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Abstract: Theory to apply Raman spectroscopy and infra red emission spectroscopy for pollution control has been
presented. This theory applies wave numbers with strong intensities obtained in outputs of these two spectroscopy
methods to find energies required to decompose materials. It has been suggested that this theory should be applied
as a quality checking in production of materials to control pollution over materials which need decomposition.
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INTRODUCTION
There are many applications for nanoparticles, because there are many behavioral changes for
nanoparticles relative to original materials; like changes in super conductivity, super capacity, magnetism,
strength, specific heat etc. There are many methods and steps for synthesis of nanoparticles. One among
them is giving heat energy to original materials with an expectation of making fine particles. Our aim is
not to propose a method to decompose waste materials by means of natural heat energy with a time
bound, because many plastic wastes are found in land, rivers and oceans, these wastes are subjected to
natural heat energy, and there is a failure in decomposing them. Our aim is to make quality verification in
production of plastic-like materials for good decomposition, before they come to applications.
Nanoparticles are subjected to many tests for characterizations of the nanoparticles. Two fundamental
tests are Raman spectroscopy and infra red emission spectroscopy. See [2, 11, 12]. In both methods,
materials are subjected to light wave energies as input energies, for characterizations. After receiving
these energies the materials release energy light waves with different wavelengths. Numerical inverses of
wavelengths are called wave numbers. Different wavelengths with high intensities are observed to plot a
graph with axes to represent wave numbers and intensities, in which high intensities are plotted by means
of peaks. These peaks at particular wave numbers are referred to specific characterizations, more often
they are referred to presence of different types of elements which are present in the materials. All of them
are parts of physical sciences. These methods of characterizations can be applied to pollution control. A
theory for this purpose is presented in this note. Let us observe that pollution should be controlled by all
methods and all theories as described in the articles [13, 14-22]. The theory presented in this note uses
peaks in output graphs for wave numbers and intensities in Raman spectroscopy and infra red emission
spectroscopy to find maximum energies required to decompose materials. These measurements can be
used to take decisions in releasing materials into market, and thereby to get control over future pollution.
Theory
If a material releases energy by means of a light wave with wavelength λ, then let us consider this
wavelength λ as a characteristic wavelength. For example, if an input laser is given to a sample material,
then light rays may be emitted from the material with different wavelengths. See [2, 11]. One more
example has been provided in the article [5], in which it is explained that light waves are released
between two successive electrons moving in serial, when an electric current passes through a wire. The
articles [4, 6-10, 22-27] may be found as articles which support and which are related to the article [5].
Theoretical explanations given in all these reference articles are not sufficient to explain amount of
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energies required to induce emissions. However, there should be a maximum value and a minimum value
for characteristic wavelengths. These limits decide certain aspects in decomposition of materials. Let us
use the notations 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 and 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 for least upper bound and greatest lower bound for possible
characteristic wavelengths of light waves that can be emitted from a material. By Planck’s equation, 𝐸𝐸 =
ℎ𝑐𝑐
ℎ𝑐𝑐
and 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 =
. This means
ℎ𝜈𝜈, the corresponding minimum and maximum energies are 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 =
𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚

𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚

that one has to apply a minimum energy 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 to get emission of at least one wave with a particular
wavelength, and one has to apply a sufficient energy 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 to get of all possible emissions of all
wavelengths. Here ℎ is the Planck’s constant, 𝑐𝑐 is the speed of light in vacuum, and 𝜈𝜈 is the frequency.
Let us discuss a different interpretation. If a material can naturally releases an energy light wave with
wavelength λ, and if these waves with wavelength λ are not permitted to get released, then one expected
change in the material is a break in the bonds of molecules, which may lead to decomposition of the
material. On the other hand, if a material can release an energy light wave with wavelength λ, and if an
outside input light energy through light waves with wavelength λ is given to the material, then
decomposition is expected. If any energy greater than 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 is given as input, then again decomposition
is expected. For these conclusions, there is a need to provide many explanations for Planck’s equation.
The classical meaning of the energy 𝐸𝐸 in the Planck’s equation 𝐸𝐸 = ℎ𝜈𝜈 is the energy of one photon
𝑐𝑐
of a light wave with wavelength . However, 𝐸𝐸 represents in the book [3] that the energy of 𝜈𝜈- number of
𝜈𝜈
photons, or equivalently, ℎ represents an energy of a single photon (or of a double photon in view of
interference). Let us follow this special meaning of ℎ as energy for a single photon in a single light wave
𝑐𝑐
ray. This means that 𝐸𝐸represents energy released by any single light wave ray with wavelength , when it
𝜈𝜈
strikes a body for one second. Here, second is considered as a unit for time. Apart from this
interpretation of single ray energy considered for input energy, one should take volume, mass and specific
heat of a material into consideration, for decomposition. In that case, time of applying energy light waves
should be increased, when energy light waves applied have at least energy 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 and at most wavelength
𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 .
If input energy is supplied by means of microwaves, then energy of a single wave for one second
collision can be evaluated by the formula 𝐸𝐸 = 𝑚𝑚𝑒𝑒 𝑣𝑣 2 , when 𝑚𝑚𝑒𝑒 is the mass of an electron, and 𝑣𝑣 is the
velocity of electrons moving in the microwave. This formula, which is similar to Einstein’s energy-mass
relation, can be justified by means of a final interpretation given in the article [7]. This energy should be
greater than or equal to 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 . Thus, one can determine required velocity 𝑣𝑣 to decompose a material for
which 𝜆𝜆𝑚𝑚𝑚𝑚𝑛𝑛 is known. Again, time required for applying this type of microwaves for decomposition
depends on volume, mass, specific heat and capacity of the material to observe microwaves.
The fundamental methods, Raman spectroscopy and infra red emission spectroscopy (see [2,11,12])
can be used to find all possible wavelengths with intensities of emitted waves by means of peaks, and a
minimum possible wavelength of emitted rays in these methods may be considered approximately as
𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 . That is, wavelengths corresponding to wave numbers for which peaks appear are considered, the
ℎ𝑐𝑐
can
minimum of these wavelengths corresponding to peaks is considered as 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 , and then 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 =
𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚

be calculated. It should be observed that any wavelength λ corresponding to any peak corresponds to
ℎ𝑐𝑐
wave energy 𝐸𝐸 = , which is also sufficient to decompose materials, but partly. Complete
𝜆𝜆
decomposition can be expected only for 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 .

CONCLUSIONS
Spectroscopy methods like Raman spectroscopy, infra red emission spectroscopy can be used to find
wave energy 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 required for assured decomposition. The main difficulty is to find a method to
determine the time required for decomposition, because the existing theories do not facilitate this
computation. If an environment can give only a light wave of an average wavelength 𝜆𝜆𝑒𝑒𝑒𝑒𝑒𝑒 , then materials
to be decomposed in that environment should be produced only with 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 greater than or equal to 𝜆𝜆𝑒𝑒𝑛𝑛𝑛𝑛 .
Such a quality checking in production of materials can control future-pollution, which may be occured by
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materials in that environment. To find 𝜆𝜆𝑒𝑒𝑒𝑒𝑒𝑒 , one may use the Wien’s displacement law, approximately, as
𝑏𝑏
𝜆𝜆𝑒𝑒𝑒𝑒𝑒𝑒 = , where 𝑏𝑏 is the Wien’s constant involved in Wien’s displacement law, and 𝑇𝑇 is the average
𝑇𝑇
temperature of the environment. Further simplification is carried out in the continuation part
“Applications” directly through wave numbers. In this way, theory mentioned above is completely
applicable for materials when spectroscopy methods are used.
APPLICATIONS
Let us consider the output graph obtained by means of Raman spectroscopy for a fiber material
given in Figure 2.10 in the book [11]. The highest wave number with a high intensity in that figure is
approximately 1730 cm-1. If this number is considered as inverse of 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 , and if 𝜆𝜆𝑒𝑒𝑒𝑒𝑒𝑒 is replaced by
𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 , then we obtain 𝑇𝑇 = 𝑏𝑏 × 1730 𝑐𝑐𝑐𝑐−1, where 𝑏𝑏 = 0.28978 𝑐𝑐𝑐𝑐−1 𝐾𝐾. For this specific wave number
1730 cm-1, the value of 𝑇𝑇 is approximately, 501.3194 Kelvin. This means that to decompose that material
completely nearly a heat exposure of 501.3194 Kelvin is sufficient. In general, if there is a wave number
𝑤𝑤 with an intensity peak, then the temperature 𝑇𝑇 = 𝑏𝑏 × 𝑤𝑤 is enough to decompose the material partially.
This provides a most simplified formula for application of the theory developed above. On the other
hand, if temperature is fixed then our expected wave number for decomposition can be determined. For
example, if a partial decomposition of a material is expected in the temperatures, 303 Kelvin, 313 Kelvin,
323 Kelvin, it is sufficient if there are wave numbers which are less than 1045.6 cm-1, 1080.1 cm-1, 1114.6
cm-1, respectively, which can be calculated by the formula 𝑇𝑇 = 𝑏𝑏 × 𝑤𝑤.
Let us consider another output graph obtained by means of infra red emission spectroscopy for a PE
film material given in Figure 3(b) in the article [1]. There is a peak at the wave number 3000 cm-1. By
the formula 𝑇𝑇 = 𝑏𝑏 × 𝑤𝑤, it can be concluded that at least 870 Kelvin is required for a complete
decomposition. There is another peak nearly at the wave number 700 cm-1 in that figure. Then, by the
same formula, it can be concluded that nearly 203 Kelvin is sufficient for a partial decomposition, but not
for a complete decomposition. It should be again mentioned that time required for decomposition in
evaluated temperature is yet to be predicted, because there many factors related to thermal energy are
involved in such a prediction. It should also be observed that a material may be decomposed due to many
factors apart from heat energy.
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