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Pressure-composition diagram
2 components, 2 phases
Miscible components, ideal solution, vapor is ideal gas

P A T—const. A Dalton’s law:
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Z9: molar fraction of comp. 2 in the
total system
9. molar fraction of comp. 2 in the
liquid phase (solution)
y>: molar fraction of comp. 2 in the
gas phase (vapor)




Konovalov’'s first law, lever rule

*k
__ P2 __ T2°P9
Y2 " p

Konovalov's first law for ideal mixtures:

if pi <p3: pi<p<ps — Z2>1 y2>m

ny = (ng+ny) 21 =ng -y1 +n;- 1

ng - (21 —y1) =n - (x1 — 21)

_ 21—

Lever rule: 2L
Ng r1—21

We can also calculate n, and n; directly
ny=mng-y1+n-xrr=ng-y1+n-—ng) r1=n-x1+ng (Y1 — 1)

ni{—mn-xrq n; = ni—m-yi

Yi1—x1 r1—Yi1




Vapor composition

We have an ideal mixture of acetone (Ac) and acetonitrile (An)

log(p%,.) = 9,36457 — 2é§,7596i7T

log(Play,) =9, 36789 — 2§2,987§?|—3T

(p in Pa, T in °C'; but no dimensions inside [og!)
T = 20°C Tae = 0,2

What is the vapor pressure? What is the composition of the
vapor?

P = PAc T+ PAn = T Ac 'pjzlc_l_ (1 — CUAC) 'pzn

— PAc — CUAC'pjzlc yA — PAn — (1_33Ac)'pj<4n
D p n D D

YAc




Vapor composition

log(ph.) = 9,36457 — ro0s = 4, 39420

— p¥, = 10439420 Pg = 24786 Pa

log(piy,) = 9,36789 — 229675 = 3,96818

— p¥, = 1039818 Pg = 9294 Pq

p=0,2-24786 Pa + 0,8 - 9294 Pa = 12392 Pa

_0,2.24786 Pa __
YAc = “Ta393 Pa — 0,4

_0,8-9294 Pa Pa
YAn = 3395 g — 0,0




Solution composition

Reverse example: we know that
Yac=0,4, p’.=24786 Pa, andp’, = 9294 Pa

What is the composition of the solution?

T Ae = gfc - y;lf'p — X 4. and p unknown:
Ac Ac

we need another equation with p and z 4./

P = TAc -chJr (1 - CI?AC) 'pjzln

mAC.pZC

Expressing p from the first equation: p = "

From the two equations for p we have

*
xAC.pAC

YAc — TAc °pj<40 + (1 - ajAc) 'pzn




Solution composition

*
m14(2.19140
YAc

= TAc* (Phe — Pan) T Pan

= Tpc D + (1 —2ac) - DYy,

Tac [P — Yac (Phe — Pan)] = Dan - YAc

_ 24786 Pa-0,4 — 0.2
LAc = (24786 Pa—0,4-(24786—9294)] ~ 7

xAnzl_mAc:())S




Composition of a certain boiling point

What is the composition of the ideal chlorobenzene (cb) -
bromobenzene (bb) mixture that starts to boil at 100 kPa on

T = 140°C7
poy, = 125,24 kPa pi, = 66,10 kPa

Start of boiling: almost all of the mixture is liquid: z., = X
p =100 kPa =z - 05 + (1 — x) - DFy

= Teb(Pry, — Pipy) + Py

k
__ p—pjp __ 100 kPa—66,10 kPa __
— Leb = pY,—p;, 12524 kPa—66,10 kPa 0,573

%:1—5661):0,427
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Composition of a certain boiling point

What is the composition of the vapor phase?

_ peb _
cb P D 100 kPa

bel—beZO,QSQ

*
I b .
— cb'Pep _ 0,573-125,24 kPa — O, 718

<




Amount of substance in phases

Let's have 3 mol of the previous mixture at p = 95 kPa with
zep = 0,63. What is the quantity of the solution and the
vapor?

= g _ Zcb™%ehb — ng
n + Ng = 3 mol Ny Yepb—Z2ch 3 mol—ng
*
x .
2 = 2P — () 4887 Yop = —2Lb — (), 6443
Py~ Ppp p
n _
g _ 0,63—0,4887 9. 8811

3 mol—ng  0,6443—0,63

10,8811 - ng, = 29, 6434 mol
ng = 2,7243 mol — n; = 0, 2757 mol




