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Rice bran is a by-product of great production worldwide and its use for the synthesis of biodiesel does not affect the food chain and
therefore it is an excellent alternative for the production of biofuels with low carbon footprint. In this work, the synthesis of biodiesel
was carried out from the raw rice bran oil of a kernel variety called “Morelos rice.” The stability and corrosivity characteristics
of biodiesel were determined. Biodiesel stability was determined both under storage conditions and under accelerated oxidation
conditions, and its corrosivity was evaluated by electrochemical impedance spectroscopy at 110∘C under aerated conditions. The
results showed that, due to the high instability of the rice bran, its raw oil had a high content of free fatty acids. The synthesized
biodiesel showed excellent stability under storage conditions of up to five months, and its oxidative stability was much higher than
that established in international standards. On the other hand, biodiesel showed low corrosivity and this was only significant once
oxidative degradation began.

1. Introduction

The environmental impact caused by the use of fossil fuels
has motivated the need to search for other sustainable
sources of energy. In this sense, biofuels such as biodiesel
are an interesting alternative to partially or totally replace
the consumption of mineral diesel. Vegetable oils are the
main raw material for biodiesel production, and they are
a renewable and environmentally friendly source that helps
reduce the CO

2
emissions; this is because the plants from

which the oil is obtained use the anthropogenic CO
2
for their

growth [1–3].
The term biodiesel has been used to define themonoalkyl

esters of long chain fatty acids derived from renewable lipids
such as vegetable oils or animal fats [4], which are nontoxic
and biodegradable, contain oxygen in their molecules, and
are free of sulfur and carcinogenic compounds; therefore,

biodiesel is a cleaner fuel than gasoline and diesel [5]. The
energy extracted during the biodiesel combustion actually
comes from the sun through the photosynthetic activities of
the plants. Plants are one of the biotic forms with the shortest
time of fixation of anthropogenic CO

2
, so the use of biodiesel

reduces the emissions of greenhouse gases [6, 7].
There is a strong controversy both in the use of edible

oils and in the cultivation of nonedible oil sources in order
to synthesize biodiesel. Current efforts should be directed
to those sources of vegetable oil that do not affect, directly
or indirectly, the food chain. In addition, the cost of edible
oils as a raw material for biodiesel synthesis represents a
high percentage (up to 50%) of the overall synthesis process
[6, 8, 9]. Therefore, the current vision should focus on the
use of agricultural by-products or agroindustrial waste that
does not affect the food chain. A clear example is the use
of rice bran. Rice bran is a by-product of the paddy grain
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In this study, the electrophoretic deposition of chitosan films doped with Nd2Ti2O7 nanoparticles was carried out as corrosion
protection systems for exposed materials in aqueous environments rich in chlorides. Completely crystalline Nd2Ti2O7
nanoparticles with an average size of 100-200 nm were obtained. Electrophoretic deposition of chitosan films with Nd2Ti2O7
nanoparticles was possible. With a working voltage of 5V and 20 minutes of deposition, homogenous chitosan films with a
thickness of 4 microns were obtained. According to the FT-IR (Fourier transform infrared spectroscopy), Raman, and XRD
(X-ray diffraction) analyses, it was observed that the presence of the nanoparticles modified the properties of the chitosan films,
that is, their crystallinity was increased and their moisture absorption capacity was reduced. These modifications caused a better
performance against the corrosion of chitosan films deposited on 1018 carbon steel. Its electrochemical evaluation showed that
the chitosan films perform as cathodic coatings by affecting the oxygen reduction reaction. This was possible due to the barrier
effect of the Nd2Ti2O7 nanoparticles, by blocking the effective area for the diffusion of the aggressive electrolyte species.

1. Introduction

It is known that the main objective of organic coatings as
protective systems against corrosion is to prevent or mitigate
the attack of the substrate by the aggressive anions present
in the electrolyte [1, 2]. Due to this, the integrity of the
coating used as a protective system against corrosion is
fundamental. One way to achieve this goal is to strengthen
the structure of the protective film by using healing agents,
crosslinking agents, and incorporation of corrosion inhibi-
tors or inert particles that block the diffusion of aggressive

anions and also improve the adhesion of the coating towards
the substrate [1–11].

Today, protective systems based on environmentally
friendly coatings have found great interest in the scientific
community. In this sense, due to its excellent properties such
as biocompatibility, antimicrobial activity, biodegradability,
and its ability to form stable films, chitosan emerges as an
alternative for both the formulation and development of pro-
tective films that reduce the degradation of materials [4, 5]. In
general, chitosan is the result of the deacetylation of chitin
and is a compound of low toxicity and is biodegradable and
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The collision-free photochemistry of methyl azide at 157 nm:
Mechanism and energy release

Alfredo Quinto-Hernandez,1,a) Shih-Huang Lee,2 and Alec M. Wodtke3,4
1National Institute of Technology of Mexico, Calzada Tecnologico 27, Zacatepec, Morelos 62780, Mexico
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Hsinchu 30076, Taiwan
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4Max-Planck-Institut für Biophysikalische Chemie, Karl Friedrich-Bonhoeffer-Institut, Am Fassberg 11,
37077 Göttingen, Germany

(Received 20 May 2017; accepted 26 July 2017; published online 11 August 2017)

Synchrotron radiation VUV-photoionization based photofragment translational spectroscopy was used
to identify the primary and secondary photodissociation reactions of methyl azide (CH3N3) at 157 nm
under collision-free conditions. Two primary dissociation channels are identified, leading to CH3

+ N3 (the radical channel) and CH3N + N2 (the molecular elimination channel). The last channel
is the major dissociation pathway, but unlike work at longer photolysis wavelengths, here, the rad-
ical channel exclusively produces the higher energy isomer cyclic-N3. Product time-of-flight data
for both channels were obtained and compared with earlier work on methyl azide photochemistry
at 193 nm based on electron impact ionization, allowing us to estimate a product branching ratio
ΦCH3−N3
ΦCH3N−N2

= 2.3%±0.6%
97.7%±0.6% . Published by AIP Publishing. [http://dx.doi.org/10.1063/1.4997783]

INTRODUCTION

The surprising discovery of cyclic-N3 formation in the
UV photochemistry of simple azides1,2 provides motivation
to extend our understanding of azide photochemistry. Inter-
est in cyclic-N3 derives from the fact that observations of
cyclic N-allotropes3,4 are so rare. Moreover, new poly-nitrogen
molecules might be produced using cyclic-N3 as a precursor;
for example, the formation of Td-N4, tetra-azatetrahedrane5,6

is expected to occur when N(2D) reacts in the presence of
cyclic-N3 in a barrierless exothermic recombination reaction.
Due to their metastability, these poly-Nitrogen molecules may
decompose into environmentally clean N2 with large exoer-
gicity.7,8 Hence, they are considered a novel class of high
energy density materials (HEDM).5 Cyclic-N3 also offers the
opportunity to study the effect of the geometric phase on the
molecular dynamics.8,9 High resolution IR spectra would be a
remarkable test of theoretical methods in the vicinity of conical
intersections.

The first experimental report of cyclic-N3 was obtained
from studies of the photodissociation dynamics of chlorine
azide (ClN3) near 235 nm using the velocity map imag-
ing (VMI) technique.1 This observation stimulated other
investigations on ClN3, including photofragment transla-
tional spectroscopy (PTS) experiments based on electron
impact ionization (EI)2,10,11 and synchrotron radiation VUV-
photoionization12,13 as well as extending the range of pho-
tolysis wavelengths (234-280 nm) used in additional VMI
studies.14 All these experiments were consistent with the

a)Author to whom correspondence should be addressed: alfredo.qh@
itzacatepec.edu.mx

theoretical work9,15 and revealed that cyclic-N3 is a pri-
mary (collision free) product in the UV photochemistry of
ClN3. Other photochemical precursors to cyclic-N3 have also
been found. Rydberg H-atom time-of-flight studies of hydra-
zoic acid (HN3) photolysis suggest cyclic-N3 formation,16,17

and clear evidence is found in the near threshold VUV
photoionization-based PTS measurements on methyl azide
(CH3N3) photodissociation at 193 nm.18 A complete review
is available.19

Due to both its energetics and dynamics, methyl azide is a
potentially interesting precursor for cyclic-N3. Cyclic-N3 lies
at about 30 kcal/mol higher in energy than the better known
linear azide radical and exists behind modest barriers to disso-
ciation (33 kcal/mol) and linearization (32 kcal/mol).9 In any
photochemical precursor, higher photolysis energy is needed
to produce cyclic-N3, while its dissociation and linearization
energies are rather low. The high C–N bond energy in methy-
lazide in comparison to the Cl–N bond energy in chlorine azide
leads to lower internal energies in the azide photofragments
produced by methylazide photolysis. Furthermore, in contrast
to Cl, CH3 has the potential to carry away excess energy as
internal energy, potentially stabilizing the fragile cyclic prod-
uct. It is with these ideas in mind that we began work on methyl
azide photochemistry.

Previous work shows that there are two primary photodis-
sociation channels in methyl azide photochemistry,

CH3N3 → CH3 + N3. (1)

CH3N3 → CH3N + N2, (2)

where reaction (1) is commonly referred to as the radi-
cal channel and reaction (2) as the molecular elimination
channel.
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