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ABSTRACT

Sunlight, especially UV radiation, is known fotiitsneficial effects, but even more for its harmfuds As a result,
the use of sunscreen preparations have been growicgntly, which has led to their efficacy and sateeing a
current topic of investigation. The aim of this woras to obtain intercalation compounds of UVA araone
(AVO) and UVB ethylhexylmethoxycinnamate(EHMC) caesns and an organophilicbentonite (OB), in which

sunscreens were chosen because of the problemesiatssowith their use, and the clay for its alreadiyscribed
capacity to act as a physical sunscreen. The iatation compounds (AVO-OB and EHMC-OB) were obtibg a
solution technique and characterized using transiuis electronic microscopy (TEM), Fourier transfomfrared

spectroscopy (FTIR), powder X-ray diffraction (XRRIDd thermal analyses (TG/DSC). The basal spadatg of

OB was maintained in both. Furthermore, the TEMragcaphs of both corroborate the XRPD results. Thalr
analysis confirmed the formation of intercalatioongpounds with the disappearance of the meltingtgméaks of
the sunscreens. Moreover, the concentrations asgaans in AVO-OB and EHMC-OB were quantified, ratiad

1% and 3%, respectively. These data account foFtFI® bands of the guest molecule overlapping tlodske clay.
All these findings demonstrated the intercalationa simple process, of AVO or EHMC in the layestdicture of
bentonite. The investigation of these nanocompsgitems on the preservation of the sunscreen giepé order
to enhance the SPF and avoid sunscreen contacttiétekin are our next steps.
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INTRODUCTION

UV radiation is classified according to the randgevavelengths in UVA (UVAL, 400-340 nm and UVA2,3320
nm), UVB (320-290 nm) and UVC (290-100 nm), whishain electromagnetic radiation responsible for rmbste
beneficial to healthy, but which also has harmideseffects for human beings. UVA region radiatisrable to
penetrate the skin with greater intensity causirggrature ageing, while UVB frequencies are largddgorbed by
the outer layers of the skin. However, the lattavénbeen shown to cause direct photoactivatiorhef RNA
molecule, producing mutagenesis and carcinogenésigeneral, UV radiation causes a variety of molac
changes that lead to immunosuppression. UV-C isllysabsorbed by the ozone layer in the atmosphere[
4].Although human beings have developed severahamsms to protect themselves against sun radjdtiese are
not sufficient and skin photoprotection using ssfascreen preparations has become highly desirable.
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The usual approach to providing higher sun pratecfactor (SPF) in sunscreen preparations is thecéion of
organic and/or inorganic synthetic filters. Howe\wakin irritation, phototoxic reactions and photeay may occur
after the use of sunscreen. One approach to reglgkim reactions is the use of molecules based aiara
resources such as layered clays, which are ablerto intercalation compounds with sunscreens. Asvipusly
reported, sepiolite and smectites were used to tmmplexes with the solar filters ethyl cinnamate &-methyl 8-
hydroxy quinolone methyl sulfate[5-7]. Oxybenzon®XB) intercalated into zeolite demonstrated tha¢ th
protective properties of OXB are preserved[8]. é#leriet al]9)intercalated the sunscreen 2-phenyl-1H-
benzimidazole-5-sulfonic acid (Eusolex 232, EUS)ihldrotalcite. The results showed that this ckyaigood
matrix for sunscreen formulations, avoiding proldemelated to sunscreens such as photodegradatidn an
photoallergies. Moreover, these intercalation commois maintained the properties of sunscreens. thitia,
Hoang-Minh et al[10]reported that clays present the ability to affgrotection agains tUV radiation through
absorption or reflection. In this study, differemean UV-transmission values were found for variciesys
incorporated into creams, indicating that clays albsorb UV radiation by themselves, without anyitadzs.

Bentonite is the most common member of the smeclétg family, which is sometimes referred to asficlay”,

or “nano-montmorillonite” (its major component),dabelongs to the general mineral group of layedegsc the
shape of whose particles is that of sheets firmigraged in structural layers, which are much loraged wider than
the thickness[11].The layer is a unit consistinganfalumina octahedral sheet (O) sandwiched bettweersilica

tetrahedral sheets (T), i.e. TOT layers. Isomorghsubstitution within the silicate layers is resgibte for the
presence of exchangeable cations within the integlar region and confers its swelling capacity viater.

However, the replacement of the inorganic catiangnontmorillonite by organic cations, e.g. alkylaomum,

leading to organoclays, is known to cause condldenaodifications inthe hydration and swelling pedjes of the
clay[12].

In this way, the layered structured nanocompod$desed by clay and sunscreens incorporated intblsaks have
two main advantages: i) to protect sunscreens sgalinect sun radiation, increasing their photas$itgband

promoting prolonged effects on the skin; ii) to @vilhe direct contact of sunscreens with the skin.

Based on these findings, the present study dedls the intercalation of the usual UVA and UVB suesns,
avobenzone(AVO) and ethylhexylmethoxycinnamate(EHME an organophilic layered structured bentoriltee
physicochemical characterization of the intercatatompounds was also carried out.

EXPERIMENTAL SECTION

Materials

Organophilicbentonite (OB) modified with octadeayiae salt(Viscogel B® was purchased from Bentec (Livorno,
Italy). 1-(4-Methoxyphenyl)-3-(4ert-butylphenyl)propane-1,3-diofjgown as avobenzone (AVO), a
solidlipophilic UVA sunscreen, and R§-2-ethylhexyl (Z)-3-(4-methoxyphenyl)prop-2-enoate, known as
ethylhexylmethoxycinnamate(EHMC), an oil UVB absartsunscreen, were provided by Fagron (S&o Paulo,
Brazil). Ethanol reagent grade was furnished byddébarmstadt, Germany).

Preparation of sunscreen-bentonite intercalation campounds

The intercalation compounds were prepared usingl&ien technique. The sunscreen was initially aligsd in
ethanol and the bentonite was added at differenghveratios, under vigorous stirring for 2 hours, form
intercalation compounds named AVO-OB and EHMC-OBxi\the dispersion was centrifuged at 4000 rpm-(KR
20000T centrifuge laboratory, Kubota, Tokyo, Jagfan)L5 min, and the pellets were set side for abt@rization.

Characterization of sunscreen-bentonite intercalabn compounds

X-ray powder diffraction (XRPD) data were obtairfeasim a PW 1710 Philips diffractometer using Cu iadiation

at 30 mA, 30 kV. Patterns were recorded over theage 2 to 40in steps of 0.02with a count time of 2 s. The d-
spacing was calculated using Bragg’'s equation. siréssion electron microscopy (TEM) measurementsewer
performed using a TECNAI 20 microscope (FEI, Tokyapan). The sample was dispersed in ethanol under
mechanical stirring before spreading on the surfafcearbon grids. Infrared spectra were recordedaddruker
Vertex 70 Fourier transform spectrometer (BrukeiQpEttlingen, Germany). Samples were measured @ver
wavelength range from 650 to 4000 trusing an attenuated total reflectance (ATR) acrgssSimultaneous
TG/DSC measurements of 5-mg samples placed in alumicrucibles were carried out in a thermoanal{ZarA
449 F1 Jupiter, Netzsch, Selb, Germany) from 250@ C with a heating rate of 10 °C mirin an inert nitrogen
flow.
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RESULTS AND DISCUSSION

X-ray powder diffraction. XRPD patterns of 2:1 AVO-OB and 0.5:1 EHMC-OB im&ation compounds are
shown in Figure 1. OB diffractogram(Figure 1a) shkawpeak at 29.25 A recorded at low diffractionlesgwhich
corresponds to the basal spacigg dccording to Bragg’s equation. This value, highan that of bentonite, about
11 A[13], is justified by the presence of the origazation in the interlayer space. No differenaesy, values were
found for neither the AVO-OB nor the EHMC-OB intatation compounds (Figures 1b and 1c). In the c&&2B ,a
secondary molecule adsorption, since the primawyitis the alkylammonium, may result in a lack oparsion of
the interlayer space, irrespective of the occument a compound intercalation. In fact, the swglliof the
alkylammonium derivatives in polar solvents, sushethanol, was analyzed based on the formatioroloEst
clusters (pores) between the alkyl chains. Thesespoetween alkyl chains can be occupied by mafey poganic
molecules. The long amine chains were dissolvemlaiitor other hydrocarbon droplets, holding oiirfik them due
to electrostatic and van der Waals forces[14, 15].
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Figure 1.Powder X-ray diffractograms of OB (a); AVO-OB (b); EHMC-OB (c)

Transmission electronic microscopy.The maintenance of the OB layered structure in sescreen-bentonite
intercalation compounds is evidenced by the rebuidigned lines shown in the TEM micrographs (FgQ). The
measured interlayer distance was about 3 nm, wkizhagreement with the XRPD findings. It shoutdrmbted that
the distance between the clay layers is maintadoedtant in a well-organized form and no sunscesgiiomerated
structures were observed in any of the intercatatimmpounds. These data suggest that the sunsoeaules are
well packed between the bentonite layers.

a) b) c)

Figure 2. TEM images of OB (a); AVO-OB (b) and EHMGOB (c)
Thermal analysis. DSC thermogram of OB showed a discrete endothepeék at around 100 °C (Figure3a)and

may be ascribed to the residual water moleculeg;hwdre physisorbed in the interparticle poreshefdlay [15]. A
mass loss of 1.14% was calculated. Moreover, anthedmic peak at 40%C (onset) was observed, probably related
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to the OB alkylammonium groups. In addition, a émmus mass loss of 30.56% since2Q0was found, associated
with the gradual decomposition of the organic mole@nd dehydroxylation of lattice water, whicratcompanied
by the decomposition of the external clay composieas reported by Taba# al[16].The DTG curve (Figure3b)
shows that the decomposition process of OB is maletermined by two events with inflection pointsasound
330 and 405C.

The TG/DTG curves of AVO present two stages ofvileéght loss process, starting at around 3D@vith inflection
points at 405C (85.9%) and 4468C (6.8%) (Figure3b). An endothermic peak with oreeB3.3°C (AH: 66.8 J/g)
was found (Figure3a), corresponding to the meléuagnt, followed by a complex process of decompmsifrom
~330°C, as reported by Nesseem[17]. The melting peakpgisared in the AVO-OB intercalation compounds, but
the decomposition process was still observed, oonfg the presence of AVO in the intercalation connpd. This

is confirmed by comparing the DTG curves, as thakpeorresponding to AVO and OB overlapped in t©4/0B
intercalation compounds. Despite this, there isomerlapping of the decomposition events of AVO dDH at
around 405C, Figure3b shows that the main contribution tortiaess loss (17%) results from an event at%848
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Figure 3.DSC (a) and TG/DTG (b) curves of AVO
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Figure 4.DSC (a) and TG/DTG (b) curves of EHMC

The DSC curve of EHMC presents a broad peak (oris&:9°C, AH: 47.1 J/g), ascribed to the melting point
(Figureda), which has an associated mass losqd #68A second decomposition event, correspondirayrt@ss loss
of 90.0%, is related to a complex thermal behasignature. EHMC degrades almost completely belo@°8) as
previously reported[18].The DSC curve of EHMC-OBviry similar to that of pure EHMC and OB, but #tage
of weight loss related to the EHMC melting poinsabpeared. This confirms the formation of an irakation
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compound, suggesting that non-unreacted EHMC mtdscwere present in the product. The presence ef th
EHMC-OB intercalation compound was also observetthénDTG curve (Figure 4b), with the increase i pleak at
333°C.

Finally, considering the mass loss between 20050@fC, the relative concentrations of AVO and EHMC feit
intercalation compounds were approximately 1% &¥d 3

No changes in the DTG peak associated with therdposition of the clay (~40%C) were found in either AvO-OB
or EHMC-OB, suggesting that the alkyl chain struetaf the organophilic bentonite is preserved &fterinclusion
of sunscreens.

In view of the fact that @, values did not change in either AVO-OB or EHMC-QBe thermal findings support the
hypothesis that the sunscreen molecules occupéepdtes between the alkyl chains of bentonite argary.

Infrared analysis. The FTIR spectrum of OB showed a peak at 3628 onginating in the OH stretching from
Al,OH (Figure5a). A broad band approximately 3450"amlated to the bonded water was also detectetien t
thermal characterization. Two pronounced bands8882nd 2922 cthfor C-H stretching and a band at 1464 'tm
for a (CH)4 N deformation mode, originating in the alkylammoniions present in bentonite, were detected. The
longitudinal Si—O stretching mode appeared at 142i# and the OH banding peaks of octahedral layer were
observed at 988 and 785 ¢fii6, 19]. These latter peaks indicate the preseheeontmorillonite mineral[20].

The infrared spectrum of AVO (Figure 5a) was chteidzed by several bands between 3000 and 2800asribed
to the CH stretching modes of the four methyl gouphe fingerprint region of the FT-IR spectrundetermined
mainly by the vibrational mode of the dibenzoylnsetale moiety[21]. The absence of bands at arouf@ ti',
combined with the split band at around 1590*cBuggests a complete enolization of rgiketone fragment. The
deformation of the methyl groups is associated #ighbands at around 1450, 1361, 1257 and 1165 cm

The characteristic FTIR bands of EHMC (Figure 5e)abserved at 3000-2840¢rfor CH, 1702 crit for CO,
1600, 1580 and 1462 cfrfor C-C of the benzene and 1165¢ror CO of the phenol[18].
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Figure 5.FTIR spectra of AVO-OB (a) and EHMC-OB (b)

Despite the low sunscreen concentration in thedatated compound, the IR bands of the guest mid@eman be
identified overlapping those of the clay as a miocontribution. The bands ascribed to the sunscaeemwider and
exhibit variation in the relative intensities whéehe intercalation compounds are compared with thee p
compounds. This feature may be associated wittof®of the crystalline structure when the sunstraelecules

are intercalated between the alkyl chains, accgrttirthe diffractograms.

CONCLUSION

The rapid and simple solution technique was ableht@in intercalation compounds of bentonite sweeas. The
present study demonstrated that the AVO and EHM&@eens are intercalated into bentonite, probibpores
between OB alkyl chains, through a well-organizggeted structure, as confirmed by the TEM and XRiRBlyses.
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Furthermore, the thermal analyses confirmed therdéatation and quantified the sunscreen conceoibstin the
intercalation compounds. All these findings shoviid feasibility of the intercalation of the AVO amtHMC
compounds with bentonite as a potential systemigerin photoprotective skin formulations.
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