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The Phase

* A gas or a gaseous mixture is a single phase.
« Completely miscible liquids constitute a single phase.

« In an immiscible liquid system, each layer is counted as a
separate phase.

« Every solid constitutes a single phase except when a solid
solution is formed.

* A solid solution is considered as a single phase.

* Each polymorphic form constitutes a separate phase.
PP R 2 e Sroria o Rl R oYY
Jmres o \S IR Yo e Bel\, F L e Ui | Trip\eI I A5 e
o (VR ﬁ"—eh&ix)fibl,w,és)- UL ) e
- ‘1I'he Phase diagram _ . . ..
I g by fa&gﬁ *

| . DT
* Phase diagram shows the multisystem state changes with

-y the temperature, pressure, composition and other
¥ (intensive propertiesy ¥ —7

L R A ‘5-

W mroperti@ are properties that do not depend on

v

..\ size; e.g. pressure, temperature, density, and

\7):,,"‘ »¢ “'concentration. g o\id £ ipnd

S\v'}) “"_*'—‘." Ff‘zﬁloﬂ qu—- - ) |{

J . e \n as U\I/\ Al

TR SRR ?(‘9,‘ -4 \\.(VM.S@___ — \as

n p? oy Boilimpfoiat
Eot\d s OB e ®

/ y . - A O] ' WA~

f) 2/ \ C\ .?u v w,oﬂj:c_/ ’
A7 RS 'bJ e ‘)..\m PRI Y - JYSTT R

Scanned with CamScanner


https://v3.camscanner.com/user/download

The Phase diagram: One component system

The si :
simplest phase diagrams are pressure-temperature diagrams of

single simple substance.

° ¢ .
The axes correspond to the pressure and temperature.

* The lines in the phase diagram represent two phase systems, while the
spaces between the lines represent one phase systems.

»The triple  point
represents the
temperature and

pressure where all three (a:n) solid

physical states are in
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The Phase diagram: One component system

The frozen state of water (ice) is actually
less dense than the liquid state. Therefore;
increasing  pressure  (which  favors
compactness of the molecules) will favor

the liquid state. \

solid phase

Pressure

liquid
phase

o

i

For most substances the solid is denser
than the liquid. Therefore; an increase
in pressure usually favors the more
dense solid phase.
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The Phase diagram: One component system

« The critical point is the point on a phase diagram that
indicates the critical temperature and pressure.

« The critical temperature of a substance is the temperature
above which that substance can no longer exist as a liquid,
no matter how much the pressure is increased.

« In the same way, the critical pressure is the pressure above

which the substance can no longer exist as a gas, no matter
how high the temperature is.

 Supercritical fluid is any substance at a temperature and

pressure above its critical point, where distinct liquid and
gas phases do not exist.

The Phase diagram: One component system

Curve OA: t . B
|
vapor pressure o \
]
curve a '
n ' 1
A solid phase 1 s
Curve OB: o ': Comlmf;'b'e ' supercritical fluid
: ' iqui .
. . ]
Melting point critical pressure | Al
curve Par : abiteal natee
: liquid critical point
' phase
Curve OC: !
. . 1
Sublimation p, iple point gaseous phase
curve
(0] vapour
critical
C temperature
Trp a .
Temperature

Scanned with CamScanner


https://v3.camscanner.com/user/download

The Phase diagram: One component system
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Phase diagram for water at moderate pressure

The supercritical fluids

‘e In general terms, supercritical fluids have properties
"' between those of'a'gas and a liquid. e

o Supercritical fluids are suitable as a substitute for
organic solvents in a range of industrial and laboratory

processes.

« Supercritical fluids have the viscosity of a gas, but the
densities and solvent power of a liquid, making SC
fluids ideal for extraction.
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¥The Gibbs phase rule

« To understand and define the state of a phase, knowledge
of several independent variables is required.

« Independent variables (also called intensive variables) are
the variables that do not depend on the volume or size of
the phase, e.g. temperature, pressure, density, boiling
point and concentration.

* The Gibbs phase rule is expressed as follows:
\C\S\‘ “-&M’A)W eM\‘&S \C F C P + 2

,ﬁ,,\)c\(\a)o\c, s 83

g 3P
¥ Aot y» F:is the number of d of the system
JQQ\“Q N which is the mber of intensive variables required
sﬁz 0\7\ to define the system completely (vary independently).
‘i:;wf * C: number of components, P: number of phases present
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The Gibbs phase rules. = 5 3y
ofa‘”“"\;; J)‘““’v‘ JM}’LD M(S(\&k "‘L“‘)) W\ q,__u 1_\19 q (‘\-—-ﬂ"‘JL P\M& ’—hr
5 79\« « What is the number of components in the followmg systems"

3 ew « Mixture of ice, liquid water, and water vapor
— One because the composition of all three phases is described by the
chemical formula H20.
+ Three-phase system CaCO3

— Two, the composition of each phase can be expressed by a combination
of any two of the chemical species present.

Ca0 + CO2
« What is the number of phases in the following systems?
. L1qu1d water, liquid ethyl alcohol, water ter vapor, and ethyl alcohol
vapor -
— Two , because gases are always miscible in all proportions. Moreover, water and
ethyl alcohol are completely miscible.

e |
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Application of phase rule to one
component system

TABLE?Z2=7

APPLICATION OF THE PHASE RULE TO SINGLE-COMPONENT SYSTEMS®
Number of Degrees of

System Phases Frecdom Comments

Gas, liquid, or | F=C-P+2 System is bivariani (F = 2) and lics anywhere within the area marked
sohid =1-1+2=2 vapor, liguid. or solid in Fjgure 2~22. We must fix two variables,

¢ g.. P- and 12. to define system D.

Gas-liquid, 2 F=C-P+2 System is univariant (F = 1) and lies anywhere along a line between
liguid-solid. or =1-2+2=1 two-phase regions. i.c.. AQ. BO, or CO in Figure 2-22. We mug
gan-solid fix onc variable. c.g., either Py pr 12, 1o define sysiem E.

Gas-liquid-solid 3 F=C-P+2 System is snvarianr (F 2 0) and can lic only ul the pains of

L, { ot AT 1-3+2=0 intersection of the lines bounding the three-phase regions. L.,
# LT W e . . point O in Figure 2-22. .
i ' I\
“Key: € = number of components, I’ = nu"""-’f"f‘_‘.‘“‘“- o R
Systems ... C -<-pn
& 5 .
Bivariant C =124

¢ Univariant E .

e Invariant G B Y
g™ ' - P o :
/03Com«;nw‘_§’\/¢ﬁj’lul/w\}< ( 'e (0:(‘\ dij) . .

5 Hriple V!’ [ - I
- Bap St i R O

‘ = 1] fkase -
. &TWO com Qnent system containing liquid phases

5 A
= (?f; 3 -Systems in Wthh the vapor phase is 10nored and: only -
’Z:'L«“M solid and liquid phases are cons1dered are termed r

condensed systems” .,

e

. Sysfeﬁls'cbntaining iiquids might be:
18 Completely immiscible (such as mercury and water)
2. CoWe in all proporuons (e.g. ethanol and

3.Partia11y miscible (e.g. phenol and water)

Scanned with CamScanner


https://v3.camscanner.com/user/download

Two component system containing liquid phases

For two component systems:

C=2 F=C-P+2 = F=4-P

P>21=F<3

Three variables are required: tcmpcratujc/ pressure, ; and
compositiongs )

If the pressure is is fixed, only temperature : and composition
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Two component system containing liquid phases

Other liquid  mixtures
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Tempelatmc £ p=2
wAadsandy E |
.‘_’ ‘;
Lower consolute \
&_—.@\ lcmpcratur&
) /\ ) E— b, IR Pt
Co wcw\""\'““"g i N v T B
W S ~ Mole fraction of
A 'Eg — { A wodks=es P~ triethylamine, x((C,H:),N)

BB fhou!—3 Phwnde
©

LD/63

"% oX’ m“""‘ i \J\eul,c, l-ﬁw H

Two component system contaiffiﬁg liquid pliases o

: SC
¢ wiid ) W
. §\ e vﬁk/)\ e H,0 Nicotine
. 4 e e . . b i — 8 ¥ - .
- Other liquid mixtures L1210 "\ %2 500
~ show both upper and © | "-'\'"_@_-\( 5 }k
ey, Lowwmte z P=2 - g Towrens
" Temperatures. 3 Al 003"
. X oy é‘; -‘ <M
| Concew—* 21 -
yaridhlc i - loy” Y p=1
e J(»/ \ I ’
|

| ! !
02 04 06 038 1

' ./M"f“ Mole fraction of
Lm"("”“/"’[“’”“"” g Ty e

Scanned with CamScanner


https://v3.camscanner.com/user/download

Two component system containing solid and
liquid phases

The points of D and E represent the
melting points of solids 2 and 1. d

|

|

Two component system consisting of
two solids (2 and 1) when heatec [ PP )
to a temperature above the meltingm o
points of both (point d), a onc-: .
phase system will form consistingr | 4 yiquia

of a liquid solution of 2and 1. % i solution

-
-

When the temperature fall to point ¢ § G i
pure solid 1 \}'ill form dispersed ir g PP, :
a liquid solution of 1 and 2. v :
¢ 100% 2 ; 100% 14
0wy  COMPOSITION oot
100—60g== DI rako L gy e e

60-25_ =40 =2 a.b
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* Suppose we prepare a system containing 60% by weight

of thymol in salol and raise the temperature of the mixture to

S0:C.

»  Such a system is represented by point x,

*  On cooling the system, we observe the following sequence of
phase changes. The system remains as a single liquid until the
temperature falls to 29:C, at which point a minute amount of
solid thymol separates out to form a two-phase solid-liquid

system.

* At 25¢C (room temperature), system x (denoted in
as x1) is composed of a liquid phase, al (composition 53% thymol in salol), and

pure solid thymol, bl.

*  The weight ratio of al to bl is (100 - 60)/60 — 53) = 40/7, that

is, al:bl = 5.71:1.

*  When the temperature is reduced to 20-C (point x2), the composition of the liquid
phase is a2 (45% by weight of thymol in salol), whereas the solid phase is still pure
thymol, b2. The phase ratio is a2:b2 = (100- 60)/(60— 45)=40/15= 2.67:1.
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At point G solid 1, solid 2
and solution phase are in
mutual equilibrium (exist
together). |

The solid phase at this
point is a finely divided
two-phase dispersion of
crystalline 1 and 2 called a

eutecticc, and G is the
eutectic point. Eutectic
melts at a lower

temperature than either of
its pure components.
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Suppose we prepare a mixture of containing

80% of 1 (point a) and the temperature was

raised to point d.

* Atpoint ¢ solid 1 starts to separate out to
form solid 1 phase and mixture liquid phase

« At point b the system is composed of liquid

Example: d
l
|

solid2 N\ = 8f----7 A

MICA>IMUTmM—

+li
1 in 2 (point e (60%) and pure solid 1 (i) sca'ls:'l::’n Solid 1 4+ liquidjsolution
» The W ratio of e to i = (100-80)/ (80-60) F ] : £
. =20/20 =1 y
Solid 1 + Solid 2 :
l
109%2 composiTion il ol

.

=6/,

Two component system containing solid and
.- w0 liquid phases

A= Examples of such systems:

— Salol-thymol
—  Salol—campho amphor 2
C </— Acetaminophen—propyphen
Importance of the phase diagram

— Determine the composition at any temperature
The intimacy of the mixture gives rise to the phenomenon of “contact melting,” which :
results in the lowest melting temperature over a composition range. :
« Below the eutectic no liquid phase exist
» The eutectic point therefore denotes an invariant system because, in a condensed system,
F=2-3+1=0.
+  The eutectic point is the point at which the liquid and solid
phases haye the same composition (the eutectic composition)

«  The melting of the eutectic composition is lower than that of any other mixture of the
compounds.
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Phase equilibria in three- wmponcnt systems

For three component systems: it O feld oo [S 2
C=3 F=C-P+2=F=5-p o
L 1E\r<4§ $3 W
Four variables are le(qﬁlcle& vtemperature pressure, and
two compositions, o) &>

If the temperature and pressure are both fixed then, only
two compositions are required

» Because we are dealing with a three-component
system, it is more convenient to use triangular
coordinate graphs =~ -

Rules relating to triangular diagram

"« ‘Each of the.three corners represent 100% by weight

ne component. ‘,,c\_(,,

: Bt
The three lines joining the corner 3 i

points represent two component ¢,/ a1 &
mixture. FAVAY 2205 L graen

o/ \ /
« The area within the ’) 1, A\¥‘>\ z_n,f“\C-»wffﬁ\e

triangle  represent  all &’ f,? AWAYAVA Y b UL
possible combinations oﬁfy /\-\r—\\:«/ \,%\ \"’:,\ /-'5 .
A, B, and C to give three- /7,_ /\/'/\g » ‘
component system \WAYAY, VN VAVAY.
C]go/_g LR LA/\/ VA /\/\/\ﬂ/\ -
; 37 A p %_’7_ | c
/;Zf; 2377.C C Jo2 P’//j/.j’vf' SR
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Ternary systems with one pair of
partially miscible liquids

\ )\J -*A-/«‘ ﬁm ,
\ 7 &W

* B8 Watel ~ benzene and
ethanol mlxtme AP Belel

curve

« Water and benzene are.
partially miscible :

* Ethanol is miscible with
both water and benzene
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& g " P‘ Fig. 2-28. A system of ¢e liquids, one pair of which Is partially
rl’\\S &‘ b\c miscible b ew
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\_ Fig.2-29. Alterztions of the binodal curves with changes in temperature. (2) Curves on the triangular
Ls \ 1/4 S0 )p \  diagramsat temperatures t;, &, and t;. (b) The three-dimensional arrangement of the diagrams in the
\,95 ) order of increasing temperature. (c) The view one would obtain by looking dovm from the top of (b). .
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Ternary systems with two or't‘.ﬁ_ree pairs of
partially miscible liquids
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Fig. 2-30. Effect oftempthlu*ré chianges on the binodal urvesrepresentmgasystem of two pairs of
partially miscible liquids. { )
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Ternary systems with two or three pairs of
partlally miscible e liquids
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