Ideal and Real
Solutions

Problem numbers in italics indicate that the solution is included in the Student Solutions Manual.

Conceptual Problems

Q9.1

Q9.2

Q9.3

Q9.4

Q9.5

Why is the magnitude of the boiling point elevation less than that of the freezing point depression?

The boiling point elevation is less than the freezing point depression because the chemical potential of the
vapor is a much more steeply decreasing function of temperature than the solid, as seen in Figure 9.11a.
This is due to the relation dgz = —S,,dT" at constant P and the fact that the molar entropy of a vapor is
much larger than that of a solid. When the 45,4 curve is displaced down by the addition of the solute,
(see Fig. 9.11a), the intersection of the ;4 curve with the t,;;; curve and the 1, curve determines
the shift in the freezing and boiling temperatures. Because the magnitude of the slope of the 1, curve is
greater than that of the .,y curve, T, moves up less than the 7,, moves down.

Fractional distillation of a particular binary liquid mixture leaves behind a liquid consisting of both
components in which the composition does not change as the liquid is boiled off. Is this behavior
characteristic of a maximum or a minimum boiling point azeotrope?

This behavior is characteristic of a maximum-boiling azeotrope. After initially giving off the more
volatile component, the liquid remaining tends to the composition of the maximum boiling point at in-
termediate composition. After the more volatile component has boiled away, the azeotrope evaporates
at constant composition.

In the description of Figure 9.24b, the following sentence appears: “At the point when the L, phase
disappears, the temperature increases beyond 94°C and the vapor composition changes along the i—j
curve.” Why does the vapor composition change along the i—j curve?

At the point when the L, phase disappears, we are left with a dilute solution of butanol in water. The
composition of the vapor is given by point /, and the composition of the solution is given by point g.
As more vapor is produced, Z,,,,,.; decreases and the boiling temperature increases. The composition
of the liquid and the vapor is given by the ends of a tie line crossing the Ly + V region. We see that
the liquid follows the composition on the curve g-4-0, and the vapor follows the composition along
the curve i——-0.

Explain why chemists doing quantitative work using liquid solutions prefer to express concentration
in terms of molality rather than molarity.

The molality of a solution is the preferred unit because it is independent of P and 7. Akilogram of a
substance is a conserved quantity, independent of temperature and pressure. The volume, however,
changes as T or P are varied because the thermal expansion coefficient and the isothermal compressi-
bility are not zero. Moles per kilogram is thus a more useful concentration unit than moles per liter,
which changes with the thermodynamic state.

Explain the usefulness of a tie line on a P—Z phase diagram such as that of Figure 9.4.

The tie line allows the compositions of the liquid and vapor phases to be determined geometrically for
a given total composition and pressure. Specifically, the ratio of moles in liquid and vapor phase is in-
versely proportional to the ratio of tie line distances.
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166 Chapter 9 Ideal and Real Solutions

PI9.2 At a given temperature, a nonideal solution of the volatile components A and B has a vapor pressure of 795 Torr.
For this solution, y, = 0.375. In addition, x,, = 0.310, P = 610. Torr, and P; = 495 Torr. Calculate the activity
and activity coefficient of A and B.
Py = y 4P = 0.375x 795 Torr = 298 Torr
Py =795 Torr — 298 Torr = 497 Torr

= BT s
P;  610.Torr
=9 0488,
%=, o3
ay =18 2 497 Torr _
5P 49sTor
ag _ 1.00
=98 - = _145
7=, T 06%

P9.3 Two liquids, A and B, are immiscible for 7 < 75.0°C and for T > 45.0°C and are completely miscible outside of
this temperature range. Sketch the phase diagram, showing as much information as you can from these observations.

T
1 phase
75°C
45°C
1 phase
0 Xa 1

The figure is drawn with a very narrow single phase region near x, = 0 and x, = 1. Although the problem states
that the two liquids are immiscible, no two liquids are ever completely immiscible; just as for the reaction
A = B, the equilibrium constant can approach 0 or o, but is never exactly equal to these values because of the
driving force of the entropy of mixing.

PI.4 At 350. K, pure toluene and hexane have vapor pressures of 3.57 x 10* Paand 1.30 x 10° Pa, respectively.

a. Calculate the mole fraction of h in the liquid mixture that boils at 350. K at a pressure of 1 atm.
b. Calculate the mole fraction of hexane in the vapor that is in equilibrium with the liquid of part (a).

@ Pt = FhexPhex + (1= 5By
101325 x10° Pa = 1.30 X 10° Pa x,, +3.57 x 10" Pa (1 - x,,,,)
Xper = 0.697
nexPrex
Byt + (Prex = Piop ¥
_ 0.697 x1.30 X 10° Pa
" 3.57x10% Pa+0.697 x (1.30 x 10° Pa — 3.57 x 10° Pa)
=0.893

b)) ¥YB=
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P9.5 The partial molar volumes of water and ethanol in a solution with xg o = 0.45 at 25°C are 17.0 and 57.5 em® mol ™,
respectively. Calculate the volume change upon mixing sufficient ethanol with 3.75 mol of water to give this concentra-
tion. The densities of water and ethanol are 0.997 and 0.7893g cm™, respectively, at this temperature,

V = ny oPi0 + npPp
V0 =17.0cm’ mol ™ and 7, = 57.5 em” mol™
g0
My =375 and xp o = ——E— = 0.450
M0 + g
_375mel 0.450; ng = 4.58
3.75 mol + ny,
The total mixed volume is given by
V= "HIUVHIO + g Vg

=3.75 mol x 17.0 cm® mol™ + 4.58 mol x 57.5 ¢cm® mol

=327cem’
My o My,
Vinmixed = Pi1,0 PH:o + e
3
= 3.75 mol X 18.02 g mol™ x ~2M_
0997¢
1em®

+ 4.58 mol x 46,07 g mol~' x
07893 g

=335cm’
AV =¥ = Vppiseg = 327 cm® —335cm® = ~§om’

P9.6 A solution is made up of 222.9 g of ethanol and 130.8 g of H,O. If the volume of the solution is 403.4 em® and the
partial molar volume of H,0 is 17.0 em® mol ™", what is the partial molar volume of ethanol under these conditions?

V= ny,0Vi,0 + PethanotV ethanot

= 403.4 cm® - __&gl %17.0 cm® mol ™
7 V- oVuo _ 18.02 g mol” — 579 em® mol!
hanol = = =57.
e Methanal ﬂm
46.04g mol™!

PY.7 The osmotic pressure of an unknown substance is measured at 298 K. Determine the molecular weight if the concentra-
tion of this substance is 31.2 kg m™ and the osmotic pressure is 530 % 10* Pa. The density of the solution is

997 kgm™.
_ PuoiueRT _ CoonueRT M — CsomeRT
VT M
_312kgm™ %8314 mol” K~' % 298K

Moy = =1.45x10° gmol™

5.34x10% Pa

P9.8 At 303 K, the vapor pressure of benzene is 120. Torr and that of hexane is 189 Torr. Calculate the vapor pressure
of a solution for which Xy,,..,. = 0.28 assuming ideal behavior.

+ *
Fotat = ¥senzeneFoenzene + ¥hexanethexane
= 0.28 x 120. Torr + (1 — 0.28) % 189 Torr = 1.7 x10* Torr
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168 Chapter 9 Ideal and Real Solutions

P9.9 The volatile liquids A and B, for which P; =165 Torr and P,; = 85.1 Torr are confined to a piston and cylinder
assembly. Initially, only the liquid phase is present. As the pressure is reduced, the first vapor is observed at a total
pressure of 110, Torr. Calculate x 4.

The first vapor is observed at a pressure of

* *
Potar = XaPy + (1 = x0)Fp

_ Py =P _ 110.Torr — 85.1 Torr

. =0312
P - Py 165 Torr — 85.1 Torr

Po.10 At high altitudes, mountain climbers are unable to absorb a sufficient amount of 0, into their bloodstreams to
maintain a high activity level. At a pressure of 1 bar, blood is typically 95% saturated with O,, but near 18,000
feet where the pressure is 0.50 bar, the corresponding degree of saturation is 71%. Assuming that the Henry’s law
constant for blood is the same as for water, calculate the amount of O, dissolved in 1.00 L of blood for pressures
of 1 bar and 0.500 bar. Air contains 20.99% O, by volume. Assume that the density of blood is 998 kg m>,

By Dalton’s law, sz = 0.2099P. At sea level,
Py puoVPof,
a, 1,0 L0, st
o, =g 0%0, = PHO T T o
o =k kit My
_ 998kg m™> % 107> m? x 0.2099 bar x 0.95
* 495x10* bar x18.02 % 107 kg mol™!
mass = np, M = 2233107 mol x 320 g mol ! = 7.14x107 g

=223%10~" mol

At 18,000 feet,

By _ PV Po,fou

ki ki My o

. 9%ke m~ %1073 m® x 0.2099 x 0.500 bar x 0.71
O 4.95 bar % 18.02 10~ kg mol™’

mass = ng, M = 834x 107 molx 320 gmol™ = 2.67x1073 ¢

Ho, = Bg,0%, = B0

=834%107> mol

Po.11 At —47°C, the vapor pressure of ethyl bromide is 10.0 Torr and that of ethyl chloride is 40.0 Torr. Assume that the
solution is ideal. Assume there is only a trace of liquid present and the mole fraction of ethyl chloride in the vapor
is 0.80 and answer these questions:

a. ‘What is the total pressure and the mole fraction of ethyl chloride in the liquid?
b. If there are 5.00 mol of liquid and 3.00 mol of vapor present at the same pressure as in part (a), what is the
overall composition of the system?

Pip % Pic
Pic + (Pes = Pac)¥ec
_ 10.0 Torr x 40.0 Torr
"~ 40.0 Torr + (10.0 Torr — 40.0 Torr) x 0.80
= 25Torr

(a) Fotat =

Pt = 3pcPac + (1= x5c)Pi

Pyt = Prg _ 25 Torr —10.0 Torr
Pic— Pay 400 Torr —10.0 Torr
=0.50

Xgo =
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(b)  We use the lever rule,
i (Zgp = *pp) = W (Ve — Zgp)
Zgp —xgp = (1= Zge) = (1= xpc) = Xgc — Zic
yep — Zpg = (0= yec) = (1 = Zge) = Zpe = Vic

Therefore
tot .
Mg _ Ype = Zpe _ 300
My Zec—%mc 3

We solve for Z .
_ Hiitege + nipyse _ 5.00mol x0.50 + 3.00mol x 0.80 _
n,‘;"; + n‘vf,'P 8.00 mol

Zpg =1-Zpc =039

ZE(.'

0.61

P9.12 A and B form an ideal solution at 298 K, with x, = 0.320, P = 84.3 Torr, and P..; = 41.2 Torr.

a. Calculate the partial pressures of A and B in the gas phase.

b. A portion of the gas phase is removed and condensed in a separate container. Calculate the partial pressures
of A and B in equilibrium with this liquid sample at 298 K.

(1) Py =x,4P;=0320x843 Torr = 27.0 Torr
Py = (1-x,)P; = 0.680 x 41.2 Torr = 28.0 Torr
(b)  The composition of the initial gas is given by
Py 27.0 Torr

TP, +P  27.0Tor + 280 Torr
For the portion removed, the new x ; and x values are the previous y,; and yj values.

Py = x,Py = 0.491% 84.3 Torr = 41.4 Torr
Py = (1-x,4)P; = 0.509x 41.2 Torr = 21.0 Torr

Y4 = 0495 yp = 0509

P9.13 Describe what you would observe if you heated the liquid mixture at the composition corresponding to point i in
Figure 9.24b from a temperature below T, to 118°C,

The mixture of two liquids will increase in temperature without a change in composition until 7 = 94°C. Tt will
begin to boil at that temperature without a change from its initial composition. Boiling will continue until no liguid
is left and then the temperature will increase to 118°C.

P9.14 The heat of fusion of water is 6.008 x10% J mol™ at its normal melting point of 273.15 K. Calculate the freezing
point depression constant K ;.

K, = RMMWT}‘.W _ 83141 mol™ K™ % 18.02 %107 kg mol™ x (273.15 K)?
/ AH fsion,m 6.008 % 10* } mol ™!

K; =1.861K kg mol™

Po.15 At 39.9°C, a solution of ethanol (x, = 0.9006, I}' = 130.4 Torr) and isooctane (P; = 43.9 Torr) forms a vapor
phase with 3, = 0.6667 at a total pressure of 185.9 Torr.

a. Calculate the activity and activity coefficient of each component.
b. Calculate the total pressure that the solution would have if it were ideal.
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(a)  The activity and activity coefficient for ethanol are given by

31 Bogar __ 0-6667  185.9 Torr
7 130.4 Torr
_a _ 0.9504

= X 09006

=0.9504

a =

1.055

Similarly, the activity and activity coefficient for isooctane are given by

(1= 3Py _ 0.3333%185.9 Torr
B 43.9 Torr

=1.411

(b)  Ifthe solution were ideal, Raoult’s law would apply.

Proa = 5B + %P5
=0.9006 % 130.4 Torr + (1 — 0.9006) x 43.9 Torr
=121.8 Torr

PY9.16 Calculate the solubility of H,S in 1 L of water if its pressure above the solution is 2.75 Pa. The density of water at
this temperature is 997kg m,

y.s ngs  Pas  275%10° bar 8
= = = e e~
Xy,s ——-J—~—-+ — i 568 4.84 %10
Bs Y g0 Bao H,8 bar

_ P o¥ 1070 m® x997kgm™® 553
Mpo  1802x10° kgmol™

Nygs = Xy ,shy,0 = 4841078 x 55,3 = 2,68 107 mol

P9.17 The binding of NADH to human liver mitochondrial isozyme was studied [Biochemistry 28 (1989): 5367] and it
was determined that only a single binding site is present with £ = 2.0 107 M. What concentration of NADH is
required to occupy 10% of the binding sites?

Beginning with the expression for the fraction of occupied sites:

Kenapn
1+ Keyyapy

v =

This expression can be rearranged to express the concentration of ligand (NADH) versus ¥ and K :
Kenapr

1+ Keyapy

V(U + Kewgpr) = Keyapn

v ={-V)Keyapy

v =

0.1
-9k (1=0.1yx2.0%x10" M~
Cyapr = 56%107° M

CNADH =

P9.18 Given the vapor pressures of the pure liquids and the overall composition of the system, what are the upper and
lower limits of pressure between which liquid and vapor coexist in an ideal solution?

Referring to Figure 9.4, it is seen that the maximum pressure results if Z,; = x,,.

Puax = Z4P5 + (1= Z,)Py
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The minimum pressure results if Z, = y . Using Equation (9.12),

FiFg

Py =—48
P+ (P - PDZy

P9.19 A and B form an ideal solution. At a total pressure of 0.720 bar, y, = 0.510 and x4 = 0.420. Using this informa-
tion, calculate the vapor pressure of pure A and of pure B.

0
Pram! = XAP At J’Bﬂan‘al
v Pt — gPow _ 0.720 bar x (1 - 0.510)

P = = = 0.840 bar
x4 0.420
-
P = Flotat = Py%4 _ 0.874 bar % (0.420 % 0.510 —0420) 0.608 bar
1-x, (0.420 - 1) x 0.510

P9.20 The partial pressures of Br, above a solution containing CCl, as the solvent at 25°C are found to have the values
listed in the following table as a function of the mole fraction of Br, in the solution [Lewis G. N., and Storch, H.
J. American Chemical Society 39 (1917): 2544]. Use these data and a graphical method to determine the Henry’s
law constant for Br, in CCl, at 25°C.

P (Torr) P (Torr)
0.00394 1.52 0.0130 5.43
0.00420 1.60 0.0236 9.57
0.00599 239 0.0238 9.83
0.0102 4.27 0.0250 10.27
12
10

0.005 001 0.015 002 0025 0.03
X.Brz

The best fit line in the plot is Pz, (Torr) = 413 x5, — 0.063. Therefore, the Henry’s law constant in terms of mole
fraction is 413 Torr.

P9.21 The data from Problem P9.20 can be expressed in terms of the molality rather than the mole fraction of Br, . Use

the data from the following table and a graphical method to determine the Henry’s law constant for Br, in CCly at
25°C in terms of molality.
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P9.22

mp, (mol kg™") Py, (Torr) g, (mol kg™) Py, (Torr)
0.026 1.52 0.086 5.43
0.028 1.60 0.157 9.57
0.039 2.39 0.158 9.83
0.067 4.27 0.167 10.27
12
10
—
g 8
g 6
&
A, 4
2
0 0.05 0.1 0.15 0.2

mg,, (mol kg="

The best fit line in the plot is Py, (Torr) = 61.9 mp, —0.0243. Therefore, the Henry’s law constant in terms of
molality is 61.9 Torr (mol kg ™).

The densities of pure water and ethanol are 997 and 789 kg m™, respectively. For Xoshanot = 0.35, the partial molar
volumes of ethanol and water are 55,2 and 17.8 x 10~ L mol ™!, respectively. Calculate the change in volume rela-

tive to the pure components when 2.50 L of a solution with x,,,,,,; = 0.35 is prepared.

V =g oVi,0 + PenanotY ethanot

= X1,07 4,0 + XethanotV ethanat = 0.65x17.8 107 Lmol ™ +035%552x 107 L mol™!

Protal
= 0.0309 L mol™
Proral
250 L
ot = LT = 80.9 mol = ny o + Mepanar

=S = —— 0 =526mol 1y, = 28.3mol

*H,0 M0 0.650
Mool My
Videal = Pethanol + iy o——

2
Pethanol = Puo

- 46,07 %10~ kg mol !

3 1
= 283 mol x +52.6mol x 02X 10" kg mol *

789 kg m™ 998 kgm ™
AV =V — Vg = ~0.10L

260L
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P9.23

P9.24

P9.25

P9.26

Two liquids, A and B, are immiscible for x, = xz = 0.5, for T < 75.0°C and completely miscible for

T > 75.0°C. Sketch the phase diagram, showing as much information as you can from these observations.

T A
1 phase
75°C |~
0

The shape of the 2 phases region cannot be determined from the information given. It may exist over a smaller or
larger range of concentration, and it need not be symmetric about 0.5.

An ideal solution is formed by mixing liquids A and B at 298 K. The vapor pressure of pure A is 151 Torr and that of
pure B is 84.3 Torr. If the mole fraction of A in the vapor is 0.610 , what is the mole fraction of A in the solution?

yPs 0.610 % 84.3 Torr

T A = 0.466
P} +(Py-P})y, 151Tom + (84.3Torr —151Torr) x 0.610

Using Equation (9.11), x, =

A solution is prepared by dissolving 45.2 g of a nonvolatile solute in 119 g of water. The vapor pressure above the
solution is 22.51 Torr and the vapor pressure of pure water is 23.76 Torr at this temperature. What is the molecu-
lar weight of the solute?

_ Pnzo _ 2251Torr _

sy = O _ =0947
1O Pro 2376 Tor

Xootute = 0.0526 = —Tsolute__
Agotue + R0
_nog
Asolute = = 18.02¢g mol™!
*H,0 0.947
_ 452g
0367 mol

m
x,,,,,,,qfﬁ 0.0526 %
H,0
= 0.367 mol

=123g mol ™!

A sample of glucose (C4H,0¢) of mass 13.2 g is placed in a test tube of radius 1.25 cm. The bottom of the test
tube is a membrane that is semipermeable to water, The tube is partially immersed in a beaker of water at 298 K so
that the bottom of the test tube is only slightly below the level of the water in the beaker. The density of water at
this temperature is 997 kg m™. After equilibrium is reached, how high is the level of the water in the tube above
that in the beaker? What is the value of the osmotic pressure? You may find the approximation In(1/(1 + x)) = —x
useful.
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Using Equation (9.39) and expressing the number of moles of solvent in terms of the density and height of the col-

umn of water,
. . A * Hsolvent —
AV, + RTINX g0, = 7V, + RTIN——20EN____ = ()
Asolvent + Psucrose
pAh
1
WY+ RTIn——M = pehVy + RTIn——————— =0
pghy, PR o pEnYy, ]
sucrose Pl
Expanding the argument of the logarithmic term in a Taylor series, ln1 e -X,
X
M
hV, — RT Tuerase™ _
PERV ), pAh
h= RT"sums\iM = RTycro5
prAgl, pAg

132x107° kg
0.18016 kg mol ™
Ygg'.r kgm™ %3.14x(125% 102 m)®> x 9.81m s~

= pgh=9Tkgm™ x98Ims? x615m = 601x10* Pa

' 8314 Jmol™ K™ x 298 K %
=6.15m

P9.27 A volume of 5,50 L of air is bubbled through liquid toluene at 298 K, thus reducing the mass of toluene in the
beaker by 2.38 g. Assuming that the air emerging from the beaker is saturated with toluene, determine the vapor
pressure of toluene at this temperature.

238gx—M0L 1 0,083141 bar K~ x 298K
nRT - 92.14 g mol

vV 5.50L

P= = 0.116 bar

P9.28 The vapor pressures of 1-bromobutane and 1-chlorobutane can be expressed in the form

1o Fbrama _ (7076 - 13848
Pa 2 _111.88
K
and
MM =20.612 — ﬂ&
Pa 2 55725
K

Assuming ideal solution behavior, calculate x,,,, and ¥, at 305 K and a total pressure of 9750. Pa.
At305K, Fyom, = 7113Pa and By, = 18552 Pa.

Fotal = XbromoLbromo + (1 = X romo ) otioro
Potat = Potora _ 9750 Pa — 18552 Pa

Xoromo = 7, - =0.769
Prromo — Pohiors 7113 Pa — 18552 Pa
Voroma = Xpromal bromo _ 0.769 x 7113 Pa — 0.561

Pt 9750 Pa
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P9.29 In an ideal solution of A and B, 3.00mol are in the liquid phase and 5.00mol are in the gaseous phase. The overall
composition of the system is Z, = 0.375 and x, = 0.250. Calculate y,.

”.“:%’(ZB —xp) = "{vzf{:or(yﬂ - Zg)
i (Zg = %p) + WlgnorZp _ 3.00 mol X (0.625 — 0.750) + 5.00 mol x 0.625
= =

n:‘;’w 5.00 mol

=0.550
y4 =1-0.550 = 0.450

P9.30 Assume that 1-bromobutane and 1-chlorobutane form an ideal solution. At 273 K, P:Mm =3790.Pa and
-
Pyromo = 1394 Pa. When only a trace of liquid is present at 273 K, Yyy0r, = 0.750.

a. Calculate the total pressure above the solution.
b. Calculate the mole fraction of 1-chlorobutane in the solution,
c. What value would Zy,,,,, have in order for there to be 4.86 mol of liquid and 3.21 mol of gas at a total pres-

sure equal to that in part (a)? [Note: This composition is different from that of part (a).]

.

* *
£ Frotat = Fentorolbromo

_ Fentoro
(8)  Yehloro == 3 g
Fotat(Fentoro = Poromo)
0750 = 3790.Pa x By = 3790.Pax 1394 Pa

Po % (3790.Pa — 1394 Pa)
3790.Pa x 1394 Pa

Fotat = =265%10° Pa
3790.Pa — 0.750 % (3790.Pa — 1394 Pa)
®)  Powr = SatoraFoiors + (1= Zentore) Poramo
P
v, = Lot = By _ 2650Pa - 1394P0 _

i =
Ptoro — Poromo ~ 3790.Pa —1394 Pa

tot tot
© g (Zoptoro = Xehioro) = Moapor Yentoro = Zehtora)

PyporVehioro + My ¥otoro _ 321 mol x 0.750 + 4.86 mol  0.524
Zehloro = ot ol = 321 mol = 486 mol =0.614
yapor + Hlig 21 mol + 4.56 mo

P9.31 DNA is capable of forming complex helical structures. An unusual triple-helix structure of poly(dA).2poly(dT)
DNA was studied by P. V. Scaria and R. H. Shafer [Journal of Biological Chemistry 266 (1991): 5417] where the
intercalation of ethidium bromide was studied using UV absorption and circular dichroism spectroscopy. The fol-
lowing representative data were obtained using the results of this study:

g (WM) 0.63 1.7 5.0 10.0 14.7
v 0.007 0.017 0.039 0.059 0.070

Using the data, determine X and N for the binding of ethidium bromide to the DNA triple-helical structure.
The Scatchard plot of the data is:

Copyright © 2013 Pearson Education, Inc.



176 Chapter 9 Ideal and Real Solutions

. 8000 -
T
=
g
i
4000 ¥ = —95000x + 11400
0 1 1 1
0 0.02 004 0.06
vV

Best fit to the data by a straight line results in a slope of —95000 M such that K = 95000 M™". The y intercept is
11400 M~!, which is equal to the product of X and N; therefore, N = 0.12 corresponding to 2.8 base triplets per

binding site.

P9.32 Calculate the activity and activity coefficient for CS; at xcg, = 0.722 using the data in Table 9.3 for both a
Raoult’s law and a Henry’s law standard state.

The Henry’s law constant for CS, is 1750 Torr as discussed in Section 9.10

r _ Fos, _ 4469 Torr

afy =55 =227 0 o872
T B, 5123Tom
als, 0872
v& = =—==121
* T xes, 0722
R
ﬂgs _ fos, _ 446.9 Torr = 0.255
* " hycs, 1750Torr
)
Vc{g =G5 0255 =0.354
" des, 0722

P9.33 The dissolution of 7.75g of a substance in 825 g of benzene at 298 K raises the boiling point by 0.575°C . Note
that K, = 512K kg mol ™!, K, =253Kkg mol~', and the density of benzene is 876.6 kg m~. Calculate the
freezing point depression, the ratio of the vapor pressure above the solution to that of the pure solvent, the osmotic
pressure, and the molecular weight of the solute. E,:mm =103 Torr at 298 K.

Aly _ 0575K

_ -1
X, ——————2.53 K ke e 0.227 mol kg

ATy = KpMsotues  Msalute =
Mo 175

0.227 mol kg™ x 0.825 kg
ATy ==Kty = —5.12K kg mol ™ x 0.227 mol kg™! = —1.16 K

=413 gmol™
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Phorone _ x — Mperzene
* = “benzene
Foenzene Npenzene T Aolute
825 g
-1
_ 78.11g mol = 0,983

85g . T75g
7811gmol™ 413 gmol™

-3
o ﬂ%kg—4x3.3l4Jmol" K™ x 298K
7 = DeolueRT _ 41.3%10™ kg mol - = 4.93%10° Pa
Vv 825x 10 kg
876.6 kgm™>

P9.34 Describe what you would observe if you heated the solid at the composition 40. atomic percent Si in Figure 9.26
from 300.°C to 1300.°C.

The transition follows a path along a vertical line beginning at 40% Si composition and 300.°C . There would be
no change in the solid until 363°C, at which it would melt to give a liquid at the eutectic composition and solid Si.
As the temperature increases beyond 363°C, the liquid becomes enriched in Si, following the liquid — liquid +
solid curve extending from the eutectic point to the 100% Si axis. At about 820°C, all the Si melts and there is no
further change in composition of the solution as it is heated to 1300°C.

P9.35 An ideal dilute solution is formed by dissolving the solute A in the solvent B, Write expressions equivalent to
Equations (9.9) through (9.13) for this case.

‘We obtain the equations by replacing P; by kf .

Poy = Py + Py = x ks + (1= x,)Py

y, = Py _ x kit
YT Ry Ph G- Pxy
*
x, = Y4y
4
ki + (B - k)
ki Py
P!m HYB

T+ @B - kD

V= i g = KA P Bt = )|

P9.36 Describe the changes you would observe as the temperature of a mixture of phenol and water at point a in Figure
9.21 is increased until the system is at point a 2 How does the relative amount of separate phases of phenel and wa-
ter change along this path?

As T increases, the number of moles in separate phases decreases until the system consists of a single phase at pointa’
The number of moles of each of the two immiscible solutions can be determined at any temperature by applying the
lever rule to the appropriate tie line. For example, at point @, mols Ly x (x; — x;) = mols Ly X (x3 — x;).

P9.37 Describe the changes you would observe as the temperature of a mixture of triethylamine and water at point a in
Figure 9.22 is increased until the system is at point a” How does the relative amount of separate phases of triethyl-
amine and water change along this path?

At point g, the two components are completely miscible, and phase separation does not occur until point a”is

reached. As the temperature increases further, the amount of material in separate phases increases continuously.
The relative amounts of L, and L can be determined at each temperature using the lever rule and the appropriate
tie line. For example, at point b which lies between a“and a*; mols Ly x (x, —xp,) = mols Ly X (x, - x,).

]
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P9.38

P9.39

P9.40

P9.41

Describe the changes in a beaker containing water and butanol that you would observe along the path @ — b — ¢
in Figure 19.24b. How would you calculate the relative amounts of different phases present along the path?

Initially, the temperature of L, is increased with some change in its composition as indicated by the left boundary
of the L, area. At 7, boiling begins. If the vapor is collected, it has the composition of point b. If this vapor is
cooled, it separates into L; and L, phases at 94°C. The mole fraction of butanol in these phases can be determined
from the Z values corresponding to points g and k, respectively. As the mixture is cooled further to point c, liquid
Ly becomes more concentrated in water and L, becomes more concentrated in butanol. The relative amounts of
L, and L, can be determined at each temperature using the lever rule and the appropriate tie line. For example, at
point ¢, mols Ly x (x, — x;4) = mols L, x (x, — x,).

Describe the changes in a beaker containing water and butanol that you would observe along the path
Jf = j - k in Figure 19.24b. How would you calculate the relative amounts of different phases present along
the path?

As the temperature is increased from point f, liquid L, becomes less concentrated in water and L, becomes less
concentrated in butanol. At 94°C, the two liquids present having the composition given by & and g coexist with the
vapor phase, which has the composition i. As T increases further, there is a single liquid phase L, whose composi-
tion varies along the g—k curve in equilibrium with the vapor phase whose composition varies along the i—j
curve as the temperature increases. At point j, nearly the whole system is in the vapor phase, with a trace of liquid
having the composition &. At point /, the entire system is in the vapor phase at the initial composition. The relative
amounts of L, and L, can be determined at each temperature using the lever rule and the appropriate tie line. For
example, at point f; mols Ly x (xy — x;) = mols L, x (x, - x7).

Describe the changes in a beaker containing water and butanol that you would observe along the path
f = j — k in Figure 19.24b. How would you calculate the relative amounts of different phases present along
the path?

As the temperature is increased from point £, liquid L; becomes less concentrated in water and L, becomes less
concentrated in butanol. At 94°C, the two liquids present having the composition given by 4 and g coexist with
the vapor phase, which has the composition i. As T increases further to point j, the composition of liquid phase L,
changes from x, to x;, and the vapor phase composition changes from y; to y;. At point j, the vapor is removed
and cooled to produce a liquid of composition x,. The relative amounts of L, and L, can be determined at each
temperature using the lever rule and the appropriate tie line. For example, at point £, molsL; x (xp —xg) =
mols Ly X (x, — x7).

Describe the system at points a and ¢ in Figure 19.25b. How would you calculate the relative amounts of different
phases present at these points?

Point a corresponds to essentially pure solid B in equilibrium with a solution whose composition is given by point b.
Point ¢ corresponds to essentially pure solid A in equilibrium with a solution whose composition is given by point ¢.
The relative amounts of pure A and B and the liquid can be determined at each temperature using the lever rule and
the appropriate tie line. For example, at point ¢, mols A x (x, — 0) = mols Liquid x (x; — x,).
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