Example FT-IR Samples  

Dr. Matt J. Carlson, Harrison H.S. – June 2006
Purpose


FT-IR spectra are useful in characterizing unknown substances, making it an excellent component of a Chemistry-based CSI style investigative unit.  Unfortunately, when plastic (polymer) samples are used, many of the spectra obtained are very similar to one another, providing very little variety for an investigative unit.  In order to identify easily obtained samples that may provide a diverse set of spectra, the following samples were analyzed in June 2006 and are roughly organized in groups with similar spectra.  The sole exception is the “Odds and Ends” category, which has a wide variety of materials that tend to provide somewhat messier spectra but could still be used in an analysis 
Overview


The most impressive peak in all the samples lies at 2800-2900 cm-1 representing the stretching of CH3 and CH2 groups common in all plastic polymers.  The region from 500 to 2000 cm-1 represents the “fingerprint” region, often with many different peaks making assignment of each peak difficult.  Thicker (and typically more rigid) plastic samples tend to display exceptionally large numbers of peaks in this fingerprint region.   Translucent plastics produce spectra at 70% or lower transmittance, but is generally still useful to make identification comparisons between multiple samples.  
Proposed “sample set” of spectra.

For those looking for a sample set plastic to compile a library of different spectra, here is a short list of relatively diverse spectra.  While they all have some similarities, they have enough differences in spectra quality and peak wavenumbers to enable a student to reliably distinguish between them…
· Any one of the “Pliable Transparent” category

· Wax Paper

· Recyclable #6 plastic

· Parafilm

· Transparent Scotch Tape

· Glass Cover Slip for Microscope Slide

Pliable Transparent Plastic


Produce bag from grocery store


Plastic Grocery Bag (from Fleet Farm)

Bubblewrap (bubbles about the size of a quarter)

Wrapper from package of Filter Paper

Heavy Freezer Bag (1qt – Ziploc brand)
These spectra are among the cleanest of any examined in this survey.  All contain a strong, narrow peak at around 2900 cm -1.  Most samples actually display a double-peak but in thicker samples the transmittance drops to 0% before the two peaks can be resolved.  The fingerprint region of 500 - 1500 cm -1 contains only a few peaks, making an attempt at labeling the functional group for each peak possible (whether they are correctly labeled is another matter, of course…). Most spectra are very similar with the grocery store bag and produce bag having slightly different peak intensities at the lowest wavenumbers (500-1000 cm -1).
Recyclable #1 – 2L Soda Bottle Plastic

Cut from the top of a 2L bottle of Diet Coke
Despite its transparency, it absorbs across the entire spectrum (baseline of about 60% transmittance).  Two prominent peaks at 2900 cm -1 and 3500 cm -1 have additional sub-peaks.  Its main identifying peaks are the many peaks found within the 2000-2700 cm-1 area of the graph – typically an under populated region of peaks.
Odds n Ends – thicker plastic, translucent materials


Recyclable #5 – from a generic translucent food storage dish (ie. Like Ziploc)

Plastic Petri Dish – sample cut out of the bottom of dish


Wax Paper


Rubber Latex Glove


Parafilm

These spectra tend to be poorer quality due the lower baseline transmittance of the translucent materials.  The food storage dish and Petri dish have a very broad peak at  2900 cm -1.  Wax Paper and the latex gloves have an additional broad peak around 3300 cm -1 or 3500 cm -1 which draws down the upper end of the spectrum.  Parafilm is unique within this category with spectra very similar to the Recyclables #6 and Wrappers & Plastic cup categories with a nice, distinct 2900 cm -1 peak.  However, the fingerprint region is cleaner with fewer peaks, making it distinct from other samples.
Recyclables #6


Lid from a fast-food fountain drink cup

Take-out dish (transparent, slightly rigid – from “La Fiesta Burrito”)

Both spectra appear similar and can be  identified by a prominent C-H peak at 2900 cm -1and complex peaks in the “fingerprint region” from 500-2000 cm -1.  Spectra are quite similar to those found in the “Wrappers and Plastic Cup” category.
Wrappers & Plastic Cup


Plastic Solo Cup

Plastic Packaging (Clear, semi-rigid, from sealed electronics package)


Disposable Wrapper from a Razor

All three display similar spectra.  A small speak at 3500 cm -1 , large C-H peak at 2900 cm -1, and very messy regions from 500 cm -1 to 2000 cm -1.


Transparent Tape

Scotch brand Transparent tape  (2 strips back-to-back to eliminate stickiness)
Displays a very unique signature of two large peaks above 2500 cm-1, the common CH3  one at 2900 and a second one at 3500.
Glass Cover Slip

Thin glass cover slip for use with microscope slides.
An interesting spectra as it does NOT contain the common 2900 cm-1 peak due to CH stretching common to all the polymers listed above.  (Since there is no carbon in glass.)  Strongly absorbs at lower wavenumbers.

Pliable Transparent Plastic
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Recyclable #1 – 2L Soda Bottle Plastic
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Odds n Ends – thicker plastic, translucent materials [image: image7.jpg]BoUETJILISURI] %
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Recyclables #6

[image: image12.jpg]{Recyclable #& - Fountain Drink Lid

D e
i e —
e S
g e N
o T
e
P S
———
.
- PEERE———————
e e i
s e—
ST
———TITCT
b
s

i

-

3

60.0
50.0-
40.0-
30.0-
20.0
10.0-
0.0

oueRIWSURI| %

. -





3500
3000
2500
2000
1500
1000


Wavenumbers (cm-1)

[image: image13.jpg]—————— |

M

Fiesta Burrito take-out dish

.\i{“\

|

Hr
{

jRecyclable

e R ——
T ——
e
==
R assim
T -
.IAI’-I...U..W i
;;hu[..w..wlﬂ..l
i
b
B
-~
W
R
B
=

70.04

50.0-
40,0
30.0-
200
10.04
0.0

soueqyiwsuel] o)

e R e





3500
3000
2500
2000
1500
1000


Wavenumbers (cm-1)

Wrappers & Plastic Cup
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Transparent Tape (Scotch)
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Glass Cover Slip to Microscope Slide
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