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License Page 
This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 
International license (CC BY-SA). You are free to share and adapt this work under the 
terms of Attribution and ShareAlike licensing. You must give appropriate credit, provide 
a link to the license, and indicate if changes were made. You may do so in any 
reasonable manner, but not in any way that suggests the licensor endorses you or your 
use. If you remix, transform, or build upon the material, you must distribute your 
contributions under the same license as the original.  
 
This work is an adaptation of the following OpenStax textbooks: 

• Chemistry 2e, CC BY, access for free at https://openstax.org/books/chemistry-
2e/pages/1-introduction    

• College Physics, CC BY, access for free at https://openstax.org/books/college-
physics/pages/1-introduction-to-science-and-the-realm-of-physics-physical-
quantities-and-units 

 
This work consists of original text, adapted OpenStax content, and other Open 
Educational Resources (OER). Each image is attributed with the source page in the 
figure description, in accordance to each respective license. OpenStax content has 
been remixed into the “Theory and Background” and “Lab Examples” sections of this 
work. OpenStax remixing consists of rearrangement and minor instructional design 
augmentations. All other sections within this work are originally created content with 
adopted OER images, where indicated.  
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Introduction  
Measurement of density is very important for so many industries, such as 
petrochemical, productions of beverage industry, cosmetic, personal care, and 
pharmaceutical. Density of the substance is a physical property means characteristic 
that can be observed or measured without changing the identity of the substance. 
Density is the amount of mass per unit of volume, and measurement helps to determine 
the characteristics of a material. To know the density of liquids plays an essential role 
not only in consumer protection, health, and safety, but also in research and 
development. Density measurements can be used for concentration determination, 
material characterization, and quality control of so many products in various industries. 

Goal of Lab 2: Density 
The goal of this lab is to calculate density of the unknown substance by using volume 
displacement method and to become familiar with common laboratory measurement 
techniques. 

Theory and Background 

Density 
We use the mass and volume of a substance to determine its density. Thus, the units of 
density are defined by the base units of mass and length. The density of a substance is 
the ratio of the mass of a sample of the substance to its volume. The SI unit for density 
is the kilogram per cubic meter (kg/m3). For many situations, however, this as an 
inconvenient unit, and we often use grams per cubic centimeter (g/cm3) for the densities 
of solids and liquids, and grams per liter (g/L) for gases. Although there are exceptions, 
most liquids and solids have densities that range from about 0.7 g/cm3 (the density of 
gasoline) to 19 g/cm3 (the density of gold). The density of air is about 1.2 g/L. Table 2.1 
shows the densities of some common substances. 
 
 
Table 2.1 Densities of Common Substances  
 

Solids Liquids Gases (at 25 °C and 1 atm) 
ice (at 0 °C) 0.92 g/cm3 water 1.0 g/cm3 dry air 1.20 g/L 

oak (wood) 0.60–0.90 g/cm3 ethanol 0.79 g/cm3 oxygen 1.31 g/L 
iron 7.9 g/cm3 acetone 0.79 g/cm3 nitrogen 1.14 g/L 

copper 9.0 g/cm3 glycerin 1.26 g/cm3 carbon dioxide 1.80 g/L 
lead 11.3 g/cm3 olive oil 0.92 g/cm3 helium 0.16 g/L 
silver 10.5 g/cm3 gasoline 0.70–0.77 g/cm3 neon 0.83 g/L 
gold 19.3 g/cm3 mercury 13.6 g/cm3 radon 9.1 g/L 

 
[credit: Chemistry 2e. Table 1.4. OpenStax. CC BY.] 
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While there are many ways to determine the density of an object, perhaps the most 
straightforward method involves separately finding the mass and volume of the object, 
and then dividing the mass of the sample by its volume. The mass of an object may be 
found directly by placing the object on a scale (see Figure 2.1) and recording the mass 
(in grams). Volume is a measurement of the space occupied by a sample of matter and 
it is usually reported in units of milliliters (mL) or cubic centimeters (cm3). The volume of 
a liquid is typically measured using a graduated cylinder (see Figure 2.2).  
 
 

 
Figure 2.1 Images of scales, also known as balances, to measure mass. [credit: Florida Atlantic 
University Center for Online and Continuing Education.] 
 
 

 
Figure 2.2 Graduated cylinder. [credit: Florida Atlantic University Center for Online and Continuing 
Education.] 
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Density (d) is defined as the mass of a substance per unit volume, or mathematically as: 
 
 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =  

𝑚𝑚𝑚𝑚𝑑𝑑𝑑𝑑
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑚𝑚𝑑𝑑

 
 
 
Which weighs more, a ton of feathers or a ton of bricks? This old riddle plays with the 
distinction between mass and density. A ton is a ton, of course; but bricks have much 
greater density than feathers, and so we are tempted to think of them as heavier (see 
Figure 2.3). 
 
 
 

 
 
Figure 2.3 Image comparing the mass of a ton of feathers with the mass of a ton of bricks. [credit: 
College Physics. Figure 11.4. OpenStax. CC BY.] 
 
 

Density and Archimedes’ Principle 
Density plays a crucial role in Archimedes’ principle. The average density of an object is 
what ultimately determines whether it floats. If its average density is less than that of the 
surrounding fluid, it will float. This is because the fluid, having a higher density, contains 
more mass and hence more weight in the same volume. The buoyant force, which 
equals the weight of the fluid displaced, is thus greater than the weight of the object. 
Likewise, an object more dense than the fluid will sink. 
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CONCEPT IN ACTION: EXPERIMENTAL DETERMINATION OF DENSITY USING WATER 
DISPLACEMENT 
 

A piece of rebar is weighed and then submerged in a graduated cylinder partially filled 
with water (see Figure 2.4), with results as shown.  
 

 
Figure 2.4 Illustrations of finding density with a graduated cylinder and water. [credit: Chemistry 2e. 
Example 1.7. OpenStax. CC BY.] 
 
 
Rebar mass = 69.658 g 
“Final” volume = 22.4 mL 
“Initial” volume = 13.5 mL 
 
(a) Use these values to determine the density of this piece of rebar. 
 
(b) Rebar is mostly iron. Does your result in (a) support this statement? How? 
 
Solution 
The volume of the piece of rebar is equal to the volume of the water displaced: 
 
volume = 22.4 mL − 13.5 mL = 8.9 mL = 8.9 cm3 
 
(rounded to the nearest 0.1 mL, per the rule for addition and subtraction) 
 
The density is the mass-to-volume ratio: 
 

density =
mass

volume
=

69.658 g
8.9 cm3 = 7.8 g/cm3 

 
(rounded to two significant figures, per the rule for multiplication and division) 

https://openstax.org/books/chemistry-2e/pages/1-introduction
https://openstax.org/books/college-physics/pages/1-introduction-to-science-and-the-realm-of-physics-physical-quantities-and-units
https://openstax.org/books/college-physics/pages/1-introduction-to-science-and-the-realm-of-physics-physical-quantities-and-units
https://openstax.org/books/chemistry-2e/pages/1-5-measurement-uncertainty-accuracy-and-precision
https://creativecommons.org/licenses/by/4.0/


Lab Manual 2: Density  p. 8 
 

Access OpenStax Chemistry 2e for free at https://openstax.org/books/chemistry-2e/pages/1-introduction  
Access OpenStax College Physics for free at https://openstax.org/books/college-physics/pages/1-introduction-to-science-and-the-
realm-of-physics-physical-quantities-and-units 

From Table 2.1, the density of iron is 7.9 g/cm3, very close to that of rebar, which lends 
some support to the fact that rebar is mostly iron. 
 
Check Your Learning 
An irregularly shaped piece of a shiny yellowish material is weighed and then 
submerged in a graduated cylinder (see Figure 2.5), with results as shown. 
 

 
Figure 2.5 Illustrations of finding density of unknow material with a graduated cylinder and water. [credit: 
Chemistry 2e. Example 1.7. OpenStax. CC BY.] 
 
 
Mass = 51.842 g 
“Final” volume = 19.8 mL 
“Initial” volume = 17.1 mL 
 
(a) Use these values to determine the density of this material. 
 
(b) Do you have any reasonable guesses as to the identity of this material? Explain your 
reasoning. 
 
ANSWER: 
(a) 19 g/cm3. 
 
(b) It is likely gold; the right appearance for gold and very close to the density given for 
gold in Table 2.1. 
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Lab Examples 
EXAMPLE 2.1: CALCULATION OF DENSITY 
Gold—in bricks, bars, and coins—has been a form of currency for centuries. In order to 
swindle people into paying for a brick of gold without actually investing in a brick of gold, 
people have considered filling the centers of hollow gold bricks with lead to fool buyers 
into thinking that the entire brick is gold. It does not work: Lead is a dense substance, 
but its density is not as great as that of gold, 19.3 g/cm3. What is the density of lead if a 
cube of lead has an edge length of 2.00 cm and a mass of 90.7 g? 
 
Solution 
The density of a substance can be calculated by dividing its mass by its volume. The 
volume of a cube is calculated by cubing the edge length. 
 
 
volume of lead cube = 2.00 cm × 2.00 cm × 2.00 cm = 8.00 cm3 
 

density =
mass

volume
=

90.7 g
8.00 cm3 = 11.3 g/cm3 

 
(We will discuss the reason for rounding to the first decimal place in the next section.) 
 
 
Check Your Learning 
(a) To three decimal places, what is the volume of a cube (cm3) with an edge length of 
0.843 cm? 
 
(b) If the cube in part (a) is copper and has a mass of 5.34 g, what is the density of 
copper to two decimal places? 
 
ANSWER: 
(a) 0.599 cm3. 
 
(b) 8.91 g/cm3. 
 
LINK TO LEARNING 
To learn more about the relationship between mass, volume, and density, use this 
PhET Density simulation to explore the density of different materials, like wood, ice, 
brick, and aluminum. 
 
 
EXAMPLE 2.2: USING DISPLACEMENT OF WATER TO DETERMINE DENSITY 
The PhET Density simulation illustrates another way to determine density, using 
displacement of water. Determine the density of the red and yellow blocks. 
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Solution 
When you open the density simulation and select “Same Mass,” you can choose from 
several 5.00 kg colored blocks that you can drop into a tank containing 100.00 L water. 
The yellow block floats (it is less dense than water), and the water level rises to 105.00 
L. While floating, the yellow block displaces 5.00 L water, an amount equal to the weight 
of the block. The red block sinks (it is more dense than water, which has density = 1.00 
kg/L), and the water level rises to 101.25 L. 
 
Thus, the red block displaces 1.25 L water, an amount equal to the volume of the block. 
The density of the red block is: 
 
 

density =
mass

volume
=

5.00 kg
1.25 L

= 4.00 kg/L 
 
 
Note that since the yellow block is not completely submerged, you cannot determine its 
density from this information. But if you hold the yellow block on the bottom of the tank, 
the water level rises to 110.00 L, which means that it now displaces 10.00 L water, and 
its density can be found: 
 
 

density =
mass

volume
=

5.00 kg
10.00 L

= 0.500 kg/L 
 
 
Check Your Learning 
Remove all the blocks from the water and add the green block to the tank of water, 
placing it approximately in the middle of the tank. Determine the density of the green 
block. 
 
ANSWER: 
2.00 kg/L 
 
 
EXAMPLE 2.3: IDENTIFYING THE UNKNOWN METAL 
Explore the ChemCollective Metals Density Virtual Lab to find an unknown metal. 
Design your experiment based on how you would solve this problem in a real lab. 
Theoretical densities of the unknowns are 10.5 g/mL, 12.4 g/mL, and 21.45 g/mL.   
 
To identify an unknown metal, first measure its density. Then, compare your density 
measurement to the density of known metals. Play with your Stockroom resources to try 
finding the density of Metal 1, Metal 2, Metal 3, or the density of all three! 
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EXAMPLE 2.4: IDENTIFYING AN UNKNOWN LIQUID FROM ITS DENSITY 
Explore the ChemCollective Liquid Density Virtual Lab to find an unknown liquid. Design 
your experiment to determine the identities of mislabeled bottles. Mislabeled bottles 
contain food preservative and neurotoxin. Design an experiment to determine which 
bottle contains preservative that have a higher density. Play with your Stockroom 
resources to try finding the identities of the two mislabeled bottles.  
 
EXAMPLE 2.5: IDENTIFYING ALCOHOL DENSITY 
Perform an experiment to determine the strength of alcohol. Density is related to 
percent of alcohol. Explore the ChemCollective Alcohol Density Virtual Lab to determine 
the concentration of an alcohol solution from its density. Play with your Stockroom 
resources to try finding the concentration of Alcoholic Beverage A, Alcoholic Beverage 
B, or both! 
 

Relations to Health Science 
Some common mediums used in health sciences are blood, fat, muscle, and bone. 
These densities are listed below in Table 2.2.  
 
 
Table 2.2 The Ultrasound Properties of Media Related to Health Science 

Medium Density (kg/m3) 

Blood 1060 

Fat 925 

Muscle (average) 1075 

Bone (varies) 1400–1900 

 
[credit: modification of Table 17.5. College Physics. OpenStax. CC BY.] 
 
 
One of the most common concepts in health science is bone density. Let’s explore more 
about measurement of bone density.  

Bone Density 
Strong bones are important for health and density of our bones determines health and 
strength. Bone formation and maintenance changes throughout our lifecycle. 60% of our 
bones formed from basic minerals. Calcium is one the crucial building blocks of bone 
tissue. We need enough calcium to strengthen our bones. It is important to remember 
that it is difficult, if not impossible, to discuss calcium alone. The body absorbs calcium 
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and increases its density and strength with the help of vitamin D and Magnesium. As 
shown in Figure 2.6, our bones can gain or lose minerals over time. As we grow older, 
bones in our body breakdown and begin to thin, decreasing in mass and density.  
 
 

 
Figure 2.6 Over time, the density of a bone changes due to mineral loss. Bone density loss shown left to 
right. [credit: Jplee0203. (2014). Bone density. CC BY-SA.] 
 
 
Osteopenia is a condition of low bone mass. If a person with osteopenia continues to 
lose bone density over time, through structural deterioration of bone tissue, then 
osteopenia develops into osteoporosis (see Figure 2.7 and Figure 2.8). Osteoporosis 
leads to bone fragility and increased risk of fractures.  
 
 

 
Figure 2.7 Image of structural deterioration of bone tissue due to osteoporosis. [credit: 
www.scientificanimations.com. (2018). Osteoporosis in bones. CC BY-SA.] 
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Figure 2.8 Common locations for osteoporosis are the spine and hip. A normal bone is more dense than 
an osteoporotic bone. [credit: BruceBlaus. (2016). Osteoporosis locations. CC BY-SA.]   
 
 
How is Bone Density Measured?  
Standard X-ray machines and other machines can be used to measure bone density. 
For example, dual energy X-ray absorptiometry (see Figure 2.9 and Figure 2.10) is used 
to diagnose osteoporosis.  
 
 

 
Figure 2.9 One of the ways to measure bone density is with a bone density scanner. This bone density 
scanner uses dual energy X-ray absorptiometry. [credit: Baitaal. (2009). Bone density measurement. CC 
BY-SA.] 
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Figure 2.10 Bone density scanner for larger scans. [credit: Kevin Vrrrreeeeeeeeee. (2007). Bone density 
scanner. CC BY-SA.] 
 
 
Bone density tests use X-rays to show if your bones have lost minerals. Bones that 
have lost minerals have reduced density. 

Pharmaceutical Density 
It is important to determine the density of solid pharmaceutical materials for designing 
and optimizations during the manufacturing process. The density of particles, and 
powders, is an important property and affects the performance and function of many 
pharmaceutical materials. For this reason, evaluation of density is useful to meet quality 
control standards. There are different types of density (see Figure 2.11) that can be 
determined during the manufacturing process, such as true density and bulk density.  
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Figure 2.11 Pharmaceutical capsules and tables of varying densities. [credit: PhotoLizM. (2014). Pixabay 
image.] 
 
 
True density is the density of the solid material that excludes the volume of any open 
and closed pores. Bulk density is the density of the material that includes the volume 
of the solid material with open and closed pores. Apparent and envelope are other 
types of density used during the manufacturing process. 
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