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1.10: Problem Solving - Unit Conversions and Estimating Answers

Convert a value reported in one unit to a corresponding value in a different unit.

The ability to convert from one unit to another is an important skill. For example, a nurse with 50 mg aspirin tablets who must
administer 0.2 g of aspirin to a patient needs to know that 0.2 g equals 200 mg, so 4 tablets are needed. Fortunately, there is a
simple way to convert from one unit to another.

Conversion Factors 

If you learned the SI units and prefixes described previously, then you know that 1 cm is 1/100th of a meter.

or

Suppose we divide both sides of the equation by 1 m (both the number and the unit):

As long as we perform the same operation on both sides of the equals sign, the expression remains an equality. Look at the right
side of the equation; it now has the same quantity in the numerator (the top) as it has in the denominator (the bottom). Any fraction
that has the same quantity in the numerator and the denominator has a value of 1:

We know that 100 cm is 1 m, so we have the same quantity on the top and the bottom of our fraction, although it is expressed in
different units. A fraction that has equivalent quantities in the numerator and the denominator but expressed in different units is
called a conversion factor.

Here is a simple example. How many centimeters are there in 3.55 m? Perhaps you can determine the answer in your head. If there
are 100 cm in every meter, then 3.55 m equals 355 cm. To solve the problem more formally with a conversion factor, we first write
the quantity we are given, 3.55 m. Then we multiply this quantity by a conversion factor, which is the same as multiplying it by 1.
We can write 1 as  and multiply:

The 3.55 m can be thought of as a fraction with a 1 in the denominator. Because m, the abbreviation for meters, occurs in both the
numerator and the denominator of our expression, they cancel out:

The final step is to perform the calculation that remains once the units have been canceled:

In the final answer, we omit the 1 in the denominator. Thus, by a more formal procedure, we find that 3.55 m equals 355 cm. A
generalized description of this process is as follows:

You may be wondering why we use a seemingly complicated procedure for a straightforward conversion. In later studies, the
conversion problems you will encounter will not always be so simple. If you can master the technique of applying conversion
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https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://chem.libretexts.org/@go/page/86586?pdf
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Fundamentals_of_General_Organic_and_Biological_Chemistry_(LibreTexts)/01%3A_Matter_and_Measurements/1.10%3A_Problem_Solving_-_Unit_Conversions_and_Estimating_Answers


1.10.2 https://chem.libretexts.org/@go/page/86586

factors, you will be able to solve a large variety of problems.

In the previous example (Equation ), we used the fraction  as a conversion factor. Does the conversion factor 
also equal 1? Yes, it does; it has the same quantity in the numerator as in the denominator (except that they are expressed in
different units). Why did we not use that conversion factor? If we had used the second conversion factor, the original unit would
not have canceled, and the result would have been meaningless. Here is what we would have gotten:

For the answer to be meaningful, we have to construct the conversion factor in a form that causes the original unit to cancel out.
Figure  shows a concept map for constructing a proper conversion.

Figure : A Concept Map for Conversions. This is how you construct a conversion factor to convert from one unit to another.
Meters converted to centimeters. A fraction showing 100 cm over 1 m. The unit you convert to is on top, and the unit you convert
from is on bottom.

Significant Figures in Conversions
How do conversion factors affect the determination of significant figures? Numbers in conversion factors based on prefix changes,
such as kilograms to grams, are not considered in the determination of significant figures in a calculation because the numbers in
such conversion factors are exact. Exact numbers are defined or counted numbers, not measured numbers, and can be considered
as having an infinite number of significant figures. (In other words, 1 kg is exactly 1,000 g, by the definition of kilo-.) Counted
numbers are also exact. If there are 16 students in a classroom, the number 16 is exact. In contrast, conversion factors that come
from measurements (such as density, as we will see shortly) or are approximations have a limited number of significant figures and
should be considered in determining the significant figures of the final answer.

a. The average volume of blood in an adult male is 4.7 L. What is this volume in milliliters?
b. A hummingbird can flap its wings once in 18 ms. How many seconds are in 18 ms?

Solution
a. We start with what we are given, 4.7 L. We want to change the unit from liters to milliliters. There are 1,000 mL in 1 L.

From this relationship, we can construct two conversion factors:

We use the conversion factor that will cancel out the original unit, liters, and introduce the unit we are converting to,
which is milliliters. The conversion factor that does this is the one on the right.
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Because the numbers in the conversion factor are exact, we do not consider them when determining the number of
significant figures in the final answer. Thus, we report two significant figures in the final answer.

b. We can construct two conversion factors from the relationships between milliseconds and seconds:

To convert 18 ms to seconds, we choose the conversion factor that will cancel out milliseconds and introduce seconds.
The conversion factor on the right is the appropriate one. We set up the conversion as follows:

The conversion factor’s numerical values do not affect our determination of the number of significant figures in the final
answer.

Perform each conversion.

a. 101,000 ns to seconds
b. 32.08 kg to grams

Answer a

Answer b

Conversion Factors From Different Units 

Conversion factors can also be constructed for converting between different kinds of units. For example, density can be used to
convert between the mass and the volume of a substance. Consider mercury, which is a liquid at room temperature and has a
density of 13.6 g/mL. The density tells us that 13.6 g of mercury have a volume of 1 mL. We can write that relationship as follows:

13.6 g mercury = 1 mL mercury

This relationship can be used to construct two conversion factors:

Which one do we use? It depends, as usual, on the units we need to cancel and introduce. For example, suppose we want to know
the mass of 16 mL of mercury. We would use the conversion factor that has milliliters on the bottom (so that the milliliter unit
cancels) and grams on top so that our final answer has a unit of mass:

4.7 × = 4, 700 mLL
1, 000 mL

1 L

 or 
1, 000 ms

1 s

1 s

1, 000 ms

18 × = 0.018 sms
1 s

1, 000 ms

 Exercise 1.10.1

101, 000 × = 0.000101 sns
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1, 000, 000, 000 ns

32.08 × = 32, 080 gkg
1, 000 g

1 kg
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In the last step, we limit our final answer to two significant figures because the volume quantity has only two significant figures;
the 1 in the volume unit is considered an exact number, so it does not affect the number of significant figures. The other conversion
factor would be useful if we were given a mass and asked to find volume, as the following example illustrates.

Density can be used as a conversion factor between mass and volume.

A mercury thermometer for measuring a patient’s temperature contains 0.750 g of mercury. What is the volume of this mass of
mercury?

Solution
Because we are starting with grams, we want to use the conversion factor that has grams in the denominator. The gram unit
will cancel algebraically, and milliliters will be introduced in the numerator.

We have limited the final answer to three significant figures.

What is the volume of 100.0 g of air if its density is 1.3 g/L?

Answer

Because the density (1.3 g/L) has only 2 significant figures, we are rounding off the final answer to 2 significant figures.

Problem Solving With Multiple Conversions 
Sometimes you will have to perform more than one conversion to obtain the desired unit. For example, suppose you want to
convert 54.7 km into millimeters. You can either memorize the relationship between kilometers and millimeters, or you can do the
conversion in two steps. Most people prefer to convert in steps.

To do a stepwise conversion, we first convert the given amount to the base unit. In this example, the base unit is meters. We know
that there are 1,000 m in 1 km:

Then we take the result (54,700 m) and convert it to millimeters, remembering that there are  for every :

We have expressed the final answer in scientific notation.

As a shortcut, both steps in the conversion can be combined into a single, multistep expression:

16 ×mL
13.6 g

1 mL
= 217.6 g

≈ 220 g

 Example : Mercury Thermometer1.10.2

0.750 ×g
1 mL

13.6 g
= 0.055147 … mL

≈ 0.0551 mL

 Exercise 1.10.2

100.0 × = 76.92307692 L ≈ 77Lg
1 L

1.3 g

54.7 × = 54, 700 mkm
1, 000 m

1 km

1, 000 mm 1 m

54, 700 ×m
1, 000 mm

1 m
= 54, 700, 000 mm

= 5.47 × mm107
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Concept Map 

Calculation 

In each step, the previous unit is canceled and the next unit in the sequence is produced, each successive unit canceling out until
only the unit needed in the answer is left.

Either method—one step at a time or all the steps together—is acceptable. If you do all the steps together, the restriction for the
proper number of significant figures should be done after the last step. As long as the math is performed correctly, you should get
the same answer no matter which method you use.

Convert 58.2 ms to megaseconds in one multistep calculation.

Solution
First, convert the given unit (ms) to the base unit—in this case, seconds—and then convert seconds to the final unit,
megaseconds:

Concept Map

To convert ms to s, put 1 s over 1000 ms in a fraction. To convert s to Ms, put 1 Ms over 1,000,000 s in a fraction.

Calculation

Neither conversion factor affects the number of significant figures in the final answer.

Convert 43.007 mg to kilograms in one multistep calculation.

Answer

54.7 × ×km
1, 000 m

1 km

1, 000 mm

1 m
= 54, 700, 000 mm

= 5.47 × mm107

 Example 1.10.3

58.2 × ×ms
1s

1, 000 ms

1 Ms

1, 000, 000 s
= 0.0000000582 Ms

= 5.82 × Ms10−8

 Exercise 1.10.3

43.007 × ×mg
1g

1, 000 mg

1 kg

1, 000 g
= 0.000043007 kg

= 4.3007 × kg10−5

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://chem.libretexts.org/@go/page/86586?pdf


1.10.6 https://chem.libretexts.org/@go/page/86586

.

Neither conversion factor affects the number of significant figures in the final answer.

A pharmacist dispenses drugs that have been prescribed by a doctor. Although that may sound straightforward, pharmacists in
the United States must hold a doctorate in pharmacy and be licensed by the state in which they work. Most pharmacy programs
require four years of education in a specialty pharmacy school.

Pharmacists must know a lot of chemistry and biology so they can understand the effects that drugs (which are chemicals, after
all) have on the body. Pharmacists can advise physicians on the selection, dosage, interactions, and side effects of drugs. They
can also advise patients on the proper use of their medications, including when and how to take specific drugs properly.
Pharmacists can be found in drugstores, hospitals, and other medical facilities.

Curiously, an outdated name for pharmacist is chemist, which was used when pharmacists formerly did a lot of drug
preparation, or compounding. In modern times, pharmacists rarely compound their own drugs, but their knowledge of the
sciences, including chemistry, helps them provide valuable services in support of everyone’s health.

Key Takeaway 
A unit can be converted to another unit of the same type with a conversion factor.

Concept Review Exercises 
1. How do you determine which quantity in a conversion factor goes in the denominator of the fraction?
2. State the guidelines for determining significant figures when using a conversion factor.
3. Write a concept map (a plan) for how you would convert  nanoliters (nL) to kiloliters (kL).

Answers 
1. The unit you want to cancel from the numerator goes in the denominator of the conversion factor.
2. Exact numbers that appear in many conversion factors do not affect the number of significant figures; otherwise, the normal

rules of multiplication and division for significant figures apply.
3. Concept Map: Convert the given (nanoliters, nL) to liters; then convert liters to kiloliters.

1.0 times 10 to the 12th nL converts to 1000 Liters converts to 1 kiloLiter. One Liter is 1.0 times 10 to the 9th nL. One kiloLiter is
1000 Liters.
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 Career Focus: Pharmacist
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