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This work brings Raman and Fourier transform infrared (FTIR) spectroscopy as a proposal for a vibrational characteri¢atiapaof

guianensis Aublegssential oil in natura and polymerized and of magnetic nanoemulsion. Calculation of computational chemistry based on

the method density functional theory with B3LYP functional and 6-31T+H&se set parameters was used to obtain theoretical frequencies
and vibrational signatures of the oleic acid molecule. Results of Raman and Fourier transform infrared spectroscopy confiri@dapds of

guianensis Aubletssential oil present in polymerized oil and magnetic nanoemulsion studied. The density functional theory method shows

that the bands 1099 cm, 1714 cnt! and 1812 cm' explain the presence of vibrational modes of oleic acid in the samples. The density
functional theory brought good conformation to the chosen molecule.
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1. Introduction mization, the calculated frequencies and spectra of the oleic
acid molecule (OA) were obtained, which were compared
with experimental results. OA was chosen because it was
: o L2 a major component in a higher proportion for CGEO [24].

From Amazonian origin, vegetable ail rich in polyunsatu—The B3LYP functional and 6-311+G** basis were used, since

rated fatty acids (PUFA) is extracted from it [1-5]. Such they best fit the types of atoms involved [25-27]. In ad-

compounds in natural oils are often labeled with phytc’ther'dition additional information has been obtained in VEDA
apy [6, 7], associated with anti-inflammatory, antibacterial !

4 antif | ties [8-101. With hch terist software. The calculation generated theoretical spectra and
and antifungal properties [8-10]. With such characteris '®Syibrational signature data that were compared with experi-

andlroba oil has enormous potential for gpphcaﬂon. In VI®Whental results. The experimental results indicate that all sam-
of this, the study for the development of oil-based nano emul-

X A les present bands related to the OA molecule, especially for
sions of vegetable origin is highly encouraged [11,12]. Nancgands of C=C and C=0. These results express that the com-
emulsions are dispersions of two or more immiscible fluids

h t least f thei S | onents of CGEO are still present in the studied samples. The
where at [east one of théir components 1S on a Nano-SCal -1 athod was successful in predicting important bands of
e molecule studied. The importance of the study is directed

. . . . Yo the field of applied sciences, since there are no reports of
t_hose constituted by a polymeric matrix _doped_ with nhanopary,q application of this methodology to the study of CGEO
t'CI.eS‘ baged on ferrite magnets and d'IUt?d IN aqUEOUS SG5, 564 nano emulsions. The study is a pioneer in combining
Iuyon. This typg of compou_nd genergtes Interest n permf:"éxperimental technigues and computational modeling in the
a}tlon and vect(_)rlng'studles in the delivery of drug;, in add"development of a CGEO-based nano emulsion.
tion to other biological applications [13-18]. In this study,

Raman spectroscopy (Raman) and Fourier transform infrared

spectroscopy (FTIR) in essential oil @farapa guianensis 2  Materials and methods

Aubletin natura (CGEO) and polymerized (CGPO) and nano

emulsion (CGNE) developed from Polymerized materialwas2.1.  Synthesis of nanoemulsion

applied. FTIR and Raman are important tools in determin-

ing functional groups linked to molecules and atoms, beside$he CGEO was obtained from a producers cooperative
having as an advantage, fast data acquisition, with high prgAssocia@o de Produtores Agroextrativistas da @oa do
cision and complementarity of the active modes in each oBardinha, lAbrea-AM, Brazil). The essential oil-based poly-
them [19-23]. A computational approach was added by inmer was synthesized using the polycondensation technique,
corporating the oleic acid molecule. The Density Functionawhere the triglyceride chain was broken using 1N Koh
Theory (DFT) was the method chosen. Thus, molecular optiand free fatty acids polymerized using the ligand monomer

Andiroba is the popular name @farapa guianensis Aublet
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CyHgO4 [28-31]. The nanoparticles were synthesized by a =
chemical precipitation technique using 1:2 Fe6H,O and T &
FeCh-4H,0 [32, 33]. Using an ultrasonic homogenization, | b
an oil-in-water nanoemulsion was prepared, where nanopar-
ticles are homogenized with the essential oil-based polymer,
adding, in proportion 1:4, water and 0.4 g Tween 80 in an

Ultrasonic Sonicator under 60 W and 20 kHz for 10 min.

2.2. Experimental

Spectral Transmittance (%)

—— OA/6311G+**
r—— CGEOQO

The Raman spectrum was acquired at Raman Labram HR
800 spectrometer, with 633.5 nm laser, in the range from
80 to 3400 cm! at the Light spreading Laboratory of the e-- CGNE

Federal University of Mato Grosso - UFMT. The FTIR ac- 40;0 e
quired spectra were acquired using a SHIMADZU FTIR-

IR-Prestige-21 spectrometer, in total attenuated reflectance

(ATR) mode with the samples in liquid state. For anaWSiS,FlG_URE 1 Fourie_r transformed.infrare.d spectra of tB@arapa _
one drop of each sample (without dilution) is deposited inguianensis Aubleoil, Carapa Guianensis polymer and magnetic
a damond crysta and the Specra were obtaned i the %05 TS0 OUOLS e, e ot o coch esecthel
gion between 4.000 to 400 cmh, with a resolution of 4 cm? '

B3LYP/6-311G+** or 6-311G+(d,p) was used.
and 60 scans. Measurements were performed at the Labora-

tory of Characterization and MinOSCOpy of Materials of FEd'b|ue and CGNE in black. FTIR bands present markings for

eral University of Alagoas UFAL. The experimental spectrapH, CH, COC, C=0 and Cigroups. FTIR of CGEO shows
were treated with Savitzky-Golay smoothing function in Ori- hands in 2935, 2853, 1743 crhand in 1235 e 725 cmi.

o_____
o
=]
o
o
o

Wavenumber (cm")

gin software [34, 35]. The spectrum of CGPO Fig. 1 shows bands in 3299, 2935
and 2853 cm! (associated with Ckand CH;), 1411 cnr!
2.3. Computational methods (linked to vibrations CH), 1161 cnt! and 1093 cm! (OCC

. ) ) group). For CGNE the main bands are in 3299, 1550 and
Computational calculations were performed using the Gaussgg cnt! regions. The results show that CGPO and CGNE
sian 09 pack age, optimizing the structure and predicting theyntain bands at 3299 crh, a broad and intense band com-
harmonic vibrational Raman and IR frequencies [36]. Funcyon 1o OH stretching. We can also see bonded bands CH
tional B3LYP combined with a base set 6-6-311+G** or 5ng CH, (methyl group) in 2935 and 2853 crh for CGPO
311+G(d,p) was used. B3LYP is a three parameter function,q cGEO.

(B3) used for the Lee-Yang Parr (LYP) functional correlation e region between 4000-2800 cinshows that CGEO
exchange. The LYP correlation is a more cost-effective apgyoes not contain OH band (3299 tf) and CGNE does not
proach to calculating the molecular structure, vibrational frep o Ch and CH, bands. In the region between 2000-
quencies, and energy of optimized structures [37-39]. Thg oo cnt! we have an intense and thin band at 1743 &m
polarization used allows good optimization results in organicg, CGEO, indicating the presence of C=0 stretch. Just be-
molecular groups. The 3 description of normal oleic acid|0W, in the region of 1628 cm!, CGPO and CGNE show
modes was performed in terms of analysis of potential enpands of the C-O grouping. Below 1250 thy the CGPO
ergy distribution (PED) using the VEDA software. The de- ghows a band combined with marking at 1090 ¢mand
scription of normal oleic acid modes was performed in terms| 30 cnr! associated with C-O-C groups vibrations The
of analysis of potential energy distribution (PED) using thebonding of CO esters are indicators on 1235 ¢rof CGEO
VEDA 4 software [40]. The theoretical vibrational spectra [41-43]. The region between 750-500 th shows a CH
were reduced with a scale factor of 0.967 to compensate fQ§53q at 725 cm! for CGEO. Considering carboxylic acid a
the resulting error of the vibrational disharmony and the in-|ong chain grouping, the band is associated with 725 tm

complete electronic correlation of the treatment. present in this type of structure [42, 44, 50]. Whereas for
CGPO and CGNE, we see a broad band between 900-

3. Results and discussion 500 cnt! that may be associated with oxygen interactions
with other compounds in dispersion, as is the case with fer-

3.1. Experimental rite magnets. As the CGPO is the fruit of the polymerization

process, we can see that the FTIR spectrum shows that few
Figure 1 and 2 show FTIR and Raman of CGNE, CGPObands were preserved in relation to essential oil, except for
and CGEO spectra (Also the calculated spectra of OAhe CH bands in 2935, e 2853 ¢ The new bands found
in line blue). Figure 1 shows the region between 4000are related to the new synthesized polymer. In this case, the
and 500 cmr!. The CGEO spectrum is seen in red, CGPO inligand monomer used in the CGEO polymerization process

Rev. Mex. Fis69051003
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was Ethylene Glycol (EG), whose synthesized compound i§till in CGNE, above 3200 cm!, a mild elevation, may in-

a derivative of Polyethylene Glycol (PEG) [45]. The main dicate the presence of OH modes. In studies already men-
bands are OH (3299 cm), COO (1628 cm!) and COC tioned [52-54], there are no references of a broadband in
(1090 and 1030 cm'). When analyzing the data obtained this region for vegetable oils, even if they contain fatty acids,
from FTIR of the synthesized polymer, it was observed thatvhich have the hydroxyl radical (Fig. 3), something appears
the predominant bands are similar to the PEG visited. Théor the calculated spectra (see Fig. 1). Below 500 &nall
FTIR spectrum of CGNE follows this trend. In CGNE there the spectra show a band with common characteristics. For
are bands associated with OH and CO bonding, as in CGP@GEO and CGPO we have the band at 238 érand CGNE

in addition to vibrations bands in the region ranging fromis at 210 cnt! region. All the samples show a band at 372
750 to 500 ¢! [43]. In this case, the absence of CH bandscm™!, associated with CC deformations.

around 2850 cm! and the appearance of a band centered at

1550 cnt! and a band between 750-500 thhwhich may  3.2. Calculation

be associated with the interactions of FeO oxygen with other ) o ]

compounds in dispersion. This may explain the band enlarge-igure 3 is the oleic acid structure, belonging to the group of
ment, as reported for magnets ferrites [46]. Figure 2 show§&1 points of symmetry. o

the Raman of the CGEO, CGPO and CGNE samples. Itisob- [t has 156 fundamental vibrations expressed by 53
served that the results bring in the region of digital printing,Strétching ¢), 52 bending4) and 51 torsionsr(), which have

a set of 5 to 6 medium intensity bands for CGEO and ccpobeen assigned with the VEDA software. The vibrational as-
very common vegetable oils spectra [47]. These bands are §tgnment of normal molecule modes was performed based
1080 cnt'!, 1302 cnm! and 1438 cm', referring to groups  ON PED analysis. Only PED values greater than 10% are
of -CH,. In 1657 cnm! a typical band for C=C and C-H provided [40]. Table | shows the acquired vibrational data,
bonds, common in unsaturated fatty acids, is associated withcluding the calculated fundamental harmonic frequencies
symmetrical stretching modes [48, 49]. In 1749 Tnfor and their corresponding scale values are compared with the
CGEO and CGPO samples we have a band associated wigxperimental Raman and FTIR wavenumber. The calculated
carbonyl group stretching (C=0). The band at 1749 twan ~ SPectra of OA with f.unct_ional B3LYP and 6.-31lG+** pgse
be easily noticed in the spectra in the FTIR measurements i€t aré also shown in Figs. 1 and 2 (blue line) for facilitate
Fig. 1, because it is an intense and narrow band. Bands corf®mparison. In Fig. 1 (blue line) the intense band of C=0
mon to CH groups appear above 2500<¢m Thus, bands bonding appears at 1832 crhfor FTIR spectrum. This band

in 2724 cn!, 2848 cnr!, 2893 cn! and 3007 cmi® are  @ppears less intense in Raman (Fig. 2 - blue line). This sit-
associated with -CH and -GHbonding [50, 51]. In the Ra- uatiqn _shoyvs how symn_1etric or non_—synjme_tric.grpups can
man spectrum of CGNE there is a total or partial suppressiohe dIS.tInCt in both techniques. _The situation is similar when
of the bands for a wide fluorescence curve, as seen mainly ifhecking the band at 1714 crhin calculated Raman. It ap-
the region between 300-1800 ci which indicates the en- P€ars narrow and intense in calculated Raman, but in calcu-
veloping of the bands present. In the vicinity of 3000¢m lated FTIR this band is practically omitted. In Fig. 1, around

a set of bands are noted that refer to the existing CH groups3000 cnT " the bands related to CH groups have similar, in-
tense and fractionated profiles. The highlight is the band cen-

tered at 3083 cm! which is intense in both spectra. Still in

[ ——ccEO Fig. 1, in 3759 cm! we have bands that indicate symmetrical
oo ggzg stretching modes of OH. In the experimental spectra this band
[l —oamB311G+* is not present for CGEO and CGPO. Whereas for CGNE,
-‘% the presence of broadband may be evidence of the sample’s
- OH groups [23,42,50]. The bands in 636 and 647 ¢rare
= linked to carboxyl grouping with formation mode and torsion
f; - respectively, as seen in Table I. These groups may indicate
';'f that in CGEO and CGPO, they may be responsible for the
s L low intensity band in the region of 636 cm.
S
[
[h s -
__________ L .
T ©0®
c|> stluo 16I00 24|00 32Ioo 40Ioo D - =~ (= S o
Wavenumber (cm'1) mn W : e ol = - =
FIGURE 2. Raman spectra of th€arapa guianensis Aubleil e 8 ®a0. ©

(CGEOQ), Carapa Guianensis polymer (CGPO) and magnetic na-
noemulsion (CGNE). Calculate Raman spectrum of the oleic acid
molecule In blue. The B3LYP/6-311G+** or 6-311G+(d,p) was FIGURE 3. Oleic acid structure (&H3402) optimized in Gaussian
used. 09. In red is oxygen, light gray, hydrogen and gray, carbon.
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TaBLE I. FTIR and Raman experimental and theoretical modes of the B3LYP/6-311G+** parameters calculated oleic acid molecule and
assignments. Percentage (%) of vibrational contribution given by VEDA software.

Experimental Theoretical Assignments (PED%)

WIR WRaman Wealc Wscal
3299 - 3759 3635 vsOH(1 54) (100)

- - 3123 3020 vsCHeis(17 48) (58)

. - 3098 2996 VasCHeis (16 47) (56)

- 3007 3083 2981 vasCH3(19 52) (74)

- - 3078 2976 vqsCH3(19 51) (43)

- - 3077 2975 vasCH2(12 40) (63)

- - 3054 2953 vasCH2(18 49 50) (27)
2935 - 3037 2937 vsCH2(14 43) (37)

- - 3017 2917 vsCH3(19 51) (37)

- - 3009 2910 vsCH2(8 32 31) (27)
2853 2893 2993 2894 vsCH(3 22) (38)

- 2724 - - Undefined
1743 1749 1812 1752 v5C=0(2 20) (85)
1628 1657 1714 1657 v,C=C(17 16) (72)
1460 - 1514 1464 8s¢iCH2(26 5 25) (19)

- 1438 1488 1439 85¢:CHo(46 15 45) (23)
1411 - 1414 1367 8:esCH2(52 19 51) (31)

- 1302 1352 1307 5,CH(40 12 16 17) (21)

- - 1325 1281 8:CH2(27 6 9) (14)
1235 - 1237 1196 5,CH(41 13 17) (13)

- - 1143 1105 vsOC(1 20) (31)
1093 1080 1099 1063 vsCC(18 14) (11)
1030 - 1071 1035 vsCC(11 5) (27)
937 - 957 925 vsCC(13 17) (27)
725 - 647 626 TOHCC(54 1 20 18) (55)

- 636 636 615 8s:0C=0(2 20 1) (60)

- 372 380 367 dCCC(4 812) (24)

- 238 200 193 dCCC(8 12 16) (23)

- 210 182 176 §CCC(9 13 17) (10)

Symmetrical¢;), asymmetrical®{qs), SCISSOr §s;), twist (0+), wagg ¢.,), rock (4,) and torsion ).

Table | presents a combination of experimental and calcutor of 0.967 to compensate for the resulting error of the vibra-
lated frequencies. The frequencies are accompanied by thimnal disharmony and the incomplete electronic correlation
vibrational signatures and percentage of contribution giverof the treatment, as indicated in CCCBDB [56,57]. The DFT
by PED. Frequencies are labeled with PED contributions method was successful in predicting important bands of oleic
with a value of 10% or more were indicated. In the PED anal-acid, allowing the assignment of vibrational mode€#&rapa

ysis performed automatically by VEDA for the oleic acid, the guianensis Aubl

EPM parameter reached 27.43. The EPM is the optimization

parameter value, which is the arithmetic mean of the maxi-

mum elements of each column of the PED matrix [55]. The4. Conclusion

calculated frequencies were chosen to be consistent with the

experimental data. In addition to experimental and calculate®Raman and FTIR spectra showed bands of CGEO and CGPO
frequencies, Table | also brings staggered frequencies. ThH#d CGNE specific to each sample. CGEO bands were pre-

theoretical vibrational spectra were reduced with a scale facserved in CGPO and CGNE. FTIR spectra are clear for all the
samples indicating the stage each of them has been subjected

Rev. Mex. Fis69051003
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