Homework Set #5

5.12 Which of the following has a higher chemical potential? If neither, answer “same.” (a) Hzoa(s)
or H,O(!) at water’s normal melting point, (b) H,O(s) at ~5°C and I bar or‘Hg(.)(l) at -5°C
and l- bar, (¢) benzene at 25° C and 1 bar or benzene in a 0.1 M toluene solution in benzene at
25°C and 1 bar.

The less stable species of a pair has a higher chemical potential. When both substances in a pair
are at equilibrium, then they have the same chemical potential.

(a) Same
(b) H,O(!) at —5° C and 1 bar

(¢) Benzene at 25° C and 1 bar. This is because Xy ene < 0 in the following relation:
Mbenzene (D) = ”’;cnzcnc (1) + RT In Xpenzene
Therefore,

Hoenzene () < “';cnzcnc O]

5.18  The solubility of N, in blood at 37° C and a partial pressure of 0.80 atmis 5.6 x 10~* mol L~
A deep-sea diver breathes compressed air with a partial pressure of N, equal to 4.0 atm. Assume
that the total volume of blood in the body is 5.0 L. Calculate the amount of N; gas released (in
liters) when the diver returns to the surface of water, where the partial pressure of N; is 0.80 atm.

Assuming N, is an ideal gas, the volume of N; released can be readily calculated fromi the number
of moles of N, released, which in turn is related to the number of moles of N, dissolved in blood
when the partial pressures of N; are 4.0 atm and 0.80 atm, respectively.

According to Henry's law, the solubility of a substance is proportional to the applied pressure.
Therefore,

Solubility of N5 when PN: is 4.0 atm 4.0 atm
Solubility of N, when Py, is 0.80 atm  0.80 atm

=3.0

Solubility of N, when Py, isd.0atm=5.0 (5.6 % 107% mol L"') =2.80 x 1073 mol

When Py, =0.80 atm,

Number of moles of N in blood = (5.6 % 107% mol L"') (5.0L) =2.80 x 102 mol

When Py, =4.0 atm,

Number of moles of N, in blood = (2.80 107 mol L™!) (5.0 L) = 140 x 10~2 mol

When the diver returns to the surface of water,
Number of moles of N, released = 1.40 x 10~2 mol — 2.80 x 1073 mol = 1.12 x 102 mol
and therefore,

(1.12 x 10=2 mol) (0.08206 L atm K~! mol ) (310 K) =
0.80 atm

036 L

Volume of N, released =




5.28 A common antifreeze for car radiators is ethylene glycol, CH,(OH)CH,(OH). How many
milliliters of this substance would you add to 6.5 L of water in the radiator if the coldest dav in
winter is —20° C? Would you keep this substance in the radiator in the summer to prevcnt'the
water from boiling? (The density and boiling point of ethylene glycol are 1.11 gem™3 and 470
K, respectively.)

The molality of ethylene glycol that can depress the freezing point by 20° C or 20 K is

AT 20K

"'2 = =
Ky 1.86 Kmol 'kg

=10.75 mol kg™’

Assuming the density of water is | kg L', the mass of water in the radiator is 6.5 kg. which,
together with the molality of ethylene glycol, gives the number of moles of ethylene glycol.

Number of moles of ethylene glycol = (10.75 mol kg‘l) (6.5 kg) = 69.88 mol

which corresponds to a volume of

y  (69-88 mol) (62.07 g mol~")

T ——3 =391 x 10* em® = 3.91 x 10° mL
dlgem™

Since it has a higher boiling point, ethylene glycol can also elevate the boiling point of water.
With a 10.75 m solution, the boiling point of water will be elevated by

AT = Kymy = (0.51 K mol~"! kg) (10.75 molkg~!) =5.5K

Therefore, keeping ethylene glycol in the radiator in the summer will increase the boiling point
by 5.5°C.

5.48 The following data give the pressures for carbon disulfide—acetone solutions at 35.2°C,
Calculate the activity coefficients of both components based on deviations from Raoult’s law
and Henry's law. (Hint: First determine Henry’s law constants graphically.)

Xcs, 0 020 045 067 083 1.00
Pes,ftorr 0 272 390 438 465 512
Pegoftorr 344 201 250 217 180 0O

From a graph of the vapor pressure data, Henry's law constants may be obtained from the limiting
slopes of the curves as they approach their respective infinite dilution (mole fraction equals zero)
limits. (Note that the graph pictured is scaled to show the x = 1 intercept of each Henry’s law
line. In making the actual determination of the limiting slopes it is better to use an expanded
scale that shows the limiting behavior in detail.) The Henry’s law constants obtained from these
data are K¢g, = 1570 torr and K¢y, = 1250 torr. The activity coefficient of the ¢ " component
accounts for deviations from Henry's law as

P; = Kiyix;
or

=P
Yi= K,‘I,



The necessary data to find the Henry’s law activity coefficients, y:(H) are in the table. (Note that
XC,H,,O =1- 'tCS;')

1600 - T :
1900 b Koeipne = 1250 torr 1Kes, =
1570 torr
1200 1
1000 1
5
Z 800 b
aQ .
P acetone =
600 344 torr CS,
P cs, -
w0 fF - L 4 52t
acetone
0 . ) . :
0.0 0.2 04 0.6 08 1.0
Mole Fraction of CS 2
Xcs, 0 020 045 067 083 1.00
Fes ftorr 0 272 390 438 465 512
chuso/(()l'r 344 291 250 217 180
Vs, (H) LOO 087 055 042 036 033

YemoH) 028 029 036 053 085 1.00

The Raoult’s law activity is found through deviations from Raoult’s law via

P =yx; P}
or
b
ne nPr

The tabulated data are used once again, noting that the vapor pressures of the pure components
are included, namely PZg =512 torrand PE n.0 = 344 torr. The Raoult’s law activity is denoted
¥:(R), and is not defined at zero mole fraction.

xcs, 0 020 045 067 083 1.00
Pes ftorr 0 272 390 438 465 512
Pegoftorr 344 291 250 217 180 0

Yes,(R) — 266 169 128 109 1.00

veaug0(R) LOO 106 132 191 308 —

The activities determined from the two laws differ because the standard state is chosen differently
in the two cases.




5.52  Consider a binary liquid mixture A and B, where A is volatile and B is nonvolatile, The

composition of the solution in terms of mole fraction is Xa = 0.045 and x5 = 0.955. The vapor
pressure of A from the mixture is 5.60 mmHg, and that of pure A is 196.4 mmHg at the same
temperature. Calculate the activity coefficient of A at this concentration.

The activity of A is

ay=2a - SO0mmbg oo 102
YR T 1964 mmHg

The activity coefficient of A is

-2
ar _ 2851x107% .
’t/\ 0045

)y —

Ya=

5.21 A mixture of ethanol and n-propanol behaves ideally at 36.4° C. (a) Determine graphically the
mole fraction of n-propanol in a mixture of ethanol and n-propanol that boils at 36.4° C and 72



mmHg. (b) What is the total vapor pressure over the mixture at 36.4° C when the mole fraction
of n-propanol is 0.607 {¢) Calculate the composition of the vapor in (b). (The equilibrium vapor
pressures of ethanol and n-propanol at 36.4° C are 108 mmHg and 40.0 mmHg, respectively.)

(a) The vapor pressure of ethanol, Pogynq. the vapor pressure of propanol, Py and the total
vapor pressure, Py, can each be expressed as a function of the mole fraction of ethanol, x 01

Pethanol = Xethanol P, ;u,;,,.m = Xethanol ('08 ""“Hg) = (l - xpmpanol) (|08 '“mHg)

Pi(

A propanol

propanol = *propanol = Xpropanol (40-0 mmHg)

Pl = Pethanot + Ppwpunul

These relations are plotted below.
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The vapor pressure of the mixture is the same as the external pressure when it boils. According
to the graph, when the total vapor pressure is 72 mmHg, the mole fraction of propanol is 0.53
and the mole fraction of ethanol is 1 — 0.53 = 0.47.

(b) According to the graph, when the mole Iraction of propanol is 0.60, the total vapor pressure
15 67.2 mmHg. '

(¢) The vapor pressure of each component can be written in terms of (1) its mole fraction in the
vapor and the total pressure or (2) its mole Iraction in the solution and the vapor pressure of the
pure component.

— v . *®
P, ethanol — xelhanol Plolul = Xethanol P, ethanol

— . *
Poropanol = X propanol Pow = Xpropanol £, propanol

Take the ratio between Pyggaor and Pyoninols

v -
Pethanol — xelhanolpmﬂl _ Xclhmlpelhmol

Poropanol x;mpmﬂ Pow X propanol P

propanol
Xipanot _ (0-40) (108 mmHg) 1.8
Xpopanot  (0-60) (40.0mmHg)

x;h:mol = 1'80x;opmnol =180 (l - x;lh:mol)
2.80x%,.. = 1.80
X ithanol = 0-64

Xropanat = 1 — 064 =0.36




