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Introduction: The accurate determination of the
maturity of natural Organic Matter (OM) is a key
problem in many fields, such as oil and coal research,
or extraterrestrial matter for planetologic studies.
Different physical or chemical tracers have been
developed, and are generally efficient for dedicated
studies (vitrine reflectance, elemental composition,
etc.). However,  research fields like the study of OM
in meteorites and cometary grains require a
characterization technique 1) which does not depend
on any biogenic macerals as vitrinite is ; 2) which is
applicable to micrometric quantities and does not
require sophisticated sample preparation for
separating OM from minerals, like acid
demineralization.

Raman micro-spectrometry is a technique
suitable to determine the degree of structural order of
polyaromatic carbonaceous materials, and has been
found useful for characterizing the maturity of
terrestrial sedimentary OM [1] and extraterrestrial
OM [2]. Coals can be considered as useful standard
comparison for studying OM in chondrites. Recent
studies over large series of samples demonstrate the
high sensitivity of Raman spectroscopy to the
maturity of coals and kerogens [3,4]. However, these
studies have been performed using different
experimental procedures and different data
processing techniques, making it difficult to compare
their results.

This study [5] focuses on the definition of
optimized experimental parameters in order to
maximize the quality of the Raman signal and control
the accuracy and reproducibility of measurements.
First, the effect of excitation wavelength is explored
in order to minimize the fluorescence background
that perturbs the Raman spectra in most low-rank
samples. Secondly, time-resolved experiments at the
same laser spot location are performed in order to
study sample stability under laser irradiation. The
results of this work are applied by performing
systematic measurements over a series of natural
coals. Sensitive spectral tracers of maturity are then
proposed for an excitation wavelength of 514.5 nm.
Finally, the use of Raman spectroscopy as a possible
sensitive, accurate, inter-laboratory technique is
discussed.

Experimental system and data treatment:
Coals all originate from the Coal Sample Bank and

Database of University of Pennsylvania-USA. The 4
more mature ones were also investigated by High
Resolution Transmission Electron Microscopy
(HRTEM). High Resolution Transmission Electron
Microscopy (HRTEM) allows to image directly the
profile of the polyaromatic layers of the carbon
materials, and therefore to access to the structure [6].

Fig. 1: HRTEM images of metaanthracite ; anthracite
and semi-anthracite. The degree or oder decreases from left
to right.

Raman experiments were performed with a
JOBIN-YVON LABRAM microprobe (located at
LST ENS-Lyon France), with a x50 objective. The
wavelength excitations were the 487.9, 514.5 nm line
of an Ar+ laser; the 632.8 nm of a He-Ne. The first-
order carbon bands G and D were fitted along with
the procedure described in [2], using two spectral
profiles. For each band, the spectral parameters
derived from this fit were the peak position ωD,G, the
width (FWHM), the peak intensity ID,G and the
integrated intensity AD,G of each profile.

Experimental conditions and reproducibility:
An excitation wavelength of 514.5 nm gives better
results than 457.9 nm and 632.8 nm, minimizing the
fluorescence background observed in the spectra of
low-rank coals. Both Raman and fluorescence spectra
are sensitive to acquisition time and laser power
parameters. The source of this sensitivity is explained
by time-resolved experiments in air and in argon.
They reveal a physicochemical instability of the
samples under laser irradiation. The alteration effect
is irreversible and is mostly due to photooxidation
processes [7]. As a consequence, Raman experiments
in air must be performed with strictly constant
acquisition parameters. Measurements can be
improved by working in argon, but this does not fully
stabilize the fluorescence background and spectral
parameters derived from the Raman spectra (Fig. 2).
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Fig. 2: The Band-width (FWHM-D) and peak
position (ω-D) of the D-band, both derived from
time-resolved Raman experiments, plotted versus
time (spectrum number in the series). Each data point
is the average calculated over 8 grains of the
DECS19 coal. These data show that using an inert
atmosphere definitely improves the stability of the
measurements. The variations are however different
from one parameter to another, as illustrated by the
huge variations of FWHM-D at the beginning of laser
irradiation with respect to ω -D. For the sake of
clarity, the σ bars are not indicated.

Raman spectral tracers of maturity: The
whole series of coal samples was investigated, with
measurements performed in air under constant
experimental conditions. The results show that
Raman spectroscopy is definitely sensitive to the
maturity of coal samples with VR > ~1 %. The most
sensitive spectral maturity tracers are the width of the
D-band (FWHM-D) (Fig. 3), the ratio of the peak
intensities of the D and G bands (ID/IG), the
normalized ratio of the band integrated intensities
AD/[AD+AG] for the maturity range VR=3-7 % and
the width of the G band (FWHM-G) for VR=1-5 %.
The HRTEM images of the more mature coals reveal
poorly ordered materials, and point to the ability of
the technique for tracing the degree of structural
order of these materials. As indicated by Fig.1, layers
appears longer and better stacked from semi-
anthracite to meta-anthracite.

On the other hand, the technique is insensitive to
maturity for samples with VR < ~1 % (Fig. 3). This
failure can be the result of the perturbation of the

Raman signal by the intense fluorescence background
and/or the intrinsic lack of discrimination power of
the technique for such disordered materials. Indeed, it
seems that Raman spectroscopy is mainly sensitive to
the extent of aromatic units, whereas vitrinite
reflectance is also controlled by other factors, in
particular heteroatoms (i.e. O/C ratio).

In addition to sample instability under
irradiation, another source of Raman tracer
fluctuations is the low number of measurements (15
spectra) compared to the VR standard (100) and the
fact that Raman measurements are somewhat “blind”
as they do not discriminate between the different
macerals within a given coal. The results show that
accuracy and reproducibility are definitely poor in
such experiments. Experimental and statistical data
processing procedures must be improved in order to
develop an accurate technique able to give
comparable results when implemented by different
operators in different laboratories. In particular,
future work must solve the problem of sample
stability under laser irradiation and greatly increase
the number of samples to improve the statistical
significance of the results.

Fig. 3: The FWHM-D tracer plotted vs. vitrinite
reflectance. Note the high sensitivity of this
parameter to the degree of structural order, when
comparing with HRTEM images from Fig. 1.
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