Materials provided by Science Express:

IR spectrophotometer and supplies
Materials teacher will need to supply:
Transparent tape

(Meijer) Super Clear Tape

Invisible (Magic) tape

Gift Wrap Tape
Infrared Spectroscopy of Tape
Name












Period


Background Information


Tape is in every part of our lives.  We can leave notes for people using tape and you can hold your car together with tape.  Polymers are giant molecules composed of long hydrocarbon chains. Tape is essentially a polymer with adhesive on one side (sometimes both).  By running an IR scan you can determine what type of bonds are present in the plastic backing of a sample of clear tape.    


An infrared spectrum is really a graph.  It is obtained by aiming a beam of infrared (IR) radiation at a sample and measuring the amount of radiation absorbed by the sample.  The y-axis, labeled % transmittance, is the ratio of the intensity of the radiation transmitted through the sample compared to the intensity of the incoming beam.  The x-axis is a scale of energies, labeled in units which are proportional to energy called wavenumbers.  The graph therefore is the plot of the percent transmittance versus the energy of the radiation (see graph below as an example).


It is found that different parts of a molecule absorb different energies of radiation depending on the sequence of specific atoms in the molecule and how they are bonded together.  The exact energy absorbed depends on the mass of the atoms and the strength of the bonds between them.  When some of the radiation is absorbed, less of it is transmitted resulting in an absorption band in the spectrum.  The energy that is absorbed causes the atoms in a molecule to jiggle or vibrate.  The specific arrangement and bonding of atoms, which give rise to an absorption band, is called a functional group.


The infrared spectrum of a compound is analyzed by identifying absorption bands in the spectrum and matching the absorption bands to the functional groups responsible for the absorption.  Every functional group has its own characteristic absorption band in an IR spectrum.  The ability to identify functional groups from their absorption bands enables the spectroscopist to piece together the identity of unknown materials from their infrared spectrum.  A table, listing functional groups and the energies at which they absorb radiation is called a correlation chart.


You will use an infrared spectrophotometer to test a tape sample and identify the functional groups (bonding groups) present in the tape.

Procedure

1.  There are four main types of transparent tape: clear tape, super clear tape, invisible tape and gift wrap tape.

2.  Use the infrared (IR) spectrophotometer to record the IR spectrum of your plastic film.  First, you will take a background reading with no sample in the sample compartment.  Click on:  Collect—Background—Green Enter Arrow.

3.  Then, you will place your tape sample on the clipboard and slide the clipboard into one of the slots (take the lid off of the compartment first!) in the sample compartment.  Put lid back on.  Click on:  Collect—Sample—Green Enter Arrow.  

4.  Have everyone in your group follow step 3 until you have all run scans on your samples. 

5.  You will then print your spectrum.  Click on:  File—Print—OK.
6.  Once your graph starts printing, click on: View—Clear All Spectra—No to All.

CORRELATION CHART

	Frequency (cm-1)
	Intensity
	Functional Group (Bonding Group)

	3000-2850
	Sharp


	C—H

	1680-1600
	Medium-Wide


	C = C

	2250-2100
	Medium-Wide


	C = C

	1750-1700
	Sharp


	C = O

	1300-1000
	
	C—O

	3200-3600
	Broad (wide)


	O—H

	3300
	Sharp or broad w/spikes
	N—H



	Just above 2200
	
	C = N
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Infrared Spectroscopy of Plastics


Period


Pre-Lab Questions

1. What is a polymer?

2. Which two elements make up a “hydrocarbon?”

 & 


3. How is an infrared spectrum obtained?

4. In Unit 4, you used a visible light spectrophotometer to determine the absorption spectrum for a food coloring sample.  Does infrared radiation have more or less energy than visible light?



5. What is a functional group?  

6. What are two factors that determine the energy at which a functional group will absorb radiation?


a)














b)













7. Suppose a tape (or plastic) sample had a broad absorption peak at 3300 and a sharp peak at 1700.  Using the correlation chart, list the two possible functional groups (bonding groups).  



Data Analysis

1.  Analyze the spectrum of your plastic sample.  Label each major peak (remember, peaks are actually the valleys with IR spectra) between 1600 cm-1 and 4000 cm-1 on your IR spectra printout with a number (1, 2, 3, etc.)  The area outside of this range is the fingerprint region and is specific for each type of plastic compound.  Although it is very specific, it is very difficult to analyze this region.  

2.  List the wavenumber values for each major peak in your tape sample between 1600 cm-1 and 4000 cm-1.  Record in the data table.

3.  Use the correlation chart to identify the functional group(s) that match each of the major peaks. If a value is not on the chart, write "Not on Chart."  Record in the data table.

	Peak #
	Wavenumber Values (cm-1)
	Possible Functional Groups

	1
	
	

	2
	
	

	3
	
	

	4
	
	


Data Analysis

1. a.  Based on your data, what elements are found in your tape sample?




      b.  Based on your data, list the bonds that are found in your tape sample.




2. What knowledge can be gained from knowing the specific functional groups in a molecule? (Refer to the background information for this question.) 
3. Suppose a piece of tape or plastic is found at the scene of a crime.  How might you use an IR spectrophotometer to link this piece of tape or plastic to one of the suspects?
