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1. The laws

(a) (16 pts) State the First and Second Laws of Thermodynamics in terms of prop-
erties of the universe and next, in terms of properties of the system. Define the
terms in the equations.
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(b) (8 pts) Prove that the Gibbs energy of the system decreases for all spontaneous
processes that occur when the temperature is constant and the system and exter-
nal pressure are equal and constant.
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Table 1: Change is good.

/Ty PP %{- ﬁ‘%
path a 5 ............. ! /1" ‘31}2_ ................. | 2 ...........
path b 1 .............. 1/‘0 .......... h\(“j) ........... O .............

2. (32 pts) Complete Table 1 for the processes in which one mole of water vapor, initially
at the state point P, V4, T} is expanded to a final volume of 10V; via the following
paths. Assume water is an ideal gas with C, = 3R. Express your answers in terms of

the properties of the initial state,

(a) Constant pressure expansion where Pogy = 1Py = P

(b) A reversible expansion at constant U.
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Table 2; The times are changing.
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3. (16 pts) Provide numerical values in Table 2 appropriate to one mole of liquid water
at 300K and at a fixed pressure of one bar given that Cp = 9R, k7 = 5 x 107° bar™?,
ap=6x 1071K1 K; = 2 K/(mol/kg)).

(a) Calculate the fractional change in volume when the temperature is increased by
10 K at a fixed pressure;

(b) if the temperature changes by 10 K, what is the change in H?

(¢) when the volume is decreased by ten percent at constant T, what is %?

(d) what is the change in freezing point when 2 moles of dimerizing solute are added
to a kilogram of water. 2
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. (30 pts) Prove the following. Hints: Eq{1), start from dG; Eq(2) start from Eq(1);

Eq(3), you are on your own.
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5. (12 pts) Binary mixtures.

(a) Sketch the chemical potential vs. temperature for a pure substance with liquid,
solid and gas phases.

(b) What is the chemical potential of the solvent in a two component ideal liguid
mixture? Write an equation.

{(¢) Show graphically why the increase in boiling point of the mixture is always much
less than the decrease in freezing point.
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6. (16 pts) Osmotic pressure,

(a) Define the osmotic pressure.
{b) Recall that for an ideal liquid solution the osmotic pressure of the solvent II obeys
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where ny is the number of moles of dissolved substance and ¢, its molar concen-
tration. Write a virial expansion for II following the conventions and notations
used for non-ideal gases,

(¢) The osmotic pressure of polymer solutions shows a critical point. In direct analogy
with gas-liguid behavior, what are the two conditions (equations) for a critical
point of a polymer solution?

(d) On cooling of the polymer solution below its critical point, alluded to above, a
phase transition occurs. Describe the two coexisting phases.
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7. (8 pts) The mole fractions of oxygen and nitrogen in air at sea level (pressure of 1
bar) are roughly 0.20 and 0.80, respectively. Calculate the mole fractions of these
species when dissolved in water. The Henry’s law constants for oxygen and nifrogen
are, kogygen = 4 X 107Pa, knitrogen = 8 X 107 Pa. Recall Henry’s and Dalton’s law.
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8. (12 pts) First and second order transitions.
(a) Plot the temperature dependence of a quantity (label the quantity) as it passes
through a first order transition.

(b) If a liguid and a gas phase of a pure substance coexist in equilibrium, what are
two conditions that must be satisfied?

(c) When a transition is labelled as second order, what criterium is satisfied?
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9. (33 pts) The phase diagram below represents gas, liquid and solid phases. The following
points have special names attributed to them. Provide these terms:
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According to the phase rule, F variables are required to describe a point on the
phase diagram. What are these variables for
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10. (15 pts) Express the following thermodynamic functions in SI units
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11. (2 pts) Facts: the universe is cooling and energy, even the dark variety, is thought to
be constant.

Hence, the Helmholtz energy of the universe decreases with time@‘ false.



