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Figure 5 “Bad” and “good” PE materials

shown as an overlay of the temperature program in
the DSC and the principal component analysis in
the Raman. See text for discussion.

cise characterization of the material. As an
example, consider the common painkiller,
acetaminophen. Raman spectroscopy has
identified the three solid-state forms of this
material found under these experimen-
tal conditions (Figure 6) (note: there is
also a fourth form not seen here). Com-
bining this technique with DSC allows
us to measure precisely the temperatures
at which they occur. Figure 6 shows the
DSC run on a sample of acetaminophen.
The thermogram shows two exothermic
events believed to correspond to polymor-
phic changes in the material as well as the
endothermic melt. When DSC-Raman is
performed, the Raman spectra show the
conversion to form II at ~90 °C and then
to form Il at ~151 °C before melting. This
greatly simplifies our understanding of the
thermal behavior of the material and is
much more conclusive than attempting to
draw this information out of either con-
ventional and/or modulated temperature
DSC or Raman spectroscopy alone.

While the transitions here are exothermic,
other polymorphic materials show changes
caused by the loss of water or some other
solvate from the molecule that appears as
an endothermic transition. While Raman
spectroscopy with a hot stage might deter-
mine the changes in the material accu-
rately, without understanding the ther-

Figure 6
acetaminophen.

mal data and the energy of transition, it
is possible for a water loss to be seen as a
polymorphic transition. In DSC, this can
be detected as an endothermic event and
hence become suspect. Other DSC meth-
ods can then be used to clarify the issue.

Conclusion

Hyphenated thermal techniques are more
widely available to scientists studying mate-
rial behavior. In addition to older approaches
like TG-IR and TG-MS becoming simpler to
obtain and use, newer methods like TG-GC-
MS and DSC-Raman are also more com-
mercially available. These techniques enable
users to become familiar with the materials
being studied, providing the laboratory with
more information in less time.

References

1. Reading, M.; Elliot, D.; Hill, V. Proceed-
ings of the NATAS Conference, Atlanta,
GA, 1992; Vol 21, p 145.

2. Pijpers, T.; Mathot, V.; Goderis, B.; Scher-
renberg, R.; van der Vegte, E. Macromole-
cules 2002, 35, 3601.

3. Materazzi, S.; Gentili, A.; Curini, G.
Talanta 2006, 68, 489. Provder, T.; Urban,
M.; Barth, J. Hyphenated Techniques in Poly-
mer Characterization; American Chemical
Society: Washington, DC, 1994.

4. Sprunt, J.; Jayasooriya, U. Appl. Spectrosc.
1997, 51, 1410. Harju, M.; Valkenon, J.;
Jaysooriya, U. Spectrochim. Acta 1997,

DSC-Raman trace for the DSC run and selected spectra corresponding to various structures of

47A, 1395. Redman-Furey, N.; Bigalow-
Kern, A.; Collins, W.; Cambron, R. Pro-
ceedings of the NATAS Conference,
Albuquerque, NM, 2003; Vol 31, p 292.
Alexander, R.; Menard, K.; Spragg, R.;
Ye, P. Proceedings of the NATAS Con-
ference, Atlanta, GA, 2008; Vol 36, p
131. Kauffman, J.; Batykefer, L.; Tuschel,
D.; Bangalore, A. J. Pharm. Biomed. Anal.,
in press.

5. Johnson, G. TG-GCMS Application Note;
PerkinElmer: Shelton, CT, 2009. Good-
man, W.; Johnson, G.; Menard, K.; Sell-
man, C. Proceedings of the North Ameri-
can Thermal Analysis Society, Lubbock,
TX, 2009; p 652.

6. Materazzi, S.; Gentili, A.; Curini, G. Tal-
anta 2006, 69, 781.

7. Dennis, A.; Menard, K.; Spragg, R. Pro-
ceedings of the Annual Technical Confer-
ence of the Society of Plastic Engineers,
Chicago, IL, 2009; p 647.

8. Goodman, W.; Menard K.; Sellman, C.
Proceedings of the Pittsburgh Conference,
Chicago, IL, 2009; p 574.

9. Alexander, R.; Menard, K.; Spragg, R.
Proceedings of the Polyolefin Conference,
Houston, TX, 2009; p 162.

Dr. Menard, Dr. Spragg, and Dr. Johnson are
with PerkinElmer, 710 Bridgeport Ave., Shel-
ton, CT 06484, U.S.A.; tel.: 800-762-4000,
ext. 3848; fax: 940-383-6837; e-mail: kevin.
menard@perkinelmer.com. Mr. Sellman is with
Sellman Scientific, Scottsdale, AZ, U.S.A.



