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3.1: Expressing Quantities

4) Learning Objective

o Express numbers in either standard notation or scientific notation.
e Write quantities with correct units.

Quantities have two parts: the number and the unit. The number tells "how many." It is important to be able to express numbers
properly so that the quantities can be communicated properly.
Standard Notation

Standard notation is the straightforward expression of a number. Numbers such as 17, 101.5, and 0.00446 are expressed in standard
notation. For relatively small numbers, standard notation is fine. However, for very large numbers, such as 306,000,000, or for very
small numbers, such as 0.000000419, standard notation can be cumbersome because of the number of zeros needed to place
nonzero numbers in the proper position.

Scientific Notation

Scientific notation is an expression of a number using powers of 10. Powers of 10 are used to express numbers that have many

Zeros:
Table 3.1.1 shows the powers of 10. Left side has 10 to a specific power and right side has the equation for the specified power.

100 =1
10! =10
102 =100=10x 10
103 =1,000 = 10 x 10 x 10
104 =10,000 = 10 x 10 x 10 x 10

and so forth.

The raised number to the right of the 10 indicates the number of factors of 10 in the original number. (Scientific notation is
sometimes called exponential notation.) The exponent's value is equal to the number of zeros in the number expressed in standard
notation.

Small numbers can also be expressed in scientific notation but with negative exponents:

Table 3.1.2 shows the powers of 10 with negative exponents. Left side has 10 to a specific power and right side has the equation for the specified

power.

1071 =0.1=1/10
1072 =0.01 = 1/100
1073 =0.001 = 1/1,000
1074 =0.0001 = 1/10,000

and so forth. Again, the value of the exponent is equal to the number of zeros in the denominator of the associated fraction. A
negative exponent implies a decimal number less than one.

A number is expressed in scientific notation by writing the first nonzero digit, then a decimal point, and then the rest of the digits.
The part of a number in scientific notation that is multiplied by a power of 10 is called the coefficient. We determine the power of
10 needed to make that number into the original number and multiply the written number by the proper power of 10. For example,
to write 79,345 in scientific notation,

79,345 = 7.9345 x 10,000 = 7.9345 x 10*
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Thus, the number in scientific notation is 7.9345 x 10%. For small numbers, the same process is used, but the exponent for the
power of 10 is negative:

0.000411 = 4.11 x =4.11x10*

10,000
Typically, the extra zero digits at the end or the beginning of a number are not included (Figure 3.1.1).

Table 3.1.3 shows examples of measurements in both standard and scientific notation

Measurement Standard Notation Scientific Notation
Volume of gas used in the US in 2023 920000000000000 L 9.2x10™ L
Diameter of Earth 12800000 L 1.28 x 107 L
i\;oi:::z :1)}1,? blood pumped by a human heart 2000 gal 2% 10° gal

Mass of a human stirrup bone 0.003 g 3x102 g
Diameter of a chicken pox virus 0.0000003 m 3x107" m

Mass of a mycoplasma bacterium 0.0000000000000000001 kg 1x1071 kg

v Exercise 3.1.1

Express these numbers in scientific notation.

a. 306,000

b. 0.00884

¢. 2,760,000

d. 0.000000559

Solution
a. The number 306,000 is 3.06 times 100,000, or 3.06 times 105. In scientific notation, the number is 3.06 x 105.
b. The number 0.00884 is 8.84 times 1/1,000, which is 8.84 times 10_3. In scientific notation, the number is 8.84 x 10_3.
c. The number 2,760,000 is 2.76 times 1,000,000, which is the same as 2.76 times 106. In scientific notation, the number is
written as 2.76 x 105. Note that we omit the zeros at the end of the original number.
d. The number 0%000000559 is 5.59 times 1/10,000,000, which is 5.59 times 10_7. In scientific notation, the number is written
as 5.59 x 10 .

? Exercise 3.1.2

Express these numbers in scientific notation.
a. 23,070
b. 0.0009706

Answer a

2.307 x 104

Answer b

9.706 x 104

Another way to determine the power of 10 in scientific notation is to count the number of places you need to move the decimal
point to get a numerical value between 1 and 10. The number of places equals the power of 10. This number is positive if you move
the decimal point to the right and negative if you move the decimal point to the left:
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56,900 = 5.69 x 10* 0.000028 =2.8 x 107
NONSN AN
4 321 12345
56900 can be written as 5.69 times 10 to the fourth power. 0.000028 can be written as 2.8 times 10 to the negative fifth power.

Many quantities in chemistry are expressed in scientific notation. When performing calculations, you may have to enter a number
in scientific notation into a calculator. Be sure you know how to correctly enter a number in scientific notation into your calculator.
Different models of calculators require different actions for properly entering scientific notation. If in doubt, consult your instructor
immediately.

Units

A number indicates "how much," but the unit indicates "of what." The "of what" is important when communicating a quantity. For
example, if you were to ask a friend how close you are to México City and your friend says "six," then your friend isn't giving you
complete information. Six what? Six miles? Six inches? Six city blocks? The actual distance depends on what units you use.

The official units for chemistry are from the International System of Units, or SI for short. (The letters SI stand for the French "le
Systéme International d'unités.") SI specifies certain units for various types of quantities, based on seven fundamental units. These
include the meter (m), the SI unit of length. It is a little longer than a yard. The SI unit of mass is the kilogram (kg), which is
about 2.2 pounds (Ib). The SI unit of time is the second (s). You will need to be familiar with the category of measurement a given
unit represents. For example, the gallon is a unit of volume. Table 4 gives examples of different units you may have seen.

Table 3.1.4. Some categories of measurement along with corresponding examples and their unit symbols.

Measurement Type Examples with their corresponding units
gallon - g
quart - qt

Volume liter - L

cubic centimeter - cm?

milliliter - mL

mile - mi

meter - m
Length/distance inch - in

foot - ft

centimeter - cm

pound - 1b
Mass (weight) gram - g
kilogram - kg

hour - hr
Time minute - min
second - s

Degrees Farenheit - °F
Temperature Degrees Celsius - °C
Kelvin - K

Key Takeaways

¢ Standard notation expresses a number normally.

¢ Scientific notation expresses a number as a coefficient times a power of 10.

o The power of 10 is positive for numbers greater than 1 and negative for numbers between 0 and 1.
o To correctly express a quantity, the measurement value must also have a unit.

This page titled 3.1: Expressing Quantities is shared under a CC BY-NC-SA 3.0 license and was authored, remixed, and/or curated by
Anonymous via source content that was edited to the style and standards of the LibreTexts platform.
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