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1-4-2-3 Liquid-liquid phase diagram
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1-5 The location of phase boundaries (Clapeyron equation)

1-5-A The slopes of phase boundaries
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Figure 1-9: Effects of pressure and temperature on the equilibrium between two phases.
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Example: For water at 0 °C, the standard volume of transition of ice to liquid is -1.6

cm?® mol™, and the corresponding standard entropy of transition is +22 J K™

mol. Calculate the slope of the solid-liquid phase boundary at that

temperature?
Solution: AwsV = =1.6 cm3 mol™* and AysS = + 22 J K mol™?

d_p: Atrssm
dT ~ 1,V (1-16)
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1-5-B The solid-liquid boundary
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Figure 1-10: A typical solid-liquid boundary slopes steeply upwards.
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1-5-C The liquid-vapour boundary
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Figure 1-11: A typical liquid-vapour boundary.
1-5-D The solid-vapour boundary
d_p = Asu—bH for sublimation process
dT ~ T,A,,V’ (1-21)
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Figure 1-12: A typical solid-vapour boundary.
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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 cm3

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 =2258 ) g, Vim(l) = 18.87 cm® mol?, Vi(g) = 30.199 dm? mol?, T=373.15
K and p =101.325 kPa (1 atm).
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dp ApapH
dT ~ Ty[V(@) V(D] (1-20)
dp 2258 (] =) x 18(g mel=)

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

d
d—’T’= 3.611J K~1dm™ = 3.611x 103 Jan=3K=
dp
— = 3.611x103K1p
aT 3.611 x10 a
dT
— = 2.77x107* K Pa1
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 Pa x 2625 Pa =0.73 K.
Therefore, the new boiling point is373.15 K—0.73 K =372.42 K.

Example 2: What is the 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 m*® 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 kJ mol™?, V(1) = 0.019 x 103 m3 mol?, Vim(g) = 30.199 x 103 m3
mol?, T=373.15K.
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1-6 Clausius-Clapeyron equation
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dT  T,RT

-Cduall gyl 031l ISy JLl-Jslad! epyslall ey (3315 Ladd 0950 Ledie oMl Aslanll adsuind
Ol Ay O] oS SIS bylyonll drys piiy iy (§) el Jaiall G oS Adym0) SIS Sy 3!
Byl Aoy pidll e dotae s (il Sgrmmadl O Ly 13] JUall Jow e Jaiyall iy pis

AW Asleall piseind OF oS dale laisall

[ 126
r T2 (1-26)

,Clausius — Clapeyron equation (1-25)

Di p R
1AW Dolasdl Lo Jraso (1-26) Wslaol) Jo8HI dsT die g

pf_ AvapH 1 1
o= "R @, T (1-27)

dagdall QU Az Byre day Ayl dyd Y Ll (gylsd) Tkl 208 (1-27) Aslaall pusid
Juw J28 ¢101.325 kPa of 1 atm I Lglus bassall dasd lgd 0550 1 Bl ds (29 Jiludl el
DvapH = 30.8 ki mol 3>l (S gimall 489,353 K 51 80 °C (p cpial) duasedall Oldsdl dys Yol

(1-27) Jolandl 3823293 K 91 20 °C 8)y> o e $)led! aaall ddyael dile

lnE = T—f—T—i) (1-27)

Py _ 3.08x10*fmel~t 1 1

[ =— —
n101.325 kPa 8.314—]—##}9#(293# 353K

)

ps = 12 kPa

B o3kl § 555 LS auls (10 kPa ) $slas 52 Sls (sl ()bl barall dad e Jguassdl o3 Tl
4.:3.119.&]‘ EJ‘JDLH 2\.?); Jous &LMU L»S)B;.J‘ L) \ﬁJJLJ ﬁM Sensd C)jﬂéys'wjf'“’ﬁys dalao

26 | Page Dr. Abduljabbar I. R. Rushdi 2019-2020



Chapter one-Phase Equilibria  Physical Chemistry For UGS-2"4 Year 2"¢ Semester

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, T, = 298.15 K, pi = 101.325 kPa and p¢ =?
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Figure 1-13: Clausius-Clapeyron equation which represents the relation between the pressure and temperature.
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