Problem 1:

You are given a mixture of components 1 and 2 on your first day of work at A. Z. O.
Trope Corporation. You know nothing initially, except that you need to separate these
species, and you find a notebook that shows the values of their activity coefficients in a
binary system of 1 and 2.

Part A:

Assuming a low temperature separation process, show the relationship between the
vapor pressures of 1 and 2 and their activity coefficients at the azeotrope. Assume that
you are given the vapor pressures of 1 and 2, P1V8 and P»'2P, at the temperature of the
separation unit, T, and the activity coefficients can be assumed to be y1 and yo.

Solution:
Py, = Pz T =11
At the azeotrope
Pys = Py*Pxoys To = Yo P

P in both equations must be equal because it is the total system pressure, thus
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Part B:

You are given the vapor pressure of component 1 at a temperature T and the total
pressure, P. Find an expression for the activity coefficient using P18 and P for low
values of P at the azeotrope.

Solution:
P
M = Plvap
Part C:

Given expressions for y1 and y2, find the mole fraction of component 2 at the
azeotrope.



In(y1) = Bz3 gng In(y2) = Bat

Assuming that

vap
ln% < ‘B‘
P, P and B <2
Solution:
PP exp [Ba:ﬂ
PP exp[Bx?]
Plvap 2 2
pvap = €XP B (21 — a3)]
2
Pvap
In (ﬁ) =B (x% — CU%)
2
1 Pvap
E In <Plvap) = <(1 - 332) - 332)
2
1 pyeP
—11’1( L ) =1—2x9
B P, P
1 1 PP
—(1—=In( =t~ =
(1= 50 (7)) ==
Part D:

Show the thermodynamic consistency of the equations for y1 and yo.
Solution:
Using the Gibbs-Duhem Equation...

z10n T2 0

=0
1 0x1 Y2 01

z1 0 (exp [Bz3]) N z20 (exp [Bz?])

=0
7 0z V2 Oxq

1 0 (eXp [Bx%}) To 0 (eXp [BI‘%])

=0
exp [Bx3] 0x1 i exp [Bx?) 0x1




- 0 (exp {B (1-— $1)2D zo O (exp [Bai))

exp [Bx3] 11 i exp [Bx?) 11 =0
1 (exp [Ba3]) (~2Bas) + —=— (exp [Ba?]) (2Bx1) = 0
exp [Bx3] 2 exp [Bz? !

—2Bx129 +2Bx129 =0
These expressions for activity coefficient are thermodynamically consistent.
Part E:
Name two methods used to separate azeotropic mixtures.
Solution:

Answers will vary.



Problem 2:

a) Derive the following relationship:
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b)

Find the Maxwell relationship below (show all work):
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Question 3

You and friend decide to go on vacation. You manage to rent a cabin high in the
Rockies for some skiing. While staying there, you get hungry, and decide to cook
dinner. Being a poor college student, you decide to cook some pasta.

Part A:  You fill a pot with some water, and set it on the stove to boil. For some
reason, this pot has a built in thermometer, which gets immersed in the water.

W What temperature, Trok, will it read when the water boils? The following
constants might be useful:

Patm Pressure at sea level

Prock Pressure at your cabin

Tatm Boiling temperature of water at sea level
Cps Heat capacity of solid water

Cp, Heat capacity of liquid water

Cov Heat capacity of gaseous water
AHy.p Heat of vaporization of water

AHjgys Heat of fusion of water <3 b

Bs Volume expansivity of ligardwater
B Volume expansivity of liquid water
By Volume expansivity of gaseous water

(Note: These constants only apply for part A. Disregard them and any
connotations they imply for the rest of the problem)
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After eating, you discover that a calorimeter was also attached to your pot
(What a marvelous contraption this is). And what luck, it seems that the
device kept a recording of the heat capacity of the water as it was being
heated! Being the curious chemical engineer that you are, you decided to
roughly sketch the plot of heat capacity of liquid water versus temperature

around its boiling point. Please draw this curve below, and explain its
behavior.
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Part C:  Your friend decides to cook after you. However, there’s a problem: the water
lines have frozen. You could use the gas on the stove to melt ice, but gas is
% W\ expensive, s0 you would rather not. Luckily, your friend has an idea. He’s
going to take a block of ice, and crush (compress) it into water between his

hands! Will this actually work? Why or why not?

Assume your friend works out a lot, and is strong, really strong, so strong
that he can generate lots of pressure with his hands. Also assume that any ice
he crushes is compressed isothermally due him wearing insulating gloves.
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Your friend manages to get some water somehow. He puts it on the stove, and turns on
the heat. However, he throws a little bit of olive oil into the water first (So the pasta
doesn’t stick he claims). The mole fraction of oil in the pot is very low, so low that it
falls within the Henry’s Law regime. Here, instead of the typical equilibrium condition,
the partial pressure of oil in solution is given as:

Poil, 1 —= H:Coil

Where, P,y is the partial pressure of oil in the liquid, xoi is the mole fraction of oil in the
liquid, and H is called a Henry’s law coefficient. Water still follows the usual
equilibrium criteria.

Use the following constants:

Xoil Mole fraction of oil in the liquid

H  Henry’s law constant of oil in water
Psat - Gaturation vapor pressure of water

Part D:  Find the mole fractions of oil and water in the first bubble of vapor that will
{ Z @ % form that is in equilibrium with this solution, and the pressure at which this
occurs (Your answers should only include xoi, H, and Psat). Assume the
liquid and vapor behave ideally save for the use of Henry’s law for the oil in
the liquid state

What is the molecular basis for oil’s partial pressure being dependent on a
V\ Henry’s law constant, and not its pure vapor pressure, when the oil is very

dilute?
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