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Chemistry 163B
Multicomponent Phase Rule

SOIUtlon BehaVIOr 1 phase: T,P vary independently

Handout 2 phases present: T and P covary
3 phases present: fixed T and P

1 2
multi-component phaserule f=2+C—pP f=3-pforc=1 phase rule and Cd-Bi phase diagram (P=1 atm)
« ¢ =number of components (molecular species)
p= number of coexisting phases .
« intensive variables required to specify system * f_2+c'p_ ) |
T, P, X{©@ (mole fraction of component i in phase o) * c¢=2 (Bi, Cd) ] —
. =4 - L
« total variables to specify f=4-p e
total vars=2 + (c-1) p « setP=latm 3 liquid e
[2 from T,P; (c-1) independent mole fractions in each phase] * fremaining=3-P i lig+ Bi(s) liquid + Cd(s)
« total restrictions for equilibrium * variables: l =
total restrictions = ¢ (p-1) T, A'cqin liquid 155 Cd () +Bi (s)
[already T, P same in each phase] o
set j then =y =P (- Irestrictions for eachcomponens) P R Pereret L
ci p-1 totad restrictions forc components "Xea "=
« f=total variables — total restrictions
o f=2+(c1)p -c(p-1)=2+c-p 3 4
Listen up!!! phase rule and Cd-Bi phase diagram (P=1 atm)
UNDERSTAND THE FOLLOWING DISCUSSION . f=24cp
OF THE PHASE RULE AND THIS R T e T e liquid,
BINARY COMPONENT PHASE f: N . 1 p=1, f=2
DIAGRAM ¢ f=ap = T, %cq CaN vary
« set P=latm L

* fremaining=3-P liquid
. vari/ables: solid < 146° C,
T x'ca L ot = p=2, f=1
- Cd (s) +Bi (s) w0 T can vary
‘ _ . |  note: Cd(s)
/ veie «  and Bi(s) are
"o "o pure solids,

not solution (alloy),

m.p. of pure Bi= 271.4°C
s aq e
m.p. of pure Cd= 321.1°C Xea=L X aye—l
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phase rule and Cd-Bi phase diagram (P=1 atm)

liquid + Cd(s),
o f=2+c-p p=2, f=1
e c=2 <+ total mole fraction Cd only Tor y'c
« f=4-p Memic Purceat Cobiiam can independently
B+ i e —— vary (i.e.
‘ “3p - N | Tand y/4 covary)
* Tremaining=2" . T e
« variables: s h 4= ca
T %'ca ] justappears |o\yer T
i v ES ligeiid +.Fd.(s)_ © Cd(s) oul, fixed

im0

hase rule and Cd-Bi phase diagram (eutectic

f

remaining=3-P

liquid +Cd(s) + Bi(s)
it p=3, f=0
Tand 'y

liquid + Cd(s) fixed
= cd(s) T=146° C,
just appears X/Cd:0-55

Bi(
just appears

Cd (s) +Bi (s) Lo

not all solid-solid mixtures form eutectics

NaAlSi,0p + CaAl,Si,Oq Cu + Ni

/o

(]

Tt fn )

e——

A L -
- COMPOSITION e 59

=0.39 wt%
oy
eutectic=constant freezing composition (mixture)
8
Ideal Solutions
10

Molecular Basis for Ideal Sol’ns.

@@
ODJO
@00

In pure liquid A, there are
only A-A interactions.

In pure liquid B, there are
only B-B interactions.

In solutions of A and B, there
are A-B interactions as well.
AHmixing:

means that all three
interactions are of equal
strength.

http:/classweb.gmu.edu/sdavisichem331/engelox. ppt

ideal solutions

properties of the solution depend only on the properties of
components in bulk (pure) and the mole fractions of the components.

for example partial vapor pressure of components:
mole fraction A in liquid ———
p:" = _\’f’p:._vapor pressure of pure A

PLY = X' pre——vapor pressure of pure B
B = B4 B = XO B+ XOP,
= XOP X0 P

= ) "
=N B -F i+ Py —— linear Protar VS Xa)

correction P = g p
i L
for non-ideality
) ) _ i
activity ideal a” =X}
HW #8 prob 55 non—ideal  al® = yOxO 12
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lig «» vap Eq. in Binary Mixtures

= Both the liquid and the vapor
phase are binary mixtures of @)
Aand B.

= X4, Xg are the mole fractions
in the liquid.

=y Yg are the mole fractions
in the vapor.

= P Pgarethe partial
pressures in the vapor.

benzene-toluene, quite ideal (similar to Fig 9.2 E&R) !!

By =X BB 1 B,

Benzene and Toluene

Vapor pressure (mm Hg)

14

. NotesLecture16.942011-8-06Colligative320Propertiest620Solutions. pf

X@vs XV (notation conventions)

conventions

mole fraction liquid component A:
X9 or XU most descriplive;
but also X, (sloppy) and x,(E & R)

mole fraction gas (vapor) component A:
X most descriptive;
but also y, (E & R) [not very descriptive and weird??;
but note for E&R W probs]

gmu 1/engel9x.ppt 1
Ethyl Acetate/Acetic Anhydride
2 9
fvd\?_ |
5
a
i
“4 torr)\ M
s g ssssiserenasenoion Xethyl acetate 15
X@vys XV

relate X4 vs X assuming vapor is ideal gas

o RT
P“,=g|+&=un’,7

w RT . RT
p= 5’7 Pa="§)7
B _nQ XY wmd H ong X
Py ML I

Py =XPP or Py=y XPP
Xor

wwi i

P,
(=4 (E&Rspy)

HW#8 probs 50, 55 use E&R'’s ;

ideal solution thermodynamics: key ideas

similar to sec 6.4 E&R

have proven 4 = (£ single component A

AG=-SaT +VaP + :,u,d'u}.
J

wphase
4G =-SaT +VaP+~ f@a™ " P
- =i component

art equilibriniom
Gy, =0=Y uan
i

Sfor ecach componenti  { =v " =-Au®
S AP =0=F 40 - g an® =0 =>for eact conponent
i E

18
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how does u ™ relateto X @ 2 175') =1 for ideal gas; yfn =1 for ideal solution)

HNTPXP) = 0T+ RT In(y ™ P(T))
g 2
Si
PV = ?‘m_\-im;:-m
AT LX) = g0(Ty+ RT In(y B (1)) + RT (X ™)

W)

HOTPXP) = TP+ RT n(y2X©)

alittle more of how does x@ relate to X 4 ?

AT P XD = T, Py + RT In( X'°)
solution = vapor components in equilibrium at T
KT P X)) = (T PXP)
pure liquid = pure vapor components in equilibrium at T
HO@P Y= 1T .F)

we get

AT PXP) = T+ RT (X®)  ideal solution

HOT P XP)= )+ RT In (3P X ) corrected for
M nonideality

i

20

Ideal Solutions

from: Widhtml e
Handout #53

The partial molar volume of each component in solution is the
same as its molar volume in pure liquid and thus the volume
of the solution is the additive volume of the pure components
— 7
AR
T

Il Theenthalpy of mixing is zero: ~ AH¥ =0

Il Thefree energy of mixingis:  AG,, = > n RTIn X}
3

AH . — AG,
IV. Theentropy of mixingis: ~ ASy, = %: —> agRln X}
3

21

Listen up!!!

UNDERSTAND THE FOLLOWING DISCUSSION

OF THE PHASE RULE AND THIS
BINARY COMPONENT PHASE

DIAGRAM

T vs X (P=1 atm) for solution-vapor equilibrium TOLUENE + BENZENE

toluene (b.p.=383.78) + benzene (b.p.=353.25)

vapor composition

tol+ben (vapor)
[fremaining=2]

£

*0 solution composition

tol+ben (solution)
355

[fremaining=2]
0 02 04 08 08 1

fractional distillation [Thp VS (Xpenzene)S°MtoN]

. ..[rle “r) [1;]

P_(OFX P (DandP (DX

+ ubdling>P  +P_ =lam
latm=X 4 (T r»a-x P
+ fora gren X selve fox T

(erbetter have Muthvanati a scbve eyuaicns
seehando #54)

vaper presurecfhenzene at T

= vaper pressure of ichuene at T

P..(D

@y
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fractional distillation [Ty, VS (Xpenzene) 2]

&m0

65

) 0z 04 [ 08 1
X banzens

IS
P L SO foy |
P P
X =X @ )

since P =lamatT

getT  from equations on previous slide

two-phase region (P=1 atm) TOLUENE + BENZENE (£ 22 V)

T vs X (P=1 atm) for solution-vapor equ

ilibrium TOLUENE + BENZENE

toluene (b.p.=383.78) + benzene (b.p.=353.25)

X = 0.63

“Sbanz

asolution of X{2, =0.65 at T-357K

is aliquid
380 compositon © that boils at ~362K (P__,=latm)
5 ion gooen o) | @ at T -362K the seluton i In
composition X (famainng=2] equilibrium with vapor X7/, = 83
arn
R o if the system is mai ned
- at P__ =1atmand T is raised
wo| T T T T T to 365K, liquid will evaporate
tol+ben (solution) re until X1 =053 and X.* =0.74
188 [femaining=2]
o above T-389.6K the system is all
0 02 04 06 08 1

vapor with X[, =0.63

at 365K a mixture of total X,=.70
360 will be a liquid X,=.55 in equilibrium
with vapor X,=.76
376 @ liquid
O vapor
370 Y total
=
365
360
355
0 02
26
fractional distillation
etc!!
Ty xV=x
T, x*

T

biinternet, DistRed.gif

X penzene
© liquid
© vapor
* total 27
Fractional Distilation
top of column (cooler)
380 vapor composition VI. approaches
Xbenzene=1
375 V. etc, ...
IV. . evaporate
a 370
el / « vapor XYyenzene =-88
1l
365 > 11I. . condense Xson, o . ~.72
! 1
« Tpy=359.5
0| . - %
1. « vapor X¥penzene =-72
355 I. . start with 50-50 mixture
o 02 04 06 08 1 *Top= 366
X berzece bottom of column (warmer) |

29

azeotrope (non-ideal solution)

e

§ « fractional distillation leads to constant
2 boiling azeotrope in vapor
i
‘i «and (in pot after azeotrope boils off)
H * e > Kzcorcge PUTE A
4 * Xaliiar < Ka)azeanope PUIE B
Yo [T
Eoant Beavene

hitp:/fwwww.solvent--recycling.com/azeotrope_L.htmi
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fractional distillation Vapor Diffusion Crystal Growth

> Patral low 49°C
otsteam (Betow 49°) H,0 (vap)

Qusaline (49% 110°) | i

Fractonating

conmn or tower Kerosens (179%% 200°C)

Grude st

Il Dol Q36710 384°C)

Fust (380%1s 400°C)
o

crystallization from
seml-saturatec
protein

Petroteum .

(Crude oil) ZEE — Residual ol (Abov e 400°C) conc KCl
(This onfurther fractionation

Furnsce Gives:Lubrieating o, Parattin

" and Asphait)

Fractional distilation of patratesm.

hitp://home.att.net/~cat6a/images/fuels_06.gif a1

Vapor Diffusion Crystal Growth

S

s

F— .

"~ Protein ;o“
 Crystal Growth

End of Lecture

http://science.nasa.go peg/#HARDWARE
33 34
relative amounts of components in two-phase region
solution overall  vapor
vapor
380 ‘composition Xbenzene
relative amount:
375 tol+ben (vapor)
solution
compositon
370 H _ [ .
[ > (Liyp=0) all vapor —=ei= gt
por Lt
B - ———
N S (Leon=0) all solution
55 1
0 02 04 06 08 1 s

X perzens




