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Abstract

Aerosol particles influence radiative forcing directly through reflection and absorption of solar and infrared radiation
in the atmosphere. Some aerosols cause a positive forcing while others cause a negative forcing. They are also acting
as nuclei for cloud formation Tropospheric aerosols are mainly composed of inorganic salts, accounting to 25-50%
of the fine aerosol mass [2]. In this study, the optical properties of inorganic aerosols, including ammonium nitrate
NH4NO; and sodium nitrate NaNOs are explored using the pseudo-potential plane wave (PP-PW) scheme in the
frame of generalized gradient approximation (GGA). The dielectric functions, reflective index, extinction coefficient,
reflectivity and energy-loss spectrum are calculated and discussed. The absorption spectra of ammonium nitrate and
sodium nitrate are localized in the ultraviolet range between 75 and 350 nm and 60 and 380 nm respectively.
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1. Introduction

Environmental pollution has existed for centuries, but only started to be significant following the
industrial era. The ongoing growth of human activities has influenced the natural environment and cause
innumerable problems related to pollution of water, soil, air and Earth’s atmosphere. In fact, this hazard is
closely linked to the release of significant amounts of contaminants and hazardous materials, affecting the
quality of life at local, regional and planetary scale. Therefore, an international consciousness has led
decision-makers to consider the interest of the community and human being. In this sense, many scientific
studies, both theoretical and experimental, have been made to be aware of pollution impact on climate
change, health and the whole ecosystem. However, this study is devoted to potential properties of aerosols
involved in radiatif forcing balance estimation.

Aerosols are tiny particles present in the atmosphere with widely varying size, concentration and chemical
composition. Some aerosols are emitted directly into the atmosphere whereas others are formed from
emitted compounds. Aerosols contain both naturally occurring compounds and those emitted as a result of
anthropogenic activities. [1,2].

The processes of interactions between aerosols, solar and terrestrial radiation and other
components of the Earth system are complex and remain difficult to quantify accurately. Some
aerosols cause a negative forcing by cooling the climate system while others cause a positive
forcing. Aerosols act on the climate of three different routes. By their diffusion and absorption
capacity, aerosols can directly modify the incident solar radiation and the terrestrial flux (direct
and semi-direct radiative effect). They can also modify the microphysics of clouds by their
physicochemical properties (indirect radiative effect) [2-4].
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The direct effect only concerns the influence of aerosols on radiation and describes the
mechanisms of absorption and light scattering by aerosols. In the solar domain radiation, aerosols
can diffuse a portion of the incident radiation, which has the effect of reducing the amount of
energy reaching the ground, thus causing a cooling of the terrestrial surface (negative direct
radiative forcing). In addition, certain types of aerosol can absorb solar energy causing a warming
of the layer of the atmosphere where they are (positive direct radiative forcing). Aerosols can
absorb and re-emit to the ground some of the radiation emitted by the earth's surface (thermal
infrared), thus reinforcing the greenhouse effect (positive direct radiative forcing). [4,5].

On a global scale, that direct radiative forcing of aerosols has a cooling effect at the top of the
atmosphere [-0.1 and 0.9 W/m?] [3]. However, at a regional scale, this direct radiative effect can
become much greater over areas of high particle concentration.

On the other hand, the radiative forcing of the total effect of aerosols in the atmosphere results
from a negative forcing of most aerosols and a positive contribution from black carbon
absorption. It is recognized that aerosols and their interactions with clouds compensate for a
significant portion of the global mean forcing of greenhouse gases and contribute to poor
accuracy in estimating total radiative forcing [3-5].

Tropospheric aerosols are mainly composed of inorganic salts, accounting for 25-50% of the fine
aerosol mass [2]. Because of their potential environmental impacts, the properties of ammonium
nitrate and sodium nitrate particles are extensively investigated. Many efforts are made to study
theses aerosols under ambient tropospheric and stratospheric conditions [7, 8].

For laboratory studies, infrared spectroscopy is used to inspect vibration properties
hygroscopicity and evaporation of ammonium nitrate [9-11]. Excimer laser fragmentation-
fluorescence spectroscopies are used to make quantitative measurements of ammonium nitrate
particles [12]. Theoretically, first principles calculations using ab initio theory are employed in a
number of investigations [13, 14] to study proton transfer and electronic properties of ammonium
nitrate.

Infrared (IR) and neutron diffusion studies [15-18] are used to investigate vibrational properties
of sodium nitrate, hygroscopicity and its evaporation [19, 20]. Absorption of non-polarized light
by NaNOj; crystal is used to study the optical properties [21]. On the theoretical front, first
principles calculations using ab initio quantum mechanical method based on periodic Hartree-
Fock (PHF) theory are employed [21, 23] to investigate the electronic properties of the crystalline
material for bulk, clean and defected surfaces.

2. Materials and Method

The calculations are performed with CASTEP software package using the pseudo-potential plane
wave (PP-PW) scheme in the frame of generalized gradient approximation (GGA). This program
evaluates the total energy of periodically repeating based on density-functional theory and the
pseudopotential approximation [24]. In this case, only the valence electrons are represented
explicitly in the calculations, the valence-core interaction being described by nonlocal
pseudopotentials.

The calculations of the optical properties are performed and described by means of the dielectric
function e(w)=¢l(w)+ic2(w). The imaginary part is calculated from the momentum matrix
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elements between the occupied and unoccupied wave functions. The real part of the dielectric
function is acquired from the Kramer—Kroning relationship. There are two contributions to ¢(w),
namely, intraband and interband transitions. The contribution from intraband is important only
for metals. The interband transitions can further be split into direct and indirect transitions. All
other optical constants, such as the extinction coefficient k(w), refractive index n(w), reflectivity
R(w), absorption coefficient a(w), and energy-loss spectrum L(w), can be derived from ¢;(w) and
ie2(w).

3. Results and Discussions

3.1. Sodium nitrate

The dielectric function e(w)=¢;(w)+icz(w) of sodium nitrate was computed (Fig. 1). The
imaginary part of the dielectric function &>(w), allows for a better understanding of the absorption
and transference of energy within the solid. The imaginary part of the dielectric function is
directly proportional to absorption spectrum. As revealed in figure 1, sodium nitrate absorbs in
the region between 60 and 380 nm. (3eV-20eV). These are the wavelengths by which the material
should be optically excited.
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Figure 1. Real and imaginary parts of dielectric function as a function of photon energy for sodium nitrate.

The static dielectric constant is &;(0) = 2.68. The calculated results on the refractive index,
extinction coefficient, reflectivity and energy-loss spectrum of sodium nitrate are shown in Fig. 2.
The value of static refractive index is 1.46. It increases with energy in the visible region to reach
a peak at about 4.5 eV. The maximum reflectivity value is about 33% at 5.9 eV. The energy-loss
spectrum describes the energy-loss of a fast electron traversing the material. The peaks of the
energy-loss spectrum are at about 6.1 eV, 14 eV and 17.2 eV. The important peak in this
spectrum signifies the characteristic associated with the plasma resonance and the corresponding
frequency is the so-called plasma frequency.
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Figure 2. Calculated optical properties of sodium nitrate: Refractive index (n), extinction coefficient (k),
reflectivity spectra (R) and electron energy loss (L).

3.2. Ammonium nitrate

The imaginary part of the dielectric function €2(w), 1is directly proportional to absorption
spectrum. As shown in Fig. 3 this aerosol absorbs in the region between 75 and 350 nm (3.5eV-
16.5eV). These are the wavelengths by which the material should be optically excited. The static
dielectric constant is €/(0)= 2.09. This value is in good agreement compared to those in other
works [28].

The calculated results on the refractive index, extinction coefficient, reflectivity and energy-loss
spectrum of ammonium nitrate IV are shown in Fig. 4. The static refractive index is found to
have the value 1.45, which is in good agreement with those in [28]. It increases with energy in
the visible region reaching a peak in the ultraviolet at about 4.6 eV. The maximum reflectivity
value is about 33% at 6.8 eV.
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Fig. 3. Real and imaginary parts of dielectric function as a function of photon energy for ammonium nitrate I'V.
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Fig.4. Calculated optical properties of ammonium nitrate [V: refractive index (n), extinction
coefficient (k), reflectivity spectra (R) and electron energy loss (L).
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The energy-loss spectrum describes the energy-loss of a fast electron crossing the material. The
peaks of the energy-loss spectrum are at about 7.6 eV, 10.2 eV and 14.9 eV. The prominent peak
in this spectrum signifies the characteristic associated with the plasma resonance and the
corresponding frequency is the so-called plasma frequency.

Conclusions

In conclusion, we have calculated the optical properties of ammonium nitrate IV and sodium
nitrate using plane-wave ab initio calculations based on density function theory and the
pseudopotential method. The dielectric functions, optical constant such as reflective index,
extinction coefficient, reflectivity and loss function are also calculated. This study shows that,
ammonium nitrate and sodium nitrate absorbs radiations in the ultraviolet range between 75 and
350 nm and 60 and 380 nm respectively. Furthermore, for both crystals the 2p states of the nitrate
moiety play a major role in these optical transitions as initial and final states.

References

[1] P. R. Buseck, M. Posfai, “Airborne minerals and related aerosol particles: Effects on climate
and the environment, Proc. Natl. Acad. Sci., 96, 3372-3379, 1999.

[2] B. J. Finlayson-Pitts, J. N. J. Pitts., Chemistry of the upper and lower atmosphere-theory,
experiments and applications, San Diego, Academic Press, 2000.

[3] IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science
Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change, Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA.

[4] A. Slingo, T. P. Ackerman, R. P. Allan, E. I. Kassianov, S. A. McFarlane, G. J. Robinson, J.
C. Barnard, M. A. Miller, J. E. Harries, J. E. Russell, and S. Dewitte, Geophys. Research Lett.,
33, 124817, doi :10.1029/2006GL027869, (2006).

[5] M. Mallet, P. Tulet, D. Ser¢a, F. Solmon, O. Dubovik, J. Pelon, V. Pont, and O. Thouron,
Atmos. Chem. Phys., 9 (2009) 7143.

[6] A.W. Stelson, and J.H. Seinfeld, “Relative humidity and temperature dependence of
ammonium nitrate dissociation constant®, Atmos. Environ., 16, 983-992, 1982.

[7] J. M. J. Aan de Brugh, J. S. Henzing, M. Schaap, W. T. Morgan, C. C. van Heerwaarden, E.
P. Weijers, Coe, M. C. Krol, “Modelling the partitioning of ammonium nitrate in the convective
boundary layer*, Atmos. Chem. Phys., 12, 3005-3023, 2012.

[8] Z. Huang , R. M. Harrison, A. G. Allen, J. D. James, R. M. Tilling, J. Yin, “Field
intercomparison of filter pack and impactor sampling for aerosol nitrate, ammonium, and
sulphate at Coastal and Inland sites, Atmos. Res., 71, 215-232, 2004.

[9] H. B. Wu, M. N. Chan, C. K. Chan, “FTIR characterization of polymorphic transformation of
ammonium nitrate*, Aerosol. Sci. Technol., 41, 581-588, 2007.

[10] T. G. Koch, N. S. Holmes, T.B. Roddis, J. R. Sodeau, “Low temperature photochemistry of
submicrometer nitric acid and ammonium nitrate layers®, J. Phys. Chem., 100, 11402-11407,
1996.

Page 680

http://ww.ishad.info



Soumia Kouadri Moustefai, Saida Bourahla
IMPACT OF INORGANIC AEROSOLS ON CLIMATE CHANGE, ENVIRONMENT OPTICAL PROPERTIES OF NANO3, NH4NO3
ISHAD2018-page: 675-681

[11] D. Hua, J. Chen, X. Ye, L. Li, X. Yang, “Hygroscopicity and evaporation of ammonium
chloride and ammonium nitrate: Relative humidity and size effects on the growth factor*, Atmos.
Environ., 45, 2349-2355, 2011.

[12] C. J. Damm, D. Lucas, R. F. Sawyer, C. P. Koshland, “Excimer laser fragmentation
fluorescence spectroscopy as a method for monitoring ammonium nitrate and ammonium sulfate
particle concentrations”, Chemos., 42, 655-661, 2001.

[13] D. C.Sorescu, D. L. Thompson, “Classical and quantum mechanical studies of crystalline
ammonium nitrate®, J. Phys.Chem. A., 105, 720-733, 2001.

[14] S. Alavi, D. L. Thompson, “Theoretical Study of Proton Transfer in

Ammonium Nitrate Clusters®, J.Chem. Phys., 117, 2599-2608, 2002.

[15] Mark. J. Harris, Ekhard K. H. Salje, Bernd K. Giittler, “An infrared spectroscopic study of
the internal modes of sodium nitrate: implications for the structural phase transition, J. Phys.:
Condens. Matter, 2, 5517-5527, 1990.

[16] R. M. Hexter, “Infrared spectroscopic investigation of anion rotational disorder in sodium
nitrate, Spectrochimic. Acta., 10, 291-298, 1968.

[17] R. Eckhardt, D. Ewers, L. J. Slutsky, “Infrared spectrum of NaNOs -I. Longitudinal and
transverse internal modes*, Spectrochimi. Acta., 26A, 2033-2049, 1970.

[18] J. Lefebvret, R. Curratt, R. Fouret, M. More, “Neutron diffusion studies of lattice vibrations
in sodium nitrate®, J. Phys. C: Solid. Stat. Phys., 13, 4449-4461, 1980.

[19] Rachel C. Hoffman, Alexander Laskin, Barbara J. Finlayson-Pitts, “Sodium nitrate particles:
physical and chemical properties during hydration and dehydration, and implications for aged sea
salt aerosols®, J. Aerosol Sci., 35, 869-887, 2004.

[20] Dawei Hu, Liping Qiao, Jianmin Chen, Xingnan Yel, Xin Yang, Tiantao Cheng, Wen Fang,
“Hygroscopicity of Inorganic Aerosols: Size and Relative Humidity Effects on the Growth
Factor®, Aerosol Air Qual. Res., 10, 255-264, 2010.

[21] Vladimir Anan'ev, Mikhail Miklin, “The optical properties of alkali nitrate single crystals®,
Optic. Mater., 14, 303-311, 2000.

[22] Wayne P. Hess, Kristine A.H. German, Richard A. Bradley, Maureen I. McCarthy, “Laser
ablation of sodium nitrate: NO desorption following excitation of the n-n* band of the nitrate
anion “, Appl. Surf. Sci., 96, 321-325, 1996.

[23] S. Bourahla, A. Ali Benamara, S. Kouadri Moustefai. “Infrared spectra of inorganic
aerosols: ab initio study of (NH4)2SO4, NH4NOs3, and NaNOs“, Can. J. Phys., 92(3), 216-221,
2014.

[24] M.D. Segall, J.D. Lindan Philip, M.J. Probert, C.J. Pickard, P.J. Hasnip, S.J. Clark, M.C.
Payne, “First-principles simulation: ideas, illustrations and the CASTEP code®, J Phys: Condens.
Matter, 14, 2717-2744, 2002.

[25] J. P. Perdew, Y. Wang, “Erratum Accurate and simple density functional for electronic
exchange energy Generalized gradient approximation®,Phys.Rev.B40,3399-3400,1989.
[26] J.P.Perdew, Y. Wang, “Accurate and simple analytic representation of the electron gas
correlation energy*, Phys. Rev., B45, 13244-13248, 1992.

[27]. E. D. Palik, R. Khanna, Handbook of optical constants of solids IIl, Academic Press, 1998,
p 871-881.

[28] M. A. Jarzembski, M. L. Norman, K. A. Fuller, V. Srivastava, D. R. Cutten, “Complex
refractive index of ammonium nitrate in the 2-20 um spectral range®, Appl. Opt. 42, (2003)922-
930.

Page 681

http://ww.ishad.info



