
CHEMISTRY 313
PHYSICAL CHEMISTRY I

Additional Problems for Exam 1
Exam 1 date: Monday, October 1, 2007.

Section I. Mathematical Problems

I.1. Find the first derivative of (3x2 + 2x + 1)/(8x2 − 4x + 2).

I.2. Find the first and second derivatives of (a) 1/ ln x and (b) y(x) = (1 + xm)n.

I.3. Find dy/dx if x = (t− 2)/(t + 2) and y = 2t/(t + 1).

I.4. Show by differentiation and substitution that the differential equation

4x2 d2y

dx2
− 4x

dy

dx
+ (4x2 + 3)y = 0

has a solution of the form y(x) = xn sin x, and find the value of n.

I.5. Find the position and natures of the stationary points in the following: (a) x3−3x+3;
(b) x3 − 3x2 + 3x; (c) x5 + x3 and (d) x5 − x3.

I.6. Show that y(x) = xa2x exp(x2) has no stationary points other than x = 0, if
exp(−√2) < a < exp(sqrt2).

I.7. Determine which of the following are exact differentials.
(a) (3x + 2)ydx + x(x + 1)dy ,
(b) y tan xdx + x tan ydy ,
(c) y2(ln x + 1)dx + 2xy ln xdy ,
(d) y2(ln x + 1)dy + 2xy ln xdx ,
(e) [x/(x2 + y2)]dy − [y/(x2 + y2)]dx .

I.8. A possible equation of state for a gas takes the form

PV = RT exp
(
− α

V RT

)
,

in which α and R are constants. Calculation expressions for
(

∂P

∂V

)

T

,

(
∂V

∂T

)

P

,

(
∂T

∂P

)

T

,

and show that the product of these three partial derivatives is −1.

I.9. The equation 3y = x3+3xz defines z implicitly as a function of x and/or y. Evaluate
all three second partial derivatives of z with respect to x and/or y. Verify that z is a
solution of

x
∂2z

∂y2
+

∂2z

∂x2
= 0 .
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I.10. Locate the stationary points of the function f(x, y) = (x2−2y2) exp[−(x2 +y2)/a2],
where a is a non-zero constant.

I.11. Show that the following equations are either exact or can be made exact, and solve
them.

(a) y(2x2y2 + 1)dy + x(y4 + 1)dx = 0;
(b) 2xdy + (3x + y)dx = 0;
(c) (cos2 x + y sin 2x)dy + y2dx = 0.

I.12. By finding an appropriate integrating factor, solve the following:
(a) (1− x2)(dy/dx) + 2xy = (1− x2)3/2;
(b) (dy/dx)− y cot x + csc x = 0;
(c) (x + y3)(dy/dx) = y. Hint: Treat y as the independent variable.

Section II. Problems from Chapter 1.

II.1. What is the significance of the critical constants?

II.2. Explain how the van der Waals equation accounts for critical behavior.

II.3. Explain how the compression factor varies with pressure and temperature and de-
scribe how it reveals information about intermolecular interactions in real gases.

II.4. The critical constants of ethane are Pc = 48.20 atm, Vc = 148 cm3 mol−1, and
Tc = 305.4 K. Calculate the van der Waals parameters of the gas and estimate the radius
of the molecules.

II.5. Cylinders of compressed gas are typically filled to a pressure of 200 bar. For oxygen,
what would be the molar volume at this pressure and 25◦C based on (a) the perfect gas
equation and (b) the van der Waals equation. For oxygen, a = 1.364 L2 atm mol−2 and
b = 0.0387 L mol−1.

II.6. A gas at 350 K and 12 atm has a molar volume 12 percent larger than that calculated
from the perfect gas law. Calculate (a) the compression factor under these conditions
and (b) the molar volume of the gas. Which are dominating in the sample, the attractive
or the repulsive forces? Explain your answer.

II.7. Suggest the pressure and temperature at which 1.0 mol of (a) H2S, (b) CO2, (c) Ar
will be in states that correspond to 1.0 mol N2 at 1.0 atm and 25◦C.

II.8. A certain gas obeys the van der Waals equation with a = 0.76 m6 Pa mol−2. Its
volume is found to be 4.00×10−4 m3 mol−1 at 288 K and 4.0 MPa. From this information
calculate the van der Waals constant b. What is the compression factor for this gas at
the prevailing temperature and pressure. Are the intermolecular interactions attractive
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or repulsive under these conditions?

II.9. Does the equation of state in question I.8 lead to critical behavior. If so, find the
critical constants of the gas and derive an expression for the critical compression factor.

II.10. A scientist proposed the following equation of state:

P =
RT

Vm

− B

V 2
m

+
C

V 3
m

Show that the equation leads to critical behavior. Find the critical constants of the gas
in terms of B and C and an expression for the critical compression factor.

II.11. The following equations of sate are occasionally used for approximate calculations
on gases: (gas A) PVm = RT (1 + b/Vm), (gas B) P (Vm− b) = RT . Assuming that there
were gases that actually obeyed these equations of state, would it be possible to liquefy
either gas A or B? Would they have a critical temperature? Explain your answer.

II.12. Derive an expression for the compression factor of a gas that obeys the equation of
state P (V − nb) = nRT , where b and R are constants. If the pressure and temperature
are such that Vm = 10b, what is the numerical value of the compression factor?

Section III. Problems from Chapter 8 or Chapter 21.

III.1. The best laboratory vacuum pump can generate a vacuum of about 1 nTorr. At
25◦C and assuming that air consists of N2 molecules with a collision diameter of 395
pm, calculate (a) the mean speed of the molecules, (b) the mean free path, and (c) the
collision frequency in the gas.

III.2. How many collisions does a single Ar atom make in 1.0 s when the temperature is
25◦C and the pressure is (a) 10 atm, (b) 1.0 atm, and (c) 1.0 µatm?

III.3. An effusion cell has a circular hole of diameter 3.00 mm. If the molar mass of the
solid in teh cell is 300 g mol−1 and its vapor pressure is 0.224 Pa at 450 K, by how much
will the mass of the solid decrease in a period of 24.00 hr.

III.4. A manometer was connected to a bulb containing nitrogen under slight pressure.
The gas was allowed to escape through a small pinhole, and the time for the manometer
reading to drop from 65.1 cm to 42.1 cm was 18.5 s. When the experiment was repeated
using a fluorocarbon gas, the same fall took place in 82.3 s. Calculate the molar mass of
the fluorocarbon.
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III.5. Cars were timed by police radar as they passed in both directions below a bridge.
After one week, the following data were collected:

Eastbound:
40 cars at 80 km/hr
62 cars at 85 km/hr
53 cars at 90 km/hr
12 cars at 95 km/hr
2 cars at 100 km/hr

Westbound:
38 cars at 80 km/hr
59 cars at 85 km/hr
50 cars at 90 km/hr
10 cars at 95 km/hr
2 cars at 100 km/hr.

What are (a) the mean velocity, (b) the mean speed, (c) the root mean square speed?

III.6. Start from the Maxwell-Boltzmann distribution and derive an expression for the
most probable speed of a gas of molecules at a temperature T . Go on to demonstrate
the validity of the equipartition conclusion that the average translational kinetic energy
of molecules free to move in three dimensions is 3kT/2.

III.7. Consider molecules that are confined to move in a plane (a two-dimensional gas).
Calculate the distribution of speeds and determine the mean speed of the molecules at a
temperature T .

III.8. What is the proportion of gas molecules having velocities that are (a) more than
and (b) less than the root mean square speed? What are the proportions having speeds
greater and smaller than the mean speed?
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