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- wHuninniafeaslsiazausaliveyasylslading
- NINAA (Phase Rule)
- @URINA (Phase Equilibria)

- AIDYNHUNININNIALAENITAAINY

*ama’j’gmﬂ (Lab #5, critical solution temp. Phenol-H,0)
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At very high temperatures and pressures (e.g. Sun), atoms themselves begin to break down.
Electrons are stripped from their orbit around the nucleus leaving a positively charged ion behind.
The resulting mixture of neutral atoms, free electrons, and charged ions is called a plasma.

*Plasma are special fluids that responds to and generates electro-magnetic forces
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Phase Diagram (generic) #1398 MHAUNTWINNA
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nINMAYesAuUd (Gibb’s phase rule)

F=C-P+2

F = degrees of Freedom 89ANU8IAINNBETE 93D INUIUA
LLUﬁaasmua&mawmmsaLUaauLLUaﬂﬁimmiumma
ﬂﬁmumammuagmﬂiuﬁuw immﬂwmmmgmmwmu
v3anas) delaun RUNNH ATUAU LAY AINULULU

C = Component @UUs¥nNaU A9 IUIUNUDENAANEAILNTE
LUNAIUUSLNBUYDISEUUMUUDaSEFanY LU

wusgns C = 1

langndy C = 2



NNINNAYBIAULE (D)
F=C-P+2

P = Phase 3011A A9 @0 1UEVRIEANT buTEUUTILl
druusznaunadianaineunuianIenIuaIulTENa U4
LATILAEANENURANINATUNIEAIN FIBENTY

P =1 A Aenay wanveauds thuds lavenauiloien

vosmminaniulFedsauysal (-enuea)

P -2 dunElYeIadiUTRLTs 1y Yiudeazaneluiin
TaneTnandniulale

P =3 ANNATENINTOITY/VOUNAY/ N
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@15U3gnd d@udsenau C = 1

AIDEYILTY UIUIENT

I:C_D_|_2
::1_3+2
F=3-p

’ngﬂmatﬁ/\lamaqm P uumﬂ,ﬂmum 1993 mm'm‘u
mmuamuwmmmaquﬂﬂLLﬂ 6ZJ’ED\‘iLL‘”U\‘i / U9 / N
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Phase Diagram of Water (H,O)

*Melting point decreases with

<@
® increasing pressure (blue line)
o

because its liquid form is more

Normal Normal S~— . .
A S compact than its solid form
o I Y point____ d
| PIITHARUINLUUVBDILLUNY < UL
| |
£ i | &1 AB fiAnautuluay
N | v
g Solid i i Gas (vapor) (quﬁuﬂijLﬁw)
£ | |
: : H,O
| | 1 . .
138 e ._ \A : A = 309U (triple point)
|
D | i ! 4.58 torr (0.006 atm), 0.01 °C
0° 0.01° 100°

Temperature (°C)



Pressure (atm) (log scale)

Phase Diagram of Water (H,O)

10° -
‘ o Supercritical
102 Liquid \ fluid
Critical point
10 (374.4 °C, 217.7 atm)
1 Solid
107 Gas
1072
3 Triple point
10 (0.0098 °C, 0.00603 atm)
—4
—200 0 200 400 600

Temperature (°C) (Linear scale)

Critical point:
374.4 °C, 217.7 atm



aunaInnA (P = 1)

g1uusenauC=1,P =1

USaiiuiila 9 UuuRuAN
ADYNENAAVDI 1 Lula
VYOILTS VOUNAY AN

T, = 9ALDNLD

f

T, = 30Lhen

F=3-P=3-1=2

NANYINANNDESE = 2
agulst 2 fia MuluRuAfA U
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aunaINnA (P = 2)

diulsensuC=1,P=2 F=3-P=3-2=1

v =2 NANDONANNDATE = T
Q@Iﬂ 9] UULAUNIUVDILNUNIN g m s

A 74— — W

ADYNEUANUDY 2 N |E
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kJ |
AD = aunavadkIe-ig 31— > |
) a | | |
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& | | Gas |
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| | |
0 || | |

0 273 273.2 373 647

Temperature (K)



aunaInnA (P = 3)

duusenau C=1,P=3 F=3-P=3-3=0
» . X ¥ NFNYIANNDAS: = 0
7\2@ D A fgﬂmﬂmasuaqm aguls 0 fid fosatiuuan D win
74l VW - - -
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=® - 25 B Liquid

SRRV R TEET PRIy

q

Unavegeesdunana 3wla g | 1

S a a o |

40 E AD PPIINE FIVINUN |
|

|

Pressure (atm
|
)
| &
=
|
T__i___
(@)

I

|
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(critical point) 0.006 - — — 28, |
|

0 ||
0 273 273.2 373 647

Temperature (K)
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Phase Diagram of CO,

Liquid

Supercritical
fluid

Gas

CO,

Temperature (°C)
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A = A5 (triple point)
5.2 atm, -57 °C

C = AINGH
73 atm, 31 °C
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The separate phases of C0, are
seen through the window in a
high-pressure vessel.

As the sample warms and the
pressure increases, the
meniscus becomes less distinct.

As the temperature continues
to increase, it is more difficult
to distinguish the liquid and
vapor phases.

Above the critical Tand P,
distinct liquid and vapor phases
are no longer in evidence. This
homogeneous phase is
“supercritical C0,."
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Phase rule for 1-component systems

@15U3gnd d@udsenau C = 1

ADYNILYU UIUTEANT

9

I:C_D_|_2
::1_3+2
F=3-p

’Jamﬂmalﬂ/\lamaam P uumﬂ,ﬂmum 1993 mm'm‘u
mmuamuwmmmaquﬂﬂLLﬂ 6ZJ’ED\‘iLL‘”U\‘i / U9 / N
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1 component, 2 phase systems (C=1, P=2)
Solid / Liquid

Solid / Gas

- e
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Chemical Potential #neipil UL

Gibbs free energy per mole

G
lLl — W G = Gibbs energy

N = number of components

(%4

- Angaduanisilainziinnisasundaa@nanigle

- szuvlpafnnusesnisiinganefdndindisnan Thermodynamics

- iililanunsauanlannednsnsiinufnsen Rate of reaction
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NanmzunAsssum (kiauna non-equilibrium)
Solid / Liquid

Solid / Gas

K > Ky
ANS52LA6

Liquid / Gas
ANSFLLAL

N I"ls > I"ll
UIudeazans
Tufaamaousiin
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Nanizauna Phase Equilibria

72 (T,P)> M (T,P) uds — 1

U (T,P) = (T,P) aunatude/

n (T,P) < 1 (T, P) i —

lunilisaulamswanieg fegluanizauna
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Msidsulases P(T) vise T(P) Naunausnaslsis,

Any 2 Phase system, Phase Ol and Phase BB (solid, g, gas)
faunasnzin _
a3 t, (T, P)=p,(T,P)
nsUAsundas T, P H, — H, T 51”05 FngLAl Ol laguuuas

wiihlviszuudeauna Iu,B —> ’uﬂ + 5’uﬂ dndiadl 3 WasuuUas

o o 5#& - 5/’lﬁ
dszuudtaunaey wansidndindifasuivatluvona o uag 3 Tawvindu
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entropy  temperatur

11=6G =—-S5T +V5P

volume  pre

-5, 0T +V 0P =-5,0T +Vﬁ§P
(S;—95,)0T =(V,-V,)oP

FSP )

\oT /

€q

S,-S,

V, -V,

AS )

“lav,

nsiaguwlas T, P danalviinanisilasuwias S, V

a—pf
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Thermodynamics
CLausiuS—CLapeyron equatiOﬂ conjugate variables

p Pressure V Volume
G — H T TS Gibbs Free Energy T Temperature S Entropy
u Chemical potential N Particle number
H,-TS,=H,-TS,
H,-H,=T(S,-S,)
. _ Wi S U KD asluaunis
° e AS IR AH /T H Joule), T (Kelvin)

(6P ([ AS) AH )
\oT \AV \TAV

¢ a—p a—f
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Solid = Liquid
AV20 a4 e Liquid 2 Gas
AS >0 - AV >> 0
s AS >0
. E
2 2 AP
s 31 (_j >0
A g AT e
Solid = Gas
AV >> 0
0.006 AS >> 0

0
0 2732732 373 647
(

Temperature (K) gaunall (1@adu)
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Sample question 1

syyunasa lunUsenaulumeianua g
- Pudauanandunoudne i 0 °C
- ASLANTLT9aT UL AN LN DR aY

- A 3 ylingnansIunueglugnlys
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Sample question 2
911 Phase Diagram ‘ﬁ
-9 D wag E Ag 7
- UlARRANARTENIN
YDILTI — VBILUA?
VDWNAY — N1

YDA — A

374

Pressure (atm)

0.006

0
0

!
B i S
273 273.2

- AP INST LAY DILTITLLAAR DIB9S

Temperature (K)



Sample question 3

ANSAYANENANTENING A) 11 U B) 2- methyl-1-propanol 7
dneulua X, = 0.8 weduiemsasuulasiiintudeli
AMUTOULATEUU FeyTUIUIE dulsenau wag dadiu
VDILARL LN nﬂ%umau

Temperature, T
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Sample question 4

¥
o/

91N Gibbs Phase Rule 2955UpIAUDIANNDETE (F) VI9nun
dulUlsues

YUNi 1 99aUsenau

-9

ee

- SYUUNL 2 99aUsEnaU

ATFI9)UDIBIANUDIANDETENLATNNEAINNINDELS
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LU NPT EBIEUUTENOU

Iammamzﬁ"a (Pb) - ﬁ‘qﬂ (Sn) @uUseneu C=2,P =2

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

400

Eutectic

4 L Tavignaniigaidenidasiniian
Tunilanuduasy 300 PR Lo :

ALUSDETLEDIRIAD

Temperature ("C)
N
8
9]
=)
X
&

-

AV RNIGE

{nauveIlany

(}’b 20 40 60 80 Sn
Weight percent tin
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Sn-Pb phase diagram

Proeutectic a = 24% 100% Liquid

Eutectic o

Eutectic
Sn63Pb37 wt%

Liquid = 76%

non-eutectic

Se A"/I?yz ik Single mp.
327 Fies | f Directly from
300 [~ 1 “i‘ﬁ“‘ha i solid to liquid
| Liquid Liquidus
250 |- b
< Good solder!
g B liguid / :olidus
% Eutectic point ) Solvus
=

Weight percent tin
Eutectic
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LAUANWIN AR L EBsEUUTENaU

d15avanuNaNiselanienal d@iulsznau C = 2

ADYNILYU S2UU Phenol-11

F=C—-P+2

F=2—-P+2

F=4-P
F'=3-P

FkU50aTZLALN ANNAU (P), gaunqdl (1), dudsenau (X))

F Aansvinbvmtsluanudiudsiieed, F'= 1 (aunaaed), 2 (@unanil)
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Phase rule, 2-component systems

v A

lavignaunsni-nun @uusznau C =2, P = 2

400
F=C-P+2
Eutectic
=2-2+2=2 300 =g L Taﬂjzwauﬁﬁamtﬂa)ﬂLLsﬁq
S Liquidus 7ﬁaﬂ
g SACNE S  Solidus
Y 5y J gZOO H— ‘ =1 ,\,:\g,.,;;./ﬁ
lunnaINUeuAIn &
v a o 100
AILLUSDATLEDIRIAD

Ned)

mﬁﬂuﬁ e b 20 40 60 80 Sn

Weight percent tin
|

nduYnIlany
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Phase rule, 2-component systems

J3UU Phenol-11 @udsenau C = 2. P = 2

F=C-P+2
—2-242=2
Tufitanusuasf

AU DAY ARIFIAD

Ned)

UNNULAY

inauvas8iphenol/t

66.8"

Temperature (°C)

One liquid phase

h
Water (A)
CJ Phenol (B)

d

EREERY

Two ligquid phases

0

11% 63%
i Phenol Phenol .
\ i
4 / b
/ \
P | ! fl |
20 40 60 80

Phenol in water (% by weight)




One liquid phase
N h
66.8° Water (A)
CJ Phenol (B)
__Ie-
(x
- nNil =n,l
z |a A oo g p
Two hquid phases o
11% 63%
i “ Phenol Phenol _ nb (be) — nC (eC)
. \ i
4 / \
/ \
i | ! fl 1
0 20 40 60 80 100

Phenol in water (% by weight)
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Summary of important points in phase diagrams

Pressure, p ——»

Critical

Normal point

freezing
1 atm point

Liquid

N
Normal

Tri!:)le boiling
point  point

Gas

Temperature, T—>
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Summary of Degrees of Freedom 84ANU8IANUDATY

Pressure, p —»

Temperature, T —>

F=C-P+2 37



Degrees of Freedom (for 1-component system)

Pressure, p

Temperature, T
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Phase diagram of water at very high pressures

Pressure (atm)

—
S
=3

Liquid

Solid

Triple point

(0.0098 °C, 0.00603 atm)

Critical point
(374.4 °C, 217.7 atm)

Gas

Supercritical
fluid

0 200
Temperature (°C)

1 atm = 101,325 pascals =

400 600

1x10° Pa

Pressure, p/Pa

102
X | X
S—
v S vIE
o
109 /’V
=l Liquid
\ L
108 /
| Vv
7
/ Vapour
1 /
0 200 400 600 800

Temperature, T/K
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Immiscible liquids vaeva 7 KaNAL
Octane / H,0

Very tiny amount of A in B, vice versa
And can be thought of as two species

Boiling occurs when the total vapour
pressure equals atmospheric pressure

(a) Steam distillation enables heat

sensitive, water-insoluble compounds
# low volatility liquids would to be distilled at lower than normal

still lead to low distillation yield bOIllng pOiﬂt
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Liquid - Liquid phase diagrams (T - x_ graph)

& o B
Coarmposition Omposition
f of second
T a1 one s
w U phase - T P
b= \
ET F=1: '-.__..
& P=2
L I.
m i
o '.
; ;
= El'r = e |I
-d
0 1

Mole fraction of
nitrobenzene, X,

Same interpretation as
liquid-vapour diagrams

Partially miscible liquids
Hexane / nitrobenzene

=1 (const. pressure)
=2 (T and x, varies)

a’,A>>B | a”’, B>>A (2-Phase)

Beyond a”, B>>>A (1-Phase)
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Critical solution temperature 9aURNUINEF 1
200 T Upper critical solution temp.
. = highest temperature where
3 \ phase separation occurs
o 200} \
2 Solid | |
g solution .;\ . Hydride Phenol/vvater
§1OOL \ Paladium / hydrogen
\
|
g 0‘5-[ - Needs high thermal motion to
Mole fraction of H, x, overcome the potential

energy advantage of mixing
Fig. 6.21 The phase diagram for palladium

and palladium hydride, which has an upper
critical temperature at 300°C.
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Critical solution temperature URANINGH 2

H,O (C,HJ).N
Composition
of one
b~ phase
&; P= 2
=
. Composition
G of second
E
2
7 s P=1

| A
0O 02 04 06 08 1

Mole fraction of
triethylamine, x{(C,H,).N)

Fig. 624 The temperature~composition
diagram for water and triethylamine. This
system shows a lower critical temperature
at 292 K. The labels indicate the
interpretation of the boundanes.

Lower critical solution temp.
= lowest temperature where
phase separation occurs

Water / trimethylamine
More miscible at lower

temperature because they
form weak complexes
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Tutorial Questions



Sample question 1

syuunasalliusznaulumeviauaiinag (P = ?)

- Pudauanandunoudne i 0 °C P=1 (=1
- MsiAndIwdsastuwnIndingnay P=3 (=3
- e 3 ylagnansiuiusglugnlus P=1 (=3

- azmaLﬂﬁ@iuﬁwuémﬁaLLé’amﬂmzﬂau
F=C—-P+2
Gibbs Phase Rule
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Sample question 2
911 Phase Diagram ‘ﬁ
-9 D wag E Ag 7
- UlARRANARTENIN
YDILTI — VBILUA?
VDWNAY — N1

YDA — A

374

Pressure (atm)

0.006

0
0

!
B i S
273 273.2

- AP INST LAY DILTITLLAAR DIB9S

Temperature (K)



Sample question 3

ANSAYANENANTENING A) 11 U B) 2- methyl-1-propanol 7
dneulua X, = 0.8 weduiemsasuulasiiintudeli
AMUTOULATEUU FeyTUIUIE dulsenau wag dadiu
VDILARL LN nﬂ%umu

Temperature, T
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Sample question 4

%
u/

91N Gibbs Phase Rule 2955UpIAUDIANNDETE (F) VI9nun
dulUlsues

VUM 1 a9Adsenau  C=1, F=?, 22, 277

-9

ee

- SYUUNY 2 9aUseneu  C=2, F=?, 72, 7277

ATFI9)UDIBIANUDIANDETENLATNNEAINNINDELS

F=C—-P+2
Gibbs Phase Rule
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