
Measurement and Density 
 
In science a key concern is the quantities involved in chemical processes. These 
amounts can be directly measured or calculated from other measurements. A 
measurement consists of a numeric value that establishes an amount and a unit that 
identifies the scale of measurement used. In scientific measurements the agreed upon 
units are the System International or SI units. The seven basic units of this system can 
be found in your textbook.  
 
In our laboratories we will use the CGS system, where centimeters, grams and seconds 
are the basic units used for length, mass, and time. The unit for volume is derived. We 
will use a milliliter, which is equivalent to 1.0 cm3, as our basic volume unit. 
Temperature measurements will be done using the Celsius scale. 
 
The following measurements will be taken in this experiment:  

1. Mass using an analytical balance.  
2. Temperature using a Celsius thermometer.  
3. Volume using a beaker, graduated cylinder, and pipet. 
4. Linear dimensions of height and diameter using a ruler.  

This experiment will focus on precision and accuracy in measurements.  The precision 
and accuracy of a beaker, graduated cylinder, and volumetric pipet will be compared. 
Which piece of glassware can measure 10.0 mL water with greater precision? Which 
piece of glassware has greater accuracy? By using mass measurements and the 
density of water, it will be possible to calculate the actual volume of water that was 
measured.  

The volume of a metal cylinder will be measured using water displacement and linear 
dimensions. The density and identity of the metal cylinder can be calculated from its 
mass and volume measurements. 

The volume of a penny will be calculated from its mass and density.  

Objectives: 
 

1. Measure temperature using a Celsius thermometer.  
2. Measure mass using an analytical balance 
3. Practice pipetting. 
4. Determine the method of volume measurement that has the most precision and 

the method that has the most accuracy. 
5. Determine volume from linear dimensions  
6. Determine the density of a small metal cylinder.  
7. Determine the volume of a penny.  
8. Report results using the correct number of significant figures.  



 

Our textbook, Chemistry and Chemical Reactivity 8th edition by Kotz, Treichel, and 
Townsend, 2012, addresses topics related to measurements, density, significant 
figures, precision, and accuracy in the Let's Review Chapter. 

Equipment: 
 
50 mL Erlenmeyer flask and stopper 
50 mL beaker 
10 mL graduated cylinder 
10 mL volumetric pipet 
Thermometer 
Metal cylinder 
Penny 
Ruler 
Analytical balance 
 
This experiment will consist of several parts. Read the instructions. Download the 
spreadsheets. Enter your collected data on the Excel worksheets and perform 
calculations.  

The parts to this exercise are: 

1. Determination of the mean mass of an Erlenmeyer flask and stopper.  
2. Determination of the masses of 10 ml of water added from a beaker.  
3. Determination of the masses of 10 ml of water added from a graduated cylinder.  
4. Determination of the masses of 10 ml of water added from a volumetric pipet.  
5. Determination of the density of a metal cylinder.  
6. Determination of the volume of a penny.  

Download measurement Spreadsheet. 

Download metal cylinder,penny activity 

Measure the temperature of the water in the water bottle at your lab station and record 
this value to +/- .5 0C on your data sheet.  Use this water for the remainder of this 
experiment. Use Reverse Osmosis R.O water to refill the water bottle. 
Note: When recording a mass measurement, write ALL the digits from the 
analytical balance. 

Determine the mass of the empty Erlenmeyer flask and stopper: 

1. Place the 50 ml Erlenmeyer flask with the stopper in it on the analytical balance.  
2. Record the exact weight to +/- .0001 grams. Write all the digits from the analytical 

balance.  

http://classes.kvcc.edu/chm120-measurement/lab/measurement1.xls
http://classes.kvcc.edu/chm120-measurement/lab/Vol.penny.doc


3. Remove the Erlenmeyer flask and stopper and tare the balance.  After it zeroes 
itself, reweigh them. Repeat this 3 times.  

4. The average mass is the sum of the four measured masses divided by four. 
Record this average with the correct number of significant figures on the data 
sheet.  

Determine the mass of 10.0 ml of water measured with a BEAKER.  

1. Obtain a 50 ml beaker from your drawer. Using the graduations on the side, 
measure 10.0 ml of water; use a disposable pipet to adjust the water level. 
Transfer the measured water to the Erlenmeyer flask, insert the stopper.  

2. Weigh the Erlenmeyer flask, stopper and contents; record the mass to +/- .0001 
grams. This will also be the mass before the next 10 ml are added.  

3. Add a second 10 ml of water and record this mass. Repeat two additional times 
recording the mass of the flask, stopper and content after each addition.  

4. Empty the Erlenmeyer flask.  

 

Determine the mass of 10.0 ml of water measured with a graduated cylinder.  

1. Remass the "wet" flask and stopper. Record this mass to +/- .0001 grams.  
2. Obtain a 10 ml graduated cylinder from your desk.  Using the graduations on the 

side, add 10.0 ml of water to the graduated cylinder. Adjust the meniscus with a 
disposable pipet so that the bottom of the meniscus rests on the 10.0 ml mark. 
Transfer the measured water to the now "wet" Erlenmeyer flask, insert the 
stopper.  

3. Weigh the flask, stopper and contents and record the mass.  
4. Add a second 10 ml of water and record this mass. Repeat this two additional 

times, recording the mass of the flask, stopper and content after each addition. 
5. Empty the Erlenmeyer flask. 

Determine the mass of 10.0 ml of water measured with a volumetric pipet.  

1. Remass the "wet" flask and stopper.  Record this mass to +/- .0001 grams.  
2. Obtain a 10.0 ml volumetric pipet and a pipet bulb from your desk. Practice 

pipetting with the pipet.  
3. Using the mark on the pipet (the bottom of the meniscus should rest on the 

mark), measure 10.0 ml of water and transfer it to the now "wet" flask; insert the 
stopper.  

4. Weigh the flask, stopper and contents and record the mass.  
5. Pipet a second 10 ml of water and record this mass. Repeat this two additional 

times recording the mass of the flask, stopper and content after each addition.  
6. Empty the Erlenmeyer flask and return it. 



Calculations:  

1. Calculate the average mass measured by the beaker, graduated cylinder, and 
pipet.  Use the correct number of significant figures. 

2. With the help of your instructor, use the CRC Handbook of Chemistry and 
Physics to obtain the density value for water at your measured temperature.  
Record the density value on your spreadsheet. Convert the density units to 
grams per mL.  

3. Using the density value and average mass, calculate volume.  
4. Answer the questions about precision and accuracy. 

Determination of the density of a metal cylinder:  

Mass of metal cylinder 

Use a balance to obtain 3 mass readings of a metal cylinder.  Include units and sig fig. 

Volume from linear dimensions 
1. Use a metric ruler to measure the height and diameter of the cylinder.  Calculate 

the radius.  Report each measurement in cm. 
2. Use Vol = Pi  r 2 h  to calculate the volume of the cylinder.  Report the volume in 

the correct significant figures and include units.  
3. Calculate the density of the metal cylinder from your mass and volume data.  

Include the correct sig. figs and units.    
 
Volume from water displacement  

1. Place 15.0 mL R.O. water in a 25 or 50 mL.graduated cylinder.  Use a disposable 
eyedropper to adjust the water level and to dislodge trapped air bubbles.  Read 
the water level at the bottom of the meniscus to +/- 0.5 ml.  This is the initial 
reading.   

2. Tilt the graduated cylinder and carefully place the metal cylinder in the graduated 
cylinder.  Record the water level to +/- 0.5 ml.  This is the final reading.   

3. Calculate the volume of the metal cylinder.  Include units and the correct 
significant figures in your values.  

4. Calculate the density of the metal cylinder from your mass and volume data.  
Include the correct sig. figs and units. 

5. Compare your calculated density values to known density values of metals 
(below).   

6. Which element is the metal cylinder most likely composed of?  
 
Known Density Values of Metals:   (g / cm3)  
Fe  7.86           Cu   8.96         Al   2.7         Pb  11.34     Sn   7.34    
 
Ni  8.91   Ag   10.5    Au  19.3        Pt    21.4    Zn  7.13 
 
WHY DO SOME PENNIES HAVE DIFFERENT MASSES? 



 
The composition of a penny (known as a Lincoln cent) changed in 1982.  Prior to 1982, 
pennies were made of 95 % Cu and 5 % Zn.  After 1982, pennies were composed of 
only 2.5% Cu and 97.5 % Zn.  Post 1982 pennies are more susceptible to corrosion and 
pitting.   
Pennies dated 1982 could be either composition.   
 
Density  copper = 8.96 g/ cm3            Density  zinc  = 7.13 g/ cm3 
 
The density values for pennies below indicate the change in the composition of the 
penny.  
 
Density of a Penny BEFORE 1982 =  8.87 g / cm3        AFTER 1982 = 7.18 g / cm3 
 
Therefore, pennies prior to 1982 have a different mass than pennies after 1982.   
This data can be used to determine the volume of a penny. 
 
Determination of the volume of a penny: 
 

1. Obtain a penny. Record the year of the penny. 
 

2. Use a balance to obtain 3 mass readings of a penny.  Include units and sig. fig. 
 

3. Use the density values for pennies (given above) and your measured mass to 
calculate the volume of the penny.  Show your calculation.  Circle your answer. 

4. Include units and sig. figs. 
 

5. Explain 2 other methods that can be used to determine the volume of a penny. 


