
TRAINING LAB – GLASS AS EVIDENCE:  DENSITY AND REFRACTIVE INDEX  

 
     NAME___________________________________________ 
 
Background:  Color differences can be an obvious way to tell one glass sample from 
another.  Example:  A burglar breaks through a stained-glass window to enter a house.  A 
piece of red stained glass from the broken window sticks in the bottom of their shoe as they 
walk across the floor.  A suspect is later apprehended - but do you have any evidence to 
help prove the suspect entered the house?  Yes - it would be easy to match the color of the 
red stained glass from the broken window to the red glass stuck in the suspect’s shoe.   
 
Now pretend the broken glass was clear – like much of the glass in the world.  Is there a 
way to match broken, clear glass at the crime scene with clear glass found in the suspect’s 
shoe?  In this Training Lab you will learn methods that can be used to help identify and 
match clear glass samples – and help prove that a suspect was present at a crime scene. 
 
 1. You will be trained to determine the Density of unknown glass samples. 
 2. You will be trained to determine the Refractive Index of unknown glass samples 
 3. You will be trained to analyze the Density and Refractive Index of an unknown 
       glass sample to determine its identity and match it with a known glass sample. 
 
Procedures: 

Part 1 – Determining The Density Of A Glass Sample 

1. Pick up containers of the unknown glass samples your supervisor has prepared for you.   
 Keep the glass samples in their correct containers – DO NOT get them mixed up! 
2. You should also pick up SAFETY GOGGLES, a 12” piece of thread, clear tape, scissors, 
 100ml beaker, and have access to a balance (manual balance or electronic balance). 
3. DENSITY is a measure of how much mass (weight) of something there is in a given unit  
 of  volume – usually a cubic centimeter (cm3).  A cubic centimeter is about this  
  
 size.                         If a substance is made of many heavy atoms or molecules crammed 
  
 tightly together it has more density.  A cubic centimeter of this material would feel heavy 
 to you.  On the other hand, a substance made of lighter atoms or molecules not crammed 
  so tightly together has less density.  A cubic centimeter of this material would feel lighter  
 to you.  A cubic centimeter of pure lead weighs 11.34 grams, so we say the density of  
 lead is 11.34 g/cm3.  A cubic centimeter of pure aluminum weighs 2.7 grams, so its 
  density is 2.7 g/cm3 – much lighter than lead.  The density of water is 1 g/cm3.  If you  
 drop an object with a density greater than 1 g/cm3 in water, the object will sink (like  
 lead and aluminum).  If you drop an object with a density less than 1 g/cm3 in water, 
 the object will float (like wood, which has an average density around 0.7 g/cm3). 
4. Density can help you identify broken pieces of clear glass found on a suspect and match 
  these glass pieces to those found at a crime scene.  This is because each type of glass is 
  made with different kinds and amounts of chemicals, which can cause each type of glass  
 to have a slightly different density.  And best of all, the density of glass can be easily  
 determined – a perfect way to help identify an unknown piece of glass. 

. 
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5. To determine the density of glass (or any object) you only need to know TWO things: 
 A. the mass (weight) of the object (in grams) 
 B. the volume of the object (in cubic centimeters) 
 
6. FINDING THE MASS.   
 Wear your safety goggles to help prevent eye injury and carefully remove the Unknown  
 Glass Sample “A” from its container.  Be VERY careful handling the glass – the edges of  
 the glass have been sanded smooth, however, it can still cause injury. 
7. Weigh the glass sample (to two decimal places or hundredths of a gram, if possible) to 
  determine its MASS.  Record the sample’s Mass in Table 1 – “Density Data For Unknown 
  Glass Samples”.  
 
8. FINDING THE VOLUME.   
 Use a very small piece of clear tape (cut it with scissors) and tape one end of the thread 
 to the surface of Glass Sample “A” (see drawing above). 
9. Place 60 to 80 ml of water in your 100ml beaker (you can use the approximate 
 measurements on the side of the beaker).  Place your beaker of water on the balance and 
 weigh it (to two decimal places, if possible).  Record the Beaker,Water weight in Table 1. 
10. Leave the beaker on the balance.  Pick up the glass sample by the thread and carefully 
   lower the glass sample into the beaker of water on the balance.  Lower the glass in the 
   beaker so it is completely submerged, BUT don’t let the glass sample touch the bottom 
    or sides of the beaker.  Hold the glass sample completely still in this position  
   (submerged, but not touching the sides or bottom) and record the new weight of the 
   Beaker, Water, and Glass Sample.  Record the Beaker,Water,Glass Sample weight in  
   Table 1. 
11. Remove the glass sample from the beaker, remove the tape/thread, dry off the sample,  
   and return it to its container.  Save the thread to use with your next glass sample. 
12. Calculate the VOLUME of your glass sample using the following formula: 
 
 
 
 
 
 
 
   Example:  The Beaker,Water Weight = 10 grams 
                 The Beaker,Water,Glass Sample Weight = 13 grams 
 
            Glass Sample’s Volume  =                                 Glass Sample’s Volume = 3cm3 

 
 
   Record your Glass Sample’s Volume in Table 1. 
   This method of determining the volume of an object is called Archimedes’ Principle. 
 
 
 

glass sample tape 
thread 

Glass Sample’s 
Volume (cm3) = 

Beaker,Water,Glass Sample Weight (g)       Beaker,Water Weight (g)
_  

1g/cm3 (the Density of Water)

13g       10g 
_ 

1g/cm3 
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13. FINDING THE DENSITY.   
   Calculate the Density of your Glass Sample using the Density Formula found below.   
 
 
 
 
 
  
   Record your Glass Sample’s Density in Table 1. 
14. Repeat Steps #6 - #13 for each of the remaining glass samples.  Record all collected  
   data in Table 1. 
 
Part 2 – Determining The Refractive Index Of A Glass Sample 
1. Light waves travel about 186,000 miles/second in air, but when light waves pass through  
 other materials (like water or glass) they slow down a little.  REFRACTIVE INDEX is a  
 measure of how much light waves slow down when they pass through different  
 materials.  The Refractive Index of water is 1.33 (light waves travel about  
 140,000 miles/second as they pass through water) and the Refractive Index of olive oil  
 is 1.47 (light waves travel about 124,000 miles/second as they pass through olive oil).   
 The larger the Refractive Index number, the more the light waves are slowed down. 
2. Have you ever looked at a pencil in a glass of water and noticed how it looks bent, or  
 noticed that a person’s legs in a pool sometimes look shorter than normal?  These visions 
 are due to bending light waves.  Light waves bend when they suddenly change speeds –  
 like they would do when they pass from water (Refractive Index = 1.33) to air 
 (Refractive Index = 1.00). 
3. Different types of glass have different Refractive Indexes – and this property can help 
 you identify clear glass pieces found on a suspect and match these glass pieces to those 
  found at a crime scene. 
 
4. FINDING THE REFRACTIVE INDEX. 
 Make sure you have safety goggles, glass samples from Part 1, forceps, 1 - 250ml beaker 
  (or similar sized cup), paper towels, and 4 small beakers that contain different solutions  
 with known Refractive Indexes. 
5. First, place soapy water in your 250ml beaker.  This beaker will be used to wash your  
 glass samples after each test. 
6. The 4 small beakers contain solutions with the following Refractive Indexes (see Table 
 below). 
 
 
 
     
 
 
 
 
 

Liquids Refractive Index

Water  (Wat) 1.33

Isopropyl Alcohol  (Iso) 1.37

Mineral Oil  (Min) 1.47

Immersion Oil  (Imm) 1.52

REFRACTIVE INDEX OF KNOWN LIQUIDS 

 Density  =   
Object’s Volume   

Object’s Mass (Weight)   
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7. Wear your safety goggles to help prevent eye injury and carefully remove the Unknown 
 Glass Sample “A” from its container.  Hold the glass sample with forceps. 
8. Lower the glass sample into the Water beaker and look closely (from the top and sides)  
 to see if the glass sample is plainly visible in the water, or does it disappear some.  Use 
    the following Visibility Scale Ratings to describe how easy it is to see the glass sample in  
 the water. 
 

  2 – Very Visible (looks like a piece of glass in liquid) 
  1 – Somewhat Visible (still visible, but less obvious) 
  0– Invisible (although the edges may still be somewhat visible) 
       The “0” Rating may only be used ONCE for each glass sample 

 
 Record your Visibility Scale Rating in Table 2 – “Refractive Index Data For Unknown  
 Glass Samples” 
9. Remove the glass sample from the Water and CAREFULLY dry the sample on paper 
  towels. 
10. Use forceps to lower the glass sample in the Isopropyl Alcohol liquid.  Record your 
   Visibility Scale Rating in Table 2.  Remove the glass sample and let the excess liquid run 
   back into its beaker.  Use forceps and swish the sample around in the soapy water to  
   help clean the glass.  CAREFULLY and COMPLETELY dry the sample on paper towels. 
11. Repeat the Refractive Index test in the Mineral Oil and record your results in Table 2. 
   Let as much oil as possible drip back into the beaker, then CAREFULLY clean and  
   COMPLETELY dry the glass sample to remove ALL the oil. 
12. Repeat one more time to test the glass sample in the Immersion Oil.  Record your  
   results in Table 2.  Let as much oil as possible drip back into the beaker, then  
   CAREFULLY clean and COMPLETELY dry the glass sample to remove ALL the oil. 
13. Repeat Steps #7 - #12 for the remaining glass samples.  Record all results in Table 2. 
   Remember, you can only use the “0” Visibility Scale Rating ONE time for each glass 
   sample.  Continue with Step #14 below when you have finished testing. 
14. Observe your Refractory Index Test results for your Unknown Glass Samples (see  
   Table 2).  The Refractory Index of each Glass Sample will be the point where it became  
   invisible in one of the known liquids (had a Visibility Scale Rating of “0”).  The glass  
   became invisible in this liquid because the glass and liquid have the same Refractory 
    Index – and light waves passed straight through both substances without bending.   
   Record each Glass Sample’s Refractory Index (1.33, 1.37, 1.47, 1.52, or Greater  
   Than 1.52 (see below)) in Table 2.  If a Glass Sample never received a “0” Rating (and  
   never completely became invisible in any of the liquids) you have TWO options: 
      A. the Glass Sample may have a Refractive Index of greater than 1.52, and would 
     not become invisible in any of our known liquids.  If you feel confident this is the 
     case you should record the Glass Sample’s Refractive Index as “Greater Than 1.52”. 
      B. you may have made an incorrect observation and the glass sample really did  
    become invisible (with slightly visible edges) in one of the known liquids. 
15. Clean up your lab station - make sure ALL glass samples, and their containers, are  
   clean, dry, and oil free.  Cover the Refractive Index solutions with plastic wrap or  
   aluminum foil. 
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Part 3 – Using Density and Refractive Index To Identify Unknown Glass  

              Samples 
1. You have determined the Density and Refractive Index for each Unknown Glass Sample. 
 This important information can now be used to identify these glass samples! 
 
 Step #1 – Record each Unknown Glass Sample’s Density and Refractive Index in Table 3 
   -  “Identities Of The Unknown Glass Samples” 
 Step #2 – Use the information found in Table 4 – “Reference Table:  Properties Of Glass” 
   to help you identify each Unknown Glass Sample.  Record the correct identity  
   of each Unknown Glass Sample in Table 3.  
2. Complete the Training Lab Questions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4 – Reference Table:  Properties of Glass 

Typical Density 

(g/cm3)

Typical 

Refractive 

Index

Examples

Borosilicate Glass 2.0 - 2.37 1.47 - 1.49

Pyrex Cookware, 

Lab Glassware, 

Car Headlights

Soda Lime Glass 2.38 - 2.6 1.51 - 1.52
Windows, Bottles, Picture 

Frames, Common Glass

Lead Glass

(crystal)
2.7 - 3.3 1.56 - 1.62

Decorative Glassware - 

Bowls, Vases, Stemware
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Table 1 – Density Data For 
Unknown Glass Samples 

Mass (weight) of 

Glass Sample (g)

Mass (weight) of 

Beaker,Water 

(g)

Mass (weight) of 

Beaker,Water, 

Glass Sample (g)

Volume of Glass 

Sample (cm
3
)

Density of Glass 

Sample (g/cm
3
)

Glass 

Sample A

Glass 

Sample B

Glass 

Sample C

Glass 

Sample D

Glass 

Sample E

Used To Determine Glass Sample's 

Volume

Table 2 - Refractive Index Data For Unknown Glass Samples 

Water

R.I. = 1.33

Isopropyl Alcohol

R.I. = 1.37

Mineral Oil

R.I. = 1.47

Immersion Oil

R.I. = 1.52

Refractive 

Index of Glass 

Sample

Glass 

Sample A

Glass 

Sample B

Glass 

Sample C

Glass 

Sample D

Glass 

Sample E

Scale:  2 (Very Visible), 1,  0 (Invisible - may have visible edges)

Table 3 – Identities 
Of The Unknown 
Glass Samples 

Glass Sample's 

Density (g/cm3)

Glass Sample's 

Refractive 

Index

Tested Glass 

Sample's Identity

Glass 

Sample A

Glass 

Sample B

Glass 

Sample C

Glass 

Sample D

Glass 

Sample E
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QUESTIONS – GLASS DENSITY AND REFRACTIVE INDEX  

 
     NAME___________________________________________ 
 
1. Complete the following table (copy your Table 3 information). 

 
2. See your supervisor for the ACTUAL identities of the Unknown Glass Samples.  Record 
 these actual identities in the table above (“Actual Glass Sample’s Identity”). 
 
3. How many of the Unknown Glass Samples did you correctly identify?  _______ out of 5 
 
4. What do you need to know about a piece of glass (or any substance) to determine its 
 density? 
 
 
 
 
5. A single piece of glass is broken in two pieces – a larger piece                      and a smaller 
 piece           .  You determine the density of both pieces.  Which                      answer 
 below would be correct? (place an “X” by the correct answer) 
 
 _____The larger piece of glass would have a greater density than the smaller piece 
  of glass. 
 _____The larger piece of glass would have a smaller density than the smaller piece 
  of glass. 
 _____Both pieces of glass – large and small – would have the same density. 
 
6. Why would leaded glass have a higher density than soda-lime glass? 
 
 
 

Glass Sample's 

Density (g/cm3)

Glass Sample's 

Refractive 

Index

Tested Glass 

Sample's Identity

 Actual Glass 

Sample's Identity

Glass 

Sample A

Glass 

Sample B

Glass 

Sample C

Glass 

Sample D

Glass 

Sample E
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7. Observe the Unknown Glass Samples one more time.  Which sample appears to contain 
 the greatest amount of IRON?  (Hint: the Glass Reference Page can help you answer this 
 question) 
   Glass Sample _________ seems to contain the most iron. 
 Explain how you determined which glass sample contained the most iron. 
 
 
 
 
8. A lab technician left the lab and walked two blocks to remove some money from her  
 bank’s teller machine.  She then returned to the lab and began working.  A strange man 
 suddenly entered the lab and demanded the money the woman had withdrawn.  The 
 woman grabbed two pieces of lab glassware (beakers) from the counter and threw them 
  at the intruder.  The beakers hit the intruder, broke, and he ran from the lab.  The police 
 have a suspect that matches the intruder’s description, and a piece of broken glass  
 (Evidence Glass) was recovered from the bottom of the suspect’s shoe.  Collect this  
 important glass evidence from your supervisor and analyze it.  Record your data in the  
 table below. 

 
 
What type of glass was thrown and broken at the laboratory (the crime scene)? 
 
        _________________________________ 
 
Did the Evidence Glass match the type of glass thrown and broken at the laboratory? 
 
          (yes or no) ____________ 
 
Does the Evidence Glass help prove that the suspect was in the laboratory? 
  
                    (yes or no) ____________ 
 
Would the Evidence Glass you tested be considered Class Evidence or Individual Evidence? 
 
        _________________________________ 
 
 
 
 
 

Mass Of 

Evidence Glass 

(g)

Volume of 

Evidence Glass 

(cm3)

Density Of 

Evidence Glass 

(g/cm3)

Refractive Index 

Of Evidence 

Glass

Evidence Glass 

Identity

Evidence 

Glass
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9. Why does a glass sample with a Refractive Index of 1.52 become invisible when it is  
 placed in a liquid with a Refractive Index of 1.52? 
 
 
 
 
10. Which type of glass does light travel through with the greatest speed? 
 
         ________________________________ 
 
11. Which type of glass does light travel through with the slowest speed? 
 
         ________________________________ 
 
12. The Refractive Index of glass is determined in a real crime lab by using a larger number 
   of known liquids – each with a slightly different Refractive Index.  How would this   
   affect the results of your Refractive Index test? 
 
 
 
 
 
13. We determined the volume of broken glass pieces using an unusual method called the 
   Archimedes’ Principle.  Describe TWO other methods that could be used (and are more 
   common) to determine an object’s volume. 
 
   Method #1 – 
 
 
 
 
 
   Method #2 -  
 
 
 
 
 
14. A small piece of a car headlight was discovered at a hit and run accident.  You find that 
   that the mass of the glass piece is 3.15 grams and its volume is 1.5 cm3.  You have two 
   suspect cars with broken headlights and you analyze a piece of headlight glass from 
   each.  “Car A” headlight glass piece:  mass = 6.22 g, volume = 2.79 cm3.    
  “Car B” headlight glass piece:  mass = 5.35 g, volume = 2.55 cm3. 
 
   Which car was most likely involved in the hit and run accident? _______________
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