild dalas puseind

a) IT1 = RT[B],Van't Hof f equation (2-47)
1.10 atm = 0-082 2 —— 295 K [B]
[B] = 0.045 M

n
b) No.of moles = M XV = 0.045 I X 0.755 £ = 0.034 mol solute

. N o — wt ] _ 2.35g
0. OR?es = molar mass’ 04T MASS = 47034 mol
2.35¢g g
molar mass 0.034 mol 69 ol

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)

de 45 gradl gL o835 gl o ilgrl dgu yelas AUl Jdlrall @ S8l dopy S Jalases
IS (o 125D .1 atm oyldie 0550 boliel Iy Janall laisall die SISy cdabises dyl> @lz)s

Ao Solall 32l (3oLl giisg yghall Jalaseo (e il il § ads Ll ygkall B (2-13) JSadl
b Ladd oSy 9 oLl JBludl yghall i ool 0l dasdle oSy Ll Jalasead 14 UM (09
Szl Lol I Uglus Hlsedl lasiss zrua odie A1 5yl Jaiall & (OLUaI)8)lyol dznpo slasel

1 atm J] g9l I

Vapour
composition

Temperature, T
= :

Boiling
. temperature Liquid :
é of liquid a

Mole fraction of A, x, and y, 1

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

more volatile than componént B.

Jia (5 055 Pl JS eI/ 5Ll il gl dalare (3 olasdl O 1 atm 3 (o)l Jasall Of b i s
Lagen Bl Az (p9) Ol ©lays paym (Liquid) Jile eaedl Jasdl skl oL @ilays
Aalizes (oSl iy Ul el (VProrar = 1 atm «$s)l Ll ] Slue SI (5! asiall ey
doryd S e J5ldl ae 03195 3 0950 I Ll daliseall (ST Jiod (Vapour) sl el asdl Ll
0550 L1 0L Adedl JWlrall (3 adde (e line) Jasyl ase (oun Ll oy Jasys 1 Jasdl Wl .8y,
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$)l50 Jasus oy U1 () 098l 5oy Tyg o 0950 gkl oy O 14U lallas ASYI oLl e T
(VP @ 1/Bp) sSdall e gl ole damys clliay ilielby el

Lola3 J5ludl glall (3 0950 el OF g 148 ((VP < 1 atm) 1 atm ¢ J31 $d) lassall 0550 bodis
¢(2-13 JSadl) Jilud! gosell oS53 Jiew Xa Oly (Sl apedl OLe dys o0 JBT (ST LI Ja3 Jaud)
G 055 el Of (g Mgd e Bludl ol OLke Amys (o JeT 53T (saos (VP > 1 atm) 0950 Lokic el
(2-13 SSadl) sl JSU el o835 Jien v s Ll 55l yghall

B o O)lg Al @ 05 Bl i OB ade (Bl (gomin o daiS 8,24 423 a5 bois Lol
Sl Jaydl Jas NS e didyae S )Ll (S5 5}3 <(phase boundary or the coexist curve)

(2-13 Sadl) )dl (Sueg Jladl (zow om Jayy
2-8 Distillation

90 3 Olgzg Tdiuseud die a1 wSA 93 @ JSlud) dham 13k (2-13 JSadl) odel ,S3 b 399 (o Aaxl
(a1 SRV JBlond) @2 cuSAI BLul clliay @3 Ga8 T2 Bl A J) e ladie e J5L1 &
22 G S (T ALB) 8)35 581 elams (SII )Ll elliouns

ool Qe Aoy ) (530 gSall ) Fullas B A GSialb e 150 e

Beld (S e @2 9 a2 (0 LSl Ll s (0 Sy @y dlatill (pe Oldall s e Hledl S5 dmsbio Sy
it eudsg ¢ Distillation) Akl e odlel § @S5 &l ddaal . oY zosell Jslal) To Ol s
QW g2 gall 3 LSy e

2-8-A Simple and fractional distillation

&m0l pusuiud Cus lsed! LSSy )l coxw (Simple distillation) Jacwd! aaddll § o
a9 plazedl pe Oldell e 8 plaied] S5l gud! Juad

O 8y93 41,S5 oy Eg Ballaiall ilgedl Juad o6 (Fractional distillation) (gu=ill saddl (3 bl
(I O8I Lo Jopuand! ppodd S Sio oSl
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o0 gl 1de d5aS ol WS aode o) Ll Cus ool mlasall sue e (il plhaddl BlS daias
[(2-14) Jwi Sl S oo LS9 _adll

Temperature, T

Y.
Y

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

Figure2:14 The number of theoretical plates is the number of steps needed tobringyabotit 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

doys Jalases 7 948 (2-15) Sl bl cdbiadl U Eeadle S8 5yl dys lalasis sy (2-14) S
lad @ 5 . cdash 0g5 e Wl ol oS @1 g (dndiationll) Alodl sl Judlonald S8 1,21
i ¢(A-A or B-B) il 09Sall gz il il (e $98T (A-B) (B 058l 9 A 095l i Ll il 0955
Jlaalbg ¢ Jlall Jglomall (65l Taiiall o dlazg Jshonoll ()1l basall (ais e Jany Tl
Jall oy g9l Wi (39 ¢(2-15), Sl § g g0 WSy dunds Jlall_ne Jglonald 0L d2ps 1y e Jomo
bl g0 Dyl 8T 0986 bl (o g9l 192 OF 203 (g Ao 0955 LS Byl Bl Ao O
0550 g o .93y 0938 e Tergo Blyandl Layonis (@1 Ll (&l Judloeall oyo rlial AST) dol!
Ll e ¢(A<A'0r B-B) (a1 05l g3z o Jaal Al (e Lanid (A-B) B 09Sel 9 A 095l o daal I
eadens blaally ( JUedl Jshomoll (5l Jaisall B9 dlazg Joknall (Gl baiall g8y e Joss
OBl (po ol 1dn (25 ¢(2-16) Sl 3 dgo WSy dunis Jliall e Jglmall ORI dp> jas
Jeall oy Dyl J3T 0550 Jloeadl o Eoidl 1o OF (a3 @9 Az 0955 S 8y20)l A8l dad

(ARGl Juloeadl ¢po L fiel JBT) duliall
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= Vapour a,
“5’ composition
s
a
£ Boiling
2 temperature of liquid
b a
0 Mole fraction of A, x,and y, 1

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

Vapour
composition
Boiling
temperature of liquid

Temperature, T

Mole fraction of A, x, and y, 1

Figure 2:16 A low-bailing azeotrope. When the mixture at a is fractionally distilled, the vapour in equilibrium in the
fractionating eelumn meves'towards b and then remains unchanged

ISl (§ LS Al Sl dmys 3 o(2-15) S5l 3 WS adlall OLAall dry 53 goiedl (o 35l o s
W Bllgoiall 4] (de (39595) gl (pun Sy gsell e godl 1 Canyad oSy 01 ¢(2-16)
Logliad (1Sor Y s (G5l jslall of Bl jolall (§ el CoSAIl ks Mtos Sl g &l OLe dys

Jacudl sl
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055 G5 e e OsSiall Jskall g cldadl SLal dxps 93 (39,393Y) sl e diaYl (e
il 108.6 OC o= OWe domyd xl Y eI/l pasl> z3e (o 09Sedl gosally c93bg n/Olise
(80 % H20 + 20 % HCI )sloJl/ k) 559 ,u0lgll (sl ¢po O9Shadl (3959 3)! gaield

Zo3lg cslo/OluSmls Z3e (0 09Sadl Ushonall 948 cLdudl OLaI 45 95 (39,593Y gosel! e AseYI Lol
d8Lan)l slod! AUS duud (9SS Ladis 78 OC (e J @il GLe domyd axiS Y slll/J 93l e (e JpStal!
%4 Jg) ]

2-8-C Immiscible liquids (Steam distillation)

oY 098l (1o i s3> O Olgdll dis eI/ GUSYI oo 98 il guudl (po ol i (e dliadl (0
OsSall 3 113 055 die i 552 e G 05Sall o i) uiihiasey QU1 09Sall o rsiae 055
laiall 5 Ay Y1 Bludl laie 0585 Pl @A ¢(2-17, a) Sl @ moge WSy .Jsdl

1AW Aslaall Gy (B Sl S )5l Laiall fgazmal (Golune 0550 S5l

Pr = D4 + Pp

"-
" .y
(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.

Tdw Bgw (1 atm) Ge=l aaall JI Solune S aaall lgd 090 (@ daxd)l I B)ladl Ay @8y e
oz Ugloeall g e Joso LI O6 el3 o 0 )1 e dlgdglome dyliadl slgall jolisy Oldall Jslxall
(2-17, b) Kl 8 o g0 WS 9 391 055l e Jalises g8 S (dw
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2-9 Liquid-liquid phase diagrams
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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.J#Fheupper critical temperature, Ty, 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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2-9-B Critical solution temperature
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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
whichythe 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—composition diggram 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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