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Density Measurements – Background 
 
The density (ρ) of a substance or an object is defined by its mass (m) divided by its volume (V): 
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The units used to express density will depend of the units used for the mass and the volume. In 
the lab, mass is generally measured in grams (g) and the volume in cubic centimeters and 
milliliter (cm3 = mL). Therefore the most common unit for density is g/cm3 (g/mL). Both the 
mass and the volume are extensive properties (depend of the amount and size of the sample), 
while density is an intensive property (independent of the amount or size of the sample). 
 
Density is a very useful property to characterize a substance or object.  In addition, it can be used 
as a conversion factor between the mass and the volume of sample. We can use density to 
determine the mass of a liquid sample of known volume. For example, the mass of 10.0 mL of 
benzene can be calculated using the density of benzene (!!"#$!"! = 0.880!!/!"). 
 

! → ! → ! 
 

10.0!!"!x! 0.880!!1!!" = 8.80!! 

 
If the mass is known, the density can be used to calculate the volume occupied by the sample. 
For example, the density of lead is 11.34 g/mL. We can calculate the volume of a lead sample 
that weighted 2.5 g using its density. 
 

! → ! → ! 
 

2.5!!!x! 1!!"11.34!! = 0.22!!" 

 
In this experiment you will determine the density of a solid and a liquid.  To each sample you 
will measure the mass and the volume.  A balance will be used to obtain the mass of the samples. 
The volume of the liquid can be measured by using a cylinder, a pipet, or burette.  You can also 
determine the volume by using the density and the mass of a standard solution like water 
(!!"#$% = 0.998 !

!" ,!"!!""#!!"#$"%&!'%").    
 
The volume of a solid with regular geometry can be determined by direct measurements of its 
dimensions.  For a rectangular solid, the volume is equal to!! = !"#$%ℎ!x!!"#$ℎ!x!ℎ!"#ℎ!. The 
volume of a cylinder is given by ! = !!!!ℎ, where r is the radius and h is the height of the 
cylinder. The volume of any solid (with or without a regular geometry) can be determined by 
displacement of a liquid where the solid is insoluble. We can use a graduated cylinder that 
contains a known volume of the liquid.  The volume of the solid is equal to the change in volume 
that is observed after the solid is submerged in the liquid. 
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Graphical Determination of Density 
The density of a substance or object can be determined graphically using a linear 

trendline fit of the data.  
The equation for density can be written as: 

 mass = density × volume (1) 

which can be compared to the equation of a straight line 

 y = mx + b (2) 

where m is the slope and b is the y-intercept.  Comparison of equations (1) and (2) shows that if 
we plot the mass of a liquid (y-axis) versus its volume (x-axis), we should obtain a straight 
trendline which passes through the origin (b = 0), and which has a slope equal to the liquid 
density (slope = Δmass / Δvolume).  In the experiment you will determine the mass of several 
different metal cyclinders, and then graph the mass versus the volume.  The slope of the best fit 
line (determined by linear regression) through the points will be equal to the density.  Use 
Microsoft Excel to make a scatter plot with your data and then fit the data with a linear trendline 
using a regression routine.  The advantage in using this graphical technique is that it weights 
individual data points based on their relative fit to a theoretical trendline, whereas a simple 
average equally weights all data points. 
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Density Measurements – Procedure 
 
You should work with a partner to do Part 4. Each person must do their own work for Parts 1 to 
3. 
 
Procedures: 

Part 1.  Volume of a vial 
Take a 20 mL vial from your instructor.  Wash and dry the vial and make a line with a 

sharpie near the top of the vial (NOTE: Acetone will wash off the marking).  Weigh the vial 
empty and record the value in your notebook, in clearly labeled Table, with the correct number 
of significant figures. Fill the vial to the mark with water and reweigh it. Record the value in 
your notebook with the correct number of significant figures.  Record the water temperature in 
your notebook with the correct number of significant figures. Pour out the water into the sink. 
Repeat these measurements two more times. Do not remove the mark because you need it for the 
next park.  If you remove the mark you will have to start over again. 
 
Example of a table for the observations in this part (DO NOT CUT AND PASTE): 
 

Table 1. Volume of the vial: mass of the vial and water temperature measurements. 
Trial mass empty vial mass vial+water 

 
Temperature 

water  
1 x.xxx ± 0.001 g  xx.xx ± 0.01 oC 
2    
3    

 
 
Part 2.  Density of Isopropyl Alcohol 

Without removing the mark, dry the vial used in Part A. Fill the vial to the mark with 
Isopropyl Alcohol (NOTE: isopropyl alcohol can wash off the marking). Reweigh the vial + 
alcohol and record the value in your notebook, in a clearly labeled table, with the correct number 
of significant figures. Record the temperature of isopropyl alcohol in your notebook with the 
correct number of significant figures.  Pour out the isopropyl alcohol into the proper container. 
DO NOT POUR THE LIQUID DOWN THE DRAIN. Repeat these measurements two more 
times. 
 
Example of a table for the observations in this part (DO NOT CUT AND PASTE): 
 

Table 2. Density of Isopryl Alcohol: mass and temperature of isopropyl alcohol. 
Trial mass 

vial+alcohol 
 

Temperature  
Isopropyl 
Alcohol  

1 x.xxx ± 0.001 g xx.xx ± 0.01 oC 
2   
3   
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Part 3.  Density of a solid by dimension measurements 
Obtain a solid object from the instructor. Weigh the solid and record the value in your 

notebook, in a clearly labeled table, with the correct number of significant figures. Use a caliper 
to measure the dimensions of the solid that are necessary to determine the volume of the solid.  
Record the values in your notebook, in a clearly labeled table, with the correct number of 
significant figures. Take a plastic cylinder and add enough water to fill half of the cylinder. 
Record the initial volume of water in your table.  Add the solid to the cylinder with the water and 
record the final volume. 

 
Example of a table for the observations in this part (DO NOT CUT AND PASTE): 
 

Table 3. Density of a solid: mass and volume of a solid. 
Solid mass solid Length 

 
Height 

 
Width Initial 

Volume 
Final 

Volume 

Block x.xxx ± 0.001 g   
  

 

 
Part 4.  Graphical Determination of Density by Liquid Displacement 

Obtain a set of 5 metal cylinders from your instructor. Weigh each cylinder and record 
the value in your notebook, in a clearly labeled table, with the correct number of significant 
figures. Take a 100 mL plastic cylinder (NOTE: DO NOT USE GLASS CYLINDERS) and add 
40-50 mL of water.  Record the initial volume of water in your table.  Carefully add one of solid 
metal and record the final volume. Record the temperature of the water. DRY THE SOLID 
METAL. Repeat these measurements for the other four cylinders. 

 
Example of a table for the observations in this part (DO NOT CUT AND PASTE): 
 

Table 4. Density of a metal cylinder: mass of the metal and volume displaced. 

Cylinder mass cylinder Initial volume 
 

Final volume 
 

Temperature 
water 

1 x.xxx ± 0.001 g xx.x ± 0.01 mL xx.x ± 0.01 mL xx.xx ± 0.01 oC 
2     
3     
4     
5     

 
Calculations (SHOW ALL YOUR CALCULATIONS) 
Part 1. Volume of a vial 

1. Calculate the mass of water in the vial for each trial. 
2. Search in the literature for the density value of water (remember to write the reference). 
3. Calculate the volume of the vial to the mark. 
4. Calculate the average value of the volume of the vial to the mark. 
5. Calculate the standard deviation of your average volume value. 

Part 2. Density of Isopropyl Alcohol 
1. Calculate the mass of Isopropyl alcohol in the vial for each trial. 
2. Calculate the density of Isopropyl alcohol for each trial. 
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3. Calculate the average density of Isopropyl alcohol. 
4. Calculate the precision (standard deviation) of your average density of Isopropyl alcohol. 
5. Search a literature value for the density of Isopropyl alcohol. 
6. Calculate the accuracy (%error) of the obtained density of Isopropyl alcohol. 

Part 3. Density of a solid by dimension measurements 
1. Calculate the volume of your solid. 
2. Calculate the density of your solid from direct measurements of the dimensions. 
3. Calculate the volume of the solid by liquid displacement. 
4. Calculate the density of the object by liquid displacement. 
5. Compare (% difference) the densities of the solid obtained by the two methods. 

Part 4. Graphical Determination of Density by Liquid Displacement 
1. Calculate the volume of each metal cylinder. 
2. Use Excel to build a graph that will allow you to determine the density of the metal. 
3. Determine the density of the metal. 

 
Results:  In every part of this section, present the results of your calculations using clearly 
labeled tables. Use the correct number of significant figures and include all units.  
 
1. Example of a table for the results in Part 1 (DO NOT CUT AND PASTE): 
 

Table 5. Volume of the vial: mass of water and volume of the vial. 

Trial mass water 
 

Volume vial 
(!!) (!! − !) (!! − !)! 

1 x.xxx ± 0.001 g xx.xx ± 0.01 mL   
2     
3     

          Sum:______ 
Average volume:______xx.xx mL______ 
Standard Deviation:_____ ± x.xx mL ___ 

 
2. Example of a table for the results in Part 2 (DO NOT CUT AND PASTE): 

 
Table 6. Density of Isopropyl alcohol. 

Trial 
Mass Isopropyl 

alcohol 
Density Isopropyl 

alcohol 
(!!) 

(!! − !) (!! − !)! 

1 x.xxx ± 0.001 g xx.xx ± 0.01 g/mL   
2     
3     

                  Sum:______ 
Average density:______xx.xx g/mL______ 
Standard Deviation:_____ ± x.xx g/mL ___ 
Theoretical density:___________________ 
% error: ____________________________ 
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3. Example of a table for the results in Part 3 (DO NOT CUT AND PASTE): 
Table 7. Density of the solid object. 

Solid Volume solid Density solid 
(!!) 

Block x.xxx ± 0.001 xm3  

4. Example of a table for the results in Part 4 (DO NOT CUT AND PASTE): 
 

Table 8. Density of a metal cylinder: mass and volume of a metal cylinder. 
Cylinder 

mass cylinder 
Volume 
cylinder 

 
1 x.xxx ± 0.001 g xx.x ± 0.01 mL 
2   
3   
4   
5   

 

 
 

Density of the metal:_____x.xxx g/mL______ 
 
 
Conclusions:  Summarize and interpret your key results in well-organized paragraphs.  Be 
sure to address the following points. 

• Using appropriate significant figures and compare the values for the density of 
isopropyl alcohol from the literature. Compare and report the precision of the values using their 
standard deviations, and the accuracy of the values using the percent errors. 
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• Report the value obtained for the density of the solid (block or cylinder) calculated from 
direct dimensions. Expressed with the appropriate number of significant figures. 

• Analyze the results obtained for the metal determined from the graph. Expressed the 
results appropriate number of significant figures and the standard deviation.   

 
Your grade on this experiment will be based on the following: 

• The organization of your report 
• Your correct use of significant figures and units. 
• The clarity and completeness of your results including sample calculations, tables and  

graphs. 
• The clarity and correctness of your conclusion based on your data. 
• Is your conclusion written legibly in paragraph format with properly spelled words,  

complete sentences, and cohesively developed rationales? 
• Did you follow the instructions and turn it in on time? 

 
 
 
 
 
 
 
 


