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Abstract: The photochemical and sonochemical degradation of aqueous solutions of pyridine, a common
refractory pollutant in wastewater effluents, have been investigated by means of ultraviolet (UV), ultrasound
(US), UV/IH,0,, and US/H,0, irradiation processes. The pure photochemical process were demonstrated to be
efficient for degradation of low initial concentrations of pyridine (10 ppm). Sonochemical degradation
proceeded very slowly, leading to less than 53% of pyridine removal after 200 min. The degradation
efficiency was increased with increasing H,O, concentration; however, the marginal benefit became
decreasing with further increasing of H,0O, due to the scavenging effect of excess H,O,. The kinetics of
photochemical and sonochemical degradation of pyridine were found to follow a first-order rate law. A
possible degradation pathway for pyridine was also proposed.

Keywords: pyridine; sonochemical degradation; photochemical degradation; wastewater treatment

1. INTRODUCTION

Ultraviolet and ultrasound irradiation are
highly efficient and novel methods for the rapid
oxidation/degradation of many organic and inorganic
substances. In the recent years, these advanced
oxidation processes (AOPs) have emerged as
potentially powerful methods for transforming
organic pollutants into non-toxic substances [1]. The
most widely adopted AOPs include photodegradation,
Fenton, photo-Fenton, ultrasonication, and ozonation
(O3). AOPs are based on physicochemical processes
that produce powerful free radical species in situ,
principally hydroxyl radicals (HOe), by using
chemical and/or other forms of energy, and have a
high efficiency for organic matter oxidation. It is a
highly powerful oxidizing agent having an oxidation
potential of 2.33 V, which can undergo rapid and non-
selective reaction with most organic and many
inorganic pollutants. Hydroxyl radicals exhibit faster
rates of oxidation reactions comparing to
conventional oxidants such as H,O, or KMnO, [2].
Hydroxyl radicals (HOe<) are effective in destroying
organic chemicals because they are reactive
electrophiles (electron-preferring species) that react
rapidly and non-selectively with nearly all electron-
rich organic compounds. Once generated, hydroxyl

“Corresponding author. E-mail: aboelfotoh@googlemail.com

radicals can attack organic chemicals by radical
addition (Eq. 1), hydrogen abstraction (Eq. 2), and
electron transfer (Eq. 3). In the following reactions, R
is used to describe the reacting organic compound [3].

R+ "OH — ROH (1)
R+ OH — R" + H,0 (2)
R"+ "OH — R"! + OH (3)

R is used to describe the organic pollutant.

Unlike conventional physicochemical
processes, AOPs provide faster reaction rates; at the
same time, AOPs are effective in the removal of
various bio-refractory organics present in water and
wastewater [4, 5].

The increasing contamination of wastewater
streams by organic species refractory to conventional
methods has promoted the development of newer
technologies that are able to degrade these
contaminants. Advanced oxidation processes (AOPS)
are efficient novel methods useful to accelerate the
non-selective oxidation and thus the destruction of a
wide range of organic substances resistant to
conventional technologies [2, 6, 7]. Since pyridine is a
common refractory pollutant in wastewater effluents,
the conventional volatile organic compound (VOC)


mailto:aboelfotoh@googlemail.com

Elsayed

Full Paper

controlling technologies, including condensation,
adsorption [8], extraction, membrane separation, and
so on, have been commonly utilized to control its
escaping. However, these technologies require high
operating costs or secondary disposal treatments [9].
Biological means of treatment transforms the
pollutants present in the waste to certain intermediate
compounds, which are further mineralized/utilized in
the metabolic pathway. Even though the biological
methods are highly practical and advantageous, the
toxic and hazardous compounds encountered in the
waste inhibit the process [10, 11].

A lack was noticed in the relevant literature
regarding the safe removal of pyridine, their
transformation products, and a comparison of
different degradation techniques. On the basis of the
previous considerations, this study focused on the
photochemical and sonochemical degradation of
pyridine in aqueous media. A variety of different
operating conditions were examined. The effects of
different initial concentration and H,O, on Kinetic rate
constants were also examined in order to gain insight
into the kinetics of the degradation of pyridine.

2. MATERIAL AND METHODS
2.1 Materials

Pyridine standard solution was supplied by
Fluka with a purity better than 98.0%. It was used to
prepare a synthetic wastewater specimen. Aqueous
solutions were made using deionized water, which
was prepared by an Elga B114 Deionizer using C114
cartridges, (EC = 5 puS.cm@25 °C and TDS=3.5
ppm). All other reagents were of reagent grade
obtained from Fluka and used as received.

2.2 Ultrasonic Reactor Setup

The degradation experiments were carried out
in an ultrasonic cleaner bath (Honda Electronics PS-
60, Capacity 15 L). The bath operates at 360 W and
40 KHz. An Erlenmeyer flask was used as the
reaction vessel. The volume of the solution was 100
mL. The bath temperatures were maintained by
proper recirculation of water. The solution
temperature was also monitored regularly. The
efficiency of a reaction occurring in the vessel under
ultrasonic conditions depends strongly on the distance
of the bottom of the reaction vessel to the bottom of
water bath. The distance was carefully measured
through preliminary experiments, so that the
ultrasonic intensity reached the maximum at the

bottom of the flask. For an ultrasonic frequency of 40
KHz, this distance was measured to be 1 cm. The
reactor was sealed with a silicone stopper wrapped
with an aluminium foil to ensure the minimum loss
due to the evaporation of the volatile compounds. The
syringe needle was pierced through the septum of the
stopper for sampling purposes. All sonochemical
experiments were conducted in duplicate. The
averages of the parallel experimental data were
calculated and taken into account in the analyses of
sonochemical Kkinetics. The error of all parallel
experiments was under 5%.

2.3 Photochemical Reactor Setup

The experiments were carried out in a 250 mL
glass immersion-based  photochemical reactor,
charged with 100 mL of aqueous solution, where the
solution was illuminated by means of a low-pressure,
10 W mercury lamp with 90% emittance at 254 nm,
located axially and held in a quartz immersion tube.
The source was turned on and the time count was
initiated. Samples (ca. 5 mL) were withdrawn at
regular times for UV-Vis analyses.

2.4 Quantitative analyses

Samples periodically drawn from the vessel
were quantitatively analyzed by measuring their
absorbances using a Shimadzu UV-Visible
spectrophotometer. Initially, tests were carried out by
UV scans from a wavelength of 200 to 500 nm to
determine the absorption maxima of the pyridine
molecule.

2.5 Qualitative analysis
products by GC-MS

of the degradation

GC-MS analyses were performed on a
Shimadzu QP 2000 instrument, equipped with an
Equity-5 column (Supelco) (30 m x 0.25 mm x 0.25
pum), coated with 5% phenyl/95%  methyl
polysiloxane. Separation of the by-products was
conducted under the following chromatographic
conditions: Injector temperature, 240 °C; oven
temperature program, 50 °C ramped at 5 °C min™ —
250 °C followed by another ramp of 10 °C min™ - 290
OC held for 2 min. High-purity helium was used as the
carrier gas at a flow of 1 mL min™. The temperatures
of the ion source and the interface were set at 240 °C
and 290 °C, respectively. The MS was operated in
electron ionization mode with a potential of 70 eV
and the spectra were obtained at a scan range from
m/z 50-450 (full scan mode). The scan time was 46
min and 1.0-pyL injections were introduced, using a
split ratio varying from 1/2 to 1/20.

Orbital: Electron. J. Chem. 6 (4):195-204, 2014
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3. RESULTS AND DISCUSSION
3.1. Optimization of the Operating Conditions
3.1.1 Effect of Initial Pyridine Concentration

Since the industrial wastewater contains
pollutants in varying concentrations, the effect of the
initial concentrations on the reaction rate was tested
for pyridine. The effect of solute concentration on the
degradation of pyridine was investigated at initial
concentrations of 10 and 100 mg/L for both
photochemical and sonochemical experiments.

As shown in Figure 1, the increase in
irradiation time causes a decrease of the concentration
of pyridine in the solution and thus, the removal
increases. It follows from the data obtained that
degradation of pyridine depends upon the time of
irradiation. For the sonochemical irradiation
experiments, the removal rates of pyridine decreased
from 43% to 13% with an increase of the initial
concentration from 10 to 100 mg/L, respectively, as

shown in Figure 2. This suggests that increasing the
initial concentration of the solution would decrease
the removal rates of pyridine. This is because the
increase of initial concentration of the volatiles results
in the weakening effect of cavitation [12]. However,
the total amount of pyridine degraded after 60 min at
100 mg/L which was as much as three times larger
than that degraded at 10 mg/L. On the other hand, the
photochemical experiments show a better removal of
pyridine. The removal rates of pyridine decreased
from 90% to 60% with increasing the initial
concentration from 10 to 100 mg/L, respectively.
These indicate that ultraviolet irradiation is far more
effective than ultrasound irradiation in the
degradation of pyridine in aqueous solutions. The
results show that the removal efficiency using
photochemical process is approximately 90% at
pyridine's initial concentration at 10 ppm, so it can be
said that we achieved a complete degradation of
pyridine. The sonochemical process achieves an
efficiency of 43% for the same initial concentration
with an irradiation time of 60 min.

—o— US (100 ppm) —@—US (10 ppm)

UV (100 ppm ) —<—UV (10 ppm)

c/co

100 150 200

Time (min)

Figure 1. The effect of initial concentration on the degradation of pyridine for both ultrasound (US) and
ultraviolet (UV) experiments.
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Figure 2. % Removal of pyridine after 60 min irradiation time for both ultrasound (US) and ultraviolet (UV)

0 ppm

Orbital: Electron. J. Chem. 6 (4):195-204, 2014



198

Elsayed

Full Paper

experiments.

The degradation curves of pyridine by UV and
US radiation are well fitted by a mono-exponential
curve, suggesting that a first-order homogeneous
reaction model can be taken in consideration for
describing the kinetic behavior. Considering that the
UV and US radiation are solely responsible for
pyridine removal from the solution, according to Egs.
(1) = (3), and considering that the limiting step is the
scission of the starting material, the kinetic equation

dc
that describes the process is — T = KC 4)

In Equation (4), k is the first-order rate
constant and C is the concentration of pyridine at each

¢ 100 ppm US W10 ppm US

moment when t > 0. Integration of Eq. (4), with the
usual restriction of C = Cyatt =0, will lead to a linear
plot of In(Co/C) versus t with a slope of k being the
first-order rate constant in Figure 3. The
photochemical and sonochemical experiments, under
the conditions of constant irradiating flux for different
initial concentrations of pyridine, show a variation in
the k values (Table 1). The apparent first order rate
constants decreased with an increasing initial
concentration of the pyridine, indicating a non-
elementary nature of the sonochemical and
photochemical reactions. This dependence of reaction
rate constants on the initial concentration are
compared well with the existing literature [13-15].

100 ppm UV X 10 ppm UV

3,5 y =0,0517x
R?=0,9594
3
2,5

v =0.0149x
Y 7

2 / <
1,5

X R?=0,977
1 y=0,0103x
X 2=0,9353
0.5 / y = 0,0021x
0 B% —$— —— —— ———— R?-0,9684
0 10 20 30 40 50 60 70

Figure 3. The first order kinetics of pyridine degradation at an initial concentration of 10 and 100 mg/L for both
photochemical and sonochemical experiments.

Table 1. The apparent first order rate constants and half-life for the pyridine's degradation processes.

Type of process/ Initial pyridine

concentration (ppm) Rate constant K (min™) Ty (Min) R?
US (10 ppm) 0.01 90 0.93
US (100 ppm) 0.002 >200 0.97
UV (10 ppm) 0.051 10 0.95
UV (100 ppm) 0.014 50 0.98
For sonochemical experiments, a 10-fold the rate constant. The observed decrease on k as the

increase in the initial concentration of pyridine leads
to a 5-fold decrease on the rate constant of the
process. Meanwhile, for the photochemical
experiment, a 10-fold increase in the initial
concentration of pyridine leads to a 4-fold decrease on

initial concentration of pyridine increases can be
explained in terms of the less availability of oxidizing
species, such as OH radicals, through the direct
photolysis or sonolysis of H,O as the concentration of
the solution gets more intense. An efficiency

Orbital: Electron. J. Chem. 6 (4):195-204, 2014
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comparison of the processes of photo-degradation and
sono-degradation showed that the photo-degradation
of pyridine was more efficient than sono-degradation.
It can also be observed from the results that UV had a
potential to degrade pyridine. More than 90%
degradation was achieved after about 60 min at 10
ppm concentration of pyridine. The poor effects of US
alone on the degradation efficiency may be attributed
to the fact that low ultrasound frequencies, hindering
the development of hydroxyl radicals [16]. Hence, for
pyridine, being a volatile and highly soluble
compound, reactions inside or in the vicinity of the
bubble, where fast thermal decomposition and
increased concentrations of radicals exist, are unlikely
to occur to an appreciable extent and, therefore, its
degradation will be driven by hydroxyl radical-
mediated secondary activity in the liquid bulk. Thus,
US irradiation process generally demands a high
contact time for significant degradation efficiency
[17]. On the other hand, UV irradiation had a high
potential to produce the highly reactive hydroxyl
radical. This would explain the discrepancies in the
reactivity of pyridine between sonochemical and
photolytic reactions since the latter involves the
participation of a more diverse range of reactive
species (i.e., radicals and electrons) than the former
[18, 19]. Generally, the photolytic degradation can be
defined as a cyclic photo-process in which pyridine
undergoes photodegradation, but the catalyst is
regenerated spontaneously to allow the sequence to
continue indefinitely until all the substrate is
destroyed [20].

3.1.2 The effect of UV/H,0, and US/H,0, irradiation
processes

Hydroxyl radicals generated in water by
ultrasonication and photolysis can produce hydrogen
peroxide in the system according to equations (5)-
(17). In these reactions “irr” denotes the UV or US
irradiation. Whether additional hydrogen peroxide has
a synergistic effect on the overall degradation of
pollutants [21, 22], for this purpose some experiments
were conducted at various concentrations of added
H,0,.

H,O + irr —+OH + *H (5)
0O, (dissolved) + irr —2+0 (6)
*OH + *O—+*00H (7)
O + H,0—2+0H (8)
*H + 0,—+00H 9)
*OH + *H—H,0 (10)

Full Paper
2:0H—H,0 + *O (11)
«OOH + *OH—0, + H,0 (12)
2:0H—H,0, (13)
2:00H—H,0, + 0, (14)
*H + H,0,—+OH + H,0 (15)
«OH + H,0,—+00H + H,0 (16)
2*H—H, @an

In this part of study, sonicative and photoloytic
experiments were repeated with pyridine solutions
including H,0O, to study the effect of H,O, addition
for the degradation of pyridine. H,O, was added to
100 mL of pyridine solution with an initial
concentration of 100 ppm in such an amount that its
concentration was 100 ppm, 300 ppm or 500 ppm in
the solution. Figure 4 displays the effect of H,0,
amount added in the sonochemical degradation of
pyridine, while the inset shows the reaction Kinetics
for the degradation, in which for all reactions, the
kinetics followed first-order rate laws (R® > 93). As
seen from Figure 4, in the concentration range
studied, the amount of H,O, added has a positive
contribution on the degradation of pyridine when
compared with the absence of H,O,. Increasing the
amount of H,O, increases the degradation of pyridine.

According to the hot spot theory, the
temperature and pressure of localized hot spots
formed can excessively reach 5000 K and 1000 atm,
respectively, in ultrasonic cavitation. Under these
conditions, hydrogen peroxide readily decomposes
into hydroxyl radicals, according to the following
equations, causing a high degradation rate [23].

H202 +us — 2 OH (18)
‘H+ H202 - OH + Hzo (19)

The amount of H,0, that can be produced by
ultrasound itself is too small to dissociate into large
amounts of *OH. Thus, an additional amount of H,O,
is generally needed to significantly accelerate the
degradation process. H,O, will increase the formation
of *OH in two ways. It could either through the self-
decomposition as a result of ultrasound irritation or as
the reduction of H,O, at the conduction band as
shown in reactions (18) and (19), respectively [24].

Figure 5 shows the effect of different H,O,
concentrations on the degradation of pyridine with
respect to the irradiation time. It can be seen that
photodegradation increases with an increase in the
amount of H,O, concentration, up to the optimum

Orbital: Electron. J. Chem. 6 (4):195-204, 2014
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value and then decreases when the H,0, effective hydroxyl radical scavenger at concentrations
concentration is increased. This trend can be  that are specific for the pollutant in question.
explained by the fact that H,O, itself acts as an

——0ppm —#—100 ppm 300 ppm —%—500 ppm
1 .
E :i i "\0\
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Figure 4. The effect of H,0, on the sonochemical degradation of pyridine at an initial concentration of pyridine
Co =100 ppm. The embedded curve shows the first order kinetics of pyridine degradation.

Figure 6 displays the effect of H,O, amount
added on the rate of photochemical degradation of
pyridine in aqueous solution. As it can be seen from
the result, the addition of 100 ppm and 300 ppm H,0,
can enhance the degradation when compared with the

——0ppm —#—100ppm

1

absence of H,0,. However, 500 ppm H,O, has a
negative contribution on the decomposition of
pyridine. So there may be an optimum amount of
H,0, to increase the degradation rate.

300 ppm  —%—500 ppm
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Figure 5. The effect of H,0, on the photochemical degradation of pyridine at an initial concentration of
pyridine, Co= 100 ppm.
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Figure 6. The effect of H,O, on the rate of photochemical degradation of pyridine at an initial concentration of
pyridine, Co= 100 ppm.

During this process, ultraviolet radiation is
used to cleave the O-O bond in hydrogen peroxide
and generate the hydroxyl radical. The reactions
describing UV/H,0, process are presented below
[25].

H,O, +uv — 2 HOe (19)
H,0, + HO* — HO,* + H,0 (20)
H,0, + HO,* — HO+ + H,0 + O, (21)
2 HO* — H,0, (22)
2 HOp* — H,0, + O, (23)
HO- + HO,» — H,0 + O, (24)

In the previous equations, Eq. 19 is the rate-
limiting reaction because the rates of the other
reactions are much higher than that of Eg. 19.
Theoretically, in the UV/H,0, process, a higher initial
hydrogen peroxide concentration produces a higher
concentration of hydroxyl radicals, which causes even
more degradation of pyridine. However, an optimal
hydrogen peroxide concentration exists because
overdosing of hydrogen peroxide would lead to a
reaction with hydroxyl radical and the formation of
HO,+ (Eq. 20). Moreover, there is an optimum
concentration for H,0,. Beyond this limit, the
presence of H,O, is detrimental to the degradation
reaction due to a scavenging action. Therefore, the
combination of UV with H,0, was necessary for the

production of hydroxyl radicals to initiate the
degradation of pyridine at a reasonable time scale
even for the higher pyridine concentrations. These
results are in good agreement with other findings in
the literature, such as the one by Aleboyeh et al. [26],
who showed that a combination of UV plus H,0, in
comparison with UV alone increases the removal
rates of Acid Orange 8 and Methyl Orange, for 172
and 137 times respectively. In this view, the UV
radiation is combined with a powerful oxidant, H,O»;
the degradation efficiency of pyridine is significantly
enhanced due to hydroxyl radical production caused
by the photolysis of H,O,, as reported by other
researchers [27].

In conclusion, results with UV/H,0, and
US/H,0, processes indicate that the oxidation was
exclusively due to the attack of hydroxyl radical when
hydrogen peroxide was in excess. Pyridine
degradation rate by US and US/H,0, was strongly
dependent on initial concentration of hydrogen
peroxide, as shown in Figure 4. Figure 5 shows that
UV/H,0, is more efficient than UV light alone for the
degradation of pyridine. A comparison of photo-
degradation and sono-degradation rate constant in
Table 2, showing that the photo-degradation of
pyridine was more efficient than sono-degradation.
The results indicated that in the cases of UV/H,0, and
US/H,0,, a sufficient amount of H,O, was necessary,
but a very high H,0, concentration would inhibit the

Orbital: Electron. J. Chem. 6 (4):195-204, 2014
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reaction rate. The optimum H,O, concentration was
achieved in the range of 100 - 300 ppm at a pyridine
concentration of 100 mg/L. A degradation of 99%
was obtained with UV/H,0, within 5 minutes while
degradation efficiency by using UV (< 20%), US (<
2%), and US/H,0,(<10%) processes were negligible
for this kind of pollutant at these operating conditions
specified.

3.2. GC-MS analyses of the degradation products

Figure 7(a) shows the GC-MS response of an
injected pyridine sample (10 mg/L) which was
previously subjected to ultrasonic irradiation for 10
min. The retention time for pyridine is at 4.43 min.
On the other hand, Figure 7(b) shows the response of

an injected pyridine sample (10 mg/L) which was
previously subjected to ultraviolet irradiation for 10
min. Pyridine appears at the same retention time at
4.43 min. The chromatogram shows two other peaks
which could be attributed to the degradation products
of pyridine . The results show that the ultrasonic and
photolytic irradiations cause a cleavage of the
pyridine ring to produce acetylene and diacetylene at
26 and 52 m/z, respectively, as degradation products.
These are the only barely detectable degradation
products found. In addition, comparing the abundance
of pyridine (concentration) in cases of UV and US
irradiations indicate that the UV process is far more
effective for pyridine degradation than US does.

Table 2. The apparent first-order rate constants and half-life for the sonochemical and photolytic degradation
processes at various conditions of pyridine solution with an initial concentration of 100 ppm.

Rate constant

Type of process K (min) T (Min) R?
us 0.002 > 200 0.97
US/H,0, (100 ppm) 0.004 >120 0.99
US/H,0, (300 ppm) 0.005 > 90 0.97
US/H,0, (500 ppm) 0.006 > 60 0.95
uv 0.014 50 0.98
UV/H,0; (100 ppm) 0.076 <10 0.99
UV/H,0, (300 ppm) 0.152 <5 0.99
UV/H,0, (500 ppm) 0.056 10 0.99

Having a look at the literature regarding the
degradation of pyridine and pyridine derivatives, one
sees that there are inconsistencies about the reaction
mechanism through holes or hydroxyl radicals.
Therefore, Agrios and Pichat [28] suggest that
pyridine reacts over TiO, predominantly via the

formation of a radical centered on the pyridine ring.
Some researchers reported that free radicals would be
generated by applying ultraviolet irradiation
simultaneously with oxidants [15, 20]. Figure 8 shows
the tentative degradation pathway proposed for
UV/US degradation of pyridine.

Orbital: Electron. J. Chem. 6 (4):195-204, 2014
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Figure 7(a). GC/MS analysis (10 min sonication time, 40 kHz, 20+1 °C , 360 W and initial concentration of
pyridine, Co= 10 ppm).
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Figure 7(b). GC/MS analysis (10 min photolysis time and initial concentration of pyridine, Co= 10 ppm).
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Figure 8. Tentative degradation pathways proposed
for UV/US degradation of pyridine.

In a previous work, Zechmeister et al. reported
the ultrasonic cleavage of the pyridine ring in aqueous
silver nitrate [29]. Roughly 5% of the ring atoms are
precipitated as a mixture of silver acetylide, silver
diacetylide, and silver cyanide. It has been shown that
similar cleavage reactions can also be realized in the
absence of silver, with pyridine and pyrrole. Under
these conditions, free acetylene and hydrogen cyanide

were reported to evolve [30]. Very volatile products
are directly formed through the degradation of
pyridine. C4H; and C4;H, are the most common
hydrocarbon products formed [21, 22, 32]. It has been
previously proven that acetylene, diacetylene, and
hydrogen cyanide <can be formed during
aquasonolyses of pyrrole, N-methylpyrrole, and
pyridine [29-31]. In the future, products from
sonolyses and/or photolysis of pyridine should be
further investigated.

4. CONCLUSION

In this experimental study, the degradation of
pyridine was investigated by using several advanced
oxidation processes: US, US plus H,0,, UV, and UV
plus H,O,. The optimal operating condition for each
process was established. The conclusions drawn from
this study can be summarized as follows: The
degradation efficiency proceeded very slowly when
US, US plus H,0,, and UV processes were used. UV
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plus H,O, process was found to be a suitable
treatment method for complete degradation for
pyridine within very short time. The reaction rate
constant was increased with increasing H,0,
concentration; however, the marginal benefit became
decreasing with further increasing of H,O, due to the
scavenging effect of excess H,0,. Pseudo-first order
kinetics with respect to pyridine concentrations were
found to fit all the experimental data. The results
show that the ultrasonic and photolytic irradiations
cause the cleavage of the pyridine ring to produce
acetylene and diacetylene at 26 and 52 m/z,
respectively, as main degradation products barely
detected by GC-MS.
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Abstract: Density (p) and viscosity (1) and ultrasonic velocity (v) of some substituted pyrimidines viz. ethyl
4-(4-chlorophenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate,Ethyl-4-(4-chlorophenyl)-
6-methyl-2-0x0-1,2,3 4-tetrahydropyrimidine-5-carboxylate, ethyl 4-(furan-2-ylmethyl)-6-methyl-2-thioxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate, ethyl 4-(furan-2-ylmethyl)-6-methyl-2-oxo0-1,2,3,4-
tetrahydropyrimidine-5-carboxylate, ethyl 4-(2-hydroxy-phenyl)-6-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate have been measured in ethanolic solution of different
concentrations(0.1%, 0.05%, 0.025%, 0.0125%, 1.0%, 0.5%, 0.25%, 0.125%). Various acoustical parameters
such as adiabatic compressibility (Pad), intermolecular free length (Ly), relaxation time (7)), free volume (Vy),
internal pressure (I1i),acoustic impedance (Z), surface tension (S), attenuation (a/f2), Rao’s constant (R), molar
volume (Vm), cohesive energy (CE) of these solutions were computed from the experimental velocity,
viscosity and density measurements. The changes in the acoustical properties nave been used to interpret
various molecular interactions in these solutions. Solute solvent interaction seems to be significant in system
studied.

Keywords: density; viscosity; ultrasonic velocity; acoustical properties; molecular interactions

1. INTRODUCTION

A series of compounds ethyl/methyl-4-(aryl)-
6-methyl-2-oxo/thioxo-1, 2, 3, 4-tetrahydropyridimi-
dine-5-carboxylate under investigation for acoustical
parameters in the present paper was synthesized by the
previously published method [1] they were
synthesized by the reaction of ethyl acetoacetate, urea
/ thiourea and p-chlorobenzaldehyde / Salicyldehyde /
furaldehyde by using solid supported K-10
Montmorillonite clay as a catalyst.

Pyrimidine and its derivatives are of biological
significance and study of molecular interactions in
solution will be helpful for understanding their
biological applications. Ultrasonic deals with study
and application of high frequency sound waves usually
in excess of 20 KHz (20,000 cycles per second). It
works on the basis of piezoelectric effect [2-4].
Ultrasound has come to play an important role in our
daily life. Due to its non-destructive nature [5-7] it has

*Corresponding author. E-mail: pradiptekade@gmail.com

wide range of application in different fields like
chemical industries, consumer industries, medical
field, process industries, physics, chemistry, biology
etc [8-13]. Further, it is one of the most rapid and
reliable technique for the characterization of materials.
In medical field, ultrasound was used to detect gall
stones and foreign bodies in soft tissues. It is also used
for various diagnosis such as pediatrics [14], vascular
diseases [15], brain diseases [16], ophthalmology [17],
in urology [18], in cancer cell [19] etc. It is also useful
to obtain the information about lung microstructure
[20] and biological structures [21]. It is safe for both
patient and operator. It is also applied for inactivation
of microorganisms in food [22] and dairy industry [23-
25]. More recently, a lot of interest has been generated
on the use of ultrasound radiation in synthetic organic
chemistry, which includes decrease of reaction time,

increase of yield, lower reaction temperature,
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avoidance of phase transfer catalysis etc [26-28].
Another area where ultrasonic is now a day being used,
is to obtain the information microstructures [29]. It is
reported that these ultrasonic waves provide valuable
information about the structure of solids [30]. By
ultrasonic velocity measurements, the molecular
interactions in pure liquids [31-34], aqueous solutions
[35-37] and liquid mixtures [38-39] can also be
studied. However, very little work has been done for
solid organic compounds [40].

Since, no work has been reported on the study
of molecular interactions in ethanolic solution of
Ethyl/methyl-4-(aryl)-6-methyl-2-oxo/thioxo-1, 2, 3,
4-tetrahydropyridimidine-5-carboxylate. =~ Therefore,
the present work is undertaken to know the sound
velocities and various acoustical parameters for the
said compounds in different concentrations at 313 K.
The applications of these pyrimidine derivatives in
different fields of science developed our interest in the
measurement of their velocities and viscosities and to

compute acoustical parameters to understand their
interactions with organic solvent at different
concentrations.

2. MATERIAL AND METHODS

The chemicals used were of analytical grade.
Double distilled water was used for preparation of
solutions.  Pyrimidines derivatives
recrystallized before use. IR spectra were recorded on
Bruker Alpha model (make: Germany). 'H NMR at
300.13 and 3CNMR at 75.5 MHz spectra of the
representative compound was recorded in CDCI3 on
NMR instrument (Bruker DRX 300) at CDRI Lucknow
using TMS as internal standard.

used were

General procedure for the synthesis of
ethyl/methyl-4-(aryl)-6-methyl-2-oxo/thioxo-1, 2, 3,
4-tetrahydropyridimidine-5-carboxylate

A mixture of substituted aromatic aldehydes
(1a-e) (0.01M), ethyl acetoacetate/methyl acetoacetate
(0.01M) and wurea/thiourea (0.01M) and K-10
Montmorillonite clay were taken in a round bottom
flask and was shaken for two minutes. The reaction
mixture was then heated in a water bath at about 90 °C
for about 30 to 70 minutes. With the progress of a
reaction, a solid started to deposit. The solid was
washed with cold water (1 mL) and then recrystallized
from rectified spirit to get a colourless solid.

The compounds, which are under investigation,

Full Paper
are as follows:
o] CHy
o CHy
N
Hac/\o NH HsC (¢} /T;
N/Ks N o
cl Cl
la 1b
o CH; o CHs
Hac/\o NH H;C/\O NH
oo e
o N\ o N
1 1d
o CHy
/\ /
HaC o NH
N/KS

OH

le

The solutions of these compounds (1a-1e) was
prepared by adding accurate amount of solute in
ethanol (99%) so as to prepare different concentration
0.1%, 0.05%, 0.025%, 0.0125%, 1.0%, 0.5%, 0.25%,
0.125%. The densities (p) of solutions were determined
using specific gravity bottles of capacity 25 mL. The
ultrasonic velocity measurement was carried out at
different concentrations by using
multifrequency ultrasonic (Mittal
Enterprises, model F-81) operating at the frequency
of 1 MHz with the accuracy of +0.01 ms™. The
ultrasonic interferometer was calibrated with doubly
distilled water. Viscosity (1) measurements was
carried out by  using Oswald’s viscometer. The
temperature was 313 K during measurements.

of solution
interferometer

The ultrasonic waves of known frequency are
produced by a quartz crystal fixed at the bottom of the
cell. The measuring cell is connected to the output
terminal of the high frequency generator through the
spherical cable. A movable metallic plate kept parallel
to the quartz crystal reflects these waves. If the
separation between these two plates is exactly a whole
multiple of the sound wavelength, standing waves are
formed in the medium. This acoustic resonance gives
rise to an electrical reaction on the generator, driving
the quartz crystal and anode current of the generator
becomes a maximum. The high frequency generator is
designed to excite the quartz crystal fixed at the bottom
of the measuring cell at its resonant frequency to
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generate ultrasonic waves in the experimental liquid
filled in the measuring cell. The least count of
micrometer used for measuring the wavelength is
0.001 mm. The ultrasonic velocity is obtained if the
wavelength is known. With the help of measurements
of ultrasonic velocity, density, viscosity, and various
acoustical parameters were calculated by using the
following expressions.

1. Ultrasonic velocity (v): The relation used to
determine the ultrasonic velocity is given by,

v =fAms’!

Where, f - Frequency of ultrasonic waves, A - Wave
length

2. Adiabatic compressibility Adiabatic

compressibility, which is defined as,

x):

k=(1/v2p) kg' ms?

Where, v — Ultrasonic velocity, p — Density of the
solution.

3. Free volume (Vf): Free volume in terms of the
ultrasonic velocity (v) and the viscosity of the liquid

(n) as
Vf = (M v/kn) 32 m?

Where, M is the molecular weight and ‘k’is a
temperature independent constant equal to 4.28x10°
for all liquids.

4. Acoustic impedance (Z): The acoustic impedance
is computed by the formula

Z = vxpkgm?s!

5. Free length (Lf): It is calculated by using formula,
Lf=(K/v p"?)m

K - Jacobson temperature dependent constant defined
as K =(93.875 +0.345T) %108

6. Absorption coefficient (a/f?): It is calculated by,
o/f? = 8n’n/3pv3

7. Viscous relaxation time (T): It is calculated using
the relation, T =4n1/3pv?

8. Rao’s Constant (R): Rao’s constant is calculated by
using formula,

R=V.v}

M= Molecular Weight.

9. Surface Tension (S): Surface tension is calculated
formula given below,

v =(S/6.3 x 10 p)*

10. Internal pressure (Ili): Internal pressure is
calculated by formula given below,

1/2

p3

kn]
Mg

i = b RT [—
v

11. Molar volume: It is the ratio of density verses
molecular weight.

Vm = —

3. RESULTS AND DISCUSSION

'"H NMR and '*C NMR data of representative
compound is as follows,

Ethyl 4-(4-chlorophenyl)-6-methyl-2-thioxo-1,2,3,4
tetrahydropyrimidine-5-carboxylate (1a): M.Pt.
135°C: IR (cm™): 3100-3500 (2 N-H stretching
vibration); 1568 (C=C of aromatic ring); 1280 (N-C=S
stretching vibration of thioamides); 1087 (s-m; C=S
stretching vibration); 711 (C-CI): '"H NMR (300.13
MHz, 3): 9.989 (N-H); 7.099-8.411 (Ar-H); 5.379
(NH); 4.111 (CH); 2.198 (CH»); 1.287 (CH3); 3C
NMR (75.5 MHz, d): 191.21 (C=0); 174.57 (C=S);
128.39-143.31 (Ar-C); 60.78 (CH); 55.06 (CH); 18.49
(CH»); 14.31 (CHa).

Experimentally measured values of ultrasonic
velocity (U) and density (p) and calculated values of
various acoustical parameters for ethanolic solution of
la-1e at different concentrations are reported in Table
1 to Table 10.

Orbital: Electron. J. Chem. 6 (4):205-214, 2014
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Table 1. Ultrasonic velocity, Density, viscosity, Adiabatic compressibility, Intermolecular free length, Free
volume , Rao’s constant of different % concentration of Solution of Ethyl 4-(4-chlorophenyl)-6-methyl-2-thioxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (1a) in ethanol at 313 K.

>, = 3

g E &
= = Z = E o =

o = S - — =
k- ~ = 5 ek i g
g 2 E 2 2% 2z S 2
g gt 3¢ 2 it 2 £ 2 S E >
£ 2 g 5 3 2 £ = = o 5% o o 2
SE &£ £3% £&  2E. B E% £ 2 g
0.125  807.0 3.549 1230 8.1871 1.82648 2.6471 4339
0.25 803.2 4.094 1196 8.7009 5.95435 2.2307 4312
0.5 801.1 4.154 1168 9.1416 6.10326 2.1476 4.296
1.0 800.4 4291 1150 9.4388 6.20169 2.0466 4278

Table 2. Ultrasonic velocity, Density, viscosity, Adiabatic compressibility, Intermolecular free length, Free
volume , Rao’s constant of different % concentration of Solution of Ethyl-4-(4-chlorophenyl)-6-methyl-2-oxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (1b) in ethanol at 313 K.

o T 3

g g E B

Z Q9 ~
= - = & g -
< > 2 o o 8 S = > g
= - z = g 2 S = c 3 S
5 Z 4 ‘2 2 S g > 2 ©
54 7 £ e 8 ~ = 2Z £ £ « E &
f. 15§ Pz f:f % ety 3
S A¥ > S E <sé& =8 =% S &
0.125 876.96 2.993 1093 9.5450 6.2364 2.6511 3.651
0.25 876.56 3.022 1062 10.1150 6.4199 2.5516 3.617
0.5 876.36 3.086 1050 10.3499 6.4941 2.3198 3.605
1.0 836.56 3.136 875 15.6130 7.9761 2.1302 3.539

Table 3. Ultrasonic velocity, Density, viscosity, Adiabatic compressibility, Intermolecular free length, Free
volume , Rao’s constant of different % concentration of Solution of Ethyl 4-(furan-2-ylmethyl)-6-methyl-2-
thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1c) in ethanol at 313 K.

s g

z = £

H > - =
g ~ F = R o E
= < a2 87 g 2
s g ) R 3 S = ~ =
£ . z2 g £ -~ 2% 3 % g
g £ g 2 = 2 . £z £ = - -
SR £%-. 232 E% SE_ g £¥ £ 2 3
S < aEes T S E Zs:= = E S £ % E g
0125 8122 3.998 1213 8.3580 5.8358 1.9874 3.68167
0.25 809.2 4.068 1197 8.6187 5.9261 1.9274 3.67872
0.5 804.2 4128 1187 8.8191 5.9946 1.8836 3.66925
1.0 800.4 4.136 1148 9.4705 6.2121 1.8184 3.66787
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Table 4. Ultrasonic velocity, Density, viscosity, Adiabatic compressibility, Intermolecular free length, Free
volume, Rao’s constant of different % concentration of Solution of Ethyl 4-(furan-2-ylmethyl)-6-methyl-2-oxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate(1d) in ethanol at 313 K.

S 1
= > B = -
£ E § .E e - :
4 N 2= g 2 = g -
8 g g S g 89 2 8= & E = - i
g § 2 2 2 £33 SESq 28z g o H
O -§S) > Z 55 <8% & =g E =% & &
0.125 850.04 4291 1128 9.2457 6.1379 1.62275 3.23627
0.25 847 4323 1120 9.4119 6.1928 1.60043 3.24018
0.5 846.4 4359 1103 9.7112 6.2905 1.56203 3.22599
1.0 835.6 4363 1092 10.0358 6.3948 1.54504 3.25679

Table 5. Ultrasonic velocity, Density, viscosity, Adiabatic compressibility, Intermolecular free length, Free
volume , Rao’s constant of different % concentration of Solution of Ethyl 4-(2-hydroxyphenyl)-6-methyl-2-
thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1e) in ethanol at 313 K.

‘c [-5]
~ —~ =] > - = ]
= " “ ) = ] ) =
2 & = > z 37 E - £
i X = L7 2 S 5 4 =
s = £~ g €8 - S s 3 S
g Z 2'g 2 £z Z K= -~ E -
g g S g L SE o ga S % S
S a NS S E 25 E ER ERE &
0.125 836.6 4.349 1182 8.5541 5.90295 1.87371 3.69509
0.25 832.2 4.345 1178 8.6475 5.93603 1.85145 3.71094
0.5 804.2 4.227 1069 10.8812 6.65871 1.72704 3.71704
1.0 800.6 4.306 1060 11.1166 6.73039 1.68108 3.72325

Table 6. Internal pressure, Acoustic Impedance, Relaxation time, Ultrasonic attenuation, Surface tension,
Cohesive energy and Molar volume of Solution of Ethyl 4-(4-chlorophenyl)-6-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (1a) at 313 K.

S =
S 2 . .
= 4 =] o0 N
£ & 2 = - 6 S £
g _ . £ g2 z S 2 z -
=] S ~ T8 g =2 S = = 8 F =z 8 =
8 £ 278 - oo S22 & s .S g = s E

. S ~ ~
g e E S E <5 & Egex 5 Z € 3 I
S Ez < EX g % SERS 28 S = E
0.125 58440.2 992869 3.8730  6.2083 85.004 23666.41 0.40496
0.25 63457.7 960787 47495  7.8296 83.241 25822.49 0.40692
0.5 64564.3 936155 5.0632  8.5400 81.867 26339.68 0.40796
1.0 66096.4 920688 54002  9.2611 80.980 26990.28 0.40834
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Table 7. Internal pressure, Acoustic Impedance, Relaxation time, Ultrasonic attenuation, Surface tension,
Cohesive energy and Molar volume of Solution of Ethyl-4-(4-chlorophenyl)-6-methyl-2-oxo0-1,2,3.4-
tetrahydropyrimidine-5-carboxylate (1b) at 313 K.

E =

2 E S

= § = g § 9 %)

= g o = e g E

£ = 2D £a =R 2 s 2 : -
= S ~ s s =] ‘; ~ S 8 ~ 8 2z 8 >3

5] = Q » T S~ @ =~ g ~ 7 2 = g

2 = 22~ i g = = E 2= s B
s £2 ey ok £zf %53 v S

ST =2 <Ex & % SRS x3 S ¥ = E
0.0125 63815.2 958517 3.8091 6.877 81.5121 22619.5 0.35445
0.025 65033.0 930906 4.0530 7.567 79.9473 23061.7 0.34461
0.05 66050.3 920178 4.2545 7.990 79.3359 23427.5 0.35469
0.1 70720.8 731990 6.5283 14.71 68.8194 26277.83 0.37157

Table 8. Internal pressure, Acoustic Impedance, Relaxation time, Ultrasonic attenuation, Surface tension,
Cohesive energy and Molar volume of Solution of Ethyl 4-(furan-2-ylmethyl)-6-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate(1c) at 313 K.
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0.125 75020.6 985778 4.45539 7.23866 84.4784 25893.30 0.34514
0.25 75999.7 968958 4.67482 7.69847 83.5834 26328.48 0.34642
0.5 76562.8 954929 4.85406 8.06086 82.8887 26688.64 0.34858
1.0 77676.8 919316 5.22271 8.96646 80.9000 27205.35 0.35023

Table 9. Internal pressure, Acoustic Impedance, Relaxation time, Ultrasonic attenuation, Surface tension,
Cohesive energy and Molar volume of Solution of Ethyl 4-(furan-2-ylmethyl)-6-methyl-2-o0xo0-1,2,3,4-
tetrahydropyrimidine-5-carboxylate(1d) at 313 K.

Impedance

Ultrasonic attenuation

Concentration (%)
Internal pressure in
Relaxation time x10712
()]

Cohesive energy

Surface tension
(KJ/Mole)

(Kg—l In2 S—l)
(N/m)

(Nm?)
Acoustic
(s'm)
Molar
volume
(m3/mol)

=

S

—
)

0.125 89026.38 958845 5.28980 9.2474 82.0976 27677.52 0.310891
0.25 89431.31 948640 5.42129 9.5449 81.5789 27903.20 0.312007
0.5 90480.96 933579 5.64415 9.8803 80.7259 28250.71 0.312228

1.0 89480.59 912475 5.83821 10.5435 79.7319 27086.41 0.316263
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Table 10. Internal pressure, Acoustic Impedance, Relaxation time, Ultrasonic attenuation, Surface tension,
Cohesive energy and Molar volume of Solution of Ethyl 4-(2-hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate(le) at 313 K.

e 1 =
—_~ o <
g = g o 2 _ .
= E g s S 20 o
2 —~ = = ‘% ¥ £
p=} \n < = =
« 7)) = 3] o L~ =
*E = SNE £ 7 E st 4 % £ <
g £ g S Es % e = 5 £
g g E g o S 3 e £ t £ s -
o EZ <% % = SR e & & S ¥ = E
0.0125 7664042 989099 491307  8.20000 84.11296  26478.50 0.349450
0.025 76824.33 981066 5.00980  8.37912 83.75458  26987.56 0.351289
0.05 77751.12 859689 6.13269  11.3126 77.28159  28264.78 0.363528
0.1 7857139 848636 6.38242  9.05972 76.69414  28691.41 0.365163

The variation of Density, Viscosity, Velocity, (a/f2), Rao’s constant (R), molar volume (Vm), and
adiabatic compressibility (fad), intermolecular free  cohesive energy (CE) of pyrimidine derivatives at 313
length (Lf), relaxation time (T), free volume (Vf),  Kin different concentrations are shown in Figures 1 to
internal pressure (Ili), acoustical impedance 13.

(Z),constant (W), ultrasonic attenuation
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Figure 1. Variation of density with concentration. Figure 2. Variation of viscosity with concentration.
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Figure 3. Variation of velocity with concentration. ]
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Ultrasonic velocity and density of the binary
mixtures along with thermodynamic values such as
adiabatic compressibility, free length, and impedance
at different concentration were  determined.
Decreases in density (figure-1) with increase in
concentration indicates the structure-making and
breaking property of solvent due to the formation
and weakening of H-bonds. Figure 2 depicts that
viscosity of the liquid increases with the increase in
concentration. It is observed from figure-3 that the
velocity with
concentration, and this is probably due to solute-
The opposite trend of
velocity (figure-3) adiabatic
compressibility indicates the association among
interacting  pyrimidine derivatives and
molecules. The adiabatic compressibility (figure-4)
increases with an increase in concentration shows

ultrasonic increases increase in

solvent interactions.
ultrasonic and

water

that there is a strong solute solvent interaction. In
the present system of pyrimidine derivatives, free
length( figure-5) varies nonlinearly with increase in
molar concentration which suggests the significant
interaction between solute and solvent due to which
structural arrangement is also affected. The free
volume decreases (figure-6) and internal pressure
increases (figure-8) with an increase in molar
concentration, indicating that there is a weak
interaction between solute and solvent molecules.
Rao’s constant (figure-7) decrease with increasing
concentration, which indicates that there is a weak
interaction between solute and solvent molecules.
Acoustical impedance (figure-9) shows a
nonlinearly increasing variation with an increase in
molar concentration. This indicates the complex
formation and intermolecular weak association
which may be due to hydrogen bonding. Thus
complex formation can occur at these molar
concentrations between the component molecules.
Relaxation time increases (figure-10) with an increase

in concentration. On the other hand ultrasonic
attenuation is directly proportional (as shown in
fig.11) to concentration studied .It was observed that
there is significant solute solvent interaction in the
solutions studied. Figure-12 shows that surface tension
is inversely proportional to the concentration of
solution. Cohesive energy (as shown in fig.13)
increases with increase in concentration.

4. CONCLUSION

In the present paper, we have reported the
ultrasonic velocity (v), density (p) and viscosity (1)
for the solutions of ethyl/methyl-4-(aryl)-6-methyl-2-
oxo/thioxo-1,2,3,4-tetrahydropyridimidine-5-carbo-
xylate (la-le) in ethanol as a solvent in
different concentrations. The results obtained in this
study on ultrasonic velocity, density, viscosity and
calculated acoustical parameters adiabatic
compressibility(Baq), intermolecular free length(Ly) ,

viz.

relaxation time (T)), free volume (Vy), internal
pressure (IL)), impedance (Z),
tension(S), attenuation(a/f?), Rao’s constant(R), molar
volume (Vm), cohesive energy(CE) showed that there
are presence of specific molecular interactions in
ethanol and ethyl/methyl-4-(aryl)-6-methyl-2-
oxo/thioxo-1,2,3,4-tetrahydropyridimi-dine-5-carbo-

xylate molecules, which are responsible to increase
absorption and transmission. It may be concluded that
the solute solvent interaction seems to be significant in

acoustic surface

system studied.
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Abstract: Many diseases are associated with oxidative stress and inflammatory processes. The current research
is directed toward evaluating the antioxidant potential and phytochemistry composition of P. venusta leaves. In
this study, P. venusta leaves were dried and macerated, and the crude extract was partitioned. Phytochemical
analysis was performed using standard methodologies, and the total flavonoid content was measured using a
calibration curve with rutin. We evaluated the antioxidant potential of P. venusta leaves using 1,1-Diphenyl-2-
picrylhydrazyl (DPPH), 2, 2’-azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS), and a Trolox-like
standard. Cell viability (CV) assays were done using macrophage RAW 264.7 cell lines and compared to four
commercial anti-inflammatories (acetylsalicylic acid, Indometacina, Betametasona, and Piroxicam).
Phytochemical analysis revealed the presence of steroids, coumarins, and flavone. The flavonoid content was
148.5 + 7.65 pg as a rutin equivalent/mg of crude extract. The ethyl acetate fraction showed the best antioxidant
activity in the methodologies of DPPH inhibition (ICso=38.62 pg/mL) and ABTS radical (ICso=28.58 pg/mL).
Samples of P. venusta had CV values that were better than the commercial anti-inflammatory, which showed
CV values below the negative control. The crude extract and the ethyl acetate fraction, showed CV values
below the negative control and the hexane fraction obtained values above the negative control, these being best
results.

Keywords: Pyrostegia venusta; leaves; antioxidant; DPPH; ABTS; cell viability

1. INTRODUCTION are reported to involve this imbalance of free radicals
[1, 6-8]. During an inflammatory process, an organism

Oxygen is essential for many biological  (ayses an oxidative stress for defense, known as a
process, including the production of energy in respiratory burst [9, 10].

heterotrophic organisms (Kreb’s Cycle) and others
involved in electron transfer [1-2]. This process results
in free radicals and other compounds like reactive
oxygen species (ROS). The body naturally neutralizes
this species, but the imbalance between neutralization
and formation can induce oxidative damage to

The phagocytic leukocytes (macrophages,
neutrophils and eosinophils), when activated by a pro-
inflammatory mediator, are the most likely sour ce of
ROS. Initially, an NADPH oxidase catalyzes a large
amount of superoxide radical (Oz¢) production; this
reactive species is used in enzymatic reactions to
produce other ROS like HCIO (hypochlorous acid),
Many diseases such as cancer, diabetes 1,0, (hydrogen peroxide), and OHe (hydroxyl

mellitus, ~ cardiovascular ~ diseases, ~degenerative  rpgjcal), and these ROS kill pathogens as well as
disorders, arthrosclerosis, and inflammatory diseases

biomolecules, known as oxidative stress [1, 3-5].
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adjacent cells [10-12]. However, inflammation can
result in serious tissue damage; to prevent this, it is
necessary use anti-inflammatory and antioxidant
supplements [9, 12].

Many of these synthetic supplements are very
effective, but they possess certain side effects [1, 13,
14]. Antioxidants like butylated hydroxyanisole
(BHA) and butylated hydroxytoluene (BHT), for
example, are carcinogenic [1, 13-15].

Recently, there has been increasing interest in
plants used in alternative medicine for their potential
antioxidant and anti-inflammatory effects [1, 3].

Pyrotegia venusta (Ker Gawl.) Miers is a
member of the family Bignoniaceae, popularly known
as “cipd de S@o Jodo” and widely distributed in the
Brazilian ecosystems of Amazonia, the Atlantic forest,
and Cerrado [16, 17]. This plant is commonly used in
folk medicine for the treatment of vitiligo, diarrhea,
cough, flu, jaundice, infections, and inflammatory
diseases of the respiratory system [18-20]. Previous
investigations have shown that flower and root extracts
of P. venusta have antioxidative, antimicrobial, and
anti-inflammatory activity proprieties (4,7-O-B-D-
rutinosil-3’,5-dihydroxy-4’-methoxyiflavanona) [21,
22], and the methanolic extract of roots contain
allantoin  (anti-oxidative and anti-inflammatory
activities) [23], steroids, hesperidin (4,7-O- B -D-
rutinosil-3’,5-dihydroxy-4’-methoxyiflavanona) (anti-
oxidative), and 3-B-p-D-glucopyranosyl-sitosterol [1].

There are many studies on the roots and flowers
of P. Venusta due to their extensive use in folk
medicine; however, little has been studied regarding
the leaves.

This paper describes the investigation of crude
extract of leaves of P. venusta, hexane and ethyl
partitions. Phytochemical analysis was used to
determine the biocompound classes present, and the
total flavonoid content was measured for the crude
extract. The tree extract was evaluated as a source of
natural antioxidants (DPPH and ABTS tests) and using
a RAW 246-7 (macrophages murines cell) in vitro to
verify the safety of its use (immunotoxicology).

2. MATERIAL AND METHODS
Plant material

The leaves of Pyrostegia venusta were collected
from Altinopolis-SP (Brazil), August 2012, and
authenticated through the herbarium VIES of Federal

University of Espirito Santo (UFES), Vitoria, Brazil.

Extraction and fractionation

The P.
temperature below 40 °C for 7 days and powdered. The
P. venusta crude extract was obtained by maceration in
ethanol (96% (v/v)) for 24 h, and this procedure was
repeated twice with ethanol and three times with ethyl
acetate. The extracts (ethyl acetate and ethanol) were
mixed and concentrated on a rotary evaporator
generating the crude extract (yield 6.9% (w/w)). Part of
the crude extract was reserved.

venusta leaves were dried at a

The concentrated extract was mixed with
methanol: water (3:1) (v/v) and partitioned three times
with hexane, the residual methanol: water layer was
partitioned three times with ethyl acetate. The hexane
and ethyl acetate layers were evaporated on a rotary
evaporator under reduced pressure to produce the
hexane and ethyl acetate extracts.

Phytochemical analysis

The presence of phytochemical compounds like
alkaloids, steroids, terpenoids, tannins, saponins,
coumarins, flavonoids, and naphthoquinones was
qualitatively evaluated. The extracts were subjected to
pharmacognostics classical tests to detect the classes of
metabolites present [36, 37].

We prepared EtOH and CHCl; solutions of the
extracts for the tests.

Alkaloids

1 mL of EtOH solution of the extracts was
mixed with 1 mL of HCI (p.a.) and treated with a few
drops of Dragendorff’s reagent. Orange precipitation
indicated the presence of alkaloids.

Steroids and triterpenes

1 mL of chloroform solution of the extracts was
mixed with 2 mL of Acetic anhydride and treated with
a 3 drops of H2SO4 (p.a.). The change in color from
blue or green indicates the presence of steroids, and the
change from reddish-brown indicates the presence of
triterpenes.

Tannins

The gelatine test was used to check the presence
of tannins. 2 mL of the EtOH solution of the extracts
was mixed with 5 mL of gelatine (2.5% (w/v)) and
sodium chloride (10% (w/v)) solution. A precipitate
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indicated the presence of tannins.
Saponins

The presence of saponins was evaluated by the
frothing test. 20 mL of EtOH solution of the extracts
was mixed with 15 mL of distilled water and one mL
of saturated solution of sodium carbonated and was
boiled. 2 mL of the boiled mixture was filtrate taken
aside a graduated cylinder; 98 mL of distilled water
was added and shaken vigorously. The formation of
stable and persistent froth indicated the presence of
saponins.

Coumarins

In a filter paper, 1 drop of each EtOH solution
of extract and after dried, the blots was observed in a
UV chamber, in sequence, was added upon the blots,
KOH (10% (w/v)) and was observed in the UV
chamber again. The fluorescence indicates the
presence of coumarins.

Naphthoquinones

1 mL of CHCIl; solution of the extracts was
mixed with 2 mL of NH4OH (10% (v/v)) and shaken
vigorously. The presence of a red halo in the water
layer indicates the presence of naphthoquinones.

Flavonoids

Cyaniding reaction (Shinoda test): 1 mL of
EtOH solution of the extracts was mixed with 1 mL of
HCI (p.a.) and added to Mg powder. A change in color
varying from brown until red indicates presence of
flavonoids.

Estimation of the total flavonoid content in the
crude extract

The flavonoid quantitative analysis of P.
venusta was done using the rutin equivalent. The
method was based on a calibration curve using rutin
and the formation of a flavonoid-aluminium complex
[34].

Calibration curve: a 0.5 mg/mL of methanolic
solution of rutin was placed in 5 aliquots (0.25, 0.5, 1.0,
1.5, and 2.0 mL), methanol was added to each one until
a volume of 2 mL was reached; then, 0.6 mL of acetic
acid (p.a.), 10 mL of pyridine: water (2:8) (v/v)
solution, and 2.5 mL of AICIs methanolic solution
(6.5% (w/v)) were added sequentially. Water was then
added until reaching a volume of 25 mL. The negative
control was made using 2 mL and the other reagents.
After incubation at room temperature for 30 min, the

samples’ absorbance was measured at 430 nm.

Sample: a 0.5 mg/mL methanolic solution of the
extracts was placed in an aliquot of 1 mL and was
prepared and measured in the same manner described
for the calibration curve procedure.

Antioxidant activity of the extracts
DPPH radical scavenging activity

The free radical scavenging effects of the
extracts on DPPH (2,2-diphenyl-1-picrylhydrazyl)
(SIGMA cod D9132) radicals was determined using
method of Rufino er al [38]. Each extract was
dissolved in EtOH, and serial dilution (300, 150, 75,
37.5,18.75, and 9.375 pg/mL, 4 mL for each one) was
prepared. Then, 1 mL of each concentration was mixed
with 2 mL of 0.004% (w/v) DPPH EtOH solution (final
concentration 100, 50, 25, 12.5, 6.25, and 3.125
pg/mL), and the negative control was made by mixing
1 mL of each concentration with 2 mL of EtOH. The
control was prepared using 1 mL of EtOH and 2 mL of
0.004% (w/v) DPPH EtOH solution. Trolox (SIGMA
cod 238813) was used as an antioxidant standard. The
samples were allowed to incubate for 30 min in the
dark at room temperature, and the absorbance (Abs)
was measured in 517 nm. The percentage inhibition is
calculated by the following equation:

(AbSCont. - AbSSamp.) - AbSNeg.

% inhibition = Abs Abs
Cont. — Neg.

*100

1Cso values were calculated from the linear or
logarithmic regression of inhibition data.

ABTS radical scavenging activity

The free radical scavenging effects of the
ABTS (2,2'-azinobis-3-
ethylbenzothiazoline-6-sulfonic acid) (SIGMA
codA1888) radicals was determined using the method
of Rufino et al. [39]. Each extract was dissolved in
EtOH and serial dilution (300, 150, 75, 37.5, 18.75, and
9.375 pg/mL) was prepared. The ABTS solution
radical cation was pregenerated by mixing 7 mM of
ABTS stock solution with 140 mM of potassium
persulfate and incubated for 16 h in the dark at room

extracts on

temperature until the reaction was complete. The
absorbance of the ABTS solution radicals was
equilibrated to 0.70 (70%) by dilution in EtOH.

Then, 30 uL of each concentration of extract
solution was mixed with 1 mL of ABTS radical
solution (final concentration 100, 50, 25, 12.5, 6.25,
and 3.125 pg/mL) and the negative control was made
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by mixing 30 pL of each concentration with 1 mL of
EtOH. The control was prepared using 30 uL mL of
EtOH and 1 mL of ABTS radical solution. Trolox was
used as an antioxidant standard. The absorbance (Abs)
was measured in 734 nm. The percentage inhibition is
calculated by the equation:

(AbSCont. - AbSSamp.) - AbSNeg.

*100
Abscont. — AbSNeg.

% inhibition =

ICso values were calculated from the linear or
logarithmic regression of inhibition data.

Immunotoxicology
Cell culture

The RAW 264.7 murine macrophage cell line
was obtained from Cell Bank of Rio de Janeiro (Rio de
Janeiro, Brazil). These cells were grown at 37 °C in
DMEM medium supplemented with 10% FBS,
penicillin (100 pg/mL) and streptomycin sulfate (100
pg/mL) in a humidified atmosphere of 5% CO, [40].

MTT assay for cell viability

RAW 264.7 cells were mechanically scraped
and plated at 2x105 cells/well. The well plates
containing 100 uL. of DMEM were supplemented and

Table 1. Phytochemical screening of P. venusta leaves.

incubated for 2 h [41]. The extracts were dissolved in
DMSO (10000, 7500, 5000, and 2500 pg/mL) [40].
After 2 h of incubation, the medium was discarded, 90
pL of DMEM supplemented was added to all well
plates, the test material was added (10 pL of each
concentration), the same volume of DMSO was added
to the negative control, the same volume of commercial
anti-inflammatory solutions was added (positive
controls), and the plates were incubated for 24 h; for
the control, just DMEM supplemented was added (100
pL). After being stored overnight, the medium was
discarded and 15 pL of MTT (3-(4, 5-
dimethylthiazolyl-2)-2,5-diphenyltetrazolium
bromide) and 5 mg/mL of phosphate buffered saline
(PBS) solution was added and incubated for 4 h at 37
°C. Then, the medium was discarded and the formazan
blue that formed in the cells was dissolved in 100 pL
of DMSO. The optical density was measured at 540 nm
[41].

3. RESULTS AND DISCUSSION
Phytochemical analysis

The screening of P. venusta extracts revealed
the presence of steroids, coumarins, and flavonoids.
(Table 1).

Test Crude Hexane EtOAc
1. Alkaloids
Dragendorff's test (-) (-) (-)
2. Steroids and triterpenes
(+) steroids(green color) ) (+) steroids(green color)
3. Tannins
Gelatin test ) ) )
4. Saponins
trothing test ) ) )
5. Coumarins
(+) Blue ) (+) yellow/greenish
6. Naphthoquinones
¢) ) )
7. Flavonoids
*) ) )

(+) presence, (-) absence.

Table 1 shows that the phytochemical profile of
the crude extract and the ethyl acetate fraction are very
similar: both contain steroids, flavonoids, and
coumarins, while the hexane fraction had no detectable
amount of any of the classes of compounds discussed.
A comparison of these results with the flowers and
roots of P. venusta done by Roy et al. [1] in which the
presence of terpenoids, alkaloids, tannins, steroids, and
saponins was verified, showed several differences
against the present work, like the presence of

coumarins; these compounds have been reported in the
literature as anticlotting, hypotensive, antimicrobial,
anti-inflammatory, and antitumor activities [1, 24]. The
antimicrobial activities of P. venusta leaves describe
by Fernandes et al. were consistent with the presence
of coumarins [25].

Steroids are partly responsible for anti-diarrheal
activity [26, 27], and their presence in the leaves, as
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well as in the flowers and roots, may justify their use
in folk medicine for the treatment of diarrhea [19].

The antioxidant activity of P. venusta described
in the works of Roy et al. [1], Veloso et al. [22], and
Roy et al. [21] can be correlated with the presence of
flavone (a polyphenol) in the phytochemical analysis
and the presence of rutin in the leaves described by
Blatt ef al. [28].

Antioxidant activity of extracts

A substance shows antioxidant activity when it
significantly delays or inhibits the oxidation process.

1005

B [=1] (=]
< = <

DPPH inibition (%)

N
-

<

The rate of inhibition of an oxidative process can be
measured by an oxidative process in the presence of an
antioxidant. Antioxidants’ efficiency is associated with
their ability to scavenge free radicals [29, 30].

DPPH radical scavenging activity

DPPH is a very stable organic nitrogen radical
with ultraviolet-visible absorption (515-520 nm). If an
active antioxidant compound is present, these radicals
are inhibited and the absorbance of a sample decays.

The results at various concentrations of P.
venusta extracts are shown in Figure 2.

g

®

Concentration (pg/mL)

EtOAc [ Hexane B Crude [[] Trolox

Figure 2. DPPH inhibition (%) + standard deviation,for P. venusta extracts.

ICso values (concentrations of samples required
for 50% inhibition) were calculated by linear
regression for the extracts: 38.62 ug/mL for the ethyl
acetate fraction, 79.72 ug/mL for the hexane fraction,
and 83.04 ug/mL for the crude extract. The ICsy value
of Trolox was calculated by logarithmic regression, to
provide higher linearity than the linear regression,
resulting in a value of 2.55 ug/mL.

When comparing the activity of extracts to each
other, the striking predominance of antioxidant activity
by the ethyl acetate, in the three highest concentrations,
is clear over the crude and hexane extracts. The
antioxidant activity is linked to the presence of
phenolic compounds such as flavonoids and
coumarins. The results of phytochemical tests showed
that these compounds (flavonoids and coumarins) are
only present in the crude extract and ethyl acetate
fraction, possibly being concentrated in this fraction by

the fractionation process, which explains the higher
values of DPPH inhibition to this fraction (ethyl
acetate).

ABTS radical scavenging activity

The ABTS radical is a blue chromophore
(absorbance measured in 734 nm); if an active
antioxidant compound is present, these radicals are
inhibited and the absorbance of a sample decays. The
results are shown in Figure 3.

Because of the complexity of plant extracts, the
antioxidant activity should be evaluated by more than
one method [31]. In this case, the mechanism used to
evaluate antioxidant activity in the ABTS radical test
was the same as that used for the DPPH test, but the
ABTS method is better when applied to a variety of
plant foods containing high-pigmented antioxidant
compounds (hydrophilic or lipophilic). As extracts of
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P. venusta have marked pigmentation, this second
method was used to confirm and determine the

100;

=]
L

2]
L

IS
o

ABTS radical inibition (%)

N
L

=

g

reliability of the results obtained in the DPPH test [3,
32, 33].

P

Concentration (pg/mL)

EtOAc [ Hexane §Crude [ Trolox

Figure 3. ABTS inhibition (%) £standard deviation, for P. venusta extracts.

As expected, acetate extract had the best results,
in all tested concentrations. ICso values were calculated
by linear regression for the extracts: 27.58 pg/mL for
the ethyl acetate fraction, 58.09 ng/mL for the hexane
fraction and 42.86 pg/mL for the crude extract. The
ICso value of Trolox was calculated by logarithmic
regression, to provide higher linearity than the linear
regression, resulting in a value of 0.59 pg/mL.

These results confirm that P. venusta is
considered a natural source of antioxidants.

Estimation of the total flavonoid content in the
crude extract

Phytochemical analysis confirmed the presence
of flavonoids in the crude extract, which are known to
be antioxidants; the amount of these could justify, or
not, this biological activity. Thus, an experiment to
quantify these compounds was carried out.

The flavonoid content was calculated using a
calibration curve of rutin (Figure 4) (12 = 0.999) and
found to be 148.5 = 7.65 pg/mg of extract as the rutin
equivalent [34].

In relation to the mass of dried leaves obtained
in a proportion of 1.02 + 0.05% (w/w) equivalent of
rutin, a low value, confirming that described by Blatt,
Salantino and Santos [28], and Santos and Blatt [35],
who indicated that the leaves of P. venusta had low

levels of flavonoids. However, the content of the rutin
equivalent relative to the mass of extract 148.5 + 7.65
mg/mg (14.85% (w/w)) showed that the steeping
process was effective in extracting and concentrating
these compounds, showing that flavonoids may be
responsible for the observed antioxidant activity.

1.5
y =31.979x + 0.0028
R2 =0.9993
8
c 1.0
©
o]
S
o
28
< 0.5 .
- linear absorbance
0.0
0.00 0.01 0.02 0.03 0.04 0.05

Rutin concentration (mg/mL)

Figure 4. Rutin calibration curve. The absorbance
(430nm) was plotted against the rutin concentration.

MTT assay for cell viability (Immunotoxicology)

The effect of the extracts from P. venusta on
RAW264.7 in cell viability (CV) was determined by
the formation of formazan blue. As a preliminary
study, the results were compared with four commercial
anti-inflammatories (acetylsalicylic acid,
Indometacina, Betametasona, and Piroxicam). The
results are shown in Figure 5.
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Figure 5. % of Cell viability for commercial anti-inflammatories and P. venusta extracts.

The crude extract and the ethyl acetate fraction
reached lower values of solvent viability (negative
control, 0 mg / mL), demonstrating that these have a
toxic effect on cells. However, the hexane fraction had
positive values of cell viability over the respective
negative controls.

When analyzing the results of the commercial
anti-inflammatory, it is observed that all CV, in at least
one of the tested concentrations, resulted in negative
values of CV, below the negative control. As occurred
for the crude extract and ethyl acetate fraction, this

4. CONCLUSION

The phytochemical analysis revealed the
presence of steroids, flavonoids, and coumarins in the
P. venusta leaf extract. The total flavonoid content of
crude extract was 148.5 £ 7.65 pg/mg (14.85 % (w/v))
in rutin equivalents.

When analyzing the results of the commercial
anti-inflammatory, it is observed that all CV, in at least
one of the tested concentrations, resulted in negative
values of cell viability, below the negative control. As
occurred for the crude extract and ethyl acetate
fraction, this indicates that they also have a certain
degree of toxicity to macrophages.

Although only the results of the hexane fraction
can be considered good in terms of cell viability, a
subsequent study of inflammation (such as model-
stimulated macrophages) should certainly include the
crude extract and the ethyl acetate fraction, as the anti-
inflammatory also presented immunotoxicity, which is

indicates that they also have a certain degree of toxicity
to macrophages.

Although only the results of the hexane fraction
can be considered good in terms of cell viability, a
subsequent study of inflammation (such as model
stimulated macrophages) should certainly include the
crude extract and the ethyl acetate fraction, since the
anti-inflammatory also presented immunotoxicity,
which is not an exclusion criterion in further studies
using these samples.

not then an exclusion criterion in further studies using
these samples.

The results of antioxidant activity tests confirm
that P. venusta can be considered a natural source of
antioxidants, and in both approaches the ethyl acetate
fraction showed the highest antioxidant potential.
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Abstract: The use of bamboo dust (BD) and bamboo-based activated charcoal for adsorption of Pb(II) and
Cd(II) ions from aqueous solutions were assessed in this work. The effect of contact time on the uptake of these
metal ions was studied in batch process. The adsorption data were correlated with pseudo first-order, pseudo
second-order and diffusivity kinetic models. Results show that pseudo second-order kinetic model gave the best
description for the adsorption process. Kinetic studies further showed that the adsorption transport mechanism
was particle-diffusion controlled for the adsorption process. Results obtained generally showed that lead(II)
ions were better adsorbed onto both adsorbents as compared to cadmium(II). Comparison of sorption capacity
for the two adsorbents shows that bamboo-based activated charcoal exhibited better removal for the metal ions

than the bamboo dust.

Keywords: adsorption; activated charcoal; bamboo dust; kinetic models; metal ions

1. INTRODUCTION

The study of harmful -effects
environment by pollutants has gained proper intensity
for the past few decades. The proliferation of industries
has further increased the drive towards seeking for

on our

cheaper and more effective technique for treatment of
these pollutants from wastewater. These wastewaters
are produced in large volumes containing varying
proportions of heavy metal ions and must therefore be
properly treated before discharge. Most of these heavy
metal ions are toxic to plants and other living
organisms and apart from their toxic nature, they are
also non-biodegradable and are persistent in the
environment. Heavy metals such as arsenic, nickel,
cadmium, chromium, lead, copper and mercury have
been ranked so high as having serious toxic effects on
humans [1]. Among these toxic metal ions, lead,
cadmium and mercury have been exclusively ranked as
the “big three” due to their great impact on the
environment [2]. Lead and cadmium have also been
classified as potent neurotoxic metals [3]. Kawarada et
al. [4] had stated that concentrations of 0.005 mg L'

*Corresponding author. E-mail: frank4kalu2007@yahoo.com

(for Pb?" and Cr**), 0.001 mg L' (for Cd?*, Ni%*, As®")
and 0.1 mg L' (for Cu?"), would cause illness in
humans and can even be fatal. There is therefore an
urgent need to treat these metal ions to protect public
health. Adsorption, which is a well-known equilibrium
separation process, is considered as a very effective,
efficient and economical process for metal ion removal
from wastewater analytical separation
purposes. This usually involves the transfer of
substances from a mobile phase usually of liquid or
gaseous nature to a solid phase and is considered a
universal phenomenon among the mobility of
substances in aqueous porous media and aquatic

and for

environments. A number of materials have been
employed as adsorbents for the removal of metal ions
from aqueous solutions and wastewater. These
adsorbents may be grouped under mineral, organic or
biological origin and some examples include:
Activated carbons [5-9], zeolites [10-12], biosorbents
[13-20], polymeric materials [21-23] and other
materials such as chitosan [24] and Schiff base-
containing immobilized silica gel [25, 26].

Recently, numerous approaches have been
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studied for the development of cheaper, efficient and
effective eco-friendly adsorbents for decontamination
of wastewaters. The use of biosorbents has been
investigated for the past few decades as a good
replacement for conventional adsorbents for treating
pollutants from aqueous solutions and wastewater
because of their low cost and abundance in nature. This
paper investigates the potential of an agricultural
waste, bamboo dust and its carbonized activated
component in scavenging metal ions from aqueous
solutions. The interest in the use of these adsorbents
has been stimulated by the results that have been
obtained [27, 28]. Bamboo is renewable and grows
continuously in abundance in the tropics and temperate
regions within latitude of 40°S and 40°N, from jungle
to high mountainsides [28], of which Nigeria falls
within the above-described location and this explains
why there is an abundance of bamboo in the country.
Activated charcoal (also known as activated carbon or
activated coal) is a form of carbon that has been
processed to make it extremely porous and thus have a
large surface area for sorption or other chemical
applications. Fu ef al. [29] had observed that 1 g of
bamboo charcoal has approximately 400 m? surface
area, which is indicative of high adsorptive capacity for
bamboo waste in scavenging metal ions from aqueous
solutions and for possible wastewater treatment. In our
present study, the effect of particle size and contact
times were studied and evaluation of adsorption rate
and mechanism of adsorption of these metal ions by the
two adsorbents were carried out by monitoring the
percentage removal of these ions against the different
contact times and by employing different adsorption
kinetic models.

2. MATERIALS AND METHODS

The source of the adsorbents, which is a
bamboo tree, was acquired from a building site at
Umudike near the Michael Okpara University of
Agriculture in Abia State. The waste bamboo materials
were cut into small pieces, washed for several times to
remove external waste particles and then dried under
the sun. It was divided into two parts; one part was
grinded to produce bamboo dust while the second part
was carbonized.

Preparation of Activated Bamboo Dust

The bamboo dust (BD) was produced by
crushing the waste bamboo material into small particle

sizes using a manual blender and then performing sieve
analysis using the sieve screen to obtain five sample
sizes 0f 0.3, 0.5, 0.6, 1.0 and 2.0 mm. Thereafter, 40 g
of each of these sample sizes were soaked in excess of
0.5 M HNO:; solution for 24 h at a temperature of 30
OC. It was then filtered through a filter paper and rinsed
copiously with deionized water until a pH 7 was
obtained. The adsorbent was finally dried in the oven
at 105 °C for 6 h. The essence of treatment of the
adsorbent with 0.5 M HNOj; solution was to remove
any debris or soluble biomolecules that might interact
with the metal ions during the adsorption process and
to open-up the micropores of the adsorbent in readiness
for the adsorption process. This is referred to as the
chemical activation of the bamboo dust.

Carbonization and Activation of the waste bamboo

The bamboo-based activated charcoal (BBAC)
was first carbonized by heating the bamboo waste to a
temperature of 200 °C for 2 h in a Gallenkamp muffle
furnace and after which the charred product was
allowed to cool to room temperature. The charred
sample was grinded and sieved and 40 g of each of the
different sample sizes (0.3, 0.5, 0.6, 1.0, and 2.0 mm)
were activated by the activating agent HNOs. This was
carried out by mixing 50 mL of 0.5 M HNO3 with 40 g
of each of the different particle sizes of charred
bamboo product in a 250 mL beaker for 30 min and
then activated for 2 h at a temperature of 350°C. The
activated samples were then cooled at room
temperature, washed copiously with deionized water
until a pH of 6.8 was obtained. Both adsorbents,
bamboo dusts (BD) and bamboo-based activated
charcoal (BBAC) were finally stored in different
airtight plastic vessels and carefully labeled in
readiness for the adsorption process.

Preparation of adsorbates (metal ions)

Stock solutions of 1000 mg L' of each of the
metal ions, cadmium and lead were prepared from their
salts Cd(NOs3), and PbCl,. From the stock solutions, a
working concentration of 100 mg L' was obtained by
dilution. The residual concentration after adsorption
was measured using buck scientific Atomic Absorption
Spectrophotometer (AAS) model 969 502369 v5.66.
The pH of the adsorbate solutions was kept at 6.0. The
concentrations of the metal ions adsorbed were
calculated by difference. The analysis was carried out
in triplicates and mean residual concentration
analyzed.
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Kinetic Measurements

Kinetic adsorption studies were carried out for
the two metal ions at a pH 6.0, temperature of 30 °C
and an initial concentration of 100 mg L!. 50 mL of
standard solutions of each metal ions were transferred
into various 250 mL conical flasks which were corked
and labeled. Thereafter, 1.0 g of each adsorbents was
weighed and put into the different flasks and agitated
in a rotary shaker at different contact times (10, 30, 60,
90 and 120 min.). At the end of agitation time, the
content of each flask was filtered with a filter paper,
centrifuged and the residual concentration of each of
the metal ions analyzed using the atomic absorption
spectrometer (AAS). The amount adsorbed was then
calculated by difference. Blank solutions were also
prepared and analyzed.

3. RESULTS AND DISCUSSION

Effect of particle size

The adsorption of Pb(Il) and Cd(II) ions was
found to increase from 4.29 mg g! (corresponding to
85.78% removal) to 4.67 mg g™ (93.40% removal) and
4.04 mg g (80.08% removal) to 4.57 mg g (91.35 %
removal) for adsorption of the Pb(Il) and Cd(II) ions
respectively onto the BBAC as the particle size
increased from 0.3 mm to 0.6 mm while that of
adsorption onto the bamboo dust follows from 3.94 mg
g1 (78.70 % removal) to 4.42 mg g™ (88.40 % removal)
and 3.76 mg g! (75.14 % removal) to 4.16 mg g’
(83.14 % removal) for the two metal ions following the
previous order, at a pH 6.0, temperature 30 °C and
initial metal ion concentration of 100 mg L!. From
Figures 1 and 2, it can be observed that the percentage
of metal ions adsorbed increased with increase in
particle size (from 0.3 mm to 0.6 mm) and decreased
as the particle size increased from 1.0 mm to 2.0 mm
for both metal ions onto the two adsorbents.

100
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40

adsorbed

20 A

/\_‘__—“
—
80 - &

—+—Ph ()
cd il

Percentage of metal ions

Parliéle size (mm}'5

Figure 1. Variation of percentage metal ions adsorbed with particle size for the adsorption of Pb?* and Cd** onto
BBAC.
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Figure 2. Variation of percentage metal ions adsorbed with particle size for the adsorption of Pb?" and Cd?" onto

BD.
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However, the maximum adsorption capacities
for the two metal ions by the adsorbents occurred at a
particle size of 0.6 mm. The higher percentage
adsorption with smaller particle sizes may be attributed
to the fact that smaller particle sizes provide a larger
surface area. There is a considerable effect of particle
size on specific surface area: as the particle size
decreases, the specific surface area increases [30]. The
high rate of adsorption by adsorbents with smaller
particle sizes had been generally attributed to the
availability of more specific surface areas on the
adsorbent. Results further show that BBAC exhibited a
greater adsorption for the metal ions than the BD. The
equilibrium time was also found to remain unaffected
by the change in adsorbent particle size.

Efect of contact time

The adsorption of the metal ions Cd(II) and
Pb(II) onto the adsorbents, namely BBAC and BD, was
observed to increase with increasing contact time for
the fixed initial metal ion concentration and adsorbent
mass. Figures 3 and 4 show that the initial adsorption
rate increased rapidly and that optimal adsorption
occurred within 90 min. It can be observed that the
adsorption rate increased from 86.5 % to 94.34 % for
Pb(II) ions onto BBAC and 80.04% to 91.00% for
Pb(II) ions onto BD with increased contact time of 10
to 90 min while that of Cd(Il) increased from 82.24%
to 93.6% for adsorption onto BBAC and from 80% to
89.98% for adsorption onto BD for the same increasing
contact time of 10 to 90 min.
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Figure 3. Effect of contact time on the adsorption of the metal ions by the based-bamboo activated charcoal
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Figure 4. Effect of contact time on the adsorption of the metal ions by the bamboo dust (BD).

However, the equilibrium value was obtained at
around 90 min, after which the concentrations of the
metal ions became almost constant. This maximum
adsorption within 90 min may be explained by the fact

that initially for the adsorption process, a large number
of vacant adsorption sites were available and these
decreased gradually due the saturation of these surface
sites as the contact time increased as well as the
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repulsive forces existing between the solute molecules
and bulk phase. The variations of adsorption capacity
with contact time are shown in Figures 3 and 4.

Table 1 contains heavy metal adsorption
capacities (mg g') of different adsorbents in
comparison with the bamboo dust and its activated
counterpart used in our study. The variations in the
adsorption capacities of the different adsorbents could
result from the type of functional groups present on the
biosorbents, which may have different affinities for
metal ions and the variations in the particle size of the

adsorbents which equally affect their surface area as
well as the porosity of the activated adsorbents. The
adsorption capacities (mg g'') of 4.42 and 4.16 for Pb>*
and Cd** by the bamboo dust and 4.67 and 4.57
respectively for the metal ions by the bamboo based
activated charcoal in our study in comparison with
some other adsorbents presented in the literature (Table
1), shows that the bamboo wastes are good adsorbents
for the removal of these metal ions from aqueous
solutions and may be employed in wastewater
decontamination.

Table 1. Heavy metal adsorption capacities (mg g!) of different adsorbents.

Material Adsorption capacities (mg g!) for the metals Sources
Pb?>*  Cd** Cr*f Cr% Cu?* Ni#* Zn*

Modified Pine bark (NaOH) 119 112 - - - - - Argun and Dursun [31]
Activated carbon - 1.51 - - 2.23 - 123 Ucer et al. [32]
Rice husk - - - - - 8.86 - Bansal et al. [33]
Silverleaf nightshade 206 189 23 22 - 6.5 - Baigetal. [34]
Rice husk ash - 20.24 - - - - - Kumar and Bandyopadhyay[35]
Waste tea 1.63 - 1.55 - - - Orhan and Buyukgungor [36]
Maple sawdust 3.19 - - - 1.79 - - Yuetal [37]
Bamboo dust 442 4.6 - - - - - In this study
Bamboo-based activated carbon  4.67  4.57 - - - - - In this study

Adsorption Kinetics

The study of adsorption dynamics gives an
insight into the rate of adsorption and an interpretation
of the mechanisms of the metal ions adsorption process
as well as determining the main parameters governing
the adsorption kinetics. The adsorption kinetics of the
metal ions, Pb(Il) and Cd(II), were studied for contact
times ranging between 10-120 min by monitoring the
percentage removal of these metal ions by the
adsorbents. The data obtained for the adsorption
processes in the solid/liquid systems were regressed
against both the Lagergren’s pseudo first-order
equation and pseudo second-order kinetic model.

The pseudo first-order equation

The pseudo first order equation is generally
expressed as follows [38]:

dq;

dt

1
ki(q. - q0) M

Where k; is the pseudo first-order rate constant for the

adsorption process (min™'), qe and q are the adsorption
capacities (mg g') at equilibrium and at time, t (min),
respectively. After integration of this
expression and applying the boundary conditions at t =
0 tot=tand q =0 to q: = qs, the integrated form of
equation (1) becomes

kinetic

log(qe — 40) = l0g(q) — 5553t
2

The values of log(qe — q¢) were linearly
correlated with t. The plot of log(qe — q)) vs t gave a
linear relationship from which k; and q. were
determined from the slope and intercept of the linear
plots and are presented in Table 2. Figures 5 and 6
show the linear plots for the pseudo first-order model.
The pseudo first-order constants and the correlation
coefficients (R? values) are shown in Table 2. The
values for the pseudo first-order rate constants were
found to increase for the adsorption of the metal ions
onto the surfaces in the order (BD < BBAC) showing
that there was a greater adsorption of the metal ions by
the bamboo-based activated charcoal than the Bamboo
dust.
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Table 2. Kinetic rate constants for pseudo first-order reaction at 30 °C.

Ph(ll)
ADSORBENTS ki (min) R2
BBAC 4.72 x 102 0.9853
BD 3.64x 102 0.9950
Ca()
BBAC 3.50x 102 0.8819
BD 3.13x 102 0.9723
ol T T T T T T T |
20 20 40 50 50 70 80
02
y = -0.0205x- 0.0816
04 1 R? = 0.9853
_ 06
g
& 08 - +Pb (Il
g - mcd (I
12 A
y = -D.0158x- 0.0376
14 1 R? =0.995
e Time (min)

Figure 5. Pseudo-first order plot of log (qe-qy) vs t for adsorption of the metal ions onto BBAC.
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Figure 6. Pseudo-first order plot of log(qe-q:) vs t for adsorption of the metal ions onto BD.

Pseudo second-order kinetic model

Kinetic data were also analyzed by Ho’s pseudo
second-order kinetic model [39]. This model is based
on the assumption that the sorption follows second
order chemisorptions and the integrated equation is

usually given as:

t 1 t

a:  k.q?  q.

)

where h, = kaqe? is usually described as the initial
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adsorption rate as t approaches zero. The pseudo
second-order model was applied in this analysis and a
plot of t/q. vs t gave linear plots, from which the
parameters ., ko and h, were evaluated. Since the plots
of t/q; vs t follow linear relationship, then the rate-
limiting step for the adsorption process may be
described as chemisorption. Figures 7 and 8 are the

coefficients (R? values > 0.999) and these high R?
values suggest that the pseudo second-order kinetic
model describes the adsorption of the metal ions on the
adsorbents in this study. Therefore, the possibility of
chemical adsorption involving valency forces through
sharing or exchange of electrons between adsorbents
and metal ions may assume the rate-limiting step of the

theoretical  plots indicating high correlation  process.
30 -
y=0.2093x+0.2892

25 R* =0.9999
T
£ 20 -
ah
£ 15 1
E +Pb(ll)
~ 10 4 ]
g < 0.2098x + 0.4489 cd(il
. R =09999

D T T T T T T 1

0 20 40 60 80 100 120 140
Time (min)

Figure 7. Pseudo-second order plot of t/q, vs t for adsorption of the metal ions on BBAC
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g 5 R? =0.9998
)
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Figure 8. Pseudo-second order plot of t/q; vs t for adsorption of the metal ions on BD.

Table 3 shows the rate constant, k, the
equilibrium adsorption capacity, g. and the initial
adsorption rate, ho, of the adsorption of the metal ions.
These parameters were calculated from the intercept
and slope of the linear plots of t/q; versus t. The
equilibrium adsorption capacities, q. calculated from
the pseudo second-order kinetic model agree very
closely with the experimentally measured values.

A comparison of the two kinetic models-pseudo
first-order and pseudo second-order was assessed using
the R? values to determine the best fit. As shown in
Tables 2 and 3, the correlation coefficients (R? values)
for the two models confirmed that pseudo second-order
provides a better description of the kinetics of the metal
adsorption with R? values greater than 0.998 and higher
than that for the pseudo first-order rate equation.
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Therefore, the fitting of the adsorption data into pseudo
second-order model shows that the rate of occupation
of active sites is proportional to the square of the

number of unoccupied sites. The data obtained indicate
that Pb(II) ions were better adsorbed than Cd(II) ions.

Table 3. Kinetic Rate Constants for pseudo second-order reaction at 30 °C.

Pb(Il)
ADSORBENTS qe (mg g1) k2 ho R?

(g.mg'min’) (mg.g'min™")

BBAC 4.78 15.10 x 102 0.9999

BD 4.77 9.79 x 1072 0.9999

cd(n
BBAC 4.61 13.69 x 107 0.9999
BD 4.58 10.35x 102 0.9998
Furthermore. the rate of attainment of concentration. The plots of particle diffusivity versus

equilibrium was assessed in terms of adsorption being
controlled by film-diffusion or particle-diffusion. A
linear driving force concept developed by Vinod and
Anirudvan [40] for the rate equation was used to assess
the fractional attainment of equilibrium using the
equation:

In (1-a)=k,t )

Where a is the fractional attainment of equilibrium and
kp is the rate constant or diffusion time constant. The
fractional attainment of equilibrium, &, is the ratio of
the amount of metal ion adsorbed from solution after a
certain time to that adsorbed when adsorption
equilibrium is attained. If the plot of In(1-a) versus
time is linear, then adsorption is controlled by particle
diffusion and the diffusion of the metal ions onto the
adsorbent surface is independent of the extent of
adsorption while a non-linear plot indicates adsorbent
film-diffusion controlled process, i.e. the time of

time for the metal ions are shown in Figs. 9 and 10
while plots for variation of film-diffusivity versus time
are displayed in Figures 11 and 12. The plots (Figures
9 and 10) revealed that the relationship between metal
ion diffusivity In (1-a) and time, t are all linear
indicating that the diffusivity of the metal ions onto the
adsorbents may mostly be particle-diffusion
controlled. Figures 9 and 10 further confirmed that the
rate of attainment of equilibrium for the adsorption of
the metal ions is particle-diffusion controlled. Hence,
the time for ion uptake is independent on the initial
metal ion concentration. The plots also show that the
values of a increase with time of agitation, indicating
that increased time of agitation provides the metal ions
more opportunity to be taken up by the adsorbents.
Agitation time facilitates proper contact between the
metal ions in solution and the adsorbent binding sites
and thereby promotes effective transfer of metal ions
to the adsorbent sites. However, in about 90 min, the
adsorption process had attained the equilibrium.

uptake is dependent on the initial metal ion
0 T T T T T T T 1
i 10 20 30 40 50 60 70 80

.1 g
-7 A

= y=-0.0345x-1.723

& 3 R? =0.9961 #Pb (i

£ y=-0.0442x-19158 md il
2 R? = 0.9854
-5 A
6 - Time (min)

Figure 9. A plot of Particle diffusivity versus time (t) for the metal ions on BBAC.
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Figure. 10. A plot of Particle diffusivity versus time (t) for the metal ions on BD.
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Figure 11. A plot of film diffusivity versus time (t) for the metal ions on BBAC.
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Figure 12. A plot of film diffusivity versus time (t) for the metal ions on BD.
4. CONCLUSIONS these metal ions showed that the adsorption process

increases with increase in contact time, reaching

The effect of contact time on the adsorption of . . ) T B
equilibrium in about 90 min. Kinetics of the adsorption
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show that the process follows pseudo second-order
kinetic model, indicating that the rate-limiting step of
the process could be by chemical reaction. Kinetic
studies also showed that the adsorption transport
mechanism was particle-diffusion controlled for
adsorption of the metal ions onto the adsorbents.
Maximum removal of these metal ions by the
adsorbents occurs at a particle size of 0.6 mm. Results
from this study show that bamboo dust and the
bamboo-based activated charcoal can be used for the
removal of Pb(Il) and Cd(Il) ions from aqueous
solutions and may be employed in wastewater
decontamination.
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Abstract: In this paper, we conducted various phytochemical studies of the species Combretum laurifolium
Mart. in the region of the city of Amajari in Roraima, Brazil, aiming to study the biological properties such as
antibacterial activity, and inhibition of acetylcholinesterase activity. The results were interesting to the

antimicrobial activities against S. typhimurium, E. coli, S. Sanguinis, S. aurus, C.

albicans and

acetilcolesterasa, the phytochemical prospecting is present tannins, flavonoids, steroids, triterpenes and

saponins in the species.

Keywords: acetilcolinesterasa; antimicrobial agents; phytochemical prospection

1. INTRODUCCION

Especies pertenecientes al género Combretum
presentan gran cantidad de metabolitos secundarios.
Este género, es el mayor de la familia Combretaceae
y se encuentra distribuido en las regiones tropicales y
subtropicales [1].

Asi, el género Combretum, se destaca por estar
constituido por amplias clases de compuestos y

actividad  bioldogica, tales como  actividad
antibacteriana, anticancerigenos, citotoxica,
analgésica, antiinflamatorio, actividades

hepatoprotectora y antiviral [2].

El primer objetivo de este estudio, es llevar a
cabo estudios preliminares para determinar la
presencia de los distintos metabolitos secundarios en
la planta, efectuar estudios fitoquimicos de las
fracciones etandlicas y hexanoicas de las hojas de
Combretum laurifolium Mart., en la region del
municipio de Amajari, en Roraima, Brasil, asi como
bioensayos de inhibicion de acetilcolinesterasa, para

estudiar sus propiedades para combatir enfermedades
neurodegenerativas como el Alzheimer.

2. MATERIALES Y METODOS
Obtencion de los extractos

En primer lugar se realizé la colecta de las
hojas de C. laurifolium, en la region del municipio de
Amajari, posteriormente, fueron secadas, pesadas,
molidas e liofilizadas. Los extractos fueron
preparados para la realizaciéon de los estudios
fitoquimicos usuales [3]. El material recolectado fue
10,2 kg, incluyendo las hojas, flores, fruto y semilla.
De ahi se separaron las distintas partes y s6lo se uso
las hojas. La cantidad de material fue preparada para
la extraccion en frio, maceracion, con hexano y
después con etanol. Dichos extractos fueron
concentrados en el rotavapor tras la eliminacion del
solvente, y por ultimo fueron pesados y guardados
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para estudios fitoquimicos posteriores.

Para los estudios fitoquimicos, se tomd con
espatula una pequeiia cantidad de la fraccion etanodlica
de las hojas de C. laurifolium, y se colocaron en un
erlenmeyer de 125 mL adicionandose 30 mL de
etanol y agitando hasta que la disolucién es
homogénea, resultando una coloracion amarillo-
verdosa.

Los ensayos fitoquimicos para fenoles, taninos,
flavonoides, flavonas, xatonas, esteroides y
triterpenoides fueron realizados segiin los métodos
descritos por Matos [4].

Cromatografia en capa fina

Las placas cromatograficas en capa fina
(CCF), fueron preparadas en el Laboratério de
Quimica de Productos Naturales de la Universidade
Federal de Roraima, UFRR, con un espesor de 1 mm
de silica de marca Merck sobre lamina de vidrio. La
lampara de revelado empleada fue una ldmpara de luz
ultravioleta (A= 254 nm, revelador de enlaces dobles
conjugados y reveladores quimicos tales como vapor
de iodo, solucién de p-anisaldehido (como revelador
universal) y vainilina/acido
lentamente a 110°C.

sulfarico calentado

Cromatografia em columna del extracto etandlico de
las hojas de C. laurifolium

Las extracciones en cromatografia en coluna
(CC) fueron llevadas a cabo en columnas de vidrio
con elucion a presion atmosférica con hexano,
diclorometano, cloroformo, acetato de etilo, etanol y
metanol, en orden creciente de polaridad, usando
como fase estacionaria, silica gel 60 (70 a 230 Mesh-
ASTM, Merck). Del extracto etanodlico, fueron
tomados 3.500 gramos y mezclados con silica gel y
posteriormente  colocado columna de
separacion filtrante de 1000 mL sobre una capa de
empaquetamiento cromatografico de silica gel.

€n una

Bioensayo de minima concentracion inhibitoria
(MIC) para bacterias gram-positivas,
negativas y hongo

gram-

Las bacterias gram-positivas utilizadas en el
test fueron Staphylococcus aureus (ATCC 25923) y
Staphylococcus  Sanguinis (ATCC 49456), las
bacterias gram-negativas fueron Escherichia coli
(62517) y Salmonella triphymurium (42122) y el

hongo Candida albicans.

Las muestras fueron pesadas y solubilizadas en
dimetilsulféxido (DMSO), preparando una disolucion
con concentracion de 50 mg/mL de extractos y 12,5
mg/mL de sustancias puras. Se pipetearon 40 pL de
esta disolucion a un tubo de ensayo que contenia 960
pL de medio de cultivo BHI como solucion de
trabajo. Por otra parte, se prepar6 una pre incubacion
en la que las bacterias (levaduras) guardadas en tubos
de ensayo conteniendo 3,0 mL de medio de cultivo
BHI (Brain Heart Infusion, infusion de cerebro y
corazon). A continuacion, los tubos fueron incubados
en estufa a 37°C durante 18 horas. Con la ayuda de
una micropipeta, 500 pL de las bacterias pre
incubadas fueron transferidas a tubos de ensayo
conteniendo 4,5 mL de agua destilada. Los tubos
fueron homogeneizados y la concentracion que
contenia cada tubo fue comparada con el tubo de 0,5
en la escala Mc Farland de turbidez patron (10%
UFC/mL), obteniéndose asi los incubados bacterianos
utilizados en el test.

Los test fueron realizados en placas de 96
microporos por duplicado. En cada cavidad, fueron
adicionados 100 pL del medio de cultivo BHI. En la
cavidad primera, fueron adicionados también 100 pL
de la solucion de trabajo. Se homogeneizé la
disolucion y 100 pL fueron transferidos para la
siguiente cavidad y asi sucesivamente, despreciandose
los 100 pL finales. Fueron probadas ocho
concentraciones de cada muestra: concentracion 01
(500 pg), 02 (250 pg), 03 (125 pg), 04 (62,5 pg), 05
(31,25 pg), 06 (15,625 png), 07 (9,375 pg), 08
(3,90625 png). Después, 100 pL de los
microorganismos incubados, fueron adicionados en
cada pozo. Fueron realizados dos controles, uno para
el control de crecimiento del microorganismo, en el
cual no hubo adicion de la disolucion de trabajo, para
verificar, asi la viabilidad celular y el blanco, al que
no se le adiciond la incubacion bacteriana, para
eliminar el efecto de la coloracion de la solucion de
trabajo. Una placa de control que contiene 100 pL del
medio de cultivo BHI y 100 uL de agua destilada,
fueron adicionados al experimento como control de
esterilidad del medio de cultivo BHI.

Las microplacas fueron sometidas a una
primera lectura en el lector de placa de Elisa (492
nm), inmediantamente después de la realizacion del
experimento (lectura a 0 h). Posteriormente, fueron
incubadas en estufa a 37°C y después de 24 horas fue
realizada una nueva lectura de las mismas cerrando
asi el test.
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Bioensayo para hongos filamentosos Aspergillus
flavus y Fusarium proliferatum

El solvente utilizado en la preparacion de este
tipo de dimetilsulfoxido, cuyas
concentraciones de las muestras en el test es de 250
pg/mL. El medio utilizado para el crecimiento de los
microorganismos es el caldo Sabouraud, empleando
una concentracién de esporas de 5.10 esporas/mL,
siendo el tempo de incubacion de las muestras de 48
horas.

muestras es

Los datos de las medidas de las lecturas fueron
realizadas en un lector de placas de microtitulacion,
empleando una longitud de onda de 490 nm.

Para el tratamiento de resultados, empleamos
el test de Outlier y dentro del mismo aplicamos el test
de Grubbs para un nivel de significancia del 95 %.

opinibicién = 100 — (€ —CC) X 100

pllDICIONn = CH—CM

siendo EC a absorbancia del test, CC la absorbancia
de control de la muestra, CH la absorbancia de control
del hongo ¢ CM la absorbancia de control del medio

de cultivo.

Bioensayo de inhibicion de acetilcolinesterasa

Para llevar a cabo dicho ensayo se tomaron 25
pL de la soluciéon de trabajo (muestra disuelta en

DMSO 10 mg/mL) y se colocan en las cavidades de
una placa Elisa para hacer los test de control positivo
y negativo. En las cinco primeras cavidades de la
columna de control positiva, se adicionaron 25 pL de
la solucion de eserina (10 mg/mL en tampon Tris/HCI
pH 8,0). Se adicionaron a cada cavidad, 25 pL de la
solucion de yoduro de acetilcolina (ATCI), 125 ul de
la  solucion de DTNB  (5°,5-dithio-bis-(2-
nitrobenzoate, Sigma), y S0uL de Tris/HCl (50mM)
con albumina sérica bovina. La absorbancia fue
medida a 405 nm en intervalos de 1 minuto durante 8
minutos. Se adicionaron 25 pL de la solucion de
AChHE (0,226 U/mL) en Tris/HCI a cada cavidad y se
midio la absorbancia a 405 nm durante 10 minutos [5-
6].

3. RESULTS AND DISCUSSION
Anadlisis preliminar de los ensayos fitoquimicos

Los analisis fitoquimicos fueron realizados
conforme a Matos [4] para intentar verificar los
constituyentes quimicos en las hojas de las planta. Al
no tener estudios quimicos sobre la especie en que se
inici6 el estudio, se recogen en la Tabla 1 de forma
cualitativa, los grupos de metabolitos secundarios
relevantes presentes en la planta.

Tabla 1. Prospeccion fitoquimica de los constituyentes en el extracto etanélico

Compuestos Fenoles Taninos

Flavonoides

Esteroides Triterpenos Saponinas

Hojas 0 +H+

+++

++ +++ +++

0 = no se encuentran en la muestra; +++ = Se encuentran en concentracion alta; ++ = se encuentran en baja concentracion.

Dichos metabolitos secundarios estan de
acuerdo con los constituyentes aislados mediante
otros estudios fitoquimicos para esta planta [2].

Una vez visto que los ensayos de prospeccion
fitoquimica presentaban resultados positivos para los
taninos, flavonoides, esteroides y saponinas, asi se
inici6 el fraccionamiento, se procedi6 a recoger en un
Erlenmeyer de 125 mL la solucion de la columna,
eliminandose el solvente en el rotavapor. Las
fracciones se recogieron en distintos frascos y se le
hizo una cromatografia en capa fina, para verificar
qué sustancias son semejantes de acuerdo con el rf
para continuar con el fraccionamiento y purificacion
del extracto de las hojas de C. laurifolium
recogiéndose once fracciones diferentes extraidas con

distintas proporciones de hexano y triclorometano en
orden de polaridad creciente.

Anadlisis de los ensayos biologicos

Al analizar los procedimientos de los ensayos
de prospeccion fitoquimica, se verifico la presencia de
metabolitos secundarios importantes como fenoles,
esteroides, taninos, triterpenos alcaloides y saponinas.
Partiendo de estos datos, se seleccionaron las
fracciones que contenian mayor cantidad de eluato y
ademds las de mayor pureza, observandose sus
manchas en cromatografia de capa fina, son los
subgrupos 3, 5y 8.

Las levaduras que pertenecen al género

Orbital: Electron. J. Chem. 6 (4):233-239, 2014
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Candida son las responsables de causar varias
infecciones en su huésped cuando no se han tomado
excesivos cuidados higiénicos, atacando a individuos
que tengan principalmente una baja inmunidad, por lo

que las infecciones causadas por la especie C.
albicans, son principalmente en la piel,
mucosas, tracto intestinal e urinario [6].

ufas,

Tabla 2. Resultados de MIC (% de inhibicion) para C. albicans.
C. albicans

% de inhibicién Subgrupo 5 Subgrupo 8 Subgrupo 3 Miconazol Nistanina
01 (500 pg) 90,8 92,2 90,2 92,3 93,3
02 (250 pg) 90,6 91,3 91,1 91,0 90,7
03 (125 pg) 91,4 91,1 90,9 90,7 90,1
04 (62,5 ng) 91,3 91,9 90,7 90,5 90,2
05 (31,25 ng) 91,3 91,6 91,5 91,1 90,9
06 (15,625 pg) 91,9 92,2 92,1 91,6 91,5
07 (9,375 ng) 92,3 91,9 92,3 91,5 91,3
08 (3,90625 pg) 92,0 93,8 92,6 91,3 91,4

Como puede observarse en la Tabla 2 el
subgrupo 8 fue el que presentd mayor porcentaje de
inhibicién alcanzando un total del 93,8%, con un
valor de menor concentracion inhibitoria de 3,9065
pug y comparando con los patrones de Miconazol e
Nistanina, la misma presenta un porcentaje de
inhibicion superior. Krieg, Chan e Michael [7],
afirman que la primera exigencia para un buen
antimicrobiano es aquella que posee la capacidad de
inhibir o matar microorganismos. Teniendo este
compuesto quimico una baja concentracion y
poseyendo un amplio espectro de actividad, es decir,
puede actuar matando o inhibiendo los mas variados
tipos de microorganismos.

Todavia se observa, que tanto el subgrupo 3 y
el subgrupo 5, también presentan un porcentaje de

inhibicion para la C. albicans elevado con relaciéon a
los antimicrobianos ya utilizados en el mercado,
presentando asi la oportunidad descubierta de este
potente antimicrobiano.

Al analizar la Tabla 3, se puede verificar que el
antibiotico ampicilina todavia es bien eficiente para S.
aureus 'y que las fracciones de C. laurifolium
presentan un porcentaje de inhibicion inferior al 50%,
pudiéndose verificar que las bajas concentraciones de
las fracciones presentan resultados proximos a los de
ampicilina, principalmente en el subgrupo 8, para las
concentraciones de porcentaje de inhibicion 06
(15,625ug). Souto [11], constatd que el extracto bruto
etanolico de partes aéreas de C. laurifolium (Loefl)
Stuntz, presenta un porcentaje de inhibicion bien
proximo al utilizado como control.

Tabla 3. Resultados de MIC (% de inhibicion) para S. aureus.

S. aureus

% de inhibicién Subgrupo 5 Subgrupo 8 Subgrupo 3 Miconazol
01 (500 pg) 38,7 314 1,6 104,6
02 (250 pg) 32,1 28,6 10,8 106,0
03 (125 pg) 304 314 323 105,5
04 (62,5 ng) 18,8 28,4 23,4 104,1
05 (31,25 pg) 14,1 25,7 17,7 101,9
06 (15,625 pg) 12,6 24,7 17,6 86,7
07 (9,375 pg) 16,2 21,7 15,2 34,7
08 (3,90625 pg) 6,9 8,3 8,3 14,8

Por otra parte, el género Staphylococcus, posee
varias bacterias patogenas en los seres humanos y en
los demas mamiferos, una de ellas es la S. aureus, que
puede ella capacidad de causar diversas infecciones,
de varios niveles de gravedad [8]. Dentro de ellas
pueden ser citadas, heridas infecciosas, fiebres e
infecciones alimentarias [9]. Es importante observar

que las cepas de esta bacteria son en la mayoria de las
veces muy resistentes a los antibidticos. El primer
utilizado fue la penicilina, pero los mismos pasaron
por un proceso de mutacion y no son mas vulnerables
a ella [10]. Asi el descubrimiento de nuevos
antibidticos lo hace de suma importancia.

Por otra parte, en la garganta se encuentra una
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variada concentracion de microorganismos, que
poseen condiciones favorables para el
crecimiento de los mismos. Asi, las bacterias se
forman en los restos de alimentos que quedan
concentrados entre los dientes. Dentro de los
principales grupos de microorganismos estan los
hongos, protozoos, bacterias y virus. Dentro de las
bacterias podemos encontrar
Lactobacillus, Streptococcus, Neisseria y Veillonella.

unas

Actinomyces,

[12]. Para la S. sanguinis, se verifica en la Tabla 4,
que el subgrupo 8 fue el que presentd mayor
porcentaje de inhibicion.

En la Tabla 5, se verifica que el porcentaje de
inhibicion para E. coli, mas significativo, fue el
subgrupo 5, que fue del 42,754% para concentracion
de 500 pg, resultando relevante una vez verificado
que las bacterias estan en contactes mutaciones y se
vuelven cada vez mas resistentes a los antibidticos.

Tabla 4. Resultados de MIC (% de inhibicion) para S. sanguinis.

S. sanguinis

% de inhibicién Subgrupo 5 Subgrupo 8 Subgrupo 3 Miconazol

01 (500 pg) 49,9 542 13,4 102,9
02 (250 pg) 478 26,6 18,6 3.2
03 (125 pg) 14,1 26,6 31,2 2,7
04 (62,5 pg) 15,8 25,5 245 0,0
05 (31,25 pg) 21,0 23,7 25,6 0,0
06 (15,625 pg) 19,7 23,0 23,9 0,0
07 (9,375 ng) 30,0 29,4 33,2 0,0

08 (3,90625 pg) 20,7 23,7 31,5 0,0

Tabla 5. Resultados de MIC (% de inhibicion) para E. coli.
E. coli
% de inhibicion Subgrupo 5 Subgrupo 8 Subgrupo 3 Miconazol
01 (500 pg) 42,8 21,9 39,8 186,9
02 (250 pg) 27,3 15,7 22,1 140,9
03 (125 pg) 15,4 12,6 13,4 118,6
04 (62,5 pg) 16,9 7,7 10,5 104.,9

05 (31,25 pg) 16,4 14,7 15,2 96,2

06 (15,625 pg) 20,6 20,3 18,9 95,4

07 (9,375 pg) 16,9 22,1 21,9 94,6

08 (3,90625 ng) 26,6 21,8 23,6 79,6

La especie E. coli pertenece al género
Escherichea y la familia Enterobacteriaceae [13], una

bacteria gram-negativa, anaerobica facultativa [14].

Debido al uso indiscriminado de antibidticos,
por largo periodo de duracion, y hasta el mismo falso
concepto de seguridad en relacion a la eficacia de
estos, muchos patogenos estan sufriendo mutaciones y
se vuelven mas resistentes a los antibioticos. Factores
como estos, facilitan las infecciones hospitalarias
causadas por microorganismos, tales como S. aureus,
E. coli y Pseudomonas, que cuando act@ian en
conjunto provocan infecciones urinarias, quemaduras,

infecciones respiratorias y cirurgicas. [15].

El resultado de MIC para la bacteria S.
tiphymurium sigue la Tabla 6, donde se destaca
resultados satisfatorios. Se define la S. tiphymurium,
como bacilos gram-positivos, anaerobicos

facultativos, fermentadores y oxidantes negativos

[16]. Se verifica que después de la ingestion y/o
contaminacion por bacterias del género Salmonella, el
huésped pasa a sentir nauseas, cefalea, vomitos y
diarrea. Cuando se trata del intestino delgado,
generalmente ocurren lesiones inflamatorias, siendo
este caso tratado en un periodo de 2 a 3 dias [17].

Al analizar la Tabla 6, se verifica que las tres
fracciones presentan un porcentaje de inhibicion bien
satisfactorio, destacando que para el subgrupo 5 que
inhibié el 100% en concentracion de 500 pg,
mostrando ser una sustancia bastante eficaz contra
este tipo de bacteria.

Los hongos son microorganismos eucariotas,
no fotosintéticos que son saprofitos y parasitos. En los
mas diversos ambientes es comun la existencia de
hongos, pero en determinadas situaciones, pueden
dejar de ser saprofitos y se transforman en patogenos,
en la mayoria de las veces, causando cuadros clinicos

Orbital: Electron. J. Chem. 6 (4):233-239, 2014
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variables, desde procesos febriles benignos y algunas
veces fatales [18]. Muchos factores estan ligados al
ataque de hongos que van desde los cuidados con la
higiene en los ambientes donde el huésped se
encuentra como el estado del

asi, mismo,

generalmente, los  pacientes se  encuentran
hospitalizados por un periodo largo, pacientes con
tratamiento quimioterapico, pacientes con HIV, son
los casos de pacientes mdas vulnerables y favorecen

los hongos saprofitos pasen a ser patogenos [19].

Tabla 6. Resultados de MIC (% de inhibicion) para S. tiphymurium.

S.tiphymurium

% de inhibicién Subgrupo 5 Subgrupo 8 Subgrupo 3 Miconazol
01 (500 png) 105,8 314 59,3 2284
02 (250 ng) 87,8 30,9 46,6 180,0
03 (125 pg) 78,5 38,7 455 142,1
04 (62,5 ug) 65,6 54,4 60,1 123,3
05 (31,25 ng) 58,5 45,2 44.8 102,1

06 (15,625 pg) 43,9 40,0 27,1 101,2
07 (9,375 ug) 69,9 63,5 54,1 108,6

08 (3,90625 pg) 60,6 62,8 22, 100,932

El A. flavus produce toxinas y puede provocar
aspergilose pulmonar alérgica o dolencia diseminada
[20].

Analizando la Tabla 7 se verifica nuevamente
que el subgrupo 8, presenta un porcentaje de
inhibicion del 28,42%, siendo este el mejor de los tres
tanto para A. flavus y para F. proliferatum.

En la Tabla 8, se recogen los datos del test de
inhibicion de acetilcolinesterasa nuevamente para los
subgrupos 5, 8 y 3 respectivamente, donde se observa
un porcentaje de inhibicién bueno, especialmente la
muestra del subgrupo 3.

Tabla 7. Resultados de la inhibicion sobre A4. flavus y
F. proliferatum.

A. flavus F. proliferatum
% inhibicién % inhibicién
Subgrupo 5 2,21 5,26
Subgrupo 8 28,42 26,14
Subgrupo 3 13,34 6,51

Tabla 8. Resultados de los testes de inhibicion de
acetilcolinesterasa.

% Inhibicion Acetilcolinesterasa

Subgrupo 5 65,2
Subgrupo 8 42,8
Subgrupo 3 46,3
Galantamina*® 90,31

* Medicamento de uso clinico

La acetilcolinesterasa, es una enzima crucial
que juega un importante papel fisiologico en la
sinapsis interneuronal del sistema nervioso [21], por
lo que se pone de manifiesto que C. laurifolium,
puede ser empleado para combatir enfermedades

como el Alzheimer.

Extractos que presentan un porcentaje de
inhibicion enzimatica >50% pueden ser aislados como
sustancias potencialmente inhibitorias de AChE [22].
Los extractos que presentan inhibicion >50% son
considerados potentes, inhibidores moderados 30-
50% de inhibicion e inhibidores débiles <30% de
inhibicion [23].

4. CONCLUSIONES

La prospeccion fitoquimica presento resultados
positivos para algunas sustancias presentes en las
hojas de C. laurifolium, se verifico que el extracto
bruto etandlico de la planta, posee en su constitucion
sustancias como: taninos, flavonoides, esteroides y
saponinas.

En cuanto a los resultados indican que las
fracciones de C. laurifolium estudiados, contienen
compuestos de accion fungicida y se verifica que el
subgrupo 8 que present6 en la mayoria de los ensayos
bioldgicos un potencial de inhibicion bien elevado en
diferentes concentraciones.
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Abstract: This paper presents the green synthesis of a terpolymer resin by using the microwave irradiation

technique.

formaldehyde in 2M HCI using 1:1:2 molar proportions of the reacting monomers in 15 minutes.

The resin have been prepared by condensing thymol and guanidine hydrochloride with

The

synthesized terpolymer resin was purified and then characterized by different spectral methods like '"H-NMR,
FT-IR, and UV-visible to elucidate the structure of the obtained TGF resin.

Keywords: green synthesis; microwave irradiation; spectral analysis; TGF resin

1. INTRODUCTION

Green chemistry for chemical synthesis
design and redesign of chemical
synthesis and processes to prevent pollution and
consume a minimum amount of materials and energy
while producing little or no waste material, thereby
rendering the products environmentally friendly [1]
and it does so in a manner that is economically

feasible and  cost-effective. = More

involves the

recently,
microwave-assisted organic synthesis is a newly
developed method to obtain efficient
compounds in a short period of reaction time. After
1990s, this method has begun to be preferred for
organic synthesis and polymer synthesis [2]. A huge
number of research papers have appeared over the last
decades on the application of microwave technology

in organic synthesis [3-5].

more

In recent years, microwave irradiation
technique has had much importance in step-growth
ring-opening polymerizations as

well as radical polymerizations [6-7].

polymerizations,

The obtained copolymers are high molecular
weight compounds containing covalent bonds, yet
they are different from macromolecules. These
copolymers are reported to have better acid resistance,
better thermal stability, and improved electrical
properties. Terpolymer resins having good thermal

*Corresponding author. E-mail: surajdkukade142@gmail.com

stability have enhanced the scope for development of
some polymeric materials. Michael and his
coworkers synthesized, characterized,
studied the thermal degradation of a terpolymer
prepared from salicylic acid, guanidine, and
formaldehyde [8] and 8-hydroxyquinoline—guanidine—
formaldehyde [9]. Numerous researchers have
synthesized terpolymer resins

have and

using microwave
irradiation technique and have also characterized by
using different spectral methods [10-11]. The spectral
analysis of 8-hydroxyquinoline—melamine—
formaldehyde resin has been carried out by Gurnule
and his coworkers [12] and also reported the thermal
degradation of the resin prepared from 4-
hydroxyacetophenone and catechol with
formaldehyde [13]. Rahangdale et al. have
synthesized and studied the resin prepared from 2,2’-
dihydroxybiphenyl-biuret-formaldehyde [14]. The
preparation and characterization of 2-hydroxy-4-
methoxypropiophenone-urea-formaldehyde

copolymers have been reported by Patel and his
coworkers [15]. Terpolymers prepared by
condensation of o-cresol and urea with formaldehyde
in the presence of an acidic catalyst have also been
studied [16]. Chauhan et al. have reported the
synthesis of self-crosslinked terpolymer derived from
4-acetylpyridine oxime and formaldehyde with
acetophenone and studied the relevant
[17]. The and

characterization synthesis
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characterization of different terpolymer resins have
been carried out by many researchers [18-24].
Burkanudeen et al. have reported the synthesis and
spectral characterization of anthranilic acid, urea, and
formaldehyde in DMF as reaction medium [25-26].

Extensive research work has been carried out
on the synthesis, characterization, and stability of
different terpolymers by various researchers [27-29].

Thymol (2-isopropyl-5-methylphenol) is an
antibacterial agent which has been used in the
synthesis and polymerization of certain unsaturated
derivatives of thymol [30].

However, literature survey has shown that no
polymer resin has been
monomers thymol, guanidine hydrochloride, and
formaldehyde. Therefore, the present work reports the
synthesis of TGF terpolymer resin and their
characterization by using various spectral methods.

synthesized using the

2. MATERIAL AND METHODS

All the chemicals used as starting materials in

the synthesis of the terpolymer resin were purchased
from commercial suppliers and are of laboratory
grade.

Green synthsesis of TGF terpolymer resin

The TGF terpolymer resin was synthesized by
microwave irradiation technique using monomer
thymol (0.1 mol) and guanidine hydrochloride (0.1
mol) with formaldehyde (0.2 mol) in the presence of 2
M HCI medium at 80 + 2 °C for 15 minutes using a
Ragatech Microwave system at 700 W. After
completion of the reaction, the mixture was kept
overnight at room temperature. The precipitate
obtained was filtered and washed with cold water to
remove the thymol-formaldehyde copolymer and
unreacted materials. The terpolymer was purified by
dissolution in 8% NaOH and re-precipitated by drop-
wise addition of 1:1 (v/v) of 2 M HCIL The
precipitated product was filtered off, washed with
cold water, and dried in a vacuum dessicator over
anhydrous calcium chloride. The reaction route is
shown in Scheme 1. Melting point = 413K. Yield =
1.2993 g.

NH.HCH NH
il 2M HCl, 80°C ( il
—Cc— . : S GH—NH=G N CHy ==
+ MZN (o] N?"‘fz + 2M-CHO MW, 15 Min. | P 7 2
CH oH
Thymol Guanidine Formaldehyde .
yme Hydrochloride TGF Resin n

Scheme 1. Synthetic route of thymol-guanidine-formaldehyde terpolymer resin.

Spectral analysis

A Bruker (Model Alpha) spectrometer was
used for recording the FT-IR spectrum of the TGF
resin to identify the linkages and functional groups.
The UV-Visible spectrophotometric studies were
carried out on a Shimadzu instrument to identify the
types of electronic transitions. The proton NMR
spectrum of the TGF terpolymer resin was recorded in
CDCls solvent using an FT-NMR spectrometer model
Avance-II Bruker at 400 MHz.

3. RESULTS AND DISCUSSION

The terpolymer resin TGF is yellow in color,
insoluble in cold and hot water, but completely
soluble in ethanol, diethyl ether, N,N-dimethyl
formamide, dimethyl sulfoxide, chloroform, carbon

tetrachloride, benzene, acetone, cyclohexane, 1,4-
dioxane, and petroleum ether.

FT-IR spectroscopy

The FT-IR spectrum provides useful
information about the linkages and the functional
group present in the terpolymer. The FT-IR spectrum
of the TGF terpolymer resin is shown in Figure 1 and

the data are summarized in Table 1.

The broad band in the region of 3451-3420
cm’! may be due to the stretching vibration of the
phenolic hydroxy groups (O—H stretch). The sharp
band at 1200 cm™! and another at 1410-1300 cm™! may
be due to a C-O stretch. The band in the region 3500-
3300 (m) may be due to an N-H stretch (sym. and
asym.). The band in the region 3100-3000 cm™' may

Orbital: Electron. J. Chem. 6 (4):240-245, 2014
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be attributed as a C-H stretch and the band appearing
in the region 1650-1450 cm™ might appear from a
C=C stretch which is a characteristic feature of the
aromatic region. The peak in the region 2960-2850
cm’! may be due to a C-H stretch in CHs. The band
appearing at 1485-1440 (m) is attributed as a C-H

deformation in —CH»-. The band obtained near 1300
cm™!' may be considered as a C-H deformation signal
in —C(CHj3),-. The band appearing at 1611 cm™ is
probably due to the —C=N stretch (imines). The band
appearing in the region 850-690 cm™' may be thought
to be arising from the substituted benzene ring.

2%
E .
= &
g
EEIEEERT B2 ITEIE EE 2 ZE2 I8 2 5EE § IOF ZE=EERSERES BE gosgoog
3500 3000 2500 2000 1500 1000
Wanenumber cm-1
DAPEgEm FIEEX P LS ESW EASVTEG F Qs ime) O TEFOEImy ATH E=m ZISE JamammiL
Page 11
Figure 1. FT-IR spectrum of the TGF terpolymer resin.
Table 1. FT-IR spectral data of the TGF terpolymer resin.
Assignment Observed band Expected band
wavenumber (cm™) wavenumber References
(em™)
Phenolic —OH stretch 3451-3420 3750-200 [8, 9]
-N-H stretch (imide) 3500-3300 3500-800 [8, 9]
-N-H bend(imide) 680 800-600 [8, 9]
Aromatic C=C stretch 1650-1450 1600-450 [8,9, 32, 34, 35]
Phenolic C-O stretch 1400-1300 1410-1310 [8, 36, 39]
Methylic bridge (-CHz) modes 741 800-710 [8,9]
Rock
Methylic bridge 1420 1460 [8, 9]
(-CH2) modes Bend
Methylic bridge (-CH2) modes 1320 1300-200 [8,9]
Wagging
C=N (imines) 1611 1690-630 [9]
-substituted benzene ring 850-690 850-690 [8, 9]

Electronic spectra

The UV-Visible absorption spectrum of the
TGF terpolymer resin was recorded in 95% ethanol
and shown in Figure 2.

This resin gives rise to two characteristic bands

in the region 200-400 nm. These observed positions
of bands indicate the n-c* transition which may be
due to the presence of the C-O moiety of the phenolic
OH group. The band at 235 nm indicates the the n-n*
transitions in aromatic moieties as well as the C=N
group while the band at 285 nm may be due to the

Orbital: Electron. J. Chem. 6 (4):240-245, 2014
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presence of n-n* transitions in the C=N group.
observation is in good harmony with the

This
most

probable structures of such types of a terpolymer.
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Figure 2. Electronic spectrum of TGF terpolymer resin.

'"H-NMR spectra

The 'H-NMR spectrum of TGF terpolymer

resin is depicted in Figure 3 and the data are tabulated
in Table 2.

TGF-1
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Figure 3. '"H-NMR spectrum of TGF terpolymer resin.
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Table 2. 'H-NMR spectral data of TGF terpolymer resin.
Nature of proton assigned in the Observed Chemical shift (d) in Expected chemical References
NMR spectrum the terpolymer (ppm) shift (3) (ppm)
Aromatic (Ar-H) 6.5-6.8 6-9 [8,9,32,35]
phenolic (Ar-OH) 8.8 4-12 [8,9,32]
C=NH proton 6.5 6.5-8 [9]
Ar-CHz-N moiety 3.2 2.5-4.5 [8]
-NH bridging 6.7 5-8 [9, 36]
Ar-CH3 2.3 2.2-2.4 [30, 31, 33]
-CH(CHa)2 2.2-32 2-4 [30, 31, 33]
-CH(CHs)2 1.3 0.9-2 [30, 31, 33]

The signals within the range 6 6.5-6.8 ppm
may be caused by the aromatic ring protons (Ar—H).
A Dbroad signal appearing about § 8.8 ppm
corresponds to the phenolic (-OH) proton. The signal
present in the region & 2.5-4.5 is attributed to the Ar-
CH»-N moiety. The signal appearing in the range & 5-
8 ppm is considered to be due to -NH- bridging. The
sharp signal at 6 1.3 ppm is probably due to the
methyl group of thymol moiety in the resin. The
signal between & 2-4 ppm similarly can be thought to
originate from the proton of the isopropyl moiety of
the resin. The C=NH proton (imine) is thought to
originate between 6 6.5-8 ppm.

4. CONCLUSION

The resin TGF was synthesized by the
condensation of thymol and guanidine hydrochloride
with formaldehyde, in the presence of an acidic
catalyst using microwave irradiation. This method is
energy-saving as well as time-saving as compared to
the conventional method which requires 5 hours for
the completion of the reaction. The resin is yellow in
color, insoluble in water, and completely soluble in
ethanol, diethyl ether, N,N-dimethyl formamide,
dimethyl sulfoxide, chloroform, carbon tetrachloride,
benzene, acetone, cyclohexane, 1,4-dioxane, and
petroleum ether. Through FT-IR, UV-visible and 'H-
NMR spectral studies, the proposed structure of the
TGF terpolymer resin was confirmed.
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Abstract: The andiroba belongs to the botanical family Meliaceae, found in the Amazon mainly two
varieties, Carapa guianensis and C. procera. They are species with large logging utility and extracted oil has
many uses, especially in lighting, such as healing use, insecticide and anti-inflammatory. In this paper the
physico-chemical properties of oil of C. guianensis in Sdo Jodo da Beacon, Roraima through calculations
from 'H NMR spectrum using the computer program PROTOLEOS properties are studied by ESI-MS
technique to determine the constituents of said oil are linolenic acid (9.99%), linoleic acid (13.14%), oleic
acid (47.32%), unsaturated (70.45%) fatty acid and saturated fatty acids (29.55%). The extracted oil of
andiroba oil has a yield of 67.03% being the physicochemical properties of the oil as follows: 48.4 mg 1,/g of
iodine; 161.67 mg KOH/g of saponification; 1.84% of acid; 1004.02 g/mol average molecular weight; 159.83
mg KOH/g of ester value; 98.87% percent of ester and 0.9166 g/cm? for the density at 25 °C. Constituents
determined by  ESI-MS  include:  1,1'-methyl-2,2"-dicarboxylate  diantraquinona,  dimethyl
pirofosfatosantoninate, 2,4,6-tris-(3,5-di-butyl-4-tec-hidroxibencil)styrene, (2,3,7,8,12,13,17,18-
octanoilporfirinate) - Mg(ll).

Keywords: fatty acids; andiroba; ESI-MS, *H NMR

1. INTRODUCCION

La andiroba, se encuentra desde América
Central hasta Paraguay, pero es mas predominante en
la regiébn amazénica, donde estdn presentes dos
especies de andiroba distintas, que son Carapa
guianensis y C. procera, ambas destacan por ser
arboles de gran tamafio llegando a alcanzar los treinta
metros de altura, pertenecientes a la familia de las
Meliaceaes, importante familia productora de buenas
maderas, entre las que destacan el cedro rosa y caoba.
Es considerado noble, es facil de trabajar y muy
buscada en el mercado interno y externo, presentando
excelente calidad en la fabricacién de muebles, piezas
decorativas y como piezas internas en construcciones

“Corresponding author. E-mail: ismofe04@alumnos.unex.es

navales [1].

Por tanto, la andiroba es una de las especies
florales, no maderera destacada en el norte de Brasil,
debido al uso de su 6leo que es extraido de las
semillas y tiene demanda nacional e internacional, ya
que es usado en la iluminacion, en la confeccion de
jabdn y velas, en la industria de cosméticos y en la
medicina popular, presentando funciones
cicatrizantes, antinflamatorias e insecticidas [2].

La exploracién de productos forestales no
madereros, tiende a aumentar, presentdndose como
una alternativa para el  desenvolvimiento
socioeconémico de una regiéon con bajo impacto
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ambiental. El interés mundial por los productos
forestales no madereros, representan un gran potencial
para el uso multiple en las flores, evidenciando por el
creciente interés por productos naturales sumandose a
la preocupacion con la conservacion de los
ecosistemas forestales [3].

El 6leo de andiroba estd compuesto
basicamente por &cidos grasos mayoritarios como:
miristico, estearico, oléico (GD-9), linoléico (GD-6) e
linolenico (GD-3). Presenta color amarillo claro
transparente, solidifica a temperaturas inferiores a 25
°C, tiene sabor amargo y es considerado impropio
para la alimentacion [4-5]. Es reconocido oficialmente
por el Ministerio de Salud de Brasil como poseedor de
propiedades  fitoterapicas. Posee  propiedades
medicinales en la aplicacion para combatir
principalmente los sintomas de gripe, infeccion en la
garganta e hinchazon [6]. También se le considera
como un repelente natural de insectos, velas
repelentes, y jabones [7].

Las areas con mayor cantidad de andiroba en
Roraima, se localizan al sur del Estado, en los
municipios de Sdo Jodo da Baliza, Caroebe e
Roraindpolis. Las muestras de semillas para este
estudio fueron recolectadas en poblaciones de
andiroba nativas en la época de invierno con
produccion de frutos en el municipio de S&o Jodo da
Baliza, que a su vez fue monitorizado por
EMBRAPA-RR.

A pesar de la andiroba ser un arbol en la regién
Amazénica, y en especial en la region sur del estado
de Roraima, donde su éleo presenta beneficios para la
salud, todavia presenta pocas informaciones y datos
en la literatura con respecto a estudios quimicos. Por
tanto, este trabajo, tiene como objetivo determinar las
propiedades fisico-quimicas de los 6leos de la
simiente de andiroba por resonancia magnética
nuclear de hidrogeno, RMN H, asi como realizar la
caracterizaciéon de los constituyentes presentes en
dicho 6leo mediante la técnica espectrometria de
masas en electrospray, ESI-MS, en el municipio de
S80 Jodo de Baliza, en Roraima.

2. MATERIAL Y METODO
Obtencidn de las muestras

Las muestras de semillas de andiroba (C.
guianensis), identificadas por EMBRAPA-RR, fueron
recolectada en periodo de invierno, por ser época de
produccion de frutos, siendo tomadas de arboles

adultos localizados al sur del estado de Roraima, en el
municipio de Sao Jodo da Baliza, a 313 Km de la
capital Boa Vista.

El clima en la region, es clasificado como
tropical lluvioso con pequefio periodo de sequia, con
precipitacién anual media entre 1700-2000 mm. El
periodo lluvioso ocurre con mayor frecuencia de abril
a agosto con precipitaciones mensuales superiores a
los 100 mm. A partir del mes de septiembre ocurre
una sensible reduccion, con periodo
caracteristicamente seco durante los meses de
noviembre a marzo, siendo la temperatura anual
media de 27 °C [8].

Extraccion por soxhlet

Para este proceso, es empleado un matraz de
fondo redondo que contiene el solvente, un
condensador, una manta calefactora y el equipo de
extraccién  Soxhlet, cuyo interior tiene un
recubrimiento que contiene la muestra. La ventaja de
este método es el hecho de que la muestra y el
solvente estan en contacto intimo y continuo, y a la
par de eso, el solvente empleado para la extraccion es
el hexano, puede ser recuperado, a través de una
destilacién, empleando un rotavapor. En cuanto a las
desventajas de este método es que requiere mucho
tiempo en la extraccion, pudiendo variar entre 3-8
horas dependiendo de la materia prima.

Estudio quimico de las propiedades de andiroba
mediante RMN de *H

Para realizar el analisis quimico por RMN de
'H, aproximadamente 10 mg de muestra fue
solubilizaba en 0.6 mL de cloroformo deuterado
CDCls, y a sus espectros de RMN de *H (400 MHz),
fueron obtenidos utilizdndose un espectrometro de
RMN de 11.7 Tesla.

Para los nidcleos de 'H, fueron utilizados los
siguientes parametros de trabajo: pulso; 45°, tiempo
de reflexion: 1 s, tiempo de adquisicion: 2.049 s;
ancho de barrido: 7997.6 Hz, ancho de linea; 0.2 Hz.
Fueron acumuladas 64 repeticiones para cada
decaimiento inducido libre (FID) con un tiempo total
de 3miny21s.

Las propiedades fisico quimicas fueron
evaluadas por medio de la técnica de RMN de 'H,
realizadas en el centro de Biotecnologia da Amazonia
(CBA).

Orbital: Electron. J. Chem. 6 (4):246-254, 2014
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El indice de yodo (IY), indice de acidez (1A),
indice de saponificacion (IS) y masa molecular media
(MM), pueden ser medidos cuantitativamente a través
de dicha técnica [5].

Perfil de los ésteres metilicos de acidos grasos por
RMN de 'H

Para la cuantificacion de los acidos grasos del
aceite de andiroba, fueron utilizadas las ecuaciones,
estudiadas por:

Knothe y Kenar [9] para:
Acido oleico: ®9 (%) = 100. [(k/3) — 4. ®6 — 6.W3]/2
Guillén y Ruiz (2003) para:
Acido linoleico: w6 (%) = 100.[(g/f) — 2[b / (a + b)]]
Acido linolénico: ©3 (%) = 100. [b/ (a + b)]
Kirb, Fofana y McCallum [10]:

Acidos Grasos Saturados (AGS %) = 100.(1- 3 — ©6
- ®9)

Cuanto la caracterizacion fisico-quimica del
1Y, IS, IA'y MM), se aplica las seguintes equaciones,
apresentadas por Reda y Carneiro [16]:

1Y = (126.91.100.V)/MM (en que V es el nimero de
prétones vinilicos)

IS = 398.42 — (MM . 0.2358)
IA=3.0597.r°—6.3181 . r + 3.3381
MM =11.97 +7.036. T +5.983 .V

Para realizar las equaciones apresentadas, se
desarrollé un programa computacional, no registrado,
llamado PROTOLEOS. Este fue utilizado apenas para
calculos de las integrales del espectro de RMN de *H,
reduciendo, por tanto, el tiempo de analisis.

Andlisis de los constituyentes de andiroba
mediante ESI-MS

Los analisis de espectroscopia de masas,
fueron llevados a cabo en un espectrémetro de masas
en electrospray. El barrido de relaciones m/z oscild
entre 90 y 1000 empleando modo negativo y positivo
y los parametros empleados fueron: gas de
nebulizacién 500 L/h a 140 °C, el gas sale por el cono
a una velocidad de 50L/h y la temperatura de la fuente
es de 100 °C. El voltaje de capilaridad y el voltaje del
cono oscila entre +4.0 — 4.5 kV (-4.0 kV para iones en
modo negativo y 4.0 kV para iones en modo positivo).
El anélisis fue realizado empleando una solucién de
LockSpray y éacido fosférico (0.1 % en acetonitrilo
/agua 1:1). La solucion simple, fue preparada en
acetonitrilo por adicion de 20 pL de acido férmico e
hidroxido de amonio. Las muestras de aceite de
andiroba, para ambos modos, fueron analizadas en
tres solventes diferentes: hexano, etanol y metanol.

3. RESULTADOS Y DISCUSION

En la Tabla 1, se muestran los resultados
obtenidos para las propiedades fisico-quimicas del
aceite de andiroba obtenido por hexano, comparando
con resultados de la bibliografia.

Tabla 1. Caracterizacion fisico-quimica del aceite de andiroba comparado con datos bibliogréaficos.

Aceite Vegetal 1Y (mg 1,/9) IS (mg KOH /g) IA (mg KOH /g) MM (g / Mol)
Andiroba
(Estudio actual) 48.41 161.67 1.84 1004.02
Pereira et al., 2008 [11]
Colares/PA Na 214.76 2.13 Na
Pereira et al., 2008 [11]
Baia do Sol/PA Na 218.62 8.12 Na
Pereira et al., 2008 [11]
Ilha das Ongas/PA Na 226.29 3.18 Na
Fereira et al., 2005 [12]
Mazago/PA 70.23 190.70 6.95 Na
Costa et al., 1995[13] 56.75 148.36 1.17 Na

Na = No analizado

La cantidad de ésteres en el dleo de andiroba
en hexano presenté un valor de 159.83 mg KOH/g
siendo inferior al encontrado por Silva [5] con 191.97

mg KOH/g, pero el porcentaje de ésteres en la
muestra da un valor elevado, ya que el contenido de
triglicéridos es superior al 98 %.

Orbital: Electron. J. Chem. 6 (4):246-254, 2014
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Hidrdgenos olefinicos/alifaticos

Para calcular la acidez, fue necesario en primer
lugar calcular la relacion entre hidrégenos olefinicos y
alifaticos. Esa relacion es un parametro que indica el
grado de insaturacion y el estado de oxidacion de los
aceites, siendo mas preciso que el indice de peroxido.

La relacion hidrdgenos olefinicos/alifaticos
encontrada para el aceite de andiroba fue de 0.27
siendo un valor inferior al del aceite de aguacate
estudiado por Feitosa [14]. Cuya razén molar
obtenida fue 0.57 y ambos inferiores al éleo de limén
siciliano con 0.69 en el trabajo de Reda; Carneiro
(2005) [15].

Para la relacion hidrégenos
olefinicos/alifaticos con valor > 0.66 significa que el
6leo vegetal puede ser considerado apropriado para el
consumo humano [15]. Luego conforme a los datos
obtenidos en este estudio, el aceite de andiroba no es
apropriado para tal uso, pero si podria usarse en
pequerias cantidades para uso medicinal.

R

5.5 s.8 a.5 a.u 1.5

K J I H

3.

Composicién quimica del aceite de andiroba

mediante RMN de H!

El espectro integrado del aceite de andiroba, es
similar al de otros 6leos vegetales y a partir de la
intensidad de las sefiales de dicho espectro, puede ser
calculada la composicion de acidos grasos insaturados
y saturados.

Segun Reda y Carneiro [16] el espectro de
RMN de 'H, presenta 11 sefiales (A-K) con
intensidades significativas, estando estas sefiales de
acuerdo con los hidrégenos de los principales
componentes en los 6leos, o en los triglicéridos. La
atribucién general de las sefiales en el espectro, ya
fueron  estudiadas previamente por algunos
investigadores como Johnson y Schoolery (1962),
[17] Sachi et al. (1996), [18] Miyake et al. (1998),
[19] Vigli et al. (2003), Knothe y Kenar (2004) [20] y
Kirby et al. (2011) [10].

Las principales sefiales que muestra el espectro
se muestran en la Figura 1 y los respectivos
desdoblamientos se recogen en la Tabla 2.

] J
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___j i-x il ,.’\.-:I I-J«_ y';
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Figura 1. Espectro del aceite de andiroba obtenido en cloroformo, usando como patrén interno el TMS.

Es importante resefiar que la integral de las
sefiales, es proporcional al nimero de hidrégenos
presentes en cada grupo funcional [21].

En la Tabla 2, se pueden encontrar las sefiales
caracteristicas de los éleos vegetales con su respectivo
protén. El espectro de andiroba se refiere al aceite no
refinado [5, 20].

Como puede observarse, en la Tabla 2, los
hidrdgenos metilicos de los cidos saturados, oléico,
linoléico y linolenico, aparecen registrados con la
sefal “a” entre 0.83 y 0.93 ppm. Estas sefales,
referentes a estos componentes, fueron posteriormente
confirmadas mediante su andlisis en cromatografia
gaseosa.
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Tabla 2. Hidrdgenos caracteristicos de los aceites esenciales.

~ Desplazamiento

Sefial Hidrégeno (H)

Grupo funcional

(8) ppm
A 0.83-0.93 -CH;3 Hidrégenos metilicos
B 0.93-1.03 -CH,3 Hidrogenos metilicos del acido linolénico
C 1.22-1.42 -(CHy)n- Hidrdgenos metilénico dos &cidos grasos de triacilglicerol
D 152-1.70 -OCO-CH,-CH,- Hidrdgenos beta-carboxilicos
E 194-2.14 -CH,-CH=CH- Hidrogenos alilicos externos
F 2.23 -2.36 -OCO-CH,- Hidrégenos alfa-carboxilicos
G 2.70 - 2.84 =HC-CH,-CH= Hidrogenos alilicos internos
H 4.10-4.25 -CH,OCOR Hidrégenos metilénicos de glicerol
| 4.25-4.32 -CH,0COR Hidrégenos metilénicos de glicerol
J 5.20 - 5.26 >CHOCOR Hidrégenos H-2 metilénicos de glicerol
K 5.26 -5.40 -CH=CH- Hidrdgenos olefinicos

Los Oleos vegetales, presentan diferentes
proporciones de acidos grasos saturados (AGS), acido
oleico(GD-9), acido linoléico (GD-6) y linolénico (GO-
3), de manera que las sefiales resultantes son
consecuencia de la sobreposicion de protones
metilicos de tripletes, formando diferentes
desplazamientos quimicos y presentan tamafios

distintos dependiendo de la proporcion de acidos
grasos.

Las proporciones de los diferentes &cidos
grasos, pueden ser determinados mediante el espectro
de RMN de 'H [10]. Recogiéndose los resultados en
la Tabla 3.

Tabla 3. Composicion de acidos grasos en el aceite de andiroba y comparacion con otros aceites.

Acidos grasos (%) Andiroba (Estudio actual) Girasol [22] Aguacate [14] Limdn [15]
Linolénico (GD-3) 9.99 0.37 Nd 10.70
Linoléico (GD-6) 13.14 57.20 13.00 30.80

Oléico (GD-9) 4.32 38.60 64.00 29.20
Insaturacion 70.45 96.17 77.00 70.70
Saturados 29.55 3.83 23.00 29.30

Nd = no detectado

Al analizar la Tabla 3, se verifica que el 4cido
linolénico, fue detectado en el aceite de andiroba con
hexano al 9.99%, valor préoximo al aceite de limon,
encontrado por Carneiro et al. [22] con un valor de
10.70%. Segun Lehninger [23], este &cido no puede
ser sintetizado por los mamiferos, pero si obtenido de
fuentes vegetales, que son bastante abundantes,
teniendo importancia para la salud en la prevencién
de diabetes, ansiedad, estrés y ciertos tipos de cancer.

Para el acido linoleico el aceite de andiroba,
presenté 13.14% y fue obtenido en una concentracion
proxima a la del aceite de aguacate con 13.00%.
Superior al del aceite de oliva e inferior al aceite de
limon, girasol y soja [14]. Al comparar los datos de
este trabajo con los resultados de la literatura, el
contenido de acido linoleico presente en el aceite de
limén, [15] soja y girasol [5] presentan valores

superiores al encontrado en el 6leo de andiroba,
siendo respectivamente de 30.80%, 56.20% y 57.20%.

La concentracion de acido oleico en el aceite
de andiroba fue de 47.32%, estando dentro del
intervalo de 26.40% - 84.60% de los aceites
presentados en la Tabla 3. El &cido oleico es el
principal acido graso del grupo de los &cidos grasos
monoinsaturados, de forma que un aceite rico en
oleico ayuda a disminuir la concentracion plasmatica
de lipoproteina de baja densidad (LDL) lo que
conlleva a la reduccion del riesgo de enfermedades
cardiovasculares [24].

El grado de insaturacién fue del 70.45% para
el aceite de andiroba, encontrandose dentro de los
valores para los aceites estudiados. Segun Santos [25]
la presencia de &cidos grasos insaturados es la
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responsable de la calidad de aceites vegetales usados
en el consumo humano.

En la Tabla 4, se muestran los valores de
acidos grasos de aceites de andiroba encontrados en la
bibliografia.

Tabla 4. Composicion de acidos grasos mayoritarios en el aceite de andiroba.

Acido graso (%) AnQiroba Oliveira, Garcia, Silva, Costaet al.,
(Estudio actual) 2008 [26] 2006 [25] 2005 [5] 1999 [13]
-3 9.99 0.17 Nd 0.24 Nd
GD-6 13.14 9.60 10.30 8.30 9.08
-9 47.32 53.49 52.20 51.81 46.15
Insaturados 70.45 63.26 62.50 60.35 55.23
Saturados 29.55 34.69 37.30 36.45 36.41

Nd = no detectado

Se observa en la tabla 4 que el acido linolénico
fue detectado para un aceite de andiroba. Olivera [26]
y Silva [5] con valores del 9.99 %, 0.17% y 0.24%
respectivamente, no encontrandose en los estidios de
Garcia [27] y Costa. [13]

Para el &cido linoleico fue encontrado la mayor
concentracion con 13.14% en el aceite de andiroba,
seguido por Garcia (2006), [27] Oliveira (2008), [26]
Costa et al. (1995) [13] y Silva (2005) [28] con
valores de 10.30%, 9.60%, 9.08% y 8.30%,
respectivamente.

La concentracion de acido oleico en el aceite
de andiroba en hexano com um valor de 47.32%
presentd um valor proximo al encontrado por Costa y
colaboradores [13] com 46.15%, no entanto menor
que Oliveira (2008), [26] Garcia (2006) [27] y Silva
(2005) [5].

El grado de insaturacion para el aceite de
andiroba en hexano fue superior a todos los demas

94.0539

100

| TI{ATAD

com um valor del 70.45%, seguido por Oliveira
(2008), [26] Garcia (2006), [27] Silva (2005) [5] y
Costa et al. (1995) [13] com valores de 63.26%, 62.50
%, 60.35% y 55.23% respectivamente.

La composicidn de acidos grasos saturados del
aceite de andiroba en hexano, presentd un valor
inferior a los demés valores estudiados, mostrados en
la Tabla 4 con un valor del 29.55%.

Determinacién de la composicién quimica de los
constituyentes presentes en dicho aceite empleando
la técnica ESI-MS

Mediante la técnica ESI-MS, se pudieron
determinar hasta 155 constituyentes en el aceite de
andiroba, empleando modo negativo y modo positivo
para distintos solventes: metanol, etanol y hexano. En
la Figura 3, se muestra el espectro de masas obtenido
para la muestra de aceite de andiroba obtenido
mediante ESI-MS.

243.1091
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Figura 3. Espectro de andiroba obtenido mediante ESI-MS.

252

Orbital: Electron. J. Chem. 6 (4):246-254, 2014



253

Silva et al.

Full Paper

En la Tabla 5, se muestran los constituyentes
mayoritarios determinados mediante dicha técnica, no

existiendo datos bibliograficos para poder llevar a
cabo una comparativa.

Tabla 5. Constituyentes mayoritarios en el aceite de andiroba determinados mediante ESI-MS.

Masa intensidad Formula molecular compuesto

471 100 CaH150g Metil 1,1’-diantraquinona-2,2’-dicarboxilato

509 100 C31H4007 dimetil pirofosfatosantoninato

755 53 CssH7503 2,4,6-tris-(3,5-di-terc-butil-4-hidroxibencil)-estireno
557 90 CasHisMgN, (2,3,7,8,12,13,17,18-octaetilporfirinato)-magnésio (1)
439 42 Co4H2,0,S, Dimetil 5°,6’-bis-(tiometil)-p-terfenil-2°-3’-dicarboxilato
453 33 Cy7H23N30,S p-(bencimidazol-2-il)-N,N-dibencilbencenosulfonamida

4. CONCLUSIONES

Es de destacar la importancia de la técnica de
RMN de 'H en este trabajo para el anélisis de &cidos
grasos, permitiendo cuantificar el total de acidos
grasos saturados en la muestra, asi como los acidos
grasos insaturados en menores concentraciones
desarrollando una metodologia analitica no
destructiva para el estudio de las propiedades fisico-
quimicas de los aceites vegetales en comparacién con
las técnicas convencionales para determinar dichas
propiedades en esos 6leos.

Los valores de dichas propiedades estudiadas
mediante RMN de *H, estan en concordancia con los
obtenidos por los métodos de analisis convencionales.

El analisis de los componentes en su aceite
esencial mediante ESI-MS, abre grandes posibilidades
para llevar a cabo aislamiento de dichos
constituyentes 'y estudio de sus propiedades
farmacoldgicas.
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Abstract: In this work a carbon paste electrode chemically modified with an ionic liquid (CPE-IL) was used
to quantify the antioxidant propyl gallate (PG) in spiked soybean biodiesel samples by square wave
voltammetry. Under the optimized conditions, the proposed method have presented a linear range from 2.0 to
47.5 umol L1, with limit of detection equal to 0.397 umol L-!. Recovery studies were performed in biodiesel
samples spiked with two levels of PG. In all cases, satisfactory recovery percentages and low relative
standard deviation values were obtained which is a clear demonstration of the accuracy of the proposed
method. It was observed that IL provides a remarkable intensification of PG voltammetric response compared
to a non-modified conventional CPE, improving, therefore, the detectability of the voltammetric method. The
CPE-IL used in this work does not require an IL completely free from residual water. This is a very attractive
feature because time-consuming procedures for water elimination are avoided during the synthesis of the IL.
Thus, the proposed CPE-IL can be prepared in a simple, fast and inexpensive way making these electrodes
very practical and competitive compared to other chemically modified electrodes proposed in the literature
for PG quantification.

Keywords: biodiesel; carbon paste electrodes; square wave voltammetry; propyl gallate; electroanalysis

1. INTRODUCAO diesel de petréleo, sendo a principal delas o fato do
biodiesel apresentar grande tendéncia ao processo de
degradacdo, o que leva a drasticas e alteragdes em

suas propriedades fisico-quimicas, as quais podem ser

A busca por fontes alternativas de energia, que
sejam renovaveis e biodegradaveis, para substituicao

parcial ou total dos derivados do petroleo tem
aumentado significativamente a utilizagdo de o6leos
vegetais como matéria-prima na producdo de
biodiesel [1-3]. Umas das principais contribui¢des do
biodiesel é seu potencial para substituir o petrodiesel
para uso em veiculos automotores, uma vez que as
propriedades  fisico-quimicas de ambos sdo
semelhantes [4-5]. Entretanto, existem algumas
limitagdes no uso do biodiesel em substituicdo ao

*Corresponding author. E-mail: magnotr@gmail.com

decorrentes da exposi¢do ao ar, luz, umidade, metais,
calor e do proprio periodo de armazenagem [5-6].
Estudos apontam que a adicdo de agentes
antioxidantes sintéticos aumenta a estabilidade
quimica do biodiesel frente ao ar atmosférico, além de
aumentar também a estabilidade térmica deste
combustivel [5-6]. Dentre estes antioxidantes,
destaca-se o galato de propila (GP, Figura 1), cuja
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adicdo ao biodiesel pode suprimir ou impedir a
degradagdo, garantindo uma maior estabilidade
durante a etapa de manuseio e armazenamento [5].

OH

HO OH

0~ " O(CH,),CH,

Figura 1. Formula estrutural do antioxidante galato
de propila (GP).

A adigdo destes antioxidantes ao biodiesel ¢ de
fundamental importdncia, uma vez que estes sdo
capazes de preservar ou mesmo
eficiéncia de uma série de compostos do biodiesel
garantindo melhores condig¢des para o armazenamento
deste biocombustivel, influenciando positivamente no
desempenho dos motores e aumentando a vida 1til de
pecas complexas [5, 7-8]. Portanto, a qualidade do
biodiesel esta diretamente relacionada a presenga e a
concentragdo destes antioxidantes. Sendo assim, o
controle das concentragdes de antioxidantes no
biodiesel ¢ de extrema importdncia, pois permite
monitorar, rigorosamente, a qualidade do biodiesel
comercializado no pais [7-9]. Para este controle, sdo
necessarios métodos analiticos confiaveis, altamente
sensiveis e capazes de quantificar estes antioxidantes
em baixissimas concentragdes. O desenvolvimento
destes métodos analiticos ndo é uma tarefa trivial,

intensificar a

uma vez que o biodiesel ¢ uma matriz relativamente
complexa e que, portanto, exige que os métodos
analiticos apresentem também elevada seletividade
[9-10]. Embora existam varios trabalhos descrevendo
a determinagdo de antioxidantes em amostras
alimenticias tais como cebola, mamado, batata frita,
refrigerantes, maionese e  Oleos
comestiveis, [11-13] pouca atengdo tem sido dedicada
a quantificacdo destes antioxidantes em amostras de
biodiesel. O desenvolvimento de métodos analiticos

margarina,

para a quantificacdo de antioxidantes em biodiesel ¢é
altamente desejavel, a fim de desenvolver
metodologias mais simples, precisas e exatas e que
possam cumprir todos os requisitos exigidos na
deteccdo e quantificacdo de espécies nesta amostra
complexa [14].

No desenvolvimento de métodos para a
determina¢do de antioxidantes em niveis mais baixos,
destacam-se as técnicas voltamétricas e os eletrodos
de pasta de carbono modificados (EPCM), os quais,

combinados, apresentam caracteristicas extremamente
atrativas, tais como: sensibilidade, precisdo, rapidez e
estabilidade de resposta, praticidade de uso e baixo
custo [15]. A crescente demanda por praticidade nos
métodos analiticos de andlise incentivou o
desenvolvimento dos mais variados tipos de eletrodos
quimicamente modificados, sensores eletroquimicos e
dispositivos eletrodicos miniaturizados. O principal
desafio encontrado para o emprego de eletrodos
solidos convencionais em eletroanalise ¢ o fato de
muitas reacdes redox produzirem espécies que
bloqueiam a superficie eletrodica, levando a uma
gradativa perda de sinal. Assim, a regeneragdo
eficiente da superficie eletrodica ¢ um pré-requisito
essencial para que um método voltamétrico tenha
éxito. Neste contexto, os eletrodos de pasta de
carbono (EPC) apresentam-se como uma alternativa
vantajosa aos eletrodos sdlidos convencionais. Dentre
as vantagens associadas aos EPC, pode-se citar: baixo
custo, facilidade de construcio,
modificacdo quimica, baixas correntes residuais,
amplo intervalo util de potencial e estabilidade
quimica [16-18]. No entanto, um dos aspectos mais
atrativos dos EPC ¢ a possibilidade de modificagdo

manipulagdo e

interna do material, o que permite que a renovagado da
superficie possa ser realizada de maneira rapida e
simples. Portanto, superficie de um EPC
modificado que tenha sido bloqueada por produtos ou
intermediarios de uma reacdo redox, pode ser
prontamente regenerada por um simples polimento do
eletrodo. As caracteristicas vantajosas dos EPC tém
feito com que o uso destes eletrodos tenha aumentado
significativamente, de que
substituindo gradativamente os eletrodos
convencionais [19-21].

uma

modo estes vém

solidos

No preparo dos EPC, os agentes aglutinantes
nao i6nicos convencionais, como Oleo mineral e
vaselina liquida, apresentam algumas limitagdes, tais
como: elevada resistividade elétrica, instabilidade em
solventes organicos, além de ndo promoverem uma
compactacdo eficiente, o que compromete a
resisténcia mecédnica e a condutividade elétrica do
eletrodo final [22-24]. Um aglutinante alternativo
capaz de contornar muitos destes problemas sdo os
liquidos i6nicos a temperatura ambiente (usualmente
chamados de RTIL, do inglés, room temperature ionic
liquid) [22, 23], cujas propriedades fisico-quimicas
diferenciadas t€ém despertado um crescente interesse
em aplicacdes eletroanaliticas [22, 23, 25-28]. Dentre
as propriedades fisico-quimicas diferenciadas dos
liquidos i6nicos (LI), destacam-se: imiscibilidade em
solucdes aquosas, pressdo de vapor e inflamabilidade
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negligenciaveis, além de alta estabilidade quimica e
térmica e, em alguns casos, elevada viscosidade.
Outra caracteristica extremamente atrativa dos LI ¢
sua baixa toxicidade [29]. Além disso, ¢ possivel
ajustar as propriedades dos LI conforme a necessidade
pela combinagdo de cations e anions diferentes. A
literatura apresenta uma grande variedade de LI com

Cations:

1-N @ N ® R2 R
R Y R3 N’

N A

destaque para os cations e anions apresentados na
Figura 2. Este conjunto de propriedades torna os LI

extremamente  promissores como  aglutinantes
alternativos, os  quais  apresentam  elevada
potencialidade para o preparo de EPC com

desempenho muito superior aos EPC convencionais.
[22, 23].

R1
NH, '

; N
Dl N
MezN’J\~NMez @

R2 R R
Anions:
© © © © © © ©
PFq BF, NTf, CF4SO5 FeCl, Ac HSO,

Figura 2. Alguns exemplos de cations e dnions comumente encontrados nas estruturas dos LIs [26].

Tem sido relatado em diversos trabalhos que a
presenca de dgua residual nos LI ¢ um grave
problema, principalmente quando o objetivo ¢é utiliza-
los em estudos eletroquimicos. Embora os LI
constituidos pelo cation 1-etil-3-metilimidazoélio e
anions como tetrafluorborato, nitrato ou sulfato sejam
mais resistentes a umidade [24], elevados teores de
dgua podem comprometer propriedades.
Quantidades significativas de agua residual podem

suas

permanecer no LI mesmo apds os processos de
purificacdo e secagem sob pressdo
[22,23,25], o que pode afetar drasticamente as
propriedades fisico-quimicas dos LI,
viscosidade e condutividade, comprometendo
seriamente o desempenho destes compostos nos
sensores eletroquimicos [30-32]. Assim, em vdrias
aplicacdes eletroanaliticas ¢ desejavel o uso de LI
com elevada pureza, os quais fornecem resultados
satisfatorios e altamente reprodutiveis. Para a

reduzida

tails como

obtengdo de LI de alta pureza, sdo realizados
procedimentos de secagem sob pressao reduzida,
aquecimento por longos periodos com temperatura
controlada entre 70 e 80°C para reduzir o teor de agua
abaixo de 100 mg L', que é o minimo aceitavel para
ndo comprometer as propriedades dos Lls,
principalmente, em aplicacdes eletroquimicas [26,
32].

Desta maneira, observa-se que a eliminacdo da
agua residual dos LI é um processo demorado e que
torna a sintese dos LI complicada e laboriosa.
Portanto, neste trabalho, foi explorada a possibilidade

de uso de um LI, preparado sem preocupacgio
excessiva com a eliminacdo de residuos de agua. Os
LI obtidos por este procedimento foram empregados
como modificadores quimicos em EPC preparados
com Oleo mineral como aglutinante e foram
empregados para determinagdo voltamétrica do
antioxidante galato de propila (GP) em amostras de
biodiesel de soja.

2. MATERIAIS E METODOS
Reagentes, solucoes e amostras

Como eletrolito suporte, foram avaliadas as
seguintes solugdes: tampdo acetato 0,04 mol L
preparado pela mistura entre acetato de sodio anidro
(Merck) e acido acético (Merck); tampao fosfato 0,04
mol L' preparado com fosfato de sodio dibasico
mono-hidratado (Merck) e fosfato de sodio
monobasico di-hidratado (Merck) e o tampao Britton-
Robinson 0,04 mol L' preparado com écido acético
(Merck), acido borico (Merck) e acido fosforico
(Merck). O ajuste do pH desejado foi realizado com
acido cloridrico (Vetec) ou hidroxido de sodio
(Vetec), ambos na concentragio de 0,10 mol L,
sendo o intervalo de pH estudado de 2,0 a 10,0. No
preparo das solucdes estoque do padrdao de GP (1,00 e
10,0 mmol L) foram dissolvidas quantidades
apropriadas do sé6lido em etanol (Vetec), sendo as
solucdes resultantes acondicionadas em frascos ambar
e armazenadas sob refrigeracdo em temperatura de 4,0
+1,0 °C.
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As amostras de biodiesel foram obtidas a partir
da extracdo e transesterificacdo do oleo de soja,
empregando etanol anidro e NaOH como catalisador.
O biodiesel foi separado pelo método de decantagdo e
neutralizado com sucessivas lavagens com o uso de
uma solugdo aquosa de HCl 0,50 % (v:v). Para
eliminagdo da agua de lavagem, empregou-se a
decantagdo e, apos este processo, qualquer residuo de
umidade foi retirado com o uso do agente secante
sulfato de sodio anidro.

Para o preparo das amostras enriquecidas com
200 € 500 mg L' do antioxidante GP, adicionaram-se
quantidades apropriadas da solucdo estoque padrdo
(10 mmol L' de GP) as amostras de biodiesel isentas
de qualquer espécie de antioxidante. Em seguida, para
dissolucdo do antioxidante e homogeneizacdo, as
amostras permaneceram por cerca de 20 minutos,
primeiramente, em ultrassom (UltraCleaner, modelo
800), em seguida, sob agitagdo em agitador magnético
(IKA, modelo Color Squid). Depois deste processo, o
volume da amostra foi ajustado para 10 mL com
biodiesel e novamente submetido ao processo de
homogeneizagdo por mais 20 minutos. Para analise da
solugdo de 200 mg L' ndo foi necessaria a diluigdo,
de modo que aliquotas de 20 uL foram adicionadas
diretamente na célula eletroquimica e realizados os
experimentos eletroquimicos. Entretanto, para as
amostras contendo 500 mg L' do antioxidante GP,
realizou-se a diluigdo para uma concentragdo de 1,00
mmol L e, posteriormente, aliquotas de 20 uL dessa
solugdo diluida
eletroquimica.

foram adicionadas a célula

Preparo dos eletrodos

Preparam-se os EPC mediante mistura de po
de grafite e 6leo mineral, sendo a mistura resultante
macerada em almofariz até obter-se uma pasta
consistente. Para a obtengdo dos EPCM foram
preparadas diferentes propor¢des (m:m) de pd de

grafite (Aldrich), o6leo mineral (Aldrich) e o
modificador LI. O agente modificador, LI, foi
sintetizado tendo como base a metodologia

desenvolvida por Schrekker et al. [33]. Para a sintese,
inicialmente realizou-se a mesilagdo do etanol (1
equivalente), com cloreto de metanossulfonila (1,05
equivalente) e trietilamina (1,10 equivalente)
dissolvidos em diclorometano e, posteriormente,
alquilagdo do  1-metilimidazol.
Finalmente, o sal obtido foi submetido a troca

realizou-se a

anionica com KPFs e, a seguir, foi realizado um
processo de filtragdo através de uma coluna de silica.

Para evaporacdo de solvente e purificagdo do LI, o
mesmo foi submetido a vadcuo a uma temperatura de
70 °C durante 8 horas. O LI [C4CIm]PFs foi obtido
com um rendimento superior a 90 %.

Posteriormente, a mistura contendo a
propor¢ao apropriada foi macerada  por
aproximadamente 20 minutos, para garantir a
completa homogeneizagdo e obtengdo de uma
consisténcia satisfatoria. Em todos os casos, as pastas
de carbono com e sem modificagdo foram
armazenadas em refrigerador com temperatura
controlada de 4,0 + 1,0 °C. Para a construgcdo dos
eletrodos de trabalho, uma pequena quantidade da
pasta foi introduzida em uma seringa de insulina com
capacidade de 1,00 mL, tendo como contato elétrico
um fio de cobre.

Medidas eletroquimicas

As medidas eletroquimicas foram realizadas
em um potenciostato/galvanostato portatil da
DropSens (modelo pStat 400) interfaceado a um
microcomputador para aquisi¢do dos dados. Uma
célula eletroquimica com capacidade de até 10,0 mL,
contendo uma tampa de teflon com orificios para o
acoplamento dos eletrodos foi utilizada. Nestes
orificios foi acoplado o eletrodo auxiliar composto
por um fio de Pt, o eletrodo de referéncia de
Ag/AgCI/KCl 3 mol L' (Ag/AgCl) e o eletrodo de
trabalho, sendo estes constituidos pelos EPC com e
sem a modificagao.

Para registro dos voltamogramas, o eletrodo de
trabalho foi introduzido na célula eletroquimica
contendo 5,00 mL do tampao no pH desejado, cujo
intervalo de varredura de potencial avaliado foi de -
0,20 a 0,65 vs. Ag/AgCl. Entre cada medida, a
superficie do eletrodo foi renovada a partir da
remog¢ao da camada superficial e posterior polimento
em papel sulfite. Antes de cada medida experimental,
o oxigeénio dissolvido foi removido da solucgdo
eletrolitica via borbulhamento de nitrogénio por cerca
de 10 minutos. A resposta voltamétrica do GP foi
avaliada empregando-se as técnicas de voltametria de
varredura linear, pulso diferencial e de onda quadrada.

3. RESULTADOS E DISCUSSAO

Inicialmente, estudou-se o efeito da
composicdo da pasta de carbono com e sem
modifica¢do, sobre a resposta voltamétrica do GP.
Para tais estudos, os EPCM modificados com LI
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(EPCM-LI) foram preparados em diferentes
proporg¢odes, com énfase na variacdo da quantidade de
grafite (entre 60 e 80%) e da mistura 6leo mineral/LI
(entre 40 e 20%), com varia¢des do LI na mistura de
10; 7,5; 5,0 e 2,5%. Depois de avaliada a quantidade
de cada componente da pasta, verificou-se que a
melhor proporgdo para o EPC foi de 75 % (m:m) de
grafite e 25 % (m:m) de 6leo mineral e para o EPCM
foi de 70 % (m:m) de grafite, 25 % (m:m) de 6leo
mineral e 5,0 % (m:m) do modificador LI. A melhor
composicdo de pasta, na auséncia e presenca do
modificador, foi avaliada em termos de consisténcia
durante o processo de maceragdo e da resisténcia ao
ataque pela solugdo do eletrdlito suporte. Além disso,

avaliou-se o perfil voltamétrico e a intensidade do
sinal analitico gerado pelo uso da melhor propor¢io
da pasta durante a oxidacdo do antioxidante GP.
Posteriormente, condi¢des de
trabalho por estudo dos pardmetros experimentais ¢
instrumentais, sendo a melhor condigdo escolhida
apos avaliagdo da intensidade do sinal e da largura do
pico a meia altura, a qual foi chamada de resolugdo
voltamétrica.

otimizaram-se as

Os estudos do comportamento voltamétrico do
antioxidante GP foram realizados comparando-se a
resposta voltamétrica do GP sobre a superficie dos
EPC e dos EPCM-LI, conforme apresentado na
Figura 3.
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Figura 3. Voltamogramas de onda quadrada registrados em tampao fosfato (pH = 7,0). (—) EPCM na auséncia
de GP. (—) EPC na presenca de 29 pmol L' de GP. (—) EPCM-LI na presenga de 29 pmol L' de GP.
Condigdes voltamétricas: frequéncia (f) = 10 Hz, amplitude de pulso (Esw) =25 mV e incremento de potencial
(AEs) = 2,0 mV.

A Figura 3 mostra que o voltamograma
registrado com o EPCM na auséncia do GP (curva em
preto) ndo apresenta qualquer processo faradaico, o
que ¢ um excelente indicativo da elevada pureza dos
reagentes empregados para o preparo da solugdo do
eletrélito de suporte bem como dos componentes da
pasta de carbono. Por outro lado, os voltamogramas
registrados na presenga do GP apresentaram um pico
anodico bem definido no potencial de +0,17 V wvs.
Ag/AgClg. E bem estabelecido que a eletro-oxidagio
de antioxidantes fenolicos envolve a oxidagdao dos

grupos hidroxila, levando as quinonas
correspondentes, em um mecanismo do tipo EC com
reacdes de protonacdo acopladas as transferéncias
eletronicas [14, 34, 35]. Assim, a oxidag¢ao dos grupos
hidroxila do GP ¢ provavelmente o processo
responsavel pelo pico anddico observado nos

voltamogramas apresentados na Figura 3.

De acordo com a Figura 3, verifica-se ainda
que o voltamograma registrado sobre a superficie do
EPCM-LI apresenta uma melhor resposta em termos
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de intensidade de corrente de pico anddica (Ipa)
quando comparado com o EPC. Ademais, juntamente
com um ganho significativo de sinal do EPCM-LI (Zpa
= 18,80 pA) em relagdo ao EPC (Ipa = 7,35 pA), a
qual apresentou um valor quase trés vezes superior,
observa-se um melhor perfil voltamétrico. Estudos
envolvendo medidas sucessivas mostraram que, além
de fornecer melhor resposta voltamétrica, os EPCM-
LI, forneceram também uma melhor repetibilidade da
resposta. Assim, considerando estas caracteristicas
vantajosas, os estudos subsequentes foram realizados
utilizando o EPCM-LI como eletrodo de trabalho.

No estudo do comportamento voltamétrico do
antioxidante GP, também foram utilizadas as técnicas
de voltametria de varredura linear (VVL) e

voltametria de pulso diferencial (VDP), cuja
finalidade foi avaliar a detectabilidade destas técnicas
na deteccdo do GP sobre a superficie do EPCM-LI.
Na Figura 4 (curva em preto) verifica-se que o
voltamograma obtido com a técnica de VPD néo
apresentou um perfil satisfatéorio, o que pode ser
comprovado pela baixa intensidade da Ipa. Da mesma
forma, o perfil voltamétrico obtido com a técnica de
VVL (curva em vermelho) também ndo foi
satisfatorio, embora tenha sido um pouco melhor do
que o obtido pela técnica de VPD. Contudo, na Figura
4 (curva em verde), observa-se que a VOQ apresentou
um desempenho analitico superior as demais técnicas
com intensidade da corrente de pico anddica
acentuadamente maior.
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Figura 4. Voltamogramas registrados em tampao fosfato (pH = 7,0) com o EPCM-LI na presenca de 29 pmol L-
! de GP. (—) Voltamogramas de pulso diferencial (v =20 mV s’!, Esw = 10 mV). (—) Voltamogramas de
varredura linear (v =20 mV s™!). (—) Voltamogramas de onda quadrada (f= 25 Hz, Esw = 10 mV e AEs =2
mV).

Uma vez definida a composi¢do do EPCM-LI
e a técnica eletroanalitica a ser utilizada, avaliou-se o
efeito de diferentes solugdes tampdes, como
eletrolitos suporte, no comportamento voltamétrico do
antioxidante ~ GP. tal,  registraram-se
voltamogramas de onda quadrada em tampao Britton-
Robinson (0,04 mol L") e tampao fosfato (0,04 mol
L"), ambos em pH 7,0, para oxidagdo de 29 pmol L-!
do GP sobre a superficie do EPCM-LI. A melhor

Para

resposta voltamétrica foi obtida em tampao fosfato, o
qual além de fornecer um pico mais intenso
apresentou uma menor corrente residual. Portanto, o
tampdo fosfato foi escolhido como a solugdo do
eletrolito  suporte e adotado nas medidas
subsequentes. O desempenho analitico do EPCM-LI
também foi avaliado registrando-se voltamogramas
em diferentes valores de pH. Na Figura 5 ¢

apresentado o efeito do pH sobre o potencial de pico e
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sobre a corrente de pico para oxidagdo eletroquimica
de 29 umol L! de GP. De acordo com os resultados
apresentados na Figura 5, verifica-se que os maiores
valores de corrente de pico sdo obtidos em meio 4cido
em valores de pH entre 3,0 ¢ 7,0. Entretanto, em pH
7,0 observa-se que a eletrooxidagdo do GP ocorre em
potenciais significativamente menos positivos, o que
contribui para aumentar a seletividade do método,
sendo este valor de pH considerado a melhor
condicdo para os estudos analiticos. A Figura 5
mostra um deslocamento linear do potencial de pico
anodico (Ep) para valores menos positivos com o
aumento do pH, indicando que o processo de
eletrooxidacdo do GP envolve reacdes de protonagdo
acopladas as transferéncias eletronicas, o que ¢
concordante com o observado para a eletrooxidagdo

de outros antioxidantes fendlicos [14,34,35]. Uma
relacdo linear foi observada em todo intervalo de pH
estudado (Figura 5B) com equacdo de regressdo
linear: Epa(V) = -0,54 -0,051 x pH, com coeficiente de
correlagdo linear (r) igual 0,999. O coeficiente angular
desta equagdo ¢ muito proximo a 0,059, valor
esperado para processos eletrodicos envolvendo o
mesmo numero de elétrons e de protons. Este
resultado é também concordante com a oxidagdo de
grupos fendlicos as correspondentes quinonas,
processo que envolve dois elétrons e dois protons por
grupo hidroxila oxidado [14,34,35]. Assim, os
resultados obtidos sugerem fortemente que a oxidagao
do GP envolva a oxidacdo de seus grupos fenodlicos a
quinona correspondente.

SEone e
100V/0y sn A/ 3

1

4,0

Figura 5. Efeito do pH na resposta da corrente de pico (A) e do potencial de pico (B) registrados em solucéo
tampao fosfato (0,04 mol L") para oxidagdo eletroquimica de 29 pmol L' do antioxidante GP sobre a superficie
do eletrodo EPCM-LI. Condigdes voltamétricas: f = 10 Hz, Esw =25 mV e AEs =2 mV.

Os Parametros instrumentais inerentes a
técnica de VOQ desempenham um papel importante
no aumento da detectabilidade e, consequentemente,
na aplicabilidade analitica. Assim sendo, como
alternativa para melhorar satisfatoriamente a
sensibilidade de um sistema de detec¢do durante o
desenvolvimento de uma metodologia eletroanalitica,
otimiza-se todos os pardmetros instrumentais, uma
vez que a intensidade dos picos voltamétricos
depende fortemente dos sinais de excitagdo da técnica.
Com isso, os estudos seguintes foram direcionados na

otimiza¢do dos pardmetros instrumentais inerentes a
técnica de VOQ, sendo estudada a variacdo da
amplitude de aplicagdo de pulsos (Esw) no intervalo de
10 a 75 mV, o incremento de potencial (AEs) no
intervalo de 2 a 12 mV, a frequéncia de aplicacao dos
pulsos de potenciais (f) no intervalo e 10 a 80 Hz e o
tempo de equilibrio, no intervalo de 0 e 50 segundos,
durante a oxidagdo eletroquimica do GP. Estes
estudos foram conduzidos em tampao fosfato 0,04
mol L' pH 7,0, na presenca de 19,6 umol L' de GP,
empregando-se o EPCM-LI. Para avaliar a melhor
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condicao de trabalho, levaram-se em consideragdo os
pardmetros que apresentassem melhoras significativas
na intensidade da corrente de pico sem comprometer a
resolugdo voltamétrica. Neste caso, avaliou-se como
resolugdo voltamétrica a largura do pico a meia altura
(Wip), sendo considerado como fator decisivo um

sinal com intensidade satisfatoéria e sem alargamento.
Na Tabela 1 estdo apresentados os intervalos e as
condigdes experimentais otimizadas, as quais foram
adotadas para o desenvolvimento da metodologia
eletroanalitica para a determinacdo do antioxidante
GP sobre a superficie do EPCM-LI.

Tabela 1. Condicdes experimentais e parametros instrumentais otimizados no desenvolvimento do método

eletroanalitico usando a VOQ com o EPCM-LI.

Parimetros

Intervalo estudado

Valor escolhido

Eletrolito de Suporte
pHs
Frequéncia (Hz)
Incremento de potencial (mV)
Amplitude de pulso (mV)
Tempo de equilibrio (s)

Tampado Fosfato e B-R

Tampao fosfato

3,0-9,0 7,0
10-80 25
2-12 2
10-75 25
0-50 0

Empregando as melhores condi¢cdes de
trabalho, foram registrados voltamogramas de onda
quadrada em diferentes concentragdes do antioxidante
GP, no intervalo de 2,0 a 47,5 pmol L'. A Figura 6
reine os voltamogramas registrados neste estudo, bem
como a curva analitica obtida nestas condi¢des, a qual
apresentou linearidade em todo intervalo de

concentragdo estudado para a resposta da corrente em
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funcdo da concentracdo do antioxidante GP. Os
pardmetros e calculos obtidos a partir dos dados
extraidos desta curva estdo reunidos na Tabela 2, os
quais mostram que a equacdo de regressdo linear foi
Lo (uA) = -0,41 + 3,40x10°%C (mol L") (r = 0,998, n
= 10) e evidenciam um desempenho analitico
satisfatorio para utilizagdo do EPCM-LI na detecgdo
do GP.
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Figura 6. (I) Voltamogramas de onda quadrada registrados com 0 EPCM-LI em tamp&o fosfato 0,04 mol L!
(pH = 7,0) na presenga de diferentes concentragdes de GP no intervalo de 2,0 a 47,5 umol L'. Condi¢des
voltamétricas: f = 10 Hz, Esw =25 mV e AEs = 2. mV. (II) Curva analitica obtida para o GP.

Orbital: Electron. J. Chem. 6 (4):255-266, 2014



263

Oliveira et al.

Full Paper

Na Tabela 2 ¢ apresentada uma andlise
comparativa dos pardmetros analiticos obtidos na
determinagdo do antioxidante GP empregando o
EPCM-LI com aqueles previamente descritos na

literatura e obtidos com um eletrodo de pasta de
carbono modificada com o complexo 3.4-
metilenodioxicinamato de manganés [16].

Tabela 2. Comparagéo entre os pardmetros analiticos obtidos com o método proposto ¢ com um método descrito

na literatura [19].

Métodos
Parametros Analiticos
Proposto Referéncia [16]
Intervalo linear (umol L) 2,0-47,5 4,0-22,0
Intercepto (LA) -0,41 -0,21
Inclinagdo (pA L mol™) 3,40x103 1,64x103
Cocficiente de Correlagdo (r) 0,998 0,998
Limite de Detecgdo (umol L) 0,397 0,680

A partir dos pardmetros extraidos da curva
analitica e apresentados na Tabela 2, também foi
possivel estimar o limite de detec¢do (LD) do método
voltamétrico proposto, empregando a seguinte relagédo
matematica: 3xSDa/b. O parametro SDa representa o
desvio padrio do intercepto ¢ o b a inclinagdo da
curva analitica [17]. O LD obtido foi de 0,397 pumol
L' (Tabela 2), indicando detectabilidade satisfatoria e
atendendo as expectativas para a utilizacdo da
metodologia eletroanalitica para a quantificagdo de
GP em amostras de biodiesel.

Aplicacio do método

O procedimento desenvolvido foi empregado
para a determinagdo do antioxidante GP em amostras
de biodiesel contaminadas com 200 ¢ 500 mg L-!
deste analito. Para tanto, foram realizados estudos de
adigdo e recuperacdo do GP nas amostras de biodiesel
isento de qualquer tipo de antioxidante e, na
sequéncia, as analises foram realizadas apds um
simples procedimento de preparo da amostra,
conforme descrito na parte experimental. A
quantificagdo do GP nas amostras de biodiesel
enriquecido foi realizada pelo método de adigdo de
padroes, sendo os voltamogramas de onda quadrada
registrados nas andlises e as respectivas curvas de
adicdo de padrao apresentadas nas Figuras 7 e 8.

Os voltamogramas apresentados nas Figuras 7
e 8 mostram que o procedimento de preparo das
amostras bem como de determinagdo do antioxidante
foi eficiente e a deteccdo ndo foi afetada por
problemas  associados as interferéncias  de

componentes da matriz. Como podem ser observados,
0os voltamogramas registrados na amostra sem
enriquecimento ndo apresentaram nenhum pico que
possa interferir na detec¢do do GP. Verifica-se
também que os picos voltamétricos obtidos para o GP
na amostra de biodiesel apresentam-se intensos ¢ bem
definidos, indicando que nenhum dos componentes da
matriz afeta a resposta voltamétrica do GP. Para as
curvas de adi¢do de padrio apresentadas nas Figuras 7
e 8, os pontos equivalem ao valor médio de trés
medidas.

A Tabela 3 retne os resultados dos estudos de
adi¢do e recuperagdo realizados nas amostras de
biodiesel enriquecidas com os dois niveis de GP.

Tabela 3. Resultados obtidos para as determinagdes
de GP em biodiesel empregando o método proposto.

Adicionado Encontrado  Recuperagio = DPR
(mg L") (mg L") (%) (%)
500 528 105,6 3,29
200 167 83,50 9,34

[8l: média de trés determinagdes (n=3); DPR: Desvio
padrao relativo.

Os resultados apresentados na Tabela 3
demonstram que para os dois niveis de
enriquecimento da amostra de biodiesel foram obtidas
porcentagens de recuperagdo satisfatorias com valores
de DPR relativamente baixos. Estes resultados
indicam que a exatiddo ¢ a precisdo fornecidas pelo
método proposto sdo satisfatorias. Além disso,

Orbital: Electron. J. Chem. 6 (4):255-266, 2014



264

Oliveira et al.

Full Paper

a quantificacdo de GP, em amostras de biodiesel de
soja, em concentracdo abaixo do
encontrado nesta matriz, a qual pode se situar entre
500 € 2000 mg L.

verificou-se que ndo ha qualquer espécie na amostra
de biodiesel que afete o perfil voltamétrico do GP.
Portanto, este conjunto de resultados demonstra que o
método proposto pode ser empregado com éxito para

comumente
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Figura 7. (I) Voltamogramas de onda quadrada registrados com o0 EPCM-LI em tampao fosfato 0,04 mol L-!
(pH =17,0). (—) Ap0s a adi¢do de uma aliquota de 20 pL. da amostra de biodiesel sem enriquecimento. (—) Apods

adigdes de 2 umol L' de GP. (II) Curva de adi¢do de padrio.
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Figura 8. (I) Voltamogramas de onda quadrada registrados com 0 EPCM-LI em tampao fosfato 0,04 mol L™!
(pH = 17,0). (—) Ap0s a adi¢do de uma aliquota de 20 pLL da amostra de biodiesel sem enriquecimento. (—) Apos
a adi¢do de uma aliquota de 20 pL da amostra de biodiesel enriquecida com 200 mg L' de GP. () Sucessivas
adigdes de 2 umol L' de GP. (II) Curva de adi¢do de padrio.
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E importante destacar que o EPCM utilizado
neste trabalho apresentou excelente desempenho
analitico mesmo utilizando-se como modificador
quimico um LI que ndo foi submetido a
procedimentos  minuciosos  de
eliminag¢do de agua. Embora a literatura indique que
para aplicagdes em eletroquimica e eletroanalitica ha
a necessidade de se empregar LI altamente puros e
isentos de agua [22, 23, 25, 30-33], os resultados
obtidos neste trabalho mostraram que mesmo um LI
de moderada pureza ¢ capaz de produzir um EPCM de
desempenho analitico superior ao de um EPC
convencional. Este resultado ¢ muito importante, pois

purificagdio e

demonstra que uma metodologia mais simples e mais
rapida, como a proposta por Schrekker et al. [33],
pode ser eficientemente utilizada para produzir LI
para aplicagdes em eletroanalise. Assim, os eletrodos
quimicamente modificados com LI poderiam ser
produzidos mais facilmente e com menores custos o
que ¢ altamente desejavel do ponto de vista de
aplicacgdo pratica dos métodos eletroanaliticos.

4. CONCLUSAO

Os resultados obtidos neste trabalho mostraram
que o EPCM-LI pode ser empregado com éxito para a
quantificagdo do antioxidante GP em amostras de
biodiesel de soja, sem a necessidade de
procedimentos elaborados de preparo de amostra. O
desempenho analitico do EPCM-LI foi muito superior
ao de um EPC convencional, sendo a corrente de
pico - para a oxidagdo do GP obtida com o eletrodo
modificado - quase trés vezes maior do que a obtida
com um EPC convencional. Um ponto extremamente
vantajoso do EPCM proposto ¢ que ele ndo requer um
LI extremamente puro e com baixissimos teores de
agua residual. Isso simplifica drasticamente a sintese
do LI, permitindo, portanto, que o EPCM-LI seja
preparado de forma mais simples, rdpida e com
menores custos, conferindo grande praticidade ao
EPCM-LI, tornando-o competitivo quando comparado
a outros sistemas de detec¢do envolvendo eletrodos
modificados. Verificou-se que a eletrooxidagdo do GP
parece envolver a oxidagdo de seus grupos fendlicos a
correspondente quinona em um processo envolvendo
o mesmo numero de protons e de elétrons. Dentre as
técnicas voltamétricas avaliadas, verificou-se que a
VOQ foi a mais adequada para a quantificagdo do GP
por combinar elevada detectabilidade com elevada
velocidade de analise.
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Abstract: The reuse of rice husk ash (RHA) as catalyst support or as frying oil clarifier, which results in the
reduction of the acidity, is a viable and cost effective alternative for obtaining biodiesel product. Under other
circumstances, rice husk ash would be discarded. As a support, after acid leach and calcination, rice husk ash
can be compared with the commercial silica (DEGUSSA), which is commonly used in catalysis. In residual
frying oil clarification, there is a high adsorption and high clarification to produce biodiesel in
transesterification. Studies also suggest that the use of the rice husk ash pretreated by acid leach to clarify the
residual frying oil shows promising uses for the decreased amount of free fatty acids in these oils.
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1. INTRODUCAO

Nos dias atuais, a busca por fontes de energia
em substituicdo aos combustiveis fosseis tem se
tornado de extrema importancia, ndo so6 sob o aspecto
econdmico, mas também do ponto de vista ambiental.

Neste contexto, estdo as fontes alternativas de
energia, que apresentam como objetivo principal a
reducdo de emissdo de poluentes, além de serem
renovaveis. Entre elas, podemos citar: a energia
hidrica, nuclear, eélica, fotovoltaica e a proveniente
da biomassa (como lenha, biodiesel, biogas entre
outros).

A biomassa vem sendo muito estudada como
fonte de energia alternativa, visto que o Brasil
apresenta varios aspectos favoraveis para a utilizagio
deste tipo de energia, devido a sua localizacdo, ao
clima e extensdo territorial. Dentre elas, o biodiesel,
combustivel que pode vir a solucionar muitos
problemas ambientais e energéticos, ¢ definido como
uma mistura de mono-alquil ésteres de acidos graxos
derivado de oleos vegetais ou gordura animal, de
acordo coma ASTM D 6751 [1].

E importante ressaltar que o biodiesel

*Corresponding author. E-mail: heloasantos@hotmail.com

apresenta baixos niveis de liberagdo de mondxido de
carbono em relagdo aos combustiveis fosseis ¢ de
materiais particulados liberados durante a combustao.
Além disso, ndo ha liberagdo de compostos de enxofre
na atmosfera e apresenta melhores propriedades
combustiveis [2].

Diferentes processos podem ser realizados na
producdo do biodiesel, como pirédlise, microemulsdo,
esterificacdo e transesterificacdo. Dentre eles a
transesterificacdo ¢ a melhor forma de se obter o
biodiesel acidos

(ésteres de graxos), com

caracteristicas fisicas semelhantes ao do diesel

convencional [3].

Varios fatores influenciam essa reacdo, tal
como o catalisador, o tipo do alcool, a proporgdo
molar &lcool/dleo, a temperatura, a pureza dos
reagentes e quantidade de acidos graxos livres [4].

Desse modo, a obtencdo do biodiesel ¢é
realizada pela esterificacdo de 4acidos graxos livres
(AGL), através da troca do grupo alcoxila de forma
reversivel, por meio da utilizagdo de catalisador acido,
basico ou enzimatico, podendo ser homogéneo ou

heterogéneo [2].

Um dos problemas da utilizacdo de o6leos
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usados para a producdo de biodiesel reside na
utilizagdo de um catalisador alcalino, comumente
utilizado, durante a reagdo de transesterificagdo; este
catalisador vai reagir com os AGL, formando sabdes.
A agua utilizada durante a reacdo pode, também,
provocar a saponificagdo e, ndo sendo este o objetivo,
torna-se um inconveniente [5]. Ressalta-se ainda que
a agua diminui o rendimento da reagdo e dificulta os
processos de separagdo do glicerol e a purificagdo do
biodiesel [6].

A forma como se encontra o catalisador
também influencia. Catalisadores homogéneos sao de
dificil separacdo dos produtos, por conseguinte, dificil
¢ a recuperacdo e reutilizacdo do mesmo. Por isso, os
catalisadores heterogéneos apresentam vantagens pela
reducdo de etapas de lavagem do biodiesel, além da
possibilidade na sua reutilizagdo e consequente
diminuicdo de rejeitos reacionais.

Embora a sintese de biodiesel por catalise
heterogénea  apresente  vantagens técnicas e
ambientais em relacdo a homogénea, a busca por
materiais de baixo custo ou a reutilizacdo de rejeitos,
como as CA, ¢ de suma importincia para a

minimizagdo de custos.

Como as CA possuem grande quantidade de
silica e poder adsorvente, sdo interessantes também
como suportes de catalisadores. Além disso, sdo
facilmente comparaveis com o suporte de silica
comercial muito utilizado em industrias na catalise
heterogénea.

O processo de esterificacdo para a producao de
biodiesel apresenta como principais vantagens a
possibilidade de produgdo desse combustivel a partir
de residuos de baixo valor agregado.

Uma fonte promissora e sustentavel de AGL é
0 Oleo residual de fritura (ORF) que apresenta um
grande potencial poluidor. Um litro de oleo de
cozinha, descartado em hidricos,
contaminam cerca de um milhdo de litros de agua [7].

recursos

Por tanto, quando o descarte ocorre de maneira
incorreta causa danos ao meio ambiente, como
impermeabilizagdo do solo, poluigdo de rios e dos
demais recursos hidricos. Este o6leo ¢ obtido em
grande quantidade, pois ¢ utilizado rotineiramente na
alimentagdo da populagdo.

O ORF necessita ainda de tratamento para que
se enquadre nas exigéncias da ANP [8], sendo
limpido e isento de cor. Por isso faz-se necessario a
clarificagdo do ORF por meio de adsorventes, como

Full Paper
com as cascas de arroz (CA) ou com as cinzas das
cascas de arroz (CCA) que, devido as suas
propriedades, apresentam alto poder adsortivo

resultando na redu¢do do indice de acidez do ORF.

A clarificagdo do ORF por adsorventes in
natura torna-se uma alternativa sustentavel e barata,
visto que as CA sdo residuos agricolas abundantes em
nosso pais. A alta porcentagem adsortiva das CA se
justifica pela presenca de aproximadamente 20% de
sua composicao em SiO, no material in natura [9].

As CA sdo um subproduto de moagem da safra
de arroz e sdo muito utilizadas como combustivel em
fornos de caldeiras e as cinzas produzidas geram um
enorme problema na sua eliminagao.

Neste contexto, o presente trabalho visa o
desenvolvimento sustentavel, havendo redu¢do do
nivel de residuos e elaboragdo de novas metodologias
que possibilitem sua execucdo em escala industrial.

2. BIODIESEL

Experiéncias brasileiras procuram formas de
agroenergia na substituicdo parcial dos combustiveis
fosseis. Exemplos estdo no desenvolvimento do
alcool, com o Programa do Alcool — Préalcool — e
pela utilizagdo de o6leos vegetais transesterificados —
biodiesel [10].

Segundo a Agéncia Nacional do Petroleo, Gas
Natural e  Biocombustiveis  (ANP) [11],
“biocombustiveis sdo derivados de biomassa
renovavel que podem substituir, parcial ou totalmente,
combustiveis derivados de petroleo e gas natural em
motores a combustdo ou em outro tipo de geragdo de
energia”.

A produgdo de biodiesel pode ser realizada
com o0 esterificagio ou a
transesterificagdo (a mais utilizada), dentre outros.
Para isso, a reagdo quimica de Oleos vegetais ou de
gorduras animais com o alcool comum (etanol) ou o
metanol ¢ estimulada por um catalisador [12]. Alguns

craqueamento, a

exemplos de biocombustiveis sdo verificados na
Tabela 1.

A Agéncia Nacional do Petroleo, Gas natural e
Biocombustiveis (ANP) especifica e fiscaliza a
qualidade dos biocombustiveis, garantindo o
abastecimento do mercado desde de 2005 quando
houve insercdo do biodiesel na matriz energética
brasileira [11].

De acordo com GOMES [14], as resolugdes

Orbital: Electron. J. Chem. 6 (4):267-275, 2014
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que regulamentam as especificagdes para Biodiesel no
Brasil sdo regidas pela ANP 7, de 19 de marco de
2008, que sdo menos restritas que na Europa,

Tabela 1. Principais exemplos de biocombustiveis [13].

Biocombustivel Matéria-prima

Processos de obtencio

permitindo a produgdo de biodiesel a partir de
diversas matérias primas. Algumas dessas matérias
primas estdo na Tabela 2.

Composi¢ao Quimica

Carvao Vegetal Madeira Pirolise Carbono
[ Acucares (glicose, amido ~ .
Alcool gu (e ’ > Fermentag@o anaerobica Etanol
celulose, etc)
Biogas Todo o tipo de biomassa Fermentaco anaerdbica Hidrocarbonetos leves
. . . ~ Mistura de varios gases
Biogas de sintese Biomassa em geral Gaseificagdo . ’
g & ¢ essencialmente CO e H»
L : Esterificaga Monoé dci
Biodiesel Oleos e Gorduras steri icagdo ou onoésteres de acidos
Transesterificagio graxos
Craqueamento ou Mistura de
Bio-6leo Oleos e Gorduras raq hidrocarbonetos e
hidrocraqueamento

compostos oxigenados
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Tabela 2. Composi¢do em acido graxo de alguns 6leos e gorduras de origem vegetal [13].

Acido Graxo (%)

Estearico
C18

Palmitico
C16

Fonte do oleo ou
gordura

Algodao

Amendoim 6-16 1,3-6,5
Dendé 32-59 1,5-8
Girassol 3-10 1-10

Oliva 7,5-20 0,5-3,5
Milho 8,19 0,5-4

Soja 7,14 1,4-5,5

Linolénico
C18:3
(n9,12,15)

Linoléico
C18:2
(n9,12)

Oléico
C18:1
(n9)

13-44 33-59 0,1-2,1
35-72 13-45 <1
27-52 5-14 <L,5
14-65 20-75 <0,7
56-83 3,5-20 <L,5
19-50 34-62 4-11
19-30 44-62 4-11

Com o Biodiesel, o Brasil se torna referéncia
mundial no uso de fontes renovaveis, pois o pais €
considerado hoje a grande poténcia para a produgao
desse combustivel. Essa posi¢ao foi conquistada com
a utilizacdo do alcool em veiculos automotivos,
iniciativa pioneira no sentido de criar um programa de
combustivel alternativo ao petroéleo. O Proalcool foi o
maior programa de substituicBo de combustiveis
fosseis no mercado automotivo mundial. No Brasil,
tém sido utilizadas misturas do biodiesel com o diesel
convencional, conhecidas como misturas BX, onde X
refere-se a quantidade de biodiesel (% v/v) adicionada
no 6leo diesel [15].

Dependendo da  quantidade de B100
adicionado ao diesel de petrdleo, a utilizagdo do
biodiesel pode gerar em média 48% menos monodxido
de carbono, sendo 47% menos material particulado e
67% menos hidrocarbonetos [11].

Além disso, observa-se uma auséncia na

Ha um destaque dentre os destinos dos embarques do
agronegocio brasileiro nesse més de junho de 2014, e
esse foi a Asia, com 42,6% de participagio na receita
total, seguida pela Unido

Europeia, com

liberacdo de compostos de enxofre na atmosfera,
propriedades combustiveis satisfatorias e diminuigdo
na emissdo de gases do efeito estufa, visto que no
cultivo das oleaginosas também ha um consumo de
gas carbonico [16].

MINISTERIO DA
em junho de 2014 as

Segundo o
AGRICULTURA [17]
exportagdes do agronegocio brasileiro renderam US$
9,61 bilhdes, que corresponde um crescimento de
4,7% em comparagdo ao mesmo periodo do ano
passado. Comparado ao més de junho de 2013, a
balanga comercial do setor registrou um superavit de
US$ 8,40 bilhdes, visto que as importacdes
alcangaram US$ 1,21 bilhdo (queda de 5,5%).

Ja no grupo da soja (que inclui farelo, 6leo e
soja em grdo) estiveram em destaque, sendo que a
soja em grdo foi o produto de maior receita dentro do
grupo (USS$ 3,57 bilhdes) [17]

aproximadamente de 23%. De junho de 2013 ha junho
de 2014, exportagdes do setor totalizam US$ 99,51
bilhdes, em que US$ 33,85 bilhdes vém do grupo da
soja, US$ 16,82 bilhdes do setor de carnes e US$

Orbital: Electron. J. Chem. 6 (4):267-275, 2014
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11,98 bilhdes do complexo sucroalcooleiro [17].

Ao contrario do pais asidtico e comparada a
outras partes do mundo, a China s6 chegou ao
mercado de biodiesel com varios anos de atraso. Isso
¢ o que afirma o relatorio “China Biodiesel Industry
Report 2014-2017” publicado pela Researchmoz —
empresa norte-americana de consultoria e inteligéncia
de mercado [18].

Com o objetivo de substituir combustiveis
fosseis ha o surgimento de uma alternativa voltada a
agroenergia. Pesquisas indicam que as reservas
mundiais de petréleo se esgotardo por volta de 2046,
sem considerar a tendéncia de crescimento do
consumo. E com o aumento da procura e uma
acessibilidade deficiente, é possivel que seu preco
atinja patamares muito elevados sendo inviaveis
economicamente [19].

O Brasil ja obteve uma patente para fabricagédo
de biodiesel nos anos de 1970, que expirou antes de
adotar o uso do mesmo, mas mesmo assim O pais
conta com industria de biodiesel consolidada, com
usinas destinadas a produ¢@o e comercializacdo do
material [20].

A legislagdo brasileira tornou obrigatdrio o uso
de no minimo 5% de biodiesel no diesel e instituiu o
Programa Nacional de Produgdo e Uso do Biodiesel
(PNPB) [21].

Em 1893, Rudolf Diesel foi o primeiro a
utilizar um combustivel obtido pela transesterificagdo
de 6leo de amendoim. Antes da II Guerra Mundial
esse combustivel foi usado em veiculos na Africa do
Sul [21].

Segundo LUCENA [22], na década de 1940 os
EUA tinham interesse no biocombustivel por ser uma
maneira mais rapida de produzir glicerina para
alimentar bombas na guerra.

Os EUA incentiva o uso de Biodiesel com o
“Programa EcoDiesel” e a mistura mais cogitada ¢ de
20% de Biodiesel — B20. No mundo, a Alemanha ¢
considerada a maior produtora e consumidora de
Biodiesel [21].

Por causa de seus diversos ecossistemas, o
Brasil possui uma vantagem em relagdo aos outros
produtores de oleaginosas.

RATHMANN et al [19] cita as seguintes
vantagens na utiliza¢ao do biodiesel:

1. Vantagens ecologicas: Nao ha emissdo de
enxofre durante a combustdo dos motores,

principal causador da chuva acida e de
irritacdes das respiratorias. O gas
carbonico liberado na combustdo ¢ absorvido
na produgdo agricola que origina a matéria-
prima para o Biodiesel.

vias

2. Vantagens macroeconéomicas: geragdo de
emprego  para a  populagdo  rural;
aproveitamento interno dos 6leos vegetais.

3. Diversificagdo da matriz

Introducao dos biocombustiveis.

energética:

4. Vantagens financeiras: a produgdo de
Biodiesel pode colaborar com a participag@o
do Brasil no mercado de bonus de carbono do
Protocolo de Kyoto.

5. Desenvolvimento regional: reestruturagdo
do sistema produtivo. O Programa do
Biodiesel propde que 50% do Biodiesel venha
da mamona de pequenas propriedades
familiares ¢ os 50% da agricultura industrial,
como a soja.

Segundo a Revista BiodieseIBR [18] um
relatdrio publicado em junho de 2014 pela consultoria
alemd especializada em Oleos vegetais Oil World
afirma que a produgdo global de biodiesel devera
crescer em torno de 8% em 2014.Essa é uma

expansdo menor que do ano de 2013.

Como a cada litro de diesel substituido por
biodiesel 2,66 quilos de carbono ndo sdo liberados, os
paises objetivam incluir em sua matriz energética tal
combustivel [19].

3. OLEO DE SOJA

Para melhor explicar os processos que ocorrem
na degradagdo do 6leo de fritura, primeiramente ¢
importante apresentar a composi¢do do 6leo de soja,
representada pela Tabela 3.

O preparo de alimentos, através da fritura por
imersdo em o6leos, ¢ uma pratica difundida por todo o
mundo, ji que em altas temperaturas e em rapida
transferéncia de calor, o alimento fica pronto
rapidamente para o consumo, conferindo ao produto
caracteristicas agradaveis de cor, sabor, textura e
palatabilidade. Geralmente, esta fritura por imersdo
ocorre de duas formas: a forma continua — o 6leo fica
aquecido por um periodo prolongado, ¢ a forma
descontinua ou intermitente, ou seja, o Oleo ¢
aquecido para o preparo de uma refeicdo, esfriado e
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reaquecido para uma proxima refeicdo, comum em
redes de fast-food, restaurantes, pastelarias e em

residéncias [24].

Tabela 3. Composic¢do do dleo de soja.

N° de carbonos  Acidos Graxos Concentracao (%)

C12:0 Laurico 0,1 (max.)

C14:0 Miristico 0,2 (max.)
C16:0 Palmitico 9,9-122
C16:1 (9) Palmitoléico Tragos — 0,2
C18:0 Estearico 3-54
C18:1 (9) Oléico 17,7-26
C18:2 (9,12) Linoléico 49,7 - 56,9
C18:3 (9,12,15) Linolénico 5,5-9,5
C20:0 Araquidico 0,2-0,5
C20:1 (5) Gadolé&ico 0,1-0,3
C22:0 Behénico 0,3-0,7
C22:1 Erucico 0,3 (max.)
C24:0 Lignocérico 0,4 (max.)

FONTE: Adaptado de COSTA NETO et al., 2000.[23]

O Brasil ndo tem nenhum regulamento que
defina legalmente o monitoramento de descarte para
oleos e gorduras no processo de fritura. Porém, em
dezembro de 2003, a Agéncia Nacional de Vigilancia
Sanitaria (ANVISA)
Associagdo de Defesa do Consumidor,

recebeu documenta¢do da
fazendo
requerimento a participag@o nas agdes para criacdo de
Norma Brasileira que dispusesse sobre a utilizagdo e o
descarte de oleos e gorduras utilizados para fritura
[11]. Em decorréncia disso, a ANVISA determinou as
recomendacdes de boas praticas, que se encontram
disponiveis para consulta ptblica. Recomenda-se que
a quantidade de AGL ndo seja superior a 0,9%; o teor
de compostos polares ndo seja maior que 25%; e, os
valores de acido linolénico do dleo de fritura ndo
devam ultrapassar o limite de 2% [11].

Os Oleos de fritura representam grande
potencial de oferta. Um levantamento primario da
oferta de Oleos residuais de frituras, suscetiveis de
serem coletados, revela um potencial de oferta no pais
superior a 30 mil toneladas por ano. Algumas
possiveis fontes dos 6leos e gorduras residuais so:
lanchonetes e cozinhas industriais, industrias onde
ocorre a fritura de produtos alimenticios, os esgotos
municipais onde a nata sobrenadante ¢ rica em
matéria graxa e aguas residuais de processos de

industrias alimenticias [25].

Com a intengdo de reduzir os custos de
matéria-prima na obtengdo de biodiesel e eliminar um
residuo potencialmente poluidor dos cursos hidricos,
substituiu-se o 6leo de soja isento de impurezas pelo
ORF, que ¢ uma alternativa de baixo custo.

Em O6leo ou em gorduras podem ser
encontrados AGL que s3o basicamente acidos
carboxilicos de cadeia curta podendo ser saturados ou
insaturados. A produgdo de 4cidos graxos livre e
consequentemente de diglicerideos ocorre por meio
de reagdes hidroliticas quem ocorrem em Oleos,
principalmente, quando submetidos a altas
temperaturas e pela presenga de agua contida nos

alimentos.

A alta temperatura utilizada no preparo de
frituras, entretanto, seria um fator facilitador da
degradacg@o de dleos vegetais por oxidagdo, hidrolise e
formacdo de dienos conjugados. Os 6leos residuais de
fritura possuem uma maior concentracdo de acidos
graxos livre, além de viscosidade cinematica, calor
especifico, e tensdo superficial superior [13].

A degradagdo de lipideos pode ser ocasionada
por oxidacao, hidrélise, pirdlise e absorgdo de sabores
e odores estranhos como demonstra a Figura 1. Dentre
estes fatores, a oxidacdo € a principal causa de
deterioracdo, alterando diversas propriedades, como a
qualidade sensorial (sabor, aroma, textura e cor);
valor nutricional (perda de vitaminas, carotenoides,
proteinas e acidos graxos essenciais); deprecia¢do do
produto e toxicidade (grande formagdo de radicais
livres) [13]. Para utiliza-lo é necessario adsorver as
impurezas contidas no ORF para maximizar o
rendimento da reagdo na obtengdo do biodiesel e
atender as especificacdes exigidas pela ANP.

//(O Acido Graxo 2

Acido Graxo 1 0 R

R OTO\/\/\/\/\/@/\/\
0

021 Rancidez

Produtos de degradacdo

H,0 | Rancidez hidroliica

Acido Graxo 1

Nao voldteis Voldteis

Mondmeros, dimeros,
trimeros e

de alta massa molecular.

Hidrocarbonetos,
cetonas, aldeidos,
dcidos carboxlicos,
furanos, dentre outros.

Figura 1. Tipos de rancidez durante o processo de
fritura.
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4. CASCAS DE ARROZ (CA)

A casca de arroz (CA) mostrada na figura 2,
dentre os varios ramos promissores, se destaca na
producdo de energia e o aproveitamento de suas
cinzas ricas em silica, por isso, com o objetivo de se
obter um melhor aproveitamento deste rejeito, varios
estudos estdo sendo realizados [26, 27, 28].

Figura 2. Cascas de arroz in natura.

O aproveitamento de biomassa entra no
aspecto da sustentabilidade, visto que hd uma
consideravel reducdo do balango energético final de
CO,, pois ha absor¢do desse gas pelas plantas na
fotossintese [29].

As CCA, pelo fato de ser um residuo
proveniente da queima em caldeiras, se torna
acessivel em grande quantidade e de dificil adequacdo
a sua destinagdo final. As CA podem ser aproveitadas
de varias maneiras, uma delas ¢ a queima direta, que
além de gerar energia na qual o CO2 produzido volta

ao ciclo do carbono na biosfera, gera o residuo final

Tabela 4. Caracteristicas gerais das CA [32].

Composi¢ao

Propriedades (%)

elementar (%)

Carbono: 44,5

Volateis: 59,5
Umidade: 7,9
Cinzas: 15,3 — 24,4

Hidrogénio: 5,6
Oxigénio: 49,3

que ¢ a cinza impura, rica em silica. Se a CCA for
utilizada para algum fim comercial, se fechara o ciclo
de industrializagdo do arroz, sendo possivel o total
aproveitamento da matéria-prima proveniente da
lavoura, ja que o farelo, gérmen e outras 60 partes ja
tem destino no mercado. Afinal, uma producio
industrial ideal é aquela que gera residuo zero [29].

Esta casca apresenta alta dureza, fibrosidade e
natureza abrasiva, levando a obten¢do de um produto
com baixas propriedades nutritivas, boa resisténcia ao
desgaste e muita cinza [30].

A casca de arroz (CA) apresenta em sua
epiderme externa maior concentracdo de silica, na
regido interna da casca que apresenta um aspecto mais
liso da epiderme interna, encontram-se em maior
concentragdo a celulose e a liginina, principais
compostos organicos da casca. A silica presente na
casca, e por consequéncia na cinza, estd concentrada
principalmente dentro da epiderme externa em
dire¢do ao meio da estrutura da casca. No entanto,
uma pequena, mas significante quantidade de silica
reside na epiderme interna, adjacente ao grao de arroz
[31].

Fernandes [32] indica que as CA possuem um
elevado teor de silica, composta por 50% de celulose,
30% de lignina e 20% de residuos organicos, em que
o residuo inorganico contém, em média, 95% a 98%,
em massa, de silica, na forma amorfa hidratada,
havendo ao todo 13 a 29% de silica nas CA. Essa
composi¢ao geral, relacionada na tabela 4, ainda ¢
relacionada a safra, dependendo da variaveis
bioldgicas e climaticas da regido [32].

Componentes
presentes (%)

Celulose: 34,4

Hemicelulose: 29,3

Lignina: 19,2

Se ndo ocorre o aproveitamento dessas CCA
advindas da combustdo e forem descartadas
indevidamente no meio ambiente, a poluicdo sera
grave ao solo por causa do alto teor de carbono
residual presente [29].

O potencial adsorvente e¢ suas propriedades
tornam as CCA um material valioso em pesquisas no
preparo de catalisadores. Além disso, Alguns estudos
realizados comprovam a capacidade absortiva das CA

in natura. Estudos utilizaram as CA in natura para
remogao de metais pesados em efluentes sintéticos e
os resultados dos teores de metais determinados nos
efluentes ficaram abaixo daqueles requeridos pela
EPA (Environmental Protection Agency) para
descarte de efluentes [29].

Verifica-se, ainda, de acordo com estudos, que
as CA in natura apresentam 91,1% de SiO; e
pequenas quantidades de K,O, CaO, e outros [9]. Por
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isso a lixiviagdo acida e a pir6lise sdo processos muito
usados na extragdo da CCA amorfa, podendo
apresentar um teor de 90-99% em silica, constituindo
uma fonte barata de silica com uma area superficial
alta, ponto de fusdo elevado e porosidade alta [33].

Por esses motivos apresentados que a CCA ¢
comparada facilmente a SiD, suporte comumente
utilizado. As cinzas podem ser visualizadas na figura
4.

Colocando-se em foco as razdes ambientais,
sociais e econdmicas apresentadas, ha uma motivacao
ao desenvolvimento de uma futura conscientizacdo e
de maior responsabilidade ecologica da populagdo em
geral.

Figura 4. Cinzas das cascas de arroz (CCA) que
passaram por uma lixiviagdo acida.

5. USO NA CLARIFICACAO DO OLEO DE
SOJA

No beneficiamento do arroz temos, como
subproduto mais volumoso, as cascas, as quais podem
ser aproveitadas de diversas maneiras. Devido ao seu
alto poder calorifico (=3000 kcal/kg) a geragdo de
energia através da queima da casca de arroz ¢ uma
alternativa praticavel do ponto de vista tecnologico,
viavel do ponto de vista econdomico e ética do ponto
de vista ecolodgico, pois, a matéria-prima ¢ abundante
e todo CO; produzido na queima volta para o ciclo de
carbono da biosfera terrestre. No caso da geracdo de
energia pela combustio direta, o residuo final ¢ a
cinza Se ela for utilizada, direta ou
indiretamente, para algum fim comercial, se fechara o
ciclo da industrializagdo do arroz [29].

impura.

Como a cinza contém alto teor de silica (>
92%), isto a torna um residuo valorizado [38]. No
entanto essa cinza so tera alto valor economico se
tiver alta qualidade, que ¢ mensurada pela alta
superficie especifica, tamanho e pureza de particula.

Consequentemente, seria um grande desperdicio de
matéria-prima nobre joga-la fora, j4 que pode ser
usada em varios ramos industriais, tais como
eletronica, construgdo civil, industria
quimica, fabricacdo de células fotovoltaicas, entre
outros.

ceramica,

As cascas de arroz (CA) tém se apresentado
como uma fonte promissora em varios ramos. Dentre
eles podemos citar a produgdo de energia através da
queima das cascas de arroz e o aproveitamento de
suas cinzas ricas em silica; como material adsortivo;
para producdo de carbeto de silicio (SiC); produgio
de silica pura; utilizagdo das cinzas como carga em
polimeros; producdo de cimento e uso em concreto;
uso de cinza como suporte de catalisadores metalicos;
sintese de zeoélitas; e producdo de diferentes tipos de
silicatos, sdo algumas alternativas. Dessa forma
muitos estudos estdo sendo realizados no intuito do
melhor aproveitamento deste rejeito [31].

Um outro emprego da casca de arroz tem sido
feito por OLIVEIRA e colaboradores (2008) na
clarificacdo do ORF, pois de acordo com a resolucio
no 7 de 2008 da ANP, o biodiesel deve ser limpido e
isento de impurezas, desta forma, verificou-se que o
material obtido pela casca de arroz clarificou o ORF
em 70% além de diminuir o teor de AGL. Além de
Adam & Chua (2004) que modificaram a CCA com
aluminio (III) (CCA-Al) para a adsor¢do de &cido
palmitico na qual se verificou como um processo
espontaneo e endotérmico [34].

TOSE (2013) atingiu um grau de clarificagdo
superior a 40% a partir do ORF tratado, o biodiesel
por transesterificagdo apresentou indice de refrago
igual ou menor do que os valores exigidos pela
ANVISA (1,466 ¢ 1,470), além de reduzir 81,5% dos
acidos graxos livres [35]. Esse produto também
atingiu indice de refracdo dentro das exigéncias e uma
reducdo superior a 50% de acidos graxos livres. Ja
JUNGER (2012) utilizou 20 % (m/m) de CCA e
verificou a clarificagdo de 23 % do ORF, reduzindo o
indice de acidez em 52 % na duragdo de 48h [36].

Com base no trabalho realizado, concluiu-se
que a CCA como material adsortivo de compostos
indesejados do ORF se mostrou muito eficiente na
remog¢ao de acidos graxos analisados pelo indice de
acidez. Quando analisado o grau de clarificagdo o
melhor resultado foi de 48h e 20% em massa, a
medida que aumentamos a porcentagem de CCA a
clarificagdo torna-se mais eficiente. Com o teste de
Kreis também pode-se visualizar uma menor
quantidade de aldeidos e cetonas. Por meio desses
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fatos podemos confirmar a eficiéncia da CCA como
adsorvente na recuperacdo do ORF [36]. Pode-se
observar também que CCA possui uma boa area
especifica e os resultados obtidos sdo promissores
para a utilizagdo desse rejeito [36]

6. USO NA CATALISE PARA OBTENCAO DE
BIODIESEL

A catalise ¢ um ramo da quimica que estuda o
desempenho de catalisadores em varias reacdes
organicas e inorganicas, além do desenvolvimento de
novos materiais e sua caracterizacao.

Catalisadores sdo substincias que aumentam a
velocidade da reagdo sem serem consumidas; depois
que a reacdo cessa, o catalisador pode ser recuperado
da mistura reacional quimicamente inalterado. O
catalisador participa da reacdo, proporcionando um
caminho alternativo, de mais baixa energia, para a
formacdo dos produtos. Visto que o catalisador
permanece quimicamente inalterado na reacdo, ele
ndo aparece como reagente nem como produto, no
balanco global da reagdo [37].

Um catalisador comercial deve ser ativo,
seletivo, estavel em relagdo as condigdes térmicas do
processo ¢ a natureza do substrato suficientemente
resistente ao atrito, pouco fridvel, possuir uma vida
util longa e se, por qualquer motivo, perdé-la, ser
possivel restaura-la ao nivel inicial por meio de uma
reacdo quimica facilmente exequivel (regeneragdo
facil) [34].

A sintese industrial do biodiesel a partir de
matérias-primas com alto teor de acidos graxos, ainda
¢ em grande parte realizada por meio de catalise
Contudo
problematica devido a formagdo de emulsdo, o que

basica homogénea. esta sintese ¢

diminui o rendimento da reagdo, dificulta os
processos de separagdo do glicerol e a purificagdo do

biodiesel [2].

Embora a reacdo com NaOH ou KOH
proporcione altos rendimentos, sob condigdes ideais,
a purificacdo ¢ bastante dificil por causa da glicerina,
que € obtida como coproduto no processo, apresentar
contaminagdo com sais, acilglicerois, sabdes, entre
outros [2]. Essas inumeras etapas de purificacdo
encarecem o processo reacional, por isso a reacdo de
esterificacdo ¢ mais comumente catalisada por acido
sulfurico [2].

Ademais os catalisadores acidos tenham a
vantagem de evitar a saponifica¢do na reag@o, o0 uso

de tais catalisadores agregam problemas ambientais,
tanto por dificuldades na reutilizacdo, quanto na
producdo de efluentes corrosivos. Por isso, ha um
aumento da utilizagdo de catalisadores acidos
heterogéneos, pois quando utilizados na produgédo de
biodiesel apresentam diversas vantagens quando
comparados aos seus analogos homogéneos, como:
facilidade na separag@o dos produtos reduzindo desta
forma etapas de lavagem e, portanto os custos do
processo; possibilidade de reuso do catalisador e
diminuicdo de rejeitos possibilitando a aplicacao de
protocolos de producdo ambientalmente mais corretos
[38].

Além disso, o mecanismo de catalise
heterogénea possibilita a comparagdo do catalisador
frente ao uso de dois suportes, a SiD ¢ as CCA, para o
possivel aproveitamento das CA, produto que, em
outras situagdes, se tornaria um rejeito, €, nesse caso,

pode ser aproveitado para a producdo de biodiesel.

Diante disso, verifica-se uma incessante
procura por um catalisador com alta seletividade e
grande estabilidade térmica,
propriedades auxilio de

esterificacdo do acido oléico.

verificando essas

com o0 reacoes de

SANTOS e SOARES (2013) apresentam um
estudo interessante da utilizacdo das CA tratada com
HCI 20% (v/v) como suporte na esterificagdo via rota
etilica. A reacdo obteve uma conversio média de
51,19% para impregnacdo de Nb2Os 10% (m/m). Essa
reacdo foi por 6 h, a 60 °C, com 5% (m/m) desse
catalisador, sendo ainda a proporg¢do molar de 1:10
(Acido Oléico: Etanol). Além disso foi obtido com as
CCA um suporte com area especifica muito superior a
Silica DEGUSSA, sendo 303 (m%*g) e 140 (m?%g),
respectivamente [39].

7. CONCLUSOES

Paises tentam diminuir suas emissdes de gases
estufa e sua petrodependéncia, por isso objetivam o
desenvolvimento de estudos voltados a produgdo de
alternativas energéticas. Dentre elas a producdo de
biodiesel, com o intuito de reaproveitar residuos.
Continuadamente nesse proposito as CA, também
descartadas discriminadamente no meio ambiente, se
tornam promissoras como suporte de catalisadores e
adsorventes de 6leos residuais de fritura.

Esses oleos residuais, contaminantes aquiferos,
podem se tornar reagentes para a producdo de um

biocombustivel sustentavel, em que ha
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aproveitamento de um grande nimero de residuos.

Além dos motivos ambientais, as CA também
possuem caracteristicas fisico-quimicas excelentes
para estudos de comparagdo com o suporte
comercialmente utilizado, a silica DEGUSSA.

Nos ultimos anos, tem-se investido cada vez
mais em pesquisas para transformag@o das cinzas de
casca de arroz, até entdo consideradas residuos
industriais, em subproduto de interesse comercial.
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Abstract: In this work we report the studies on Polyaniline Emeraldine (PANI-ES) and Polyacrilonitrile
(PAN) doped with salt of Fe (II) and Fe(Ill). We used the techniques of conductivity measurements with
application of pressure. The results showed that conductivity of PANI-ES increase with pressure of range of
1.73 MPa until 20.0 MPa and PAN also increase with maximum of 6.0 mPa except to samples PAN-2-TT-

Felll and PAN-2-TTAA-Felll.

Keywords: polyaniline; polyacrylonitrile; conductivity; semicondutor

1. INTRODUCAO

A condutividade em materiais poliméricos é
um fenomeno estudado ha alguns anos, apesar de que
uma das principais caracteristicas desses materiais
serem a sua capacidade isolante de altas frequéncias e
de voltagens (alta resistividade). Uma das
caracteristicas dos polimeros condutores, também
chamados de “metais sintéticos” é a existéncia em
suas estruturas de longos sistemas m conjugados
(alternancia de ligagdes simples e duplas ao longo da
cadeia) que devidamente tratados possibilitam o
aumento da condutividade [1, 2]. Entretanto, a baixa
condutividade dos materiais poliméricos ¢ alterada
mediante a dopagem pela adi¢do ou remogdo de
elétrons da cadeia polimérica [3]. A condutividade
dos polimeros pode variar com fatores como a
temperatura; microestrutura e morfologia e assim os
polimeros mais ordenados contém poucos defeitos
que interrompem a conjugacdo da cadeia polimérica,
pois tem maior ordenamento molecular e maior grau
de cristalizacdo [4-6]; dissolugdo em um solvente,
como por exemplo, nos eletrolitos poliméricos
gelificados de Li/PAN/Solvente [7]. Os métodos mais
utilizados para a medida da resistividade em solidos
sdo os métodos de duas pontas, também conhecido
como de dois

terminais que ¢ um padrdo

*Corresponding author. E-mail: eloi.silva@ufes.br

recomendado pela ASTM (D257-99) para materiais
com resisténcia elétrica acima de 10°Q e o método da
sonda de quatro pontas pela ASTM (F43-99) para
medida de resistividade em materiais semicondutores
cuja utilizacdo esta relacionada a geometria da
amostra e os fatores de corregdo necessarios a
obtengdo do valor correto da resistividade [8]. A
medi¢do da condutividade elétrica do polimero
macerado (em graos) até a formagdo dos filmes
devido a pressdo ¢ uma adaptacdo do método descrito
por Gilmar et. al., [9]. O objetivo deste trabalho foi
aplicar o método de quatro pontas para medidas da
condutividade sob efeito da pressdo para os polimeros
Polianilina na forma esmeraldina (PANI-ES) e
Poliacrilonitrila (PAN), dopadas com ions do metal
ferro, PANI-ES-Fe(II), PANI-ES-Fe(11l), PAN-Fe(II),
PAN-Fe(III).

2. MATERIAL E METODOS

A reagdo de sintese da Polianilina na forma
esmeraldina (PANI-ES) foi realizada utilizando o
procedimento descrito por Devendrappa et. al. [10]
através da reagdo da anilina bidestilada em solugdo
aquosa de acido cloridrico em concentracdes de 1,0
mol/L. e usando o agente oxidante persulfato de
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amonia, (NH4),S,0s. As amostras da Poliacrilonitrila
(PAN) utilizadas neste trabalho foram sintetizadas
pelo método de emulsdo de Sanchez-Soto et. al. [11]
realizada pela adicdo de 50 mL de agua deionizada,
0,5g de peroxido de benzoila ¢ 25 mL de acrilonitrila
em um erlenmeyer, com agitagdo, a temperatura de
60 °C por um periodo de 2 h que resultou na
formacdo do polimero PAN, que foi lavado cinco
vezes em agua destilada e separado da solugdo por
filtracdo a vacuo e caracterizado por espectroscopia
no infravermelho (FT-IR), calorimetria exploratoria
de varredura (DSC), termogravimetria (TGA),
viscosimetria e raios-X [12, 13].

Para as medidas de resistividade elétrica DC

foi utilizado um cilindro de acrilico, representado na
Figura 1 para a amostra de PANI-ES, sendo
constituido por 7,5 cm de altura, perfurado
internamente num didmetro de 6,5 mm tendo dois
pistdes de cobre inseridos com a fungdo de contato
para o material a ter sua resisténcia medida. Cada
pino tem cabeca circular com didmetro de 5,0cm que
se encaixa no cilindro de acrilico. A base de cada
pistdo possui encaixes para as duas sondas, onde ¢
efetuada a conducdo de corrente (Figura 1). O pistdo
maior tem 6,0cm de altura com base de 1,0 cm. O
pistdo menor tem 1,5 cm de altura com base de 1,0
cm. O peso total do conjunto vazio foi de 601,60 g.
Todo o conjunto foi isolado de contato com a prensa
por duas placas de teflon.

Figura 1. Cilindro de acrilico utilizado para medidas das resisténcias DC das amostras sintetizadas. Detalhe da
armacao do cilindro com a amostra, pistoes (1) e cabos ligados e o isolamento do cilindro com placas de teflon

Como fonte de tensdo DC e medida de
resisténcia foi utilizado um Multimetro Digital 3440
Al Digital Multimeter da Agilent. Para realizagdo de
pressdo sobre o sistema foi utilizada uma prensa
Modelo C da Carvel Laboratory Press. Para a medida
de resisténcia da PANI-ES foi utilizado massa de
1,608g. O material foi colocado dentro do tubo de
acrilico, fechado com os pinos ligados ao multimetro
por quatro cabos e apds foi passada uma corrente DC
e procedeu-se a medida da resisténcia em ohm (Q). A
medida inicial foi feita a pressdo atmosférica. Apods a

Tabela 4. Dopagem das amostras sintetizadas.

primeira medida foi efetuado um aumento gradual de
pressdo a 1,73 MPa a um maximo de 20,0 MPa
respectivamente. Para cada intervalo de aumento de
pressdo foram efetuadas trés medidas de resisténcia
(trés leituras) no intervalo de cinco minutos. Todos os
filmes dos polimeros PANI-ES e PAN foram dopados
com solugdes de FeCl, 0,01 mol-L! e FeCl; 0,01
mol-L!, como ¢é apresentado na Tabela 1. O
procedimento foi aplicado para as medidas de
condutividade dos demais filmes poliméricos.

Amostra Condicdes

PANI-ES
PANI-ES-Fe(II)
PANI-ES-Fe(III)
PAN-1-Fell*
PAN-1-Fell

0,01 mol-L"!
PAN-1-Felll

evaporacdo do solvente
PAN-2-TT-Fell
PAN-2-TT-Felll
PAN-2-TTAA-Felll

Filme obtido a partir da anilina em meio acido HCI 1,0 mol/L

Filme obtido pela dissolugdo da PANI-ES em solugdes de FeCl> 0,01 mol-L!

Filme obtido pela dissolugdo da PANI-ES em solugdes de FeCl3 0,01 mol-L!

Filme obtido pela adsorgdo direta de FeCl2 0,01 mol-L-' a PAN-1

Filme obtido por evaporagdo do solvente da PAN dissolvida em DMF, apés a adsor¢do de FeClz

Filme obtido pela adsor¢do 1,0 mL de FeCls 0,01 mol-L"! em PAN dissolvida em DMF e
Filme obtido pela adsor¢do 1,0 mL de FeCl2 0,01 mol-L! em PAN-2 -TT

Filme preparado pela Adsorgio de 1,0 mL de FeCl3 0,01 mol-L-! em solugéo alcodlica
Filme obtido pela adsor¢do 1,0 mL de FeCl2 0,01 mol/L em PAN-2 -TTAA

Orbital: Electron. J. Chem. 6 (4):276-281, 2014
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3. RESULTADOS E DISCUSSAO

Medidas de resisténcia e condutividade elétrica
em sodlidos poliméricos na forma de p6 sdo dificeis de
serem realizadas. Algumas tentativas foram feitas
neste trabalho, utilizando-se amostras prensadas e
medidas diretamente no multimetro, mas a variagdo
observada foi muito grande. A medida que os
terminais eram levemente pressionados na amostra,
observava-se uma brusca mudanga na resisténcia, e
logicamente na condutividade dos materiais. Portanto
as condutividades dos materiais variavam com a
pressdo. Dai seria necessario buscar uma técnica em

que se pudesse medir a resisténcia e a condutividade
em funcdo da pressdo.Os célculos da condutividade
(p) foram feitos usando a equacdo R = p-(L/A) [14],
onde A ¢ a area da pastilha prensada e fixada em
3.3x103 cm, R a resisténcia (Q), ¢ L (cm) a espessura
da amostra pressionada, que varia de acordo com a
pressdo aplicada. Portanto a condutividade foi medida
em (Q-cm)! ou (S.cm?'), medida diretamente no
ohmimetro. Os resultados foram plotados em um
grafico, que ¢ mostrado na Figura 2. A partir deste
grafico foi possivel observar a variacdo da
condutividade em funcdo da pressao.

10
o] | —*—Pani-ES .—
. —e— Pani - Fe(ll) .
K 8 Pani - Fe (1) .
5 -
Q74
2z /
T 6 -
o) = o—*°
g 5 / .’./.,/./
'-g u o
= 44 - e —o—
3 l/ -
c o—e
Q 3
(&)
24
14
0 T T

Figura 2. Condutividade das amostras

Nas medidas da PANI-ES foram observadas
resisténcias na ordem de Q, entre valores de 0,057 e
0,032 Q. Observou-se, portanto a diminui¢do da
resisténcia com o aumento da pressdo. Isto significa
que tendo baixa resisténcia, a PANI-ES tem alta
resistividade e alta condutividade, o que era esperado
segundo a literatura [15, 16]. Também ndo houve
muita variacdo nos valores da resistividade, sendo
observada uma rapida estabilizagdo em 0,032Q e com
facilidade de medidas. Isto comprova a alta
condutividade do material. A PANI-ES atingiu
valores de condutividade da ordem de 10° S-cm’, o
que esta de acordo com a literatura [15, 16]. Isto
comprova a alta condutividade desta forma da PANI.

Para a PANI-Fe(lll) foram observadas
resisténcias na ordem de , e com estabilidade mais
constante em relacdo a PANI-ES. Nao houve muita
variagdo nas medidas, sendo facil de medir, pois a
estabilidade foi maior. A condutividade variou entre
3,3x10° e 5,6x10° S-cm’!, valores proximos e um
pouco abaixo dos medidos para a PANI-ES (Figura

8 0 12 14 16 18 20
Pressédo (MPa)

de PANI-ES, PANI-Fe(II) e PANI-Fe(III).

2).

Para amostra PANI-Fe(Il), foram observadas
resisténcias na ordem de Q, mas com valores maiores
em relagdo a PANI-ES e a PANI-Fe (III). Também
manteve uma estabilidade, mas com variagdo menor
em relagdo as outras duas amostras, ndo ocorrendo
muita variagdo. As condutividades variaram na faixa
de 0,39x10° a 1,2x10° S-cm!, atingido, portanto,
valores menores que as outras duas amostras.

Segundo Mattoso [17], estudos demonstraram
que o maximo na condutividade ocorre na forma 50%
oxidada. E a reacdo de protonacdo ocorre
preferencialmente =~ nos  nitrogénios  iminicos
(quinoides). Portanto, a forma mais condutora seria
quando a protonagdo ocorre na forma quinoide
(imina). A PANI-ES tem cerca de 50% de sua cadeia
protonada nos nitrogénios iminicos. O restante da
cadeia polimérica apresenta, portanto,
preferencialmente nitrogénios na forma benzenoide
(amina), que seria a forma onde ocorre a menor
condutividade da PANI. Sendo assim, quando os ions
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ferro foram adicionados, preferencialmente interagem
com os nitrogénios aminicos (benzenodides) [18].

As condutividades das amostras sélidas de
PANI-Fe(Ill) ¢ PANI-Fe(Il), foram inferiores as da
amostra PANI-ES. Estes resultados demonstram que
os ions ferro, ocuparam em sua maior parte oOs
nitrogénios aminicos. Também podem existir ions
ferro em nitrogénios iminicos, tal como foi
demonstrado nos espectros FT-IR ¢ Mdssbauer [19].
Mas os testes de condutividade demonstraram que
estes fons ocuparam em sua maior parte O0s
nitrogénios benzendides. Portanto, para interagdo dos
ions Fe(Ill) com a cadeia polimérica, pode-se sugerir
uma estrutura analoga a indicada por Genoud et al.
[20] e Bienkowsk et al. [21].

poliméricos tem variagdo apreciavel com a variagdo
de temperatura, a concentracdo do dopante e a
morfologia [21-23]. A condutividade elétrica sob
corrente continua (o) dos filmes de PAN sintetizadas
foram obtidas na faixa de 10°a 10 Q'm’!. Onde, a
com menor condutividade foi encontrada para PAN-
1-Felll, e a adsor¢do do Fe(Ill) ocorreu em
concentragdo muito pequena, o que pode ter
influenciado na condutividade.

A Figura 3, apresenta a resistividade e a
condutividade versus a pressdo para uma amostra
PAN-1 com formato cilindrico de base com area de
3,3x10° m? e lado de 5,6 mm dopada com solugio de
Fe(II) 0,01 mol-L"! e seca a 60°C. Neste caso, o
aumento de pressdo fez com que a condutividade do

A condutividade elétrica de materiais material aumentasse significativamente.
g o PAN-1-Fe(ll)
S - -1-Fe
S ool (A)
~ 8,0x10" o N,

[0
kel .
B 6,0x10°
= N
g 4,0x10° 5
& .

2,0x10° - & - e

T T T T T T
o~ 4,8x107 B =) PAN-1-Fe(ll)
E (B) & O
o 4,0x107 o %
3 - :
8 3,2x107
2 2,4x107 8
c @
8 1,6x107 . . . . .
0 1x10° 2x10° 3x10° 4x10° 5x10° 6x10°

Presséo (Pa)

Figura 3. Comportamento da condutividade sob pressao dos filmes PAN-1-Fell. (A) Resistividade versus

pressdo; (B) Condutividade versus pressao.

Tal fato pode estar associado a um processo de
otimiza¢do morfologica propositada pelo aumento de
pressdo sobre o material, mais os processos de
condutividades em materiais poliméricos sao
complexos. A PAN-1 ¢ um polimero semicristalino,
sendo, portanto a contribuicdo da parte cristalina do
polimero na condutividade relativamente pequena.
Em tese, a parte amorfa do material teria maior papel
no processo de condutividade do material em questdo
[22].

A condug@o nos filmes de PAN que foram
modificados por adsorgdo ¢ realizada na fase amorfa e
irrelevante para os

dominios microcristalinos

detectados na andlise DSC e observados nas
microscopias. O aumento da condutividade devido a
presenga de uma dispersdo Fe(I) pode ser relacionado

ao movimento do ion no material.

No caso das amostras de PAN-2-TT-Felll e
PAN-2-TTAA-Felll analisadas, tém a condutividade
diminuida com o aumento de pressao, Figura 4.

Os mecanismos de transporte de cargas em
materiais poliméricos diferem em muito dos que
ocorrem em condutores comuns, como os metais. Em
materiais isolantes, em geral, a condutividade ocorre
em decorréncia de ions livres.
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Figura 4. Comportamento da condutividade sob pressdo dos filmes PAN-2-TT-Felll. (A) Resistividades versus
pressdo; (B) Condutividades versus a pressdo.

4., CONCLUSAO

A condutividade no polimero esta associada ao
transporte por portadores de carga e associada a
porcao amorfa da PAN. O aumento de pressdo sobre o
polimero produz alteracdes morfologicas e modifica a
forma de condu¢do do material. A condutividade dos

filmes estd proxima a dos semicondutores
inorganicos.
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