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SI Base Units




	Base Quantity

	Name of Unit

	Symbol






	Length

	meter

	m




	Mass

	kilogram

	kg




	Time

	second

	s




	Electrical current

	ampere

	A




	Temperature

	kelvin

	K




	Amount of substance

	mole

	mol




	Luminous intensity

	candela

	cd








Derived Units in the SI System




	Physical Quantity

	Name

	Symbol

	Units






	Energy

	Joule

	J

	kgm2 s−2




	Force

	Newton

	N

	kg m s−2




	Power

	Watt

	W

	kgm2 s−3




	Electric charge

	Coulomb

	C

	A s




	Electrical resistance

	Ohm

	Ω

	kgm2 s−3 A−2




	Electrical potential difference

	Volt

	V

	kgm2 s−3 A−1




	Electrical capacity

	Farad

	F

	A2 s4 kg−1 m−2




	Frequency

	Hertz

	Hz

	s−1








Some Commonly Used Non-SI Units




	Unit

	Quantity

	Symbol

	Conversion Factor






	Angstrom

	Length

	Å

	1 Å = 10-10 m = 100 pm




	Calorie

	Energy

	cal

	1 cal = 4.184 J




	Debye

	Dipole moment

	D

	1 D = 3.3356 x 10-30 C m




	Gauss

	Magnetic field

	G

	1 G = 10-4 T




	Liter

	Volume

	L

	1 L = 10−3 m3








Prefixes Used with SI Units




	Prefix

	Symbol

	Meaning






	Tera-

	T

	1,000,000,000,000, or 1012




	Giga-

	G

	1,000,000,000, or 109




	Mega-

	M

	1,000,000, or 106




	Kilo-

	k

	1,000, or 103




	Deci-

	d

	1/10, or 10-1




	Centi-

	c

	1/100, or 10-2




	Milli-

	m

	1/1,000, or 10-3




	Micro-

	μ

	1/1,000,000, or 10−6




	Nano-

	n

	1/1,000,000,000, or 10−9




	Pico-

	p

	1/1,000,000,000,000, or 10−12
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Preface


The preface to our solutions manual of the first edition of Physical Chemistry for the Biosciences started with the old joke where a New Yorker’s response to a tourist’s question, “How do you get to Carnegie Hall?” is “Practice, practice, practice.” Despite the remarkable pace of changes in biophysical chemistry that Chip Lovett notes in the preface to the second edition of the textbook, the same advice still holds for achieving success in science. The only way to really learn chemistry is to do chemistry. Our intention for this solutions manual remains to encourage students of physical chemistry to work many problems – even more than they are assigned! We know that our own mastery of the subject improved by solving all of the problems posed by Raymond Chang in the first edition of textbook and that new, previously undiscovered connections were revealed to us as we discussed how to approach each one. Chip’s revision stretched us even further into biological applications that are not part of our everyday experience. We hope that students, like we did, will discuss these solutions because explaining how a question is answered is the best way of being certain that you understand the material yourself.

Indeed, we continue to extend further the opening metaphor. Just as there is more to music than playing or singing the right notes at right time, there is more to science than simply getting the right answer. Science is a process for recognizing important questions and how to set about seeking answers to those questions. Conversation is an important part of that process, and with our own students we are certain to discuss the assumptions involved in arriving at a solution and to explain the intermediate steps used in determining an answer. We have tried to approximate that experience in this solutions manual by adopting a similar style; only for the simplest problems are the answers merely quoted.

We have made every effort to ensure consistency in the values of the physical constants used, both internally and with those given in the textbook. Similarly, we have striven for a careful and consistent choice of units and symbols. Of course, every measurement has an associated uncertainty that must be considered when comparing results from different experiments or those of experiment with predictions from theory. It is good to practice this aspect of science, too, and we have done so by paying attention to the number of significant figures used in answering each problem. The appropriate number of significant figures is determined by the data given. So, for example, if a pressure is given as 0.729 atm, then the answer to the problem should contain three significant figures. Quantities given as “1 mole or “5 L” are taken to be exact. Intermediate calculations are done retaining one extra digit, and the final answer is rounded to the correct number of significant figures as a last step. (This is important; rounding too early will cause a loss of significance in your calculations.) If a numerical result from a previous part of a problem is used in a subsequent part, the value with the extra digit is used. In such cases, the answer to the earlier part would look similar to “98.7654 kJ mol − 1= 98.765 kJ mol − 1,” where the first value, 98.7654 kJ mol − 1, is used later in the problem and the “correct” answer to the earlier part is the second value. Of course, every rule has its exceptions, and we did choose to be more flexible in problems involving exponentiation and logarithms.

Throughout the preparation of the manual to the first edition, Raymond Chang provided us with extremely valuable suggestions; we were grateful for the opportunity to know him and to work with him. We miss him, but are glad to have worked with Chip Lovett as he finalized the second edition of the textbook and we were revising the solutions manual accordingly. At its best, science is a collaborative endeavor, and that extends to science publication, too. It was our pleasure to be a part of the team at University Science Books that brought this book and its companions to print.

Finally, one of us has performed at Carnegie Hall, but that is another story….

Mark D. Marshall

Helen O. Leung

Amherst, Massachusetts







CHAPTER 2
Properties of Gases
PROBLEMS AND SOLUTIONS



2.2 Some gases, such as NO2 and NF2, do not obey Boyle’s law at any pressure. Explain.



Boyle’s law applies only at constant n and constant T. Both NO2 and NF2 undergo association reactions:

[image: ]

so n is not constant for these gases.



2.4 Some ballpoint pens have a small hole in the main body of the pen. What is the purpose of this hole?



As the pen is used, and the ink leaves the pen, the gas inside expands to fill the volume left by the ink. As the gas volume increases, the pressure inside the pen decreases. The hole is needed to equalize the pressures inside and outside the pen to allow for easy flow of ink.



2.6 At STP (standard temperature and pressure), 0.280 L of a gas weighs 0.400 g. Calculate the molar mass of the gas.



In Problem 2.5, a relationship between the density, [image: ], of an ideal gas and its molar mass was found,

[image: ]



2.8 Calculate the density of HBr in g L − 1 at 733 mmHg and 46 [image: ]°C. Assume ideal-gas behavior.



Use the expression found in Problem 2.5 for the density of an ideal gas in terms of its pressure, molar mass, and temperature.

[image: ]



2.10 The saturated vapor pressure of mercury is 0.0020 mmHg at 300 K and the density of air at 300 K is 1.18 g L − 1. (a) Calculate the concentration of mercury vapor in air in mol L − 1. (b) What is the number of parts per million (ppm) by mass of mercury in air?



(a) An expression for the concentration of mercury vapor can be obtained by rearranging the ideal gas equation, [image: ].

[image: ]

(b) In 1 L,

[image: ]



2.12 Sodium bicarbonate (NaHCO3) is called baking soda because when heated, it releases carbon dioxide gas, which causes cookies, doughnuts, and bread to rise during baking. (a) Calculate the volume (in liters) of CO2 produced by heating 5.0 g of NaHCO3 at 180 [image: ]°C and 1.3 atm. (b) Ammonium bicarbonate (NH4HCO3) has also been used as a leavening agent. Suggest one advantage and one disadvantage of using NH4HCO3 instead of NaHCO3 for baking.



(a) The following reaction takes place when sodium bicarbonate is heated:

[image: ]

[image: ]

(b) Ammonium bicarbonate decomposes upon heating according to the following equation:

[image: ]

The advantage in using the ammonium salt is that more gas is produced per gram of reactant. (The molar mass of NH4HCO3 is 79.1 g mol − 1, smaller than that of NaHCO3.) The disadvantage is that one of the gases is ammonia. The strong odor of ammonia would not make the ammonium salt a good choice for baking.



2.14 (a) What volume of air at 1.0 atm and 22°C is needed to fill a 0.98-L bicycle tire to a pressure of 5.0 atm at the same temperature? (Note that 5.0 atm is the gauge pressure, which is the difference between the pressure in the tire and atmospheric pressure. Initially, the gauge pressure in the tire was 0 atm.) (b) What is the total pressure in the tire when the gauge reads 5.0 atm? (c) The tire is pumped with a hand pump full of air at 1.0 atm; compressing the gas in the cylinder adds all the air in the pump to the air in the tire. If the volume of the pump is 33% of the tire’s volume, what is the gauge pressure in the tire after 3 full strokes of the pump?



(a) Enough gas (air) must be added to increase the pressure in the tire by 5.0 atm, since it starts at a gauge pressure of 0.0 atm. This is the same amount of gas whose volume is desired at ambient conditions. At constant n and T,

[image: ]

Letting the pressure and volume in the tire be P1 and V1, respectively, and denoting the same quantities at ambient conditions as P2 and V2,

[image: ]

(b) When the gauge pressure reads 5.0 atm, the total pressure in the tire is 6.0 atm.

(c) Since the tire and the pump are at the same temperature, the amount of gas each contains at 1.0 atm is proportional to their volumes. Thus three strokes of the pump will add to the tire 99% of the amount of gas that the tire originally contains at 1.0 atm. At constant V and T,

[image: ]

Here, [image: ],

[image: ]

When the total pressure in the tire is 1.99 atm, the gauge pressure reads 0.99 atm.



2.16 Nitrogen forms several gaseous oxides. One of them has a density of 1.27 g L − 1 measured at 764 mmHg and 150°C. Write the formula of the compound.



The density of a gas is related to its molar mass as shown in Problem 2.5:

[image: ]

Some nitrogen oxides and their molar masses are NO: 30.0 g mol − 1; N2O: 44.0 g mol − 1; NO2: 46.0 g mol − 1.

The nitrogen oxide is N2O.



2.18 An ultra-high-vacuum pump can reduce the pressure of air from 1.0 atm to [image: ] mmHg. Calculate the number of air molecules in a liter at this pressure and 298 K. Compare your results with the number of molecules in 1.0 L at 1.0 atm and 298 K. Assume ideal-gas behavior.



When [image: ] mmHg:

[image: ]

[image: ]

When [image: ] atm:

[image: ]

[image: ]

The number of molecules present when [image: ] atm is [image: ] times greater than when [image: ] mmHg.



2.20 The density of dry air at 1.00 atm and 34.4°C is 1.15 g L − 1. Calculate the composition of air (percent by mass) assuming that it contains only nitrogen and oxygen and behaves like an ideal gas. (Hint: First calculate the “molar mass” of air, then the mole fractions, and then the mass fractions of O2 and N2.)



This problem is similar to Problem 2.17. From the density of air, calculate its molar mass, [image: ] (see Problem 2.5 or 2.6), which in turn yields the mole fraction of oxygen, [image: ], and the mole fraction of nitrogen, [image: ]. Once the mole fractions are obtained, the composition of air can be calculated.

[image: ]


[image: ]

The sum of all mole fractions is unity, that is, [image: ], or [image: ]. Use this relation in the above equation,

[image: ]

Therefore, [image: ].

In 1 mol of air, there are 0.25 mol of O2 and 0.75 mol of N2. The corresponding masses are:

[image: ]

Therefore,

[image: ]



2.22 Two bulbs of volumes [image: ] and [image: ] are connected by a stopcock. The number of moles of gases in the bulbs are [image: ] and [image: ], and initially the gases are at the same pressure, P, and temperature, T. Show that the final pressure of the system, after the stopcock has been opened, equals P. Assume ideal-gas behavior.



Gas A and gas B both obey the ideal gas equation, that is, before the stopcock is open,

[image: ]

When the stopcock is open,

[image: ]

The total pressure is

[image: ]

From above, [image: ] and [image: ]. Upon substitution into the expression for [image: ],

[image: ]



2.24 A mixture containing nitrogen and hydrogen weighs 3.50 g and occupies a volume of 7.46 L at 300 K and 1.00 atm. Calculate the mass percent of these two gases. Assume ideal-gas behavior.



First calculate the total number of moles of the mixture, [image: ], which, together with the mass of the mixture, [image: ], is used to determine the number of moles of N2 and the number of moles of H2, and, consequently, the mass percent of each of these gases.

[image: ]

The mass of the mixture is

[image: ]

Because [image: ] mol,

[image: ]

Therefore,

[image: ]



2.26 Death by suffocation in a sealed container is normally caused not by oxygen deficiency but by CO2 poisoning, which occurs at about 7% CO2 by volume. For what length of time would it be safe to be in a sealed room [image: ] ft? [Source: “Eco-Chem,” J. A. Campbell, J. Chem. Educ. 49, 538 (1972).]



The source of the excess CO2 is that which is exhaled and which had as its source the O2 that was inhaled and metabolized. Thus, to calculate how much CO2 is added to the room, calculate how much O2 is depleted. (This assumes a 1:1 mole ratio between CO2 formed and O2 used with little hydrogen oxidized to H2O by the inhaled oxygen. The ratio is actually about 1.2 O2:1 CO2.)

The air becomes lethal (due to CO2) after 7% of the O2 (to 1 sig. fig.) is removed, or

[image: ]

A person breathes about 0.5 L of air 12 times per minute, and the air is about 20% O2. Thus,

[image: ]

About 30% of this inhaled O2 is absorbed in the lungs, so that a person typically uses

[image: ]

For a calm, quiet person about half this amount, or 0.2 L min − 1 would be enough, where we have rounded to 1 sig. fig. Thus, one person could last

[image: ]



2.28 A mixture of helium and neon gases is collected over water at 28.0°C and 745 mmHg. If the partial pressure of helium is 368 mmHg, what is the partial pressure of neon? (Note: The vapor pressure of water at 28°C is 28.3 mmHg.)



[image: ] can be determined by rearranging the equation [image: ]:

[image: ]



2.30 A piece of sodium metal reacts completely with water as follows:

[image: ]

The hydrogen gas generated is collected over water at 25.0°C. The volume of the gas is 246 mL measured at 1.00 atm. Calculate the number of grams of sodium used in the reaction. (Note: The vapor pressure of water at 25°C is 0.0313 atm.)



First calculate the number of moles of H2 from the ideal gas law, from which the number of moles of Na, and therefore, the mass of Na used in the reaction can be determined.

[image: ]

According to the chemical equation,

[image: ]

The mass of Na used is

[image: ]



2.32 Helium is mixed with oxygen gas for deep sea divers. Calculate the percent by volume of oxygen gas in the mixture if the diver has to submerge to a depth where the total pressure is 4.2 atm. The partial pressure of oxygen is maintained at 0.20 atm at this depth.



At constant P and T, n ∝ V. Thus, % by volume  = mol %, and mole fraction is directly related to mol %.

[image: ]

The mole fraction of O2 is 0.048, or the percent by volume of O2 = 4.8%.



2.34 The partial pressure of carbon dioxide in air varies with the seasons. Would you expect the partial pressure in the Northern Hemisphere to be higher in the summer or winter? Explain.



Plant photosynthesis is a major contributor to the seasonal variation of the amount of carbon dioxide in the atmosphere. Thus, in the Northern Hemisphere the partial pressure of CO2 is higher in the winter when less CO2 is being utilized in photosynthesis.



2.36 Describe how you would measure, by either chemical or physical means (other than mass spectrometry), the partial pressures of a mixture of gases: (a) CO2 and H2, (b) He and N2.



(a) A measurement of the total pressure of the mixture can be made at known temperature and volume. A chemical separation may then be used to measure the amount of a single component. A good choice is the reaction between CO2 and sodium hydroxide

[image: ]

This leaves only the H2 gas and water vapor. The partial pressure of H2 can now be determined under the same conditions of temperature and volume after correcting for the known vapor pressure of water. Finally, the partial pressure of CO2 is calculated from

[image: ]

(b) In this case there is no convenient chemical means of separation, but there is a significant difference in boiling points that can be utilized. As in part (a) the total pressure of the mixture is first measured. The temperature is then lowered until the nitrogen liquefies (b.p. N2: 77 K).

At this point the He is still gaseous (b.p. He: 4 K), and its pressure can be measured. Charles’s Law is then used to calculate the pressure of He at the temperature of the original total pressure measurement (assuming a constant volume container). The partial pressure of N2 is then the difference between the total pressure and helium pressure at this temperature.



2.38 A 1.00-L bulb and a 1.50-L bulb, connected by a stopcock, are filled, respectively, with argon at 0.75 atm and helium at 1.20 atm at the same temperature. Calculate the total pressure and the partial pressures of each gas after the stopcock has been opened and the mole fraction of each gas. Assume ideal-gas behavior.



At constant n and T, P1V1 = P2V2, where 1 and 2 denote the state before and after the stopcock is opened, respectively.

For Ar,

[image: ]

For He,

[image: ]

The total pressure is

[image: ]

The mole fractions are

[image: ]



2.40 Suggest two demonstrations to show that gases do not behave ideally.



One demonstration is quite common. Namely, the condensation of a gas at low temperatures and/or high pressures to form a liquid, such as was used in Problem 2.36(b). The condensation demonstrates the existence of attractive forces between molecules. A second demonstration would be to plot the compressibility factor, [image: ] vs. P. Deviations from unity show that the gas does not behave ideally.



2.42 The van der Waals constants of a gas can be obtained from its critical constants, where [image: ] and [image: ]. Given that [image: ] K and [image: ] atm for benzene, calculate its a and b values.



[image: ]



2.44 Without referring to a table, select from the following list the gas that has the largest value of b in the van der Waals equation: CH4, O2, H2O, CCl4, Ne.



The van der Waals constant b is related to the size of the molecule, so look for the largest molecule, which is CCl4 in this case.



2.46 At 300 K, the virial coefficients (B) of N2 and CH4 are −4.2 cm3 mol − 1 and −15 cm3 mol − 1, respectively. Which gas behaves more ideally at this temperature?



According to the equation

[image: ]

the closer to zero the value of B, the closer is Z to unity, that is, the more ideal is the gas. For the data given, N2 behaves more ideally than CH4.



2.48 Consider the virial equation [image: ], which describes the behavior of a gas at a certain temperature. From the following plot of Z versus P, deduce the signs of B′ and C′ (<0, = 0, >0).

[image: Graph of Z versus P/atm; y-axis Z from 0.8–1.4, x-axis P/atm 0–1000; curve starts at Z=1 at P=0, decreasing to around 0.85 at ∼400 atm, rising to ∼1.3 at 1000 atm.]



We see that the slope of the Z versus P plot is given by

[image: ]

As P→0, [image: ].

Additionally, the curvature of the graph is given by

[image: ]

Near P = 0 the graph has a negative slope, starting at Z = 1 and dipping below 1. It does display positive curvature, with the graph turning around to rise above 1. Thus B′ < 0 and C′ > 0.



2.50 Is temperature a microscopic or macroscopic concept? Explain.



Because one of the postulates of the kinetic theory of gases is that it deals with a very large number of molecules, temperature is a macroscopic concept. Temperature is proportional to the average kinetic energy of the molecules in the system, and for this average to be meaningful, it must be taken over a large number of molecules.



2.52 If 2.0 × 10 23 argon (Ar) atoms strike 4.0 cm2 of wall per second at a 90° angle to the wall when moving with a speed of 45,000 cm s − 1, what pressure (in atm) do they exert on the wall?



[image: ]

[image: ]



2.54 Calculate the average translational kinetic energy for a N2 molecule and for 1 mole of N2 at 20°C.



For one molecule, [image: ].

For one mole of molecules, [image: ].

Therefore, for a N2 molecule,

[image: ]

whereas for a mole of N2 molecules,

[image: ]



2.56 The [image: ] of CH4 is 846 m s − 1. What is the temperature of the gas?



The temperature of the gas can be calculated by rearranging [image: ]:

[image: ]



2.58 At what temperature will He atoms have the same [image: ] value as N2 molecules at 25°C? Solve this problem without calculating the value of [image: ] for N2.



This problem is similar to Problem 2.55.

[image: ]



2.60 Plot the speed distribution function for (a) He, O2, and UF6 at the same temperature, and (b) CO2 at 300 K and 1000 K.



(a) In the plot, note that the heavier the molecules, the narrower the speed distribution and the smaller the most probable speed; whereas the lighter the molecules, the wider the speed distribution and the greater the most probable speed.

[image: Graph of velocity distribution f(c) versus c (m/s) at T = 300 K for UF₆ (sharp peak near 100), O₂ (broader peak around 500 m/s), and He (broadest peak around 1500 m/s); x-axis 0–2500 m/s.]

(b) In the plot, note that the lower the temperature, the narrower the speed distribution and the smaller the most probable speed; whereas the higher the temperature, the wider the speed distribution and the greater the most probable speed.


[image: Graph of molecular speed distribution f(c) versus c (m/s) for CO₂ at 300 K curve (sharp peaks around 300 m/s) and 1000 K (broader peak around 500 m/s); x-axis 0–2500 m/s.]



2.62 A N2 molecule at 20°C is released at sea level to travel upward. Assuming that the temperature is constant and that the molecule does not collide with other molecules, how far would it travel (in meters) before coming to rest? Do the same calculation for an He atom. [Hint: To calculate the altitude, h, the molecule will travel, equate its kinetic energy with the potential energy, mgh, where m is the mass and g the acceleration due to gravity (9.81 m s − 2).]



This problem is an application of the law of conservation of energy. In this case, the total energy of the molecule remains the same, but it is changed from one form (kinetic energy) to another (potential energy). Therefore,

[image: ]

For a N2 molecule,

[image: ]

For an He atom,

[image: ]

An He atom, being 7 times lighter than a N2 molecule, would travel 7 times higher than a N2 molecule.



2.64 At a certain temperature, the speeds of six gaseous molecules in a container are 2.0 m s − 1, 2.2 m s − 1, 2.6 m s − 1, 2.7 m s − 1, 3.3 m s − 1, and 3.5 m s − 1. Calculate the root-mean-square speed and the average speed of the molecules. These two average values are close to each other, but the root-mean-square value is always the larger of the two. Why?



The average speed of the molecules is

[image: ]

The mean-square speed for the molecules is

[image: ]

The root-mean-square speed for the molecules is

[image: ]

The rms average is always larger than the straight average because squaring favors (more heavily weights) the larger values and biases the result towards the larger values.



2.66 Derive an expression for [image: ]. [Hint: Differentiate f(c) with respect to c in Equation 2.26 and set the result to zero.]



The most probable speed can be determined by setting [image: ] and then solving for [image: ].

[image: ]

In differentiating f(c) with respect to c, care must be taken to apply the chain rule to the two terms c2 and [image: ].

[image: ]

When [image: ], [image: ]. The above equation becomes

[image: ]

Solving for [image: ],

[image: ]



2.68 Calculate the value of [image: ] for C2H6 at 25°C. What is the ratio of the number of molecules with a speed of 989 m s − 1 to the number of molecules with this value of [image: ]?



[image: ]

The number of molecules with speeds between c and c + dc is given by Equation 2.25,

[image: ]

Thus, to find the ratio of the number of molecules with speeds between c2 and c2 + dc, dN2, to the number with speeds between c1 and c1 + dc, dN1, (which is what is meant by the ratio of the number with speed c2 to that with speed c1), form the ratio [image: ]. Notice that the differential element of speed, dc, is the same for both speeds, and that it, with many other common terms, cancels

[image: ]

for this problem we have c2 = 989 m s − 1 and c1 = 406 m s − 1. The term in the exponential is

[image: ]

Thus,

[image: ]



2.70 How does the mean free path of a gas depend on (a) the temperature at constant volume, (b) the density, (c) the pressure at constant temperature, (d) the volume at constant temperature, and (e) the size of molecules?



The mean free path is given by Equation 2.32 in the text

[image: ]

Although it is possible to answer this question solely by reference to the equation, it is useful to have an understanding of the physical basis for the effects observed. The key physical quantity is the density of the gas.

(a) The mean free path is independent of temperature at constant volume. T does not appear in the equation. As the temperature is increased the molecules are moving faster, but the average distance between them is not affected. The mean time between collisions decreases, but the mean distance traveled between collisions remains the same.

(b) Because N∕V appears in the denominator, as the density increases, the mean free path decreases. In a more dense gas, the molecules are more closely spaced.

(c) As the pressure increases at constant temperature, the mean free path decreases. These conditions lead to a decrease in volume, hence an increase in density. The molecules are being squeezed closer together.

(d) As the volume increases at constant temperature, the mean free path increases. As the molecules move into the expanded volume, they move further apart from each other.

(e) As the size of the molecules increases, the mean free path decreases. The collision diameter, d, appears in the denominator of the equation. Larger molecules do not have to travel as far before they run into each other.



2.72 Calculate the mean free path and the binary number of collisions per liter per second between HI molecules at 300 K and 1.00 atm. The collision diameter of the HI molecules may be taken to be 5.10 [image: ]. Assume ideal-gas behavior.



The ideal gas law is used to calculate [image: ], which is then used to calculate the mean free path.

[image: ]

[image: ]

The binary number of collisions depends on the average molecular speed, which is

[image: ]

[image: ]



2.74 Suppose that helium atoms in a sealed container all start with the same speed, 2.74 × 10 4 cm s − 1. The atoms are then allowed to collide with one another until the Maxwell distribution is established. What is the temperature of the gas at equilibrium? Assume that there is no heat exchange between the gas and its surroundings.



The total translational energy of the helium atoms can be determined from the initial speed of the atoms. Because energy is conserved, this is also the total translational energy of the atoms after equilibrium is reached. Translational energy is a function of temperature, thus, the latter can be calculated once the former is known.

Suppose there are N helium atoms. Because all the atoms have the same speed, the total translational energy is
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2.76 Calculate the values of Z1 and Z11 for mercury (Hg) vapor at 40°C, both at P = 1.0 atm and at P = 0.10 atm. How do these two quantities depend on pressure? The collision diameter of Hg is 4.26 [image: ].



The number density and average molecular speed need
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[image: P–V diagram with two curves: upper “Hard sphere gas,” lower “Ideal gas”; x-axis V with V = b near origin; y-axis P; vertical dotted line at V = b.]
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[image: Rectangular graph with x-axis P and y-axis Z; two lines with different slopes start at y = 1on the y-axis: The line labeled T₁ has a greater slope than the line labeled T₂.]
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[image: Graph of compressibility factor Z versus temperature T; “Hard sphere gas” curve starts high and decreases, approaching horizontal line Z=1 labeled “Ideal gas.”]
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[image: Diagram of a rotating cylinder with an arrow indicating rotation; horizontal arrow labeled “Bi atoms” points from left through a slit to a target on the cylinder’s right side.]
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