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Table 1-1: Difference between the phases and components of the system.

System Components (C) Phases (P)
Water H.O Liquid
Water + Ice H.O Liquid + Solid
Brine NaCl + H,0 Liquid solution
Ni-Cu Cu+ Ni Solid

1-3 The phase rule
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Figure 1-1: The typical regions of a one-component phase diagram. The lines represent conditions under
which the two adjoining phases are in equilibrium. A point represents the unique set of conditions under
phases coexist in equilibrium Four phases cannot mutually coexist in equilibrium when only component is
present.
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Table 1-2: Relation between the number of phases and degrees of freedom for one component.

No. of component (C) | No. of phase (P) | Degrees of freedom (F)
1 1 2
1 2 1
1 3 0
1 4 Forbidden
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1-4 The phase diagram
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1-2: Phase diagram of water system ponent with three phases.
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Figure 1-3: The phase diagram of CO;, one component with three phases.
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Figure 1-4: lllustrate the name of the process of each equilibrium between two phases.
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1-4-1-3 Homework

Homework 1: How many the number of components, phases, degrees of freedom and

the name of the system of each of the following equilibrium of waters’

phases?

OA oB ocC

Homework 2: How many the number of components, phases, degrees of freedom and

the name of the system of each of the following equilibrium of waters’

phases?

AOB BOC AOC

Homework 3: What is the name of the reversible and irreversible process for the

system of water of each of the following curves.

Curve Irreversible process Reversible process

OA

oB

ocC

Homework 4: It can be disrupted the metastable curve by changing one of the

following:

(a) Tand p (b) p and conc. (c) T or p (d) T and Conc.

The End Of 15t Lecture
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1-4-2 Two component system
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Figure 1-5: Scheme of different phase equilibria for two component system.
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1-4-2-1 Solid-Liquied phase diagram (Condensed system)
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Figure 1-6: Temperature-composition Phase diagram of benzene-naphthalene system (Solid-Liquid).
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ol I eredl oo dnsliadl ke Toled (uSall Juass Axnapn = 1) of 100 %

I epidl Bl I 28LYL ool (o Lgsd drlgiy ()1 Aabaill Jia @IGAED. A Lucall 1 839a0L9
sde OB Wyisall yghall Bucls gadas e JUL «2 I Gl Lgad 5lsbYI sue G5S5 Co clliadl Sl
[(Homework 5) £ = 1 &= Bl ((Univariant) sy Jl Lglue 0955 &yl ol

I el sl J) 8LoYL (Wliadl cluo dlgn Ga BEF d>tuedl I &b HlgbYl sue juisy
Lyl Ol sde JWL 9 2 948 L5009 Al Jawl ddlaiald 5ol sua) il Wl cpid) Bilw 3
Lopend ) dabaiatbodn uudiy .(Univariant) 1 () olue 09So

Ll cBen + Naph oo $ged! goiedl 1 BLBYL padl Cluo ope (856 & yguod daidl Hluw I dalaiell
LT Ben + Naph ¢ eI gl JLasaYL (il Clio oo S7d Doyl Al cpa e
o 568 (bl yglall) E dyguedl daiill Jaul dalaiell 3 ©bgSll odd o L spedll o3 (1 4 yhall
Ll zoselly 098 USJ dduall Baledl il (§ygmall pamall M-

1065l AL dalaiYl o dda) L] 931 (55400 giiall b (1-3) Jgunl

Table 1-3: Examplesiof simple eutectic systems

% Component (A) | % Component (B) | Eutectic composition Melting point °C
Tin (67.0) Lead (33.0) Solder 183.0
NacCl (23.0) H.O (77.0) Ice-Salt -21.1
Ag (2.6) Pb (97.4) Ag-Pb 303.0

The End Of 2nd Lecture

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



Chpt_one_Phase Equilibria PhysChem For 2" Y_UGS_2"_SE

1-4-2-1-B Congruent melting point

Syl Of = U 3:Uadl . (Congruent melting point) d&aie ylgsas! Ay Sye OLigSe b O 9Sl!
die Sldl J) clall o sguaiy bodie ALl Dol 3 S duds dubial] Dol 3 oS s lliay
S AB ol il CS5all 06sSo B g A 0okl lgd (301 dalall Do) Al (A6) dipma dyfy= Ay
(1-7) Sl § oo WS g - dilaio )Ll Aoy ielliey

AB-B J5Ludl ;e E daiidl 9 A-AB J5Ludl (po &9Se € Lot Ol pguol Olidais el (147) JSKad!

AB Syall dasliatall Jlguaid! iz odd $059 AB (Syall ylgadl dlais Jias (bl dglgl) D e
dasill oda die AB J ially 5Ll jglall & 9o dowdll 0da Q& iy (Congruent melting point)
ol Lol rasmy oS L) plasdl OB D 8ylyedl dzys wie i dlasMlo Sy WSy conS s &

055 daadl sda OB Wiy 5 AB CSyedl uds e Obgisn J5ludly @dialh yglall cpe 36 &Y lldg ceuSHI

Liquid phase (melt), 2 = 1

r' Y
A 1
[
Two phases, P= 2
Solid AB + : Solid AB +
O . 1 .
z Solid A + (solution) (solution) : (solution)
2 Two phases, B= 2 :
g C (Eutectic point),
£ ! *
2 : (solution)
Solid A #eutectic C :
: E eutectic
Solid phase,!P = 2 + eutectic E
1 1 L 1 L 1 1 L 1
| | | | | | | | |
200% A Composition

0%

Figure 157: Phase diagram for a system in which A reacts with B to produce AB with congruent meting point.

: 36 0585 oyl ol e Bl8 Wil yolall Bl oumg Hlgbo¥ clin)] dlads Jia3 g Bpite pl

F = 3 - 3=0, Reduced phase rule

ooyl (309 (B 9 A &l SUSyall Hlgaasl laydS lolad Bausme B)ly> daryd Jied D dbaid) H& eld e Telo
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ol SJg B 9 A (xugSall Hlgsail ilays Bsd qis AB Syl ylguail dlats 5T dlasdle Sy (1-7) Q!
Syl 5lgail Ay Sl ol o @l (5,31 el (§ dadidl 04 O G «LSy0ll guaz ao Gouss Y Al
all BB ¢yl S o o gl (S35 (Y sguaiell Aoy die 0dgS V> 39 [ cnayiell) (i

(1-4) Jsaad! 3 gdge WSs cdudand! S50l Lsls 5 Yof iy (s

Table 1-4: Shows the melting point of pure component (A & B), and the congruent meting point ofd#heir
compound (AB)

Component | Melting | Component M. P. Component M. P.
A point °C B °C AB °C
Aluminium 657 Magnesium 650 AlzsMgs 463
Calcium 777 Potasium 790 CaCl.KCl 425
Gold 1064 Tin 232 Au-Sn 425
Zinc 420 Magnesium 650 Mg-Zn 590

e Jguasdl S YLl oda Jied . ooldl o b dly S o0 AST Lgwd 095 489,20 wYl> el
Al 0da Jheg Al CSpall 93 el Toplae 0% Syo S Sl oyl LS S (daall gl
~ehdpusdl d)gfS elas g Fod o edaSladl Asedl e 9 Bapde Ol 095 () slodl 9 DI @il
LS 29 lgiasDle ol disllate hleaail @iyl (wlisaie) Al lgSe day)l clllia cpllaidl 13 43 .cLol

.Fe2Cls.4H,0 9 Fe2Cls.5H20 <Fe2Cls.7H20 ¢FeaCls.12H20 : b

1-4-2-1-C  Igcopgruentmelting point

el oda Jis &.-(Incongruent melting poin) dalaie A& Hlgaail dayds CSyell GBSO VLSl
OLSyall pde HKat (aseudll Hlgasdl dayd g A0l b (Syell Jay dxdiS &Sl SlgSal 0985
ey Cliall o Jglmally bl Cduo Hsbo Lgie iy Hlgsaddl dzs Cod Bl dayd e Aol Bygum
Adsall HlgbI1 CuSl e Calise S5

e sy @ Bl A g cdilaio pé lguail Az ellied lgh GOS0 gl e e 3lasg
9Benzene-Picric 3l 98 cdalaiVl ¢yo £oill 1o e il oy . JESY Byly doryds L3y eSal
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.NaCl.2H20 9 NaS04.10H20 3 CaF»-CaClz

1-4-2-2 Solid-solid phase diagram

-l plas (§ dud alany OF oSy il plias (§ gl Jalasea) Joaad oy dialyy, @3 Lo O]
Aaa)l- (olol alla duwhys g9 alladl 14 e Jle d3T (S 48T JSaw Clsall-Cliall allas Jeied aally
daiill J1ed o codiall-cdiall pllad) Jla g9 daill-jolo)ll plad jolall Lalase uos)(1-8) Sal!
Aaall (slezxil) Hlgmail dzys Jie3d B lal cjolioyll 9 (Bl 055l (slezsil)ylgsas! 420 A

Qb)) &S 835 o AE (goxiedl Jgbo e (il poloy)l slezsil dzys Slagaliayll JV 4iadll 23l dis
35 0,801 8yl dzmys B s s «Q daiidl wis Hlgaail dzys B Jouo )l u> I d8Laall
OB daall I joloyl ddls) ks $iSy (2.6 % Ag & 97.4 %Pb) e 15Ske Spesol g 303 °C
Sl ghall go 0393 Al> (3 LS BE 9 AE Olieall .BE (aowiall Jgbo (e (a5l 4aall )lgsil d2)s
AW 8yl il die i) s 9Kl ylgail o gty (SUlg AEB dLuadl Jicty S|

Pb
y N y N
Liquid phase!(melt)lyP = ?
—
Pb +
O 3275 N
o A [ & liquid Pb (solution)]
=
© Solid Pb +
8_ [Liquid Pb &
£ (solution)]
()} =92 =
- 303 No. phases, P'= ? + No. phases, P = ?
Q 1 E (Solid ? +
1
: + eutectic C
Solid Pb + eutectic Cj
: No. phase, P= ?
Y 0
100 % Pb c

(97.4 %+

(wt %) =—————>

Figure 1-8: Phase diagram of Pb-Ag system.

OY eldg cr5eunill A8ylay U diyylall (£05 G olioyll (o il 33 (§ oM jghall Jalases pusvinw
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1-4-2-3 Liquid-liquid phase diagram

Sy PBlu-cduall plad jghall Jalases Guiaid Ta diline 52 Jiladl-ludl plaslly yolsdl jghall Jalases
Lduo-Cduall ‘ALE:.ZJ

¢ yglall dalasee I zbioes 15k %2 Bl§ed!

AW Ol @ldg Hghall talases bz
Badzall Bylyell dzyo (asd Hghall uxlgi (e Claglasilivlany -1
ook S GlkesSIeuSAl -2
09k e AST e (§gio 18 gl o e 59l PS8 039l 9o Lo -3

1-5 The location of phase boundaries (Cldpey«of equation)

1-5-A The slopes of phase boundaries

dgddl Ol ¢(as) cpsSll ol pllaid Olsgay cpindls dasizg 8yly> Ay ilgs Al § cpygh 3929 s
Byl Ay bl i Jguam dicy 53 slall Gl agad) I bylune gyghall Y JleSd!
nshall MU GlaesSIl gzl Sl U datiss cilgdll Al J] Olagas Bgun yshall o 3 OB cdasualls
B skl o 0ledl ells e dglude (fn S 9 iy g

dua =dup (1-7)
(199) JSadb o ge LSy o &dill) Buslgll Baleld cpyglall Jisl B g ot Of o
M bglute 090 BaT G 9hall 8 (Gim) LY gl 8521 A3Uall S8 cS9lucte (pyglall JleasSIl gl ) Lovg
OB Ojlgs Ul (§ By Bola) Olysbs Lyl 090 Leis

Gma = Gmﬂ (1-8)

518 8y>x)l d8Uall Cyal (30

dG, = V,dp -S,dT (1-9)

gkl il g 8ylyodl doyds sl UM ye 8ymedl A8UaJL il Jie3 odel Aslanll
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& 8,51 d8Uall Lgluws jglall (3luasSIl agandl 0S5 03193l dis duls

H=G (1-11)
O Olgal de ISy
dG = 0 (1-12)
dea —SadT = Vﬁdp —SBdT (1_13)
F KL mal Dolaall obys Boleby cdaisall Jios p g el Sy V 9 Q9 i S 50,
ASde = AVm dp (1-15)
1098 Aol e Jguasdl @i (1915) dolaadl )i Boleby
d_p — AtTSSm
dT ~ DysVm (1-16)
Phase o
oy A
-l
d
R Phase B
dT o

Temperature, T
Figure 1-9: Effects ofypressure and temperature on the equilibrium between two phases.
Byly> Ay i Dogluae (1955 x5 Boled Oldgas asilgie croyglal 8yadl &8Nl & e Uolasdl oda jais
BlaimY duaal go iz g cyghall (pdo a1 516 caisall o )l Az sl diad . cpddome Laiidg
31l
Example: For water at 0 °C, the standard volume of transition of ice to liquid is - 1.6

cm3 mol™, and the corresponding standard entropy of transition is +22 J K™
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mol™. Calculate the slope of the solid-liquid phase boundary at that
temperature?
Solution: AusV = — 1.6 cm?® mol™ and AwsS = + 22 J K mol™

d_p: Atrssm
dT ~ A, V,, (1-16)

QW e ez (qusme (wSally plie JI daudl il (ST)@alasdl b wis

dT -1.6x 107% m3mel=
dp  22] K lmel=t

dT
—=-73x108——=-73x10"8K Pa™!
dp Jm3
1 bar (atm) = 10°Pa
dT
== 273x10"°% K105 par?
dp
dT
p = 7.3x103Kbar ! = -0.73x10°%2 K bar™1

dT B 0.73 K
dp~ 100 bar

elodl Slazeil dyd (plasdl ) 6352 100 bar e Jasall § BaLl OF o odlel domaitd! :dlas>dlo

10.73 K i)
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1-5-B The solid-liquid boundary

plaill dlgde (3 s Jl o5 53s I JS& oo A8 ] OB cehaalipnga il QW1 093l s
AJW dolasdl oy (@3Ju}’|)

AH
AS = T ,Second law of thermodynamic (1-17)

: W JSadb 09w dolae zrauady (1-16) Aslaall (1-17) Aslasdl (0 AS Ge pa923b
dp _ AysH
dT  TysAesV

U1 USadl 0585 09 M dolas S8 Jguaitias Lyl 095 bedic
ap _ LpusH
dT  TsApV

Jrodl (Hglall (sowin) B)lgall d> die (Fusion) Hlgaddl ddes Jgua> dl> (§ (1-19) dolaa)l pusind
S9ludy Hlgail ddes Coud Y gall @l il ApysV a3 Jilidly il cadilgiall ryglall oy
Jiedg ¢ Jlgdl e clially J3Ludl jglall (Y gall @axadl a3 <Vin(s) 3 Vin(l) > ¢ BpusV = Vin(l) = Vin(s)
. 0zl il Sy duzgo ()Y gall (YL sl dasd 0555 LBV RSIEREINY /2
Loty 53U ] o g s 5853 e St iy /T ol o

((1-10) Jsadl 3 WSy shall sbdsls ol gall arez o Juazes b g Hlguaidl Ay 8031 ] (895

, for transition process (1-18)

, for fusion process (1-19)

Solid

Pressure, p

Liquid

Temperature, T

Figure 1-10: A typical solid-liquid boundary slopes steeply upwards.
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1-5-C The liquid-vapour boundary

dp _ A,,apH
dT  TplyepV

, for vaporization process (1-20)

(Lokall (goue) O)lsil d> wie (Vaporization) 3l ddes Jgua> Al (3 pusuindd (1-20) Aslao! bl
3l ddas g Y gl el il J3 AvgpV/ el .53 Wlg J5Ludl cridilgnall crnyglall G Jue Bl
Wy Bl yglall Y gall @axell Jia ¢ Vin(g) 9 Vim(l) Gem AvapV = Vin(g) = Vim(1) 2 Vim(G) S5\

(5l Byly>) OLa! Ay ST, Jaadg (Jlgd! e

A58 g 0950 ple S Y gall el sl i8Sy dargo (5)Y gl (UYL il dod 0555 Lo Lol
dad O] g csludl-cdiall s O)lgl pllas gomie (po JBT 309 durgo dited ©9Sid dp/dT (aoxiall Lo
(1-11) Sl @ oo kSs -alezsdl damys (e Jasall dolonisl AST 0SS Oldadl 4o S 8,8 dp/dT

Q _—
s Liquid
=]
2
& Vapour
Temperature, T
Figure 1-11: A typical liquid-vapour boundary.
1-5-D The sajid-vapour boundary
dp _ AsuH for sublimation process
dT ~ TAgyV '’ P (1-21)

(Ll a=ie) O)lsl u> Lie (Sublimation) (sludl ddes Jgua> dl> (§ puscind (1-21) doleall
Lﬂ;l.wJJ\ ddas o L“S‘))’}AJ\ P:odb 33l AsupV Jindg .L"S‘}Ut.j[g lall ui‘:‘-’)‘ji"ﬂ L'):\e‘)}]a.ﬂ 0wl
ally L,,SJ'U’JU}IQU &53]}"-“ P’o‘-’d‘ Jiel ¢ Vin(5) 9Vim(g) Su> AsubV = Vim(g) = Vim(s) = Vim(g) S9ludy
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&1 9 S5l ghall 03195 (amxiog goiall i ey 3yl O] - 2] B3]y dys T Jaay eldlgll e
AU Aslaadl g Bylymell days uds dis g s3] (JU5] (o ST 0950 (2Ll (IUBYI

AsupH = ApyeH + ApgpH (1-22)
3l (ain o ST (2 2l (aoxie § 8L OB Blysl dmys e disg (1-21) Aslaall (8 guisiond
((1-12) Sl § ruoge WSy (Triple point) A5 dadidl wie ¢ppiosad) cpda( 2t oo

Pressure, p

Temperature, T

Figure 1-12: A typical solid-vapour boundary.

Calizy 41y (6.1 mbar, 273 K) sl &3 daail e mlil) lgpaidl U3 9o odel 183 Lo e Jl
6.008 ) diasd S slall slazs] dlads e mlidb (ol (quldll Hlgsaidl (US| o d5laell Canab St
25152951 kl.mol™? g2 2Ll U3l dasd O (273 K) ode dyylymedl domyll i dis 4l . (kJ.mol?
45 kl.mol™ 32 Sy y5eadl (U] dasd (yo

Example 1: What is the expected boiling point of water at 98.7 kPa (approximately 740
torr,»a typical barometric pressure at 275 m altitude)? The heat of
vaporization is 2258 J g, the molar volume of liquid water is 18.87 cm?

mol?, and the molar volume of steam is 30.199 dm3.mole?, all values

referring to 373.15 K and 101.325 kPa (1 atm).

Solution: AvapH =2258J g, Vim(l) = 18.87 cm® mol?, Vin(g) = 30.199 dm? mol?, T=373.15
K and p = 101.325 kPa (1 atm).
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dp _ DpapH
AT~ Ty[Vim(g) V(D] (1-20)
dp 2258 (] =) x 18(g mel=)

dT ~ 373.15 K [30.199 (dm3mel=t) —0.019 (dm3mel=1)]

d

d—f,: 3.611J K 1dm™3 = 3.611x103 Jm3K™!
dp 31
o7 = 3:611x10°K"Pa

dT
—=2.77x10"*KPal
dp

For a decrease of 101.325 kPa —98.7 kPa =2.625 kPa, there is a decrease in temperature

of 2.77 x 10 K Pal x 2625 Pa = 0.73 K.

Therefore, the new boiling point«is 373.15 K- 0.73 K =372.42 K.

Example 2: What isthe.rate of change per pascal in the boiling point of water at a 100

°C in atmospheric pressure? The enthalpy of vaporization is 40.69 k) mol?,
the molar volume of liquid water is 0.019 x 10* m3 mol?, and the molar
volume of steam is 30.199 x 103 m3 mole™. All values are given at 100 °C,

and 1.01325 bar.

Solution: AvapH = 40.69 k) mol™, Vim(l) = 0.019 x 10 m* mol?, Vm(g) = 30.199 x 103 m3

mol?, T=373.15K.
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dp ApapH
dT ~ TV (@) - V(D]

dp 40.69 x 103 (J moel=D)
dT  373.15K[30.199 x 10-3 (m3mel=1) —0.019 x 103 (m3mel=1)]

dp 1
- 3613 K ' Pa

dr 1

— = =2.76 x 10-*K Pa!
dp - 3613 K-'Pa x .

1-6 Clausius-Clapeyron equation

A1 (1-20) Asbaall Jiall Joo g 09 w008 Dslae I £92,0b

dp B AvapH

— = ——— ,for vaporization process -
dT ~ T,hyapV for vaporization p (1-20)

DpapV = Vi(9)-Vi(D,because of V,,(g) > Vi (D) = Vir(9)
\.RT
)
Uslae 3 loslun by Vin(g) desd (e pgang ol e (pniSo yivel 4980 L Jiludl x> Jog
AW Aslaad) e Juams g0

dp _ AygpH
dT ~ TyV,ap (1-23)
5 JWL Jledl HU) gkew el U 5Ll & Byl 13)
dp _ DppH
ar (ﬂ) (1-24)
P
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dp _ AypHp
dT  T,RT

-cduall gyglall (o 03l IS Jdl-Jiluad! e yalall ey (ilg5 Ladd 09S0 Lodie odeT Aslanll pdsuind
dzyd O S eIy Bylyomdl dzmyd pit pkin (§edl Jaiall O LS A8 yna) SIS pustiudg ¢ !
Bylyoell Aty i)l e datan s (§)ly2dll (S gl B Lz 15] Jadl Jus o dndiyall pis A5 Sl
1AW Aolaadl pdsind O GSagadedasially
Prdp  AyapH (TrdT

fm7= R j Tz (1-26)
13U Aol L Juas (1-26) Dalasl) Lo i ey

,Clausius — Clapeyron equation (1-25)

T;

lnE=—T T—f——T—i) (1-27)
asdall OWa! dzyd 88 yme day doyly> Ay S ke Jilad) yled] Jnisall i) (1-27) Dslaed! puieind
Jaes (J23 ¢101.325 kPa 91 1 atm (I Dglus basiall ded lgsd 0550 (&1 B3lymddl dmys (29 J5Ludl )
DvapH = 30.8 kJ mol™ (=l Sgimmall dawdg 358 Kesl 80 °C (p cpiall dunpudall 0L doys Jliall

(1-27) Dolaadl (325,293 K 9 20 °C 8)ly> dzpo dis 5yl Jaiall d8,a0) dile

lnE =g T_f_T_i) (1-27)

Dy _ 3.08x10*fmel~t 1 1

L —_ _
101325 kPa 8.314—]—Kim91i(293—K 353K

)

10 kPa ) S9lus 98 Sy il 5yl Jaisall dadd e Jguasdl o3 e

s e Jlad) ()l aisall ppudd) puseind (9 B -LuguesdS Aslae Gl6 odel (3 555 LSy ade

Agllaall 5yly|
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Homework: Water has AvapH = 41 kJ mol™? vapour pressure at 373 K is 101.325 kPa.

What is the vapour pressure at 298 K?
Solution: AvapH = 41 kJ mol?, Ti = 373.15 K, Ts = 298 K, pi = 101.325 kPa and ps =?

oge WSy Jo)l ol eg dudas (p Aolaedl ST (a5 OF Sew 09 - gasdS Uslas o)y ysl
1(1-13) JS2dig1-28) Dleall

ApapH
Inp =- v;pT t+C (1-28)
A
Ava
Slope =— T”H
Inp
>

1
T

Figure 1-13: Clausius-Clapeyron equation which represents the relation between the pressure and temperature.

The End Of 3rd Lecture (Chapter One

1-7 Trouton’s Rule

This rule was explained in the 1°* SAM Chpt_4
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