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As part of our efforts to modernize the undergraduate
physical chemistry laboratory we have introduced a “Laser
Raman Spectroscopy of Carbon Allotropes” experiment to
the laboratory curriculum. Raman spectroscopy is dis-
cussed in detail in our physical chemistry lecture course,
and it seemed appropriate to include a Raman experiment
in the laboratory. Many articles concerning the modern-
ization of the physical chemistry laboratory curriculum
and the introduction of laser spectroscopy have appeared
in this Journal (1-5) and other sources (6).

One of the relatively new areas in science today is the
chemical vapor deposition of specific forms of carbon (7-9).
When carbon is deposited on a substrate, it can form a va-

riety of different allotropes, such as crystalline diamond,
amorphous diamondlike carbon (DLC), glassy carbon, or
graphite, depending on the deposition conditions. Dia-
mond and DLC thin films have extraordinary and unusual
thermal and optical properties in addition to their extreme
hardness, which make them very desirable for many in-
dustrial and high technology applications.

Raman spectroscopy is one of the main tools used in the
characterization of different forms of carbon and carbon
films (8, 10-17). Raman spectroscopy can be used to distin-
guish between these different forms since each yields char-
acteristic vibrational frequencies. For example, crystalline
diamond has a sharp peak that occurs 1332 cm ™! from the
scattered Rayleigh peak while graphitic thin films have
two broad peaks at 1345 and 1540 em™ (8, 10-17). DLC
thin films have several broad peaks that range from 800 to
1700 em™, depending on the deposition conditions and the
Raman laser excitation frequency (12, 13). Thus, a good
idea of the film composition and quality can be deduced
from the Raman spectrum.

The experimental set-up is quite easy. Approximately
200 mW of the 472.6 nm line of an argon ion laser is fo-
cused onto the carbon sample. Be-
cause of thermal heating and de-
composition effects, laser power
must be kept low, <400 mW. Light
scattered by the carbon surface is
collected with a lens and focused
onto the entrance slit of a half-meter
monochromator equipped with a
cooled photomultiplier tube. A holo-
graphic edge filter is used to mini-
mize the intensity of the Raleigh
peak. Single scan spectra are re-
corded for the region 470-525 nm.
The 472.6 nm Ar* laser line was cho-
sen because it was complementary
to the absorption profile of the holo-
graphic edge filter.

Our carbon samples include: a

small diamond plate, a DLC thin
film, soot, a graphite rod, and Buck-
(© minsterfullerene. The diamond,

(d)

graphite, and Buckminsterfullerene
samples are mounted on a half-inch
aluminum rod with epoxy. A spec-
trum of the exposed epoxy is re-
corded so that epoxy peaks can be
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identified in the other spectra. The DLC thin film is pro-
duced during the radiofrequency plasma discharge of ben-
zene in a chemical vapor deposition reactor.! The students
create the soot sample by holding a round bottom flask in
a Bunsen burner.

Raman spectra of various carbon allotropes are shown in
the figure. There is strong Raman scattering from the dia-
mond and DLC thin film carbon surfaces, allowing for good
sensitivity even with a single scan. The sharp diamond
peak at 1332 cm is easily identified and has a signal-to-
noise ratio of approximately 40:1. The DLC thin film shows
several weak, broad peaks between 900-1100 cm™. The
Raman scattering from the soot sample shows several
strong, broad peaks in the 300-850 ecm™ region but did not
show any peaks due to graphitic carbon. The observed
peaks are probably due to various small aromatic hydro-
carbons, many of which show characteristic Raman shifts
in this region. Raman spectroscopy is often considered a
difficult experiment due to the low signal levels, but the
strong signal levels observed in these surface scattering
samples make this Raman experiment viable in under-
graduate physical chemistry laboratory.

Students attempted to record the Raman spectrum of
the graphite rod and Buckminsterfullerene (18), but these
were not observed using this experimental set-up. We re-
cently have requisitioned a highly ordered pyrolytic graph-
ite (HOPG) sample. Raman scattering off the basal plane
of HOPG (parallel to the graphitic sheets) has been used to
record the graphite Raman spectrum (17).
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This experiment was warmly received by our students.
All the students mentioned that they thought it was inter-
esting. Typical student comments show that they enjoyed
working with “the blue laser” and also enjoyed learning
about DLC thin films. Several students commented that
they liked experiments that are related to current research
and techniques in materials chemistry.
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