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Do not read this Outline—use it. You can't learn chemisiry of any variety simply by
reading it: You have to do it, in the laboratory and on paper. Solving specific, practical problems
is the best way to master—and to demonstrate your mastery of—the theories, laws, and definitions
that make up physical chemistry. Outside the laboratory, you need three tools to do physical chemistry:
a pencil, paper, and a calculator. Add a fourth tool, this Outline, and you're all set.

- This HBJ College Outline has been designed as a tool to help you sharpen your problem-solving
skills in physical chemistry, skills that are vital to success in a “p-chem” course. Although some of
your examinations may contain a few questions involving explanations, derivations, or diagrams,
most of the questions you'll be asked in your course will be problems to be solved. Your knowledge
of concepts, terms, and laws will be measured by your success in applying them to the solution of
problems.

Each chapter of this Outline covers a major topic, whose fundamental principles are broken
down into outline form for easy reference. The text is heavily interspersed with worked-out examples,
so you can see immediately how each new idea is applied in solving a problem. Each chapter also
contains a Summary and a ‘flowchart’ of the major equations which, taken together, will enable
you to review the primary principles of the chapter and the connections between the equations
expressing those principles.

Most important, this Outline gives you plenty of problems for practice. Work the Solved
Problems before you read the answers; then check yourself against the step-by-step solutions pro-
vided. Show your mastery of the material in each chapter by doing the Supplementary Exercises.
(In the Supplementary Exercises, you're given answers only —the details of the solution are up to
you.) Finally, test yourself on the topics covered in the Outline by taking the two Mid-Semester
Exams and the two Final Exams. The solutions to all exam questions are given in detail, so you
can use them to diagnose your own strengths and weaknesses.

Remember that this is an outline, to be used as a complement to your textbook or for review.
This Outline does not contain every topic found in a typical physical chemistry textbook, but it
does contain the fundamental topics common to all textbooks. Be sure you understand these funda-
mentals before you try to learn the more advanced aspects of the topics that are included in your
course. To relate this Outline to your textbook, use the Textbook Correlation Table, which correlates
chapters of the Outline with pages in several of the leading textbooks of physical chemistry.

The choice of topics to include—and the emphasis to give each—was based partly on a report
of a committee of the Division of Chemical Education of the American Chemical Society (ACS)
and partly on analysis of examinations shared with me by seventeen other professors. Statistical
mechanics, for example, was treated lightly in these materials, so Chapter 18 is quite brief. I have
omitted or merely introduced some advanced topics-that have “trickled down” into the beginning
physical chemistry textbooks, but I have included some topics that seem to have “trickled out.” I
believe that the latter could be helpful to many students whose difficulties with a p-chem course or
textbook may be due to lack of familiarity with basic concepts.

You may find differences between the symbols used in this Outline and those used in your
textbook. Probably no two books are exactly alike in this regard; each author must make his/her
own choices for symbols—and for units as well. The SI system of units, which I have used exten-
sively, now bears official approval, but other systems still exist. So I have mixed in other units that
have been used regularly in the past because they still turn up in older tables, books, and (especially)
journals. At first, you may be confused by the variety of symbols and units; but, as you work with
these symbols and units, converting them from one to another, they will become familiar, and you
will be prepared for almost any situation.
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PRELIMINARIES

THIS CHAPTER IS ABOUT

Dimensions, Units, and SI
Constants and Conversion Factors
Essentials of Logarithms
Essentials of Calculus

1-1. Dimensions, Units, and SI

A. Dimension and unit

The terms dimension and unit have different meanings and can’t be used interchangeably. A
dimension is a concept or abstraction that expresses a type of measurement, e.g., length or time.
A unit is a specific amount of a dimension that serves as a reference for actual measurement,
e.g., meters or seconds. Dimensional analysis is a mathematical approach for analyzing the
dimensions involved in a problem and its answer without regard to numerical values or units.

EXAMPLE 1-1: For a problem that requires division of an area by a volume, show that the
answer will contain the dimension of length (actually, the reciprocal).

Solution: Since area and volume both contain the dimension of length (one squared and the other
cubed), we write
(Length)®> [?

(Length)® I3

-1

Note that we did not use any units.

EXAMPLE 1-2: List some commonly used units of the dimension length.

Solution: Inch, foot, mile, furlong, rod, meter, and kilometer.

B. Physical quantities

A number by itself has no physical meaning; it is dimensionless. If a number is followed by a
unit, the combination is a measurement of a physical quantity.

EXAMPLE 1-3: The number 6.022 x 102? by itself has no meaning, although you will recognize
it as the number of objects represented by Avogadro’s number, N,. When a unit is added, it
becomes Avogadro’s constant, L, = 6.022 x 10?3 [objects] mol™!. This constant contains the
dimension amount of substance.

C. International system of units

By international agreement, seven dimensionally independent physical quantities have been
selected as the foundation of a system of units, known as SI from the French Le Systéme

1



2 Physical Chemistry

TABLE 1-1: Defined and Derived S| Units

Base Quantities and Units

Physical quantity Symbol Unit Symbol
Length 1 meter m
Mass m kilogram kg
Amount of substance n mole mol
Thermodynamic temperature T kelvin K
Time t second s
Electric currrent I ampere A
Luminous intensity I, candela cd

Quantities with Derived Units

Definition in

Physical quantity Unit Symbol base units
Force newton N kgms 2
Pressure pascal Pa kgm !'s?
Energy joule J kg m?s™?

International d’Unités. A base unit has been designated for each quantity. These seven
quantities are listed in Table 1-1 along with their base units and symbols.

note: The amount of substance is a new concept of physical quantity, and the meaning of its
symbol conflicts with prior usage. The symbol is n, and it requires both a number and a
unit. The unit is the mole. Thus it is not correct to say “n moles”; rather, “n = y moles,”
where y is the number of moles.

EXAMPLE 1-4: Consider an analogy between length and amount of substance. Length is
designated by /, and let’s say that we have | = 5 m. The is not just the number of meters, “5,” or the
unit, “meters”; the [ is the whole expression, “5 meters.” Thus for an amount of substance, n, we
might have n = 5 mol. Both the number and the unit are required to describe n completely.

EXAMPLE 1-5: If we have 64 grams of sulfur, we could say that we have 2 moles of sulfur, but
how would we write it?

Solution: We should not write “n = 2.” The correct use of nis “n = 2 mol,” a number and a unit.
Since the substance is known, “2 mol S” is even better.

D. Numerical values of physical quantities
We obtain the numerical value of a quantity by dividing the quantity by the unit.

EXAMPLE 1-6: For 2 moles of sulfur, we would write

Number of moles = L =m0k 5 =
mol mol S

We emphasize the distinction between a quantity and its numerical value because it is important in
certain situations.

EXAMPLE 1-7: A table of thermodynamic data has a column headed AH,/kJ mol~*. (a) Why is
this designation used? (b) How should we read the table?

Solution:

(a) The table contains a list of numbers, not physical quantities. Let’s use a physical quantity of
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AH, = 41 kJ mol™!. Its numerical value, as illustrated in Example 1-6, is

AH, 41 kJ mol ™!
N ical value = ' = =41 -
umerical value T mol Fag (1-1)
The column heading tells us that the physical quantity was divided by its units and the
numerical value was entered in the table.
(b) To read the table (i.e., to find a AH,), we simply find the number for a particular compound
and write the units after it: 41 kJm 17!. More precisely, we are applying Eq. (1-1):

AH,
41 = ——v
! kJ mol ™!
Cross-multiplying gives AH, = 41 kJ mol ™!

E. Derived quantities and units

Other physical quantities are derived from the seven SI base quantities. Their units are
expressed as combinations of the defined (base) units. Some of the derived units (e.g., the

pascal) were named for famous scientists. A few of the derived quantities and units are included
in Table 1-1

EXAMPLE 1-8: The dimensions of velocity are length and time (reciprocal), or, in symbols,
I x t7'. The base units of length and time are meters and seconds, respectively. Thus the derived
unit for velocity is, in symbols, m s ™.

EXAMPLE 1-9: Newton’s first law is Force = Mass x acceleration. (a) What are the dimensions
of force? (b) What are the units of force?

Solution:

(a) The dimensions of acceleration are [ x t~2; thus force equals m x [ x t™2.
(b) The base units of m, I, and t are kg, m, and s, respectively, so the unit of force is kg m s~ 2; this
unit is called the newton, N. (See Table 1-1.)

F. Auxiliary units

An auxiliary unit is a combination of a prefix and a base unit. Prefixes are expressed in
multiples or submultiples of one thousand. You are already familiar with milli- and kilo- for
1073 and 103, respectively. The newer prefixes such as femto- for 107!% seldom appear
in physical chemistry. Strictly speaking, the quantity 10 cm should be written as 10! m or
102 mm, but the well-established prefixes centi-, deci-, and deca- are still allowed by SI rules.

1-2. Constants and Conversion Factors

A. Precision of constants

The numerical values of fundamental physical constants are usually known to six or seven
significant figures. This degree of precision is far greater than the experimental error in most
undergraduate experiments and isn’t needed for solving most practice problems. We usually
round off constants to four significant figures; but, for practice problems, we may further
shorten the values to three significant figures. Some examples of frequently used constants are
given in Table 1-2.

TABLE 1-2: Some Fundamental Constants

Avogadro constant L, 6.02205 x 1023 mol™! Planck constant h  6.62618 x 1073*Js
Boltzmann constant k  1.38066 x 10723 JK™! Electron charge e 1.60219 x 107! C

Faraday constant F 9.64846 x 10* Cmol ™! Electron mass m, 9.10953 x 1073' kg
Gas constant R 831441 JK 'mol™! Speed of light ¢ 299793 x 10® ms™!
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B. Conversions

The data for solving a problem may not be compatible with each other or with the available
constants, making conversions necessary. In your general chemistry course, you learned to
include the units when you set up a calculation and then to make sure that you canceled or
multiplied them properly to end up with the correct units for the answer. This is even more
important in physical chemistry because the problems are more complex. Verifying units is a
good way to check your work.

1. The simplest conversion is the addition of a constant.

EXAMPLE 1-10: Convert 30.00 °C to the Kelvin scale.

Solution: One degree on the Celsius scale is equal to one degree on the Kelvin scale, so we convert
from Celsius to Kelvin by adding 273.15, the number of degrees between absolute zero and the
freezing point of water. Recalling the point made in Example 1-7 with Eq. (1-1), we should write
Iy _Tc
— =—+273.15
K _°C
If T = 30.00 °C,
Ty 3000 °C

X T+273.15=303.15 or Tx = 303.15K

2. Most conversions require multiplication by a conversion factor.

EXAMPLE 1-11: To convert mm to m, we need the relationship 10> mm = 1 m. You could
probably work out in your head that 50 mm =5 x 107% m, but how would you write a
mathematical equation to get this answer?

1m

Solution: (50 mm)<m

>=50x10"3m=5.0x10’2m

Note in Example 1-11 that (I m)/(10° mm)= 1. A conversion factor is unity.
Multiplying by 1 does not change a quantity, but it does change the units in which the
quantity is measured.

C. Non-SI units

The use of certain well-established units (e.g., liter, atmosphere, calorie, and angstrom) may
eventually end. Until then, you will continue to encounter them in tables, books, and articles;
you will need to know how to convert them to SI units. Several of these conversion factors are

1 atmosphere = 1.013 25 x 10° Pa

1 liter =10m3=1dm?
1 bar = 10° Pa
1 calorie =4.184)

EXAMPLE 1-12: A new table of thermodynamic properties from the National Bureau of
Standards uses 1 bar as the standard-state pressure. (The bar is not an SI unit but is a simple

multiple of one, the pascal.) Find the value of the pressure—volume gas constant, R = 0.082 05
L atm K™ 'mol !, for this new pressure unit.

Solution: You know that 1 atm = 1.013 25 x 10° Pa
1 Pa = 10"° bar
1 atm = 1.013 25 bar
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L atm [1.013 25 bar
K mol 1 atm

L bar
K mol

So R = 0.082 05

) = 0.083 14

Note that the conversion from atmospheres to bars causes a change of about 1.3% in the numeri-
cal value, which is close to experimental error in many cases. For practice problems, we will use
atmosphere or bar interchangeably, as if they were identical. For a real situation involving three
or four significant figures, you should convert atmospheres to bars.

1-3. Essentials of Logarithms

A. Exponential nature

The logarithm of a number to a certain base is the power to which that base must be raised to
give the number. If a is the base,

u=aqa"=¢q" (1-2)

where v = log, u.

The usual bases are 10 and e (e = 2.718 28.....). The abbreviation log is used routinely to
represent logarithms to the base 10, and In is used for logarithms to the base e. Thus the symbol
In x may be read “the natural logarithm of x to the base e.” The relationship between the two
systems of logarithms is

Inu=2303logu
which may be expressed as a conversion factor:

In u _
2303 logu

The exponential character of logarithms makes them useful for expressing exponential
relationships between physical quantities. In general, if the dependence of one quantity on a
second quantity is proportional to the value of the second quantity, the dependence is
exponential. Specific cases include distribution functions, first-order reactions, and the
barometric formula. Treating such cases mathematically usually requires calculus and the
expression du/u = In u.

EXAMPLE 1-13: The dependence of u on v is proportional to u. Express this as an exponential
and as a logarithm.

Solution: The dependence can be written as

du_

E—k“

where k is a proportionality constant. Rearranging gives
du
—=kdv
u

We now have to use calculus. Letting u = u, when v = 0, we integrate between the limits u and

uy and v and O:
J dlnu=kJ~ dv
ug 0

u
In—=kv

Up

u
_=ekv




