Analysis of Glass Fragments

Introduction

It is not unusual to find glass fragments at the scene of a crime.  An analysis of these glass fragments can provide useful clues about a crime and may even help connect a perpetrator to the scene.  For example, if a window is shattered during a crime, small fragments of glass may get caught in the perpetrator’s pant’s cuff.  A broken car headlight may provide a link between a crime and a certain individual.  

Glass is a brittle solid made of silicon dioxide, SiO2.   But, different types of glass have different types of additives.  Pyrex, a heat resistant glass, contains boron oxides.  Window glass may contain oxides of sodium, calcium, magnesium or aluminum.  The differences in the precise contents of different types of glass lead to differences in properties.  It is not difficult to determine the density of a glass sample. In addition, many types of glass vary in how they respond to visible light and to polarized light.

Both tempered glass and Safety glass are used in automobiles.  Tempered glass, which is used in the rear and side windows of cars, has been rapidly heated and cooled so that the glass has become stressed.  When this stressed glass is broken, it breaks into small squares that do not have sharp edges.   Windshields contain laminated Safety glass, which has a layer of plastic between two layers of glass.  Safety glass is strong and is quite resistant to breakage.  

There are several tests you can do in the laboratory to learn more about a glass sample—density analysis, refractive index analysis, and microscopy of glass fragments.  You will perform each of these techniques in the lab.

Determining the Density of a glass sample

The density of a substance is defined as mass/volume.  This property of glass remains constant, regardless of the size of the sample.  Be very careful when handling the glass since the edges might be sharp.

1. Fill a 25 mL graduated cylinder with about 10 mL of water and record the volume as accurately as you can.

2. Weigh your graduated cylinder and water and record the mass on your data sheet.

3. Using tweezers, add glass fragments to the graduated cylinder until you have added about 5 grams of glass. Record  the total mass and the type of glass selected.  

4. Record the new volume.

5. Calculate the density of your glass sample.  Remember the definition of density given above.
6. Repeat these steps with another type of glass.  Is it possible to distinguish between these two types of glass based on their density?

Microscopy of glass fragments
Examine several glass fragments using a stereoscope.  Describe the color, thickness, curvature, uniformity, and surface conditions of each sample.  Diagram what you see.

The index of refraction of different types of glass

Light can be bent as it travels through a substance.  This phenomenon can be seen if you put a pencil part way into a beaker of water; the pencil appears to bend where it enters the water.  The index of refraction is a measure of how much light is bent by different substances.  Different types of glass have different refractive indices.  If you place a sample of glass in a substance that has a different index of refraction, you will see a clear line between the two substances.  However, if you mix glass with a substance that has the same index of refraction, the glass will practically disappear.  

This part of the lab activity will be set up for you as a demonstration in the front of the room.  Record your observations on your data sheet.  The content of the test tubes is as follows:

#1  vegetable oil only

#2 vegetable oil and a few fragments of Pyrex glass

#3 vegetable oil and a few fragments of window glass

#4 vegetable oil and a mixture of the two types of glass

Examples of glass in oils with different refractive indices are also available for you to observe.  

Often crime laboratories have a series of solutions of known refractive index.  Using these standardized solutions, it is possible to accurately determine the refractive index of substances.

Analysis of Glass Fragments---data to be recorded in your LAB NOTEBOOK!
Determining the Density of a glass sample

Type of glass


   
____________
_____________

Initial volume of water (mL)

____________
_____________

Final volume of water (mL)

____________
_____________

Volume of glass (mL)


____________
_____________

Mass of graduated cylinder

and 10 mL of water


____________
_____________

Mass of cylinder, water and 

Glass fragments


____________
_____________

Mass of glass sample (g)

____________
_____________

Density of glass  (g/mL)

____________
_____________

Questions
1. Based on density, can you distinguish between the two types of glass you tested?  Why or why not?

2. How can you use microscopy to distinguish between different types of glass?  Explain.  
3. Which type of glass had an index of refraction closest to that of vegetable oil?

