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Q.  Try solving the numbers without a calculator. For the units, first cancel units in the 
denominator, then between the numerator and denominator:

4,800 J

12.0 g • 2.0
 

J

g • K

 
=

Answer:

4,800 J

12
 
g • 2.0

 
J

g • K

= 4,800 J

12
 
g • 2.0 J

g • K

= 4,800

24

• 1
1
K

= 2.0 3 102 K

In the third term, the 1 terms are important. 1/K and 1/(1/K) are not the same.

When in doubt about how to apply this type of unit cancellation, skip the cancellation 
shortcuts and the use systematic rules 1–2c.

TRY IT

Apply the rules from memory to simplify these fractions.

1. calories

calorie

°C

• gram

 =

2. atm1mol 2 • atm • L

mol •  K

 =

3. 1mol 2 • atm • L

mol • K

• 1K 2
L

 =

PRACTICE B

The Ideal Gas Law and Equations

If a gas is at STP, many calculations can be solved by conversions, but in most 
experiments and problems, gases are not at STP. In those cases, you will need gas 
equations to solve.

The gas equation used most often is the ideal gas law (often remembered as piv-nert). 
For all “ideal” gases,

Lesson 16.4

PV 5 nRT
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where

• P and V are pressure and volume in any metric units,

• T is temperature in kelvins,
• n represents the number of moles of gas, and

• R is a number with units called the gas constant.
In this equation, P, V, T, and n are variables: Their values depend on the conditions in 
the problem. R is a number with units attached: For a given set of units, the number is 
always the same.

For any gas, if you know any three of the values for the four variables in the ideal gas 
law, and you know a value and units for R (which is usually supplied in a problem), you 
can use the ideal gas law to predict the value of the fourth variable.

Nonideal Behavior

The ideal gas law is derived mathematically based on assumptions, including that gas 
molecules do not attract when they collide, and that they do not condense to form 
liquids or solids. These assumptions do not hold under all conditions, and real gases can 
display “nonideal” behavior. But for most gases under typical gas conditions, the ideal 
gas law is a good approximation in predicting behavior. For gas calculations, assume 
that the ideal gas law will apply unless nonideal behavior is specified.

Solving Problems Requiring Equations

Calculations in chemistry can generally be put into three categories: those that can be 
solved with conversions, those that require equations, and those requiring both. We will 
use gas laws to illustrate a system for solving calculations that require equations. This system 
will be especially helpful if you take additional courses in chemistry or other sciences.

Let’s start with a problem in which we know the correct equation to apply. This example 
can be solved in several ways, but we will solve with a method that has the advantage of 
working with more-difficult problems. Please try the steps described below.

Q.  A value for the gas constant R is usually supplied when solving gas problems; however,  
R can also be calculated based on values you know for a gas at STP.

Example: One mole of any gas occupies 22.4 L at a pressure of 1 atmosphere and a 
temperature of 273 K.

Using the example data and the ideal gas law, calculate a value for R.

To solve, complete the steps below in your notebook.

1. As always, begin by writing wanted and the unit you are looking for. When solv-
ing for an equation, you might instead need to write the symbol you are looking for. 
If possible, write the symbol and unit wanted.

Example: wanted: ? P =  or  wanted: ? P in atm =

TRY IT
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2. If you know you need an equation to solve the problem and you know which 
equation you will need, write the equation. Put a box around it to say: This is 
important to remember.

  This problem says to use the ideal gas law. Write it below the wanted line.

3. Next, make a data table that includes each symbol in the equation. For this problem, 
write:

data: P =
 V =
 n =
 R =
 T =

4. Put a ? after the symbol wanted in the problem.

5. Read the problem again, and write each number and its unit after a symbol. Use 
units to match the symbol to the data (1 mol goes after n, 273 K goes after T, etc.).

Using the data from the example, in your notebook, complete steps 1–5.

Answer:

At this point, your paper should look like this:

wanted: ? R =  (Write the unit and/or symbol wanted.)

 PV = nRT
data: P = 1 atm

  V = 22.4 L

  n = 1 mol

  R = ?
  T = 273 K

6. Write solve. Then, using algebra, solve the fundamental, memorized equation for 
the symbol wanted.

solve: ? = R =
In your notebook, complete step 6.

? = R = PV
nT

7. Substitute data for the symbols and do the math. Cancel units that cancel, but write 
the units that do not cancel after the number that you calculate for the answer.

In your notebook, complete step 7 to finish the problem.

solve: ? = R = PV
nT

= 11 atm 2 122.4 L 211 mol 2 1273 K 2 = 0.0821
 
atm • L
mol • K

Be certain that your answer includes the units after the numbers.
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1. Write one or more possible metric units wanted when you are asked to find:

a. Molarity
 

b. Molar mass
 

c. Volume
 

d. Mass
 

2. After each of these gas measurements, write the symbol from PV = nRT that represents the dimension 
the unit is measuring.

a. 0.50 mol
 

b. 202 kPa
 

c. 11.2 dm3
 

d. 373 K
 

e. 38 torr
 

(continued)

PRACTICE A

Do not plug in numbers until after you have solved for the wanted symbol 
using symbols.

Memorize fundamental equations in one format. Use algebra to solve for each 
symbol wanted.

When solving by applying equations, two key rules are:

Example: Memorize the fundamental equation: PV = nRT. When you need 
to solve for one of the symbols, use algebra:

n = PV/RT  and  P = nRT/V  but don’t memorize the variations.

Symbols move more quickly (and with fewer mistakes) than numbers with their units.

Let’s summarize.

1. Write the symbol and/or unit wanted.

2. Write the memorized equation. Put a box around it.

3. Make a data table. On each line, put one symbol from the equation.

4. Write a ? after the wanted symbol. Write the unit wanted if it is known.

5. Based on units, after each symbol write the matching data in the problem.

6. solve your memorized equation for the wanted symbol before substituting 
numbers and units.

7. Put both numbers and units into the equation when you solve. Include in 
your answer all units that do not cancel.

Steps for Solving with an Equation
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3. In this space, solve PV = nRT in symbols for:

a. T =
 

b. V =
 

c. R =
 

4. If 1 mol of a gas has a volume of 22.4 L but a pressure of 2.3 atm, what must the temperature be?  
Use R = 0.0821 atm • L/mol • K and the ideal gas law. As needed, look back at this lesson.

Ideal Gas Calculations and Temperature

In some cases, an equation will require certain units. As one example, scientific 
equations that include a capital T require temperature to be measured using an absolute 
temperature scale (which in the metric system means kelvins).

If an equation has a capital T for temperature:

• A data temperature that is not in kelvins must be converted to kelvins.
• If degrees Celsius is wanted, kelvins must be found first.

Q.  What will be the volume of 1 mol of an ideal gas at a temperature of 25°C and a pressure 
of 0.500 atm? (Use the ideal gas law and R = 0.0821 atm • L/mol • K)

Solve in your notebook by applying the “Steps for Solving with an Equation.”  Try to apply 
the steps from memory, but look back if needed.

Your paper should include:

wanted: ? V =  (Write the unit and/or symbol wanted.)

 PV = nRT

data: P = 0.500 atm

  V = ?
  n = 1 mol

  R = 0.0821 atm • L/mol • K

  T = 25°C Must use K.   K = °C + 273  = 25 + 273 = 298 K
solve for the wanted unit in symbols, then plug in data with units.

solve: PV = nRT

? = V =
 
nRT

P
= nRT • 1

P
= 11 mol 2 10.0821

 
atm • L2
mol • K

 
1298 K 2 • 1

0.500 atm

= 48.9 L

TRY IT
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1. Design flashcards and/or “step summaries” for Lesson 16.4. Practice recall of your cards and lists.

2. Write one or more possible metric units wanted when you are asked to find these quantities. For any 
part, if you cannot answer quickly, design a flashcard.

a. Density
 

b. Speed or velocity
 

c. Gas pressure
 

d. Temperature
 

3. A gas has a volume of 7.20 L at 2.50 atm pressure and 50.°C. How many moles are in the sample?  
Use R = 0.0821 atm • L/mol • K and the ideal gas law.

PRACTICE B

Mark the unit cancellation in the line above or on your paper. Check that the unit of the 
answer is appropriate for the symbol wanted.

Because a volume is wanted, the volume unit liters obtained by unit cancellation is an 
indication that the calculation has been done correctly.  If the unit after cancellation is not 
appropriate for the symbol wanted, a mistake has been made in your work.  The answer unit 
must be appropriate for the symbol wanted.

If an equation solved in symbols has both a term with complex units and a 
symbol in the denominator, move the denominator symbol(s) to a reciprocal.

Note in the Try It that after the “solve for V in symbols” step, the symbol on the bottom 
was separated from those on top before numbers were substituted. A suggested step is:

This step is not mandatory. You may do the math in any way you choose.  However, 
in a fraction that includes symbols with complex units (such as R), converting 
 “top-over-bottom symbols” to “top multiplied by 1/bottom symbols” will simplify 
unit cancellation.

In this chapter, we added the STP prompt to the grams, Avogadro, stoichiometry, and M prompts. What 
do they all have in common?

• Each prompt relates moles to other units. The way to make sense of most relationships in chemistry is to 
count the particles. Moles is the unit for counting an amount of particles that is visible.

• Each prompt adds a conversion to your data. Conversions quickly relate entities, dimensions, and units 
without having to recall or solve equations.

• This chapter included additional relationships to write automatically when a problem involves two 
pressure or two temperature units.

More complex relationships require equations, but as we will see in our next chapter, these prompts and 
cues will help in preparing data to simplify equation use.

SU
M

M
AR

Y
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An Alternative to Making Videos of Lectures 

Dear Colleagues, 

This fall,  

 Will you be teaching GOB, Prep, or first‐semester General Chemistry?   

 Would it help if you could reduce the time needed to record videos of lectures?   

We (instructors Don Dahm and Eric Nelson) have authored 500 pages tutorials 

designed to “flip” lecture content in the courses above to homework.   

Our hope is these lessons may free time in your schedule to plan and conduct meetings, 

labs, and testing, whether in‐person or online.    

Effectiveness  

Using these lessons as “preparation for lecture” in General Chemistry, Dr. Peter Craig 

at McDaniel College recently reported in the Journal of Chemical Education an increase in 

average student ACS exam scores of 20 percentiles (details at the link below). 

 During F2F instruction, the lessons can serve as homework “Preparation for 

Lecture”. 

 During hybrid or online instruction, as homework assignments, students engage 

with lecture content without instructors having to video lectures. 

 The lessons review math topics just before they are needed for chemistry. 

Formats 

The tutorials are available to students in our paperback and eBook text: Calculations in 

Chemistry, Second Edition, published by W.W. Norton.  The first two chapters are posted 

online for free student use at all times, in both PDF and interactive eBook formats.  

Students may rent all 24 chapters for the semester in the eBook for about $20 or 

purchase the paperback for about $45.  See:  

  https://www.amazon.com/Calculations‐Chemistry‐Introduction‐Donald‐Dahm/dp/0393614360/ 

Additional information, including access to the free chapters, reports from instructors 

who have assigned the lessons, suggestions for use, access to quizzes on the content, 

and how to obtain a free examination copy of the paperback, may be found at 

www.ChemReview.Net/LectureTutorials.PDF .   

‐‐ Don Dahm and Eric Nelson 
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