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ABSTRACT 36 

The effects of sol-gel processes, i.e., acid-catalyzed gelation, base-catalyzed 37 

gelation and base-catalyzed precipitation routes, on the encapsulation of 38 

gentamicin were investigated. The resulting xerogels were characterized using 39 

a series of complementary instrumental techniques, i.e., the 40 

adsorption/desorption of nitrogen, small-angle X-ray scattering, Fourier 41 

transform infrared spectroscopy, diffuse reflectance spectroscopy, X-ray 42 

photoelectron spectroscopy, atomic force microscopy and scanning electron 43 

microscopy. The encapsulated gentamicin samples were tested against five 44 

bacterial strains, including two Gram-positive (Staphylococcus aureus ATCC 45 

25923, Bacillus cereus ATCC 11778) and three Gram-negative strains 46 

(Escherichia coli ATCC 25922, Enterobacter aerogenes ATCC 13048 and 47 

Salmonella typhimurium ATCC 14028). The best antimicrobial activity was 48 

observed for the encapsulated gentamicin that was prepared via the 49 

precipitation route, even in comparison with the neat antibiotic, especially in the 50 

case of the Gram-positive strain Staphylococcus aureus. The gentamicin 51 

concentration on the outermost surface and the zeta potential were identified as 52 

factors that affected the highest efficiency, as observed in the case of 53 

encapsulation via the base-catalyzed precipitation process.  54 

 55 

 56 

 57 

 58 

 59 
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INTRODUCTION 61 

Encapsulation represents a technological approach that consists of enveloping 62 

a given entity, such as drugs (Guo et al., 2012); Zhang et al., 2012), catalysts 63 

(Fisch et al., 2008), pesticides (Li et al., 2012) and cells (Sakai et al., 2012), 64 

with, for instance, a coating or a shell, whose role depends on the final 65 

application. For instance, this shell may protect a given drug from deteriorating 66 

effects (e.g., vitamins from the effects of oxygen), may make manipulation 67 

easier and provide physical stability for sensors or may make transport easier 68 

and prevent the deactivation of a catalyst by a poison. 69 

 In a medical context, the main aim of drug encapsulation is the control of 70 

the rate at which a drug leaves the encapsulating medium, as in the case of the 71 

controlled delivery of drugs. Such an approach is very effective for controlling 72 

the concentration of therapeutic agents in blood and for improving their 73 

bioavailability (Ciriminna et al., 2011). Other applications of encapsulation 74 

involve the use of encapsulated molecules for imaging and diagnostic 75 

techniques (Choi et al., 2012; Lee et al., 2012). 76 

 One class of drugs that has been investigated for encapsulation methods 77 

is antibiotics. In this context, biodegradable microspheres are useful for 78 

prolonged drug release and for targeting drugs to specific infection sites. 79 

Furthermore, in some cases, the encapsulation of antibiotics in polymeric 80 

nanoparticles overcomes the problem of antibiotic deactivation because this 81 

encapsulation prevents interactions between the antibiotics and, for instance, 82 

the sputum contents in the case of inhalation. Examples of antibiotic 83 

encapsulation include levofloxacin in poly(lactic-co-glycolic acid) nanoparticles 84 

(Cheow , 2010), ciprofloxacin in alginate/pectin microspheres (Islan et al., 85 
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2012), ofloxacin in chitosan microspheres (Sezer and Akbua, 2010) and 86 

violacein in poly-D,L-(lactide-co-glycolide) (Martins et al., 2011).  87 

The encapsulation of gentamicin, which is an aminoglycoside antibiotic, 88 

for use in several types of bacterial infections, especially those that are 89 

provoked by Gram-negative organisms, has been investigated in the literature. 90 

Gentamicin has been encapsulated in organic matrices, such as liposomes 91 

(Lutwyche et al., 1998), Phospholipon®90G and Softisan® 154, using a solid-92 

reversed-micellar solution for intramuscular administration (Umeyor et al., 2012) 93 

and in biodegradable polymers (polylactic acid and cellulose acetate), which are 94 

a shell material, using the coaxial electrospinning technique (Vichitchote et al., 95 

2012). 96 

Inorganic carriers, either with or without organic counterparts, have also 97 

been used in the encapsulation of drugs (Pang et al., 2012; Nampi et al., 2012; 98 

Qian and Bogner, 2012). Silicon-based materials are usually preferred for drug 99 

delivery systems because of their relative bio-inertness and their degradation 100 

into nontoxic silicic acid (Ciriminna et al., 2011). Furthermore, silica-based 101 

materials can easily be chemically modified, thus producing a broad range of 102 

hybrid materials (McInner, 2009). In the case of gentamicin, several studies 103 

were conducted that combined mesoporous-based silica and layer-by-layer 104 

films, such as poly(allylamine hydrochloride) and poly(styrene sulfonate) (Zhu, 105 

2007). Other examples, including the preparation of poly(lactic-co-glycolic 106 

acid)/mesoporous silica (Xue, 2004; Xue and Lukito, 2006), a SiO2-CaO-P2O5 107 

sol-gel glass (Meseguer-Olmo et al., 2006) and silica (Wang et al., 2008); 108 

Morais et al., 2012b), have been reported. In the latter, the encapsulation of the 109 

drug was achieved using the sol-gel process of tetraethoxysilane with 110 
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hydrochloric acid, i.e., it was catalyzed by an acid. The mild conditions of the 111 

sol-gel encapsulation route are beneficial as the process can be conducted at 112 

room temperature (Schubert, 2005). In previous studies, we used the sol-gel 113 

process to develop molecular imprinting silica-based materials with 114 

pharmaceuticals as templates for environmental matrix pre-concentrations 115 

(Morais et al., 2012a; Morais et al., 2012b; Morais et al., 2012c). 116 

In the sol-gel process, there are several routes that enable the production 117 

of silica-based materials, which, in turn, affect the structural, textural and 118 

morphological characteristics of the resulting xerogels. To the best of our 119 

knowledge, the effect of encapsulation via the sol-gel route on the biological 120 

efficacy of an antibiotic has not been reported in the literature. In the present 121 

paper, we report the effect of three sol-gel processes on the encapsulation of 122 

gentamicin: acid-catalyzed gelation, base-catalyzed gelation and the base 123 

precipitation route.  124 

The resulting materials were characterized using a series of 125 

complementary instrumental techniques, i.e., an elemental analysis, the 126 

porosimetry from the adsorption/desorption of nitrogen (BET method), small-127 

angle X-ray scattering (SAXS), Fourier transform infrared spectroscopy (FT-IR), 128 

diffuse reflectance spectroscopy (DRS), X-ray photoelectron spectroscopy 129 

(XPS), atomic force microscopy (AFM) and scanning electron microscopy 130 

(SEM). The encapsulated gentamicin samples were tested against five bacterial 131 

strains: two Gram-positive (Staphylococcus aureus ATCC 25923, Bacillus 132 

cereus ATCC 11778) and three Gram-negative strains (Escherichia coli ATCC 133 

25922, Enterobacter aerogenes ATCC 13048 and Salmonella typhimurium 134 

ATCC 14028).   135 
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EXPERIMENTAL 136 

Reagents and chemicals 137 

Gentamicin (IQ Soluções Químicas SA, Santos, Brazil), 138 

tetraethylorthosilicate (TEOS) (Shinetsu, Tokyo, Japan), chloridric acid (Synth, 139 

Diadema, Brazil), ammonium hydroxide (Quimex, São Paulo, Brazil), agar MH 140 

(Oxoid, Wade Road Basingstoke, Hampshire, UK) and the gentamicin positive 141 

control disk (DME, Araçatuba, Brazil) were used as received.  142 

 143 

Xerogel synthesis 144 

 Xerogels were synthesized via the sol-gel method using three processes: 145 

(i) the acid-catalyzed route (A); (ii) the base-catalyzed route (B1) and (iii) the 146 

base-catalyzed route by precipitation (B2). In route A, 8.6 mL of chloridric acid 147 

(0.2 M) (a catalyst) were added to a 500 mg solution of gentamicin that was 148 

dissolved in 10 mL of TEOS. The mixture was stirred for 24 h until gelation 149 

occurred. The resulting material was dried at room temperature and ground, 150 

thus producing the xerogel SILAG. In the base-catalyzed routes, ammonium 151 

hydroxide was used as the catalyst in different amounts. In route B1, 5 mL of 152 

ammonium hydroxide (2.8 %) were added to a 500 mg solution of gentamicin 153 

that was dissolved in 10 mL of TEOS. The mixture was stirred for 24 h until 154 

gelation occurred, followed by drying at room temperature and grinding, thus 155 

producing xerogel SILBG. In the case of route B2, 20 mL of ammonium 156 

hydroxide (28 %) was added to a 500 mg solution of gentamicin that was 157 

dissolved in 10 mL of TEOS. The mixture was stirred for 20 minutes until 158 

precipitation occurred. The resulting material was dried at room temperature 159 

and ground, thus producing SILBP. The three corresponding materials were 160 
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labeled SILAG, SILBG and SILBP. Their respective blanks were SILA, SILB and 161 

SILP.  162 

 163 

Characterization of the xerogels 164 

The carbon and nitrogen contents were determined using a PerkinElmer 165 

(Wellesley, MA, USA) M-CHNSO/2400 analyzer. SEM experiments were 166 

conducted on a JEOL (Tokyo, Japan) JSM/6060 microscope. The samples 167 

were fixed on carbon tape that was affixed to a sample stub and then coated 168 

with gold using conventional sputtering techniques.  169 

AFM images were obtained using a Nanoscope IIIa atomic force 170 

microscope (Digital Instruments Co.) in contact mode with silicon nitride probes. 171 

The WSMX 4.0 software from Nanotec Electronic S. L. was used for image 172 

treatment. The surface roughness was quantitatively identified using the root-173 

mean-squared roughness (Rrms), which is given by the standard deviation (S.D.) 174 

of the data from the AFM images, and was determined using software with the 175 

standard definition shown in equation 1:   176 
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rms                                                                               (1) 177 

where zn represents the height of the nth data point,
_

z is the mean height of zn in 178 

the AFM topography and N is the number of data points (Leprince, 2001).   179 

The specific surface area was determined from the Brunauer-Emmett-180 

Teller (BET) equation (P/Po = 0.05 – 0.35), and a nitrogen adsorption isotherm 181 

was measured at -196 °C in a Gemini 2375 (Micromeritics, Norcross, GA, USA). 182 

The samples were previously degassed (10-2 mbar) for 8 h at 150 °C.  183 
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SAXS experiments were conducted on the D2A and D11A beamlines at 184 

the Brazilian Synchrotron Light Laboratory (LNLS, Campinas, Brazil) at a 185 

wavelength of 1.488 nm. The incident beam was detected at two different 186 

sample-to-detector distances (1549.8 mm and 2245.7 mm) to increase the 187 

range of the scattering vector q (q = (4π/λ) sinθ, 2θ = scattering angle). The 188 

dried samples were placed between two Kapton® foils, and the collimated X-ray 189 

beam was passed through the chamber that contained the stainless steel 190 

sample holder. All measurements were performed at room temperature. Silver 191 

behenate powder was used as a standard to calibrate the sample-to-detector 192 

distance, detector tilt and direct beam position. Transmission, dark current and 193 

Kapton® foil corrections were performed on the 2D images before further data 194 

processing. The isotropic scattering patterns were radially averaged. SAXS data 195 

analysis was performed using the Irena evaluation routine (Ilavsky, 2009), 196 

which was implemented in the IgorPro Software (WaveMetrics, Portland, USA 197 

(Kline, 2006). A multilevel unified fit was used to describe the two levels of 198 

structural organization that were evident in the scattering data. In this method, 199 

the scattering that is provided by each structural level is the sum of a Guinier 200 

exponential form and a structurally limited power-law tail. A generalized 201 

equation that represents any number of levels can be written as (Beaucage, 202 

1995; Beaucage, 1996): 203 
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where n is the number of structural levels that are observed, G is the Guinier 205 

prefactor, Rg is the radius of gyration and B is a prefactor that is specific to the 206 

power-law scattering, which is specified as the decay of the exponent P.  207 
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For the Fourier transform infrared spectroscopy (FT-IR) measurements, 208 

spectra were recorded at room temperature on a Bomem MB-102 209 

Spectrometer; 36 scans with a resolution of 4 cm-1 were added together. The 210 

samples were analyzed in absorbance mode as pellets that were prepared by 211 

sample dilution in KBr. For the analysis of the xerogels using UV-Visible 212 

spectroscopy, the solids were analyzed using a diffuse reflectance 213 

spectroscopy (DRS) accessory that was equipped with a round sampling cup 214 

covered by a quartz window. The spectra were recorded at room temperature 215 

on a Varian Cary 100 UV-Visible Spectrophotometer; 32 scans in the 200 – 800 216 

nm range were added together. X-ray photoelectron spectroscopy (XPS) 217 

measurements were performed on an Omicron-SPHERA station using Al Kα 218 

radiation (1486.6 eV). The anode was operated at 225 W (15 kV, 15 mA). 219 

Survey spectra were recorded with a 50 eV pass energy. The detection angle of 220 

the photoelectrons (Θ) with respect to the normal of the sample was fixed at 53° 221 

for all of the measurements.  222 

Zeta potential measurements were conducted using a Zeta PALS 223 

Analyzer (Brookhaven Instruments). The Zeta Potential Analyzer version 3.18 224 

(Brookhaven Instruments) software was used to collect the data. In a typical 225 

experiment, 50 mg of the sample was first diluted in 20 mL of MilliQ water and 226 

then filtered through VertiPure NYLON syringe filters (13 mm, 0.45 μm, 227 

100/pk filter). Next, 1.5 mL of the filtrate was introduced into polystyrene 228 

cuvettes (square, 10 mm, 4.5 mL, four-sided clear). The instrument 229 

automatically calculated the zeta potential from the electrophoretic mobility 230 

(which is related to the ζ potential at the interface) using the Smoluchowski 231 

equation (Hunter, 1981): 232 
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                                                                       (3) 233 

where ε0 and εr are the dielectric constant and electrical permittivity, 234 

respectively, of a vacuum, μ is the solution viscosity, r is the particle radius and 235 

κ = (2n0z2e2/εrε0kBT )1/2 is the Debye–Hückel parameter.  236 

 237 

Antimicrobial activity 238 

Bacterial strains 239 

The encapsulated gentamicin samples were tested against five bacterial 240 

strains, which included two Gram-positive and three Gram-negative strains: 241 

Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC 11778, 242 

Escherichia coli ATCC 25922, Enterobacter aerogenes ATCC 13048 and 243 

Salmonella typhimurium ATCC 14028. All of the strains were stored at -20 °C in 244 

the appropriate medium with 10 % glycerol and were sub-cultured in tryptic soy 245 

agar (TSA) slants that were maintained at 4 °C. 246 

Disc-diffusion assay 247 

The detection of the inhibitory effects of the samples on the tested 248 

bacteria was conducted using the agar disc-diffusion method (NCCLS/CLSI) 249 

with the following modification: approximately 106 CFU mL-1 suspensions of the 250 

tested bacteria were used to inoculate the agar plates. Briefly, bacterial cultures 251 

from TSA slants were grown overnight at 35 °C in tryptic soy broth (TSB), and 252 

culture suspensions were adjusted to approximately 108 CFU mL-1 in a 0.9 % 253 

saline solution by visual comparison with a 0.5 McFarland standard. The 254 

adjusted suspensions were then diluted to approximately 106 CFU mL-1 in a 255 

saline solution and inoculated using a sterile swab in Mueller-Hinton agar 256 
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plates. Solutions of each tested substance, both neat gentamicin (the reference 257 

antibiotic) and encapsulated gentamicin, were diluted to 5 mg L-1 in distilled 258 

water. Sterile paper discs (9 mm in diameter) were impregnated with 25 µL of 259 

the diluted samples and placed on the center of the inoculated plates, which 260 

were incubated at 36 °C for 18 – 24 h. The diameters of the inhibition zones 261 

were measured in millimeters. Tests were performed in triplicate, and the 262 

results are presented as a mean (± standard deviation). 263 

 264 

RESULTS AND DISCUSSION 265 

In silica that is prepared by the sol-gel method and is based on silicon 266 

alkoxides, two fundamental concurrent reactions occur: hydrolysis and 267 

condensation (Brinker, 1990). In the first step, hydrolysis leads to the formation 268 

of Si – OH bonds with alcohol release. In the second step, condensation 269 

reactions produce water or alcohol, leading to the generation of siloxane (Si-O-270 

Si) bonds, which form the bulk silica skeleton. The rate between these two 271 

reactions is affected by the catalyst: an acid catalyst promotes the hydrolysis 272 

reaction, while a base favors the condensation reaction. Thus, the nature of the 273 

sol-gel route may affect the final textural properties of the materials and, in the 274 

case of the encapsulation process, the content of the incorporated target 275 

molecule. Table 1 shows the elemental analysis of the resulting xerogels. 276 

(insert Table 1) 277 

 As shown in Table 1, the acid route produces the lowest amount of 278 

encapsulated gentamicin. Because it favors hydrolysis, the acid route 279 

engenders the formation of weakly crosslinked gels, while the base-catalyzed 280 

route produces a hierarchical and much more complex network structure. 281 
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SILBP showed the highest gentamicin encapsulated content. These results are 282 

in agreement with the nitrogen adsorption measurements: SILBG and SILBP 283 

presented very low surface areas of 8 m2 g-1 and  284 

3 m2 g-1, respectively. A high surface area xerogel was achieved via the acid-285 

catalyzed route: 326 m2 g-1. The highest surface area, which was measured for 286 

SILAG, may be the result of the texture that is intrinsic to such a route, i.e., a 287 

ramified structure. Therefore, the structure that is exhibited for the acid-288 

catalyzed sol-gel route may favor the leaching of gentamicin from the forming 289 

silica network during the encapsulation process, which, in turn, may lead to the 290 

low gentamicin content.  291 

 To further investigate the effect of presence of gentamicin in the sol-gel 292 

syntheses on the structure of the silica network of the resulting hybrid materials, 293 

FT-IR analyses were performed. 294 

According to the literature, silica-based materials have a long-range 295 

amorphous structure, which results from a random network of elementary SiO4 296 

units that are locally arranged into cyclosiloxanes, which mostly contain four 297 

and six Si atoms (Fidalgo, 1994). The relative proportions of these cyclic units 298 

can be obtained from the deconvolution of the νas(Si-O)Si-O-Si infrared band. The 299 

four components that were obtained were previously assigned to the 300 

longitudinal and transverse optical doublets (LO/TO) in four-fold, (SiO)4, and 301 

six-fold, (SiO)6, siloxane rings (Fidalgo, 1995). The deconvoluted FT-IR profiles 302 

of three typical samples are shown in Figure 1.  303 

 (insert Figure 1) 304 

These proportions may be estimated for each sample using the following 305 

ratio: (areas of the LO6 + TO6 components)/(total area of the νas(Si-O)Si-O-Si 306 
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band). Table 2 reports the wavenumber, area of each component and 307 

percentage of six-fold, (SiO)6, siloxane rings for the different systems.  308 

(insert Table 2) 309 

According to Table 2, the presence of gentamicin in the sol-gel syntheses 310 

of silica-based hybrid materials resulted in different network structures 311 

depending on the synthesis protocol. For the SILBP system, the presence of 312 

gentamicin led to an approximate 40 % decrease in the proportion of six-fold 313 

((SiO)6) siloxane rings in comparison with that observed for the SILBP system. 314 

In the case of the systems that were prepared by gelation routes, the addition of 315 

gentamicin in the sol-gel syntheses resulted in an increase in the number of 316 

(SiO)6 siloxane rings in comparison with the bare systems. For SILBG, this 317 

increase was 9 %. Finally, in the case of SILAG, which was prepared under acid 318 

conditions, an increase of 24 %, in comparison with the bare silica SILAG, was 319 

observed. These results suggest that the addition of gentamicin in the synthesis 320 

of SILBP produced a more compact and denser network in comparison with that 321 

of the SILBG and SILAG systems. 322 

The systems were further characterized by diffuse reflectance 323 

spectroscopy (DRS) in the UV-Vis region (Figure 2). 324 

(insert Figure 2) 325 

 As shown in Figure 2, spectrum (a) show the maximum absorption bands 326 

of neat gentamicin at 206 and 254 nm. These bands correspond to the n→ σ* 327 

transitions (Williams, 1966) of the isolated electron pairs of oxygen and nitrogen 328 

atoms. After encapsulation within the silica matrix (spectrum b), these peaks 329 

shifted to 213 nm and 264 nm, indicating a bathochromic effect, which is most 330 

likely due to the change in medium that is caused by the silica framework. Thus, 331 
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this process caused a reduction in the energy levels of the n→  transitions of 332 

the isolated electrons from oxygen and nitrogen atoms (Williams, 1966).  333 

 An attempt to estimate the amount of encapsulated gentamicin on the 334 

outermost external surface of the grain was made using X-ray photoelectron 335 

spectroscopy (XPS). In the case of silica, the sampled measured depth was in 336 

the range of 5 nm. Table 3 lists the surface analysis expressed as N/Si, in which 337 

the amount of nitrogen is assigned to gentamicin, while that of Si is assigned to 338 

silica. 339 

(insert Table 3) 340 

According to Table 3, the precipitation route produces the highest 341 

encapsulated gentamicin content on the outermost external surface. 342 

The SAXS technique was also used for the characterization of silica to 343 

elucidate the structures of the materials. The SAXS curves of these materials 344 

have a structure that is formed by organization levels that consist of a Guinier 345 

region (level 1) and a Potency Law (level 2). A typical SAXS curve for the 346 

SILAG system is shown in Figure 3. 347 

(insert Figure 3) 348 

According to Figure 3, the unified set of SAXS data reveals that the 349 

materials are arranged in a structure that consists of two organization levels. By 350 

adjusting level 1, which is located in the q region above 0.03 Å-1, the radius of 351 

gyration (Rg) of the primary particles can be determined. Level 2, which is 352 

located in the q region below 0.01 Å-1, provides information on the organization 353 

of these particles, i.e., on the structure of the fractal clusters (secondary 354 

particles) that result from the aggregation of the primary particles. The structure 355 

of the primary particle clusters that constitute level 2 can be obtained by 356 
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analyzing the power law exponent of the scattering curve. If the exponent of the 357 

power law (I α q-p) is between 1.0 and 3.0, the secondary particles have a mass 358 

fractal structure (Schmidt, 1991). When the exponent is between 3.0 and 4.0, 359 

the secondary particles have a fractal surface. In the case of an exponent of 360 

4.0, the secondary particles have a dense core and a uniform surface. In the 361 

present study, all of the SAXS curve systems revealed the presence of two 362 

distinct organization levels. The results that were obtained from the unified set 363 

of SAXS curves for the silica-based mixed oxides are presented in Table 4.  364 

(insert Table 4) 365 

According to Table 4, the radius of gyration (Rg) of the primary particles 366 

for the investigated systems was between 2.9 and 4.4 nm. Regarding the 367 

organization of the primary particles, the values suggest the formation of 368 

secondary particles with fractal surface characteristics.  369 

The morphology of these materials was investigated by scanning 370 

electron microscopy (SEM), as shown in Figure 4. 371 

(insert Figure 4) 372 

According to the SEM images, the acid route produces lamellar 373 

materials. The base-catalyzed routes by gelation and by precipitation produce 374 

particular materials with some spherical domains. The surface topography of 375 

the drug-entrapped silica that was obtained from the three sol-gel routes was 376 

measured by atomic force microscopy (AFM). Figure 5 shows the AFM 377 

micrographs and the roughness RMS that were obtained in contact mode for 378 

the drug-entrapped silica systems.  379 

(insert Figure 5) 380 
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As shown in the AFM micrographs in Figure 5, the surface topography of 381 

drug-entrapped silica was clearly influenced by the preparation protocol of the 382 

materials. For the system that was synthesized under an acid condition 383 

(SILAG), the AFM micrograph exhibits a surface that is composed of large 384 

particles or aggregates of particles. This sol-gel route produced a silica material 385 

with a surface roughness (215 nm) that was higher than that observed for the 386 

two other systems. For the system from gelation under basic conditions 387 

(SILBG), the surface morphology revealed a surface that was formed by small 388 

particles with sizes in the range of 0.1 – 1.0 µm. The estimated surface 389 

roughness was 145 nm. A similar surface morphology was observed for SILBP, 390 

but a higher surface roughness was observed (195 nm). These differences in 391 

surface roughness values among the systems may be attributed to both the 392 

different rates of hydrolysis and silica formation condensation (the synthetic 393 

route) and to the presence of different amounts of gentamicin within the 394 

particles.   395 

 The encapsulated gentamicin was evaluated using a series of bacteria, 396 

as shown in Table 5.  397 

(insert Table 5) 398 

Table 5 shows the antimicrobial activity of the tested samples, as 399 

determined by the disc-diffusion test. The results for the preliminary assessment 400 

of the antibacterial activity of encapsulated gentamicin in SILBP indicate a 401 

potential effect on all of the tested microorganisms, especially against the 402 

Gram-positive strain Staphylococcus aureus. The higher efficacy of gentamicin 403 

on this microorganism is most likely because Gram-positive bacteria present 404 

low intrinsic resistance to antimicrobial agents because these bacteria do not 405 
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have specific membrane receptors or permeases that control the entrance of a 406 

substance into the cell, whereas Gram-negative bacteria lipopolysaccharides 407 

have an outer membrane that limits access, particularly for lipophilic 408 

substances, to cell membrane phospholipids (Russel, 1991). 409 

According to the literature, the presence of encapsulated materials in a 410 

reaction medium does not generally affect the spread of its molecules; 411 

therefore, the effect on the microorganism (Nicholls and Dawson, 1988), i.e., 412 

the structure-activity relation, is not altered, thus preventing the effectiveness of 413 

bacterial defense and/or resistance mechanisms through enzymatic action. In 414 

the present case, we observed that the encapsulation method appeared to 415 

affect the activity of the drug, most likely due either to deactivation during 416 

synthesis or even to the textural characteristics of the final xerogel. 417 

Another factor that may have influenced the improved efficiency of the 418 

encapsulated antibiotic from the SILBP route is the amount of gentamicin that is 419 

contained on the outermost particle surface, thus providing a controlled release 420 

of the molecule during the reaction. The amount of gentamicin that was 421 

contained on the SILBP capsule surfaces was determined from XPS analysis 422 

(N/Si = 0.49) and was higher than that in SILAG (0.08) and SILBG (0.04), which 423 

did not exhibit any noticeable inhibitory effect against the tested bacteria, most 424 

likely due to the low gentamicin concentration that was present on the surfaces. 425 

Thus, SILAG and SILBG do not exhibit any inhibition potential due the low 426 

amount of molecules on the surface, as characterized by the XPS technique.  427 

 The fact that the surface phenomenon between the antimicrobial agent 428 

and the microorganism cell is crucial for the inhibitory effect cannot be 429 

neglected. All aminoglycosides, including gentamicin, act via the same inhibition 430 
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mechanism; they exert their bactericidal effect by binding to bacterial ribosome. 431 

Therefore, it is necessary that the antibiotic molecule remains attached to the 432 

cell wall. Thus, the cell permeability is affected, enabling the transport of the 433 

active fraction of the antibiotic (Taylor et al., 2004; Donnell et al., 2010; Blanco-434 

Príeto et al., 2002). In this sense, the roughness of SILBP (195 nm, as detected 435 

by AFM) may have influenced the antimicrobial effect, as verified by the 436 

increase in the inhibition area that was found for the microorganisms 437 

Staphylococcus aureus, Escherichia coli, Enterobacter aerogenes and Bacillus 438 

cereus. The same behavior was not observed for Salmonella typhimurium. The 439 

surface roughness from this treatment may facilitate contact between the 440 

antibiotic molecule and the cell membrane, thus favoring the cellular inhibition 441 

mechanism of aminoglycosides.  442 

 The zeta potential results of SILAG, SILBG, SILBP and their respective 443 

blanks are shown in Table 6. 444 

(insert Table 6) 445 

SILBP has the highest zeta potential, which is positive. The cell wall of 446 

Gram-positive bacteria (peptidoglycan) has a negative superficial charge due to 447 

the phosphoryl groups that are localized as teichuronic acid substituents. 448 

Because the peptidoglycan of Gram-negative bacteria is sequestered in the 449 

periplasmic space and not exposed to the extracellular environment, the 450 

negative surface charge in these microorganisms is conferred by the 451 

phosphoryl groups and carboxyl-2-ceto-3-deoxyoctonate lipopolysaccharides 452 

that are located on the outside membrane (Cheow, 2010). Therefore, the 453 

material with the highest positive zeta potential (SILBP) could have higher 454 

interactions with “tight junctions” and with the cell membrane, so the 455 
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paracellular permeation of hydrophilic compounds (Cheow, 2010), such as 456 

gentamicin, feasibly increases their antimicrobial activity.  457 

   Another factor that appears to influence the gentamicin antimicrobial 458 

activity is the N/Si ratio, which was measured by XPS. By analyzing the data 459 

from Table 3, it can be seen that the SILBP material exhibits the highest N/Si 460 

ratio, indicating that this material has a higher gentamicin concentration on the 461 

surface. This fact explains the zeta potential result, considering that the NH2 462 

groups from gentamicin confer a positive charge to the material surface. A 463 

correlation (R2 = 0.9998) between the N/Si ratio and the zeta potential was 464 

observed, indicating that there is a strong correlation between the data. 465 

Therefore, pharmaceutical diffusion into the medium is easier than for other 466 

materials with lower N/Si ratio values, in which the drug was less available.  467 

 468 

CONCLUSIONS 469 

For the encapsulation of gentamicin within silica-based materials, it has 470 

been shown that the sol-gel route affects the elemental, structural, textural and 471 

morphological characteristics of the resulting xerogel, which, in turn, determine 472 

the antimicrobial activity. Of the evaluated routes, the route involving base-473 

catalyzed precipitation produced the most active system, even higher than that 474 

of the bare antibiotic. The surface concentration of gentamicin and the zero 475 

potential of the xerogel appear to vary depending on the encapsulation route, 476 

which is therefore a relevant factor in the antimicrobial effect. 477 

 478 

 479 

 480 
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Figure Captions 

Figure 1. Deconvolution of the Si – O region in the FT-IR spectra of hybrid 

materials: (a) SILBP, (b) SILBG and (c) SILAG. 

Figure 2. Diffuse reflectance spectra of (a) gentamicin and (b) SILAG. 

Figure 3. Typical SAXS curve for the SILAG supports, and the curve fit from the 

unified model. 

Figure 4. SEM images of (a) SILAG, (b) SILBG and (c) SILBP. 

Figure 5. AFM images of (a) SILAG, (b) SILBG and (c) SILBP. 

 

 

Tables Captions 

Table 1. Elemental analysis of the produced xerogels. 

Table 2. Wavenumber, area of components and percentage of six-fold, (SiO)6, 

siloxane rings for the different systems. 

Table 3. N/Si ratio measured by XPS. 

Table 4. SAXS data for silica-based mixed oxide determined from the curve fits. 

Table 5. Antimicrobial activity of encapsulated gentamicin, the silica blank and 

gentamicin. 

Table 6. Zeta potentials of SILAG, SILBG, SILBP and their respective blanks. 
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Figure 1. Deconvolution of Si – O region in the FT-IR spectrum of hybrid 

materials: (a) SILBP; (b) SILBG and (c) SILAG.  
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Figure 2. Diffuse reflectance spectrum of (a) gentamicin and (b) SILAG. 
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Figure 3. Typical SAXS curve for the SILAG supports and curves fit through the 

unified model.  
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Figure 4. SEM images of: (a) SILAG; (b) SILBG and (c) SILBP. 
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Figure 5. AFM images of: (a) SILAG; (b) SILBG and (c) SILBP. 
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Table 1. Elemental analysis of the produced xerogels.  

 

Xerogels 

Element content 

(%) 

Gentamicin 

encapsulated 

(mg.g-1) C N 

SILAG 0.56 0.17 11.2 

SILBG 0.81 0.42 27.8 

SILBP 0.77 0.84 55.6 
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Table 2. Wavenumber, area of components and percentage of six-fold, (SiO)6, 

siloxane rings for the different systems. 

 

 SILBP SILP SILBG SILB SILAG SILA 

LO6 1226 1188 1206 1205 1214 1232 

A 75.6 163.4 56.6 184.4 41.5 3.3 

LO4 1193 1116 1142 1128 1179 1175 

A 94.6 42.1 23.4 26.4 36.5 14.8 

TO4 1097 1095 1096 1099 1081 1096 

A 93.1 49.0 42.9 178.7 37.5 30.6 

TO6 1042 1054 1046 1055 1036 1024 

A 44.8 37.1 35.8 54.6 11.3 20.1 

(SiO)6(%) 39 69 58 53 42 34 
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Table 3. N/Si ratio measured by XPS. 

 

Encapsulate gentamicin N/Si 

SILAG 0.08 

SILBG 0.04 

SILBP 0.49 
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Table 4. SAXS data for silica-based mixed oxide determined from the curve fits.  

 

System Level 1 Level 2 

Rg (nm) P Rg (nm) P 

SILAG 3.9 4.0 - 3.8 

SILBG 2.9 4.0 - 3.9 

SILBP 4.4 4.0 - 4.0 
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Table 5. Antimicrobial activity of encapsulated gentamicin, the silica blank and 

gentamicin. 

 

  Inhibition areas (mm) a 

 
Staphylococcus 

aureus 

+ 

Escherichia 
coli 

- 

Enterobacter 
aerogenes 

- 

Salmonella 
tiphymurium 

- 

Bacillus 
cereus 

+ 

SILAG 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

SILBG 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

SILBP 9.67 ± 0.35 8.57 ± 0.29 9.41 ± 0.31 7.23 ± 0.23 8.51 ± 0.46 

Silica 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Cut control 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Gentamicin 8.52 ± 0.21 8.02 ± 0.88 7.99 ± 0.57 8.00 ± 0.80 7.52 ± 0.32 
a  Inhibition area including 9 mm disc diameter expressed as the mean of four 

replicates ± SD.  
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Table 6. Zeta potential of SILAG, SILBG, SILPG and their respective blanks. 

 

Zeta potential (mV) 

System Blank Encapsulated 

SILAG 5.41 ± 0.320 8.80 ± 1.07 

SILBG -27.7 ± 2.26 6.67 ± 1.17 

SILBP -35.5 ± 0.36 27.8 ± 1.06 
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ANEXO: Normas da revista “Journal of Colloid and 

Interface Science” 

  

 

The Journal of Colloid and Interface Science publishes original research on fundamental principles in 

chemistry, chemical engineering, physics, applied mathematics, materials science, polymer science, 

electrochemistry, geology, agronomy, biology, medicine, fluid dynamics, and related fields. The following 

categories are used to identify articles published in the Journal of Colloid and Interface Science: 

 A. Colloidal Materials and Nanomaterials 

 B. Surfactants and Soft Matter 

 C. Adsorption, Catalysis and Electrochemistry 

 D. Interfacial Processes, Capillarity and Wetting 

 E. Biomaterials and Nanomedicine 

 F. Novel Phenomena and Techniques 
The Journal of Colloid and Interface Science publishes original research articles, short communications, 
and feature articles. Given the cooperation of authors and referees, the Journal of Colloid and Interface 
Scienceendeavors to achieve rapid progress from submission to appearance, consistent of course with the 
reputation of the journal for careful and clear scientific reporting, reviewing, and preparing each manuscript 
for publication. Manuscripts constituting a series of papers should be submitted, as far as possible, at the 
same time to avoid repetitious statements of history, etc. Fragmentation of research into small individual 
papers is discouraged. 
Sufficient detail must be included to enable others to repeat the work. The experimental, theoretical, and 

numerical procedures must be clearly described; however, methods should be given in extenso only if they 

represent a new approach. Trade name identification alone is generally insufficient; if commercial 

materials identified by trade name are the subject of experiment, the authors bear the burden of 

establishing additional characterization, such as purity, adequate to the purposes of their study. For 

apparatus and equipment used for experiments, manufacturers' names and model numbers are usually 

desirable. 

Editorial guidelines on length, quality, and readability of manuscripts  

Manuscripts must be written in clear, concise, grammatical English. Authors who require information about 

or assistance with language editing and copyediting services pre- and post-submission should 

visithttp://www.elsevier.com/wps/find/authorshome.authors/languagepolishing or contact 

authorsupport@elsevier.com for more information. Please note Elsevier neither endorses nor takes 

responsibility for any products, goods or services offered by outside vendors through our services or in any 

advertising. For more information please refer to our Terms & 

Conditions http://www.elsevier.com/wps/find/termsconditions.cws_home/termsconditions. 

In this information age, new Internet resources such as journal supporting material have prompted a fresh 

look at the structure, form, and appearance of published scientific papers. The electronically accessible 

supporting material section now presents exciting new opportunities for improving readability and 

efficiency of scientific journals. Importantly, readers still have access to supporting material accompanying 

the main paper through the Web; they can choose whether to view or print it as need be. 

When preparing a new article for submission to JCIS, authors are now asked to strongly consider using 

supporting material. In planning the manuscript, please remember: 

1. Journal space is precious. Papers must be concise, and interesting to the readership. The article must 

focus onimportant new results. Short communications should not exceed 4 pages double line spaced and 

in total 4 reasonable sized figures or tables. 

2. Be self-critical and selective. Strive to produce a clear, lucid, efficient manuscript that will attract the 

reader to your work. Does the scientific importance of the work justify the journal space? Is the work 

unnecessarily fragmented? Is it repetitious with previous publications in the area? 

http://www.elsevier.com/wps/find/authorshome.authors/languagepolishing
http://www.elsevier.com/wps/find/termsconditions.cws_home/termsconditions
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3. Use supporting material. Place figures, tables, and/or text that are of secondary importance in this 

section and submit it with your manuscript so that is accessible to the editors and reviewers. 

The JCIS editorial team will ask for reviewers' advice on whether a manuscript can be more concise. 

Therefore, appropriate use of supporting material is a necessary condition before a manuscript can 

progress to publication. 
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circulation within their institutions. Permission of the Publisher is required for resale or distribution outside 

the institution and for all other derivative works, including compilations and translations (please 

consulthttp://www.elsevier.com/permissions). If excerpts from other copyrighted works are included, the 

author(s) must obtain written permission from the copyright owners and credit the source(s) in the article. 

Elsevier has preprinted forms for use by authors in these cases: please 

consult http://www.elsevier.com/permissions. 

For Open Access articles 

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License Agreement' (for 

more information see http://www.elsevier.com/OAauthoragreement). Permitted reuse of open access 

articles is determined by the author's choice of user license 

(see http://www.elsevier.com/openaccesslicenses). 

Retained author rights 

As an author you (or your employer or institution) retain certain rights. For more information on author 

rights for: 

Subscription articles please see http://www.elsevier.com/authorsrights. 

Open access articles please see http://www.elsevier.com/OAauthoragreement. 

Role of the funding source  

 

You are requested to identify who provided financial support for the conduct of the research and/or 

preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in the 

collection, analysis and interpretation of data; in the writing of the report; and in the decision to submit the 

article for publication. If the funding source(s) had no such involvement then this should be stated. Please 

seehttp://www.elsevier.com/funding. 

Funding body agreements and policies  

 

Elsevier has established agreements and developed policies to allow authors whose articles appear in 

journals published by Elsevier, to comply with potential manuscript archiving requirements as specified as 

conditions of their grant awards. To learn more about existing agreements and policies please 

visithttp://www.elsevier.com/fundingbodies. 

Open access  

 

This journal offers authors a choice in publishing their research: 

Open Access  

• Articles are freely available to both subscribers and the wider public with permitted reuse  

• An Open Access publication fee is payable by authors or their research funder  

Subscription 

• Articles are made available to subscribers as well as developing countries and patient groups through our 

access programs (http://www.elsevier.com/access) 

• No Open Access publication fee 

All articles published Open Access will be immediately and permanently free for everyone to read and 

download. Permitted reuse is defined by your choice of one of the following Creative Commons user 

licenses: 

Creative Commons Attribution (CC BY): lets others distribute and copy the article, to create extracts, 

abstracts, and other revised versions, adaptations or derivative works of or from an article (such as a 

translation), to include in a collective work (such as an anthology), to text or data mine the article, even for 

commercial purposes, as long as they credit the author(s), do not represent the author as endorsing their 

adaptation of the article, and do not modify the article in such a way as to damage the author's honor or 

reputation. 

Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-commercial 

purposes, lets others distribute and copy the article, to create extracts, abstracts and other revised 

versions, adaptations or derivative works of or from an article (such as a translation), to include in a 

collective work (such as an anthology), to text and data mine the article, as long as they credit the 
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author(s), do not represent the author as endorsing their adaptation of the article, do not modify the article 

in such a way as to damage the author's honor or reputation, and license their new adaptations or 

creations under identical terms (CC BY-NC-SA). 

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for non-commercial 

purposes, lets others distribute and copy the article, and to include in a collective work (such as an 

anthology), as long as they credit the author(s) and provided they do not alter or modify the article. 

To provide Open Access, this journal has a publication fee which needs to be met by the authors or their 

research funders for each article published Open Access.  

Your publication choice will have no effect on the peer review process or acceptance of submitted articles. 

 

The publication fee for this journal is $2600, excluding taxes. Learn more about Elsevier's pricing 

policy:http://www.elsevier.com/openaccesspricing. 

Language (usage and editing services)  

 

Please write your text in good English (American or British usage is accepted, but not a mixture of these). 

Authors who feel their English language manuscript may require editing to eliminate possible grammatical 

or spelling errors and to conform to correct scientific English may wish to use the English Language 

Editing service available from Elsevier's WebShop http://webshop.elsevier.com/languageediting/ or visit 

our customer support sitehttp://support.elsevier.com for more information. 

Submission  

 

For submission of articles to the Journal of Colloid and Interface Science please go to the journal's online 

submission site at: http://ees.elsevier.com/jcis/. 

There are no submission fees or page charges. Each manuscript should be accompanied by a letter 

outlining the basic findings of the paper and their significance. The Editors invite authors to suggest the 

names of up to five persons who are qualified to serve as reviewers, in case the submission is decided to 

proceed to external review. Please provide complete contact information, including an e-mail address. 

Authors are requested not to suggest reviewers with whom they have a person or professional 

relationship, especially if that relationship would prevent the reviewer from having an unbiased opinion of 

the work of the authors. Referees should be from institutions other than (and preferably countries other 

than) those of any of the Authors. 

Original contributions only will be considered. Manuscripts are accepted for review with the understanding 

that the same work has not been published, that it is not under consideration for publication elsewhere, 

and that its submission for publication has been approved by all of the authors; further, that any person 

cited as a source of personal communications has approved such citation. Written authorization may be 

required at the Editor's discretion. Articles and any other material published in the Journal of Colloid and 

Interface Science represent the opinions of the author(s) and should not be construed to reflect the 

opinions of the Editor(s) and the Publisher. 

Timeline for revision of manuscripts  

 

The Journal of Colloid and Interface Science endeavors to publish current scientific research findings in a 

timely manner. Accordingly, articles returned to the author(s) for revision and not promptly returned in a 

suitably revised form will be relegated to inactive status after 2 months and will be automatically withdrawn 

from consideration after 3 months. 

Referees  

Authors are requested to suggest the names and e-mail addresses of five appropriately qualified persons 

as potential reviewers. These people should not also be members of the JCIS Editorial and Advisory 

board; the membership can be found at: http://www.journals.elsevier.com/journal-of-colloid-and-interface-

science/editorial-board/ 
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NEW SUBMISSIONS  

 

Submission to this journal proceeds totally online and you will be guided stepwise through the creation and 

uploading of your files. The system automatically converts your files to a single PDF file, which is used in 

the peer-review process. 

As part of the Simplified Submission service, you may choose to submit your manuscript as a single file to 

be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-out 

that can be used by referees to evaluate your manuscript. It should contain high enough quality figures for 

refereeing. If you prefer to do so, you may still provide all or some of the source files at the initial 

submission. Please note that individual figure files larger than 10 MB must be uploaded separately. 

References  

 

There are no strict requirements on reference formatting. References can be in any style or format as long 

as the style is consistent. Author(s) name(s), journal title / book title, article title, year of publication, volume 

number / book chapter number and the pagination must be present. The reference style required by the 

journal will be applied to the published version by Elsevier. 

Formatting requirements  

 

There are no strict formatting requirements but all manuscripts must contain the essential elements 

needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and Methods, 

Results, Conclusions, Artwork and Tables with Captions. 

If your article includes any Videos and/or other Supplementary material, this should be included in your 

initial submission for peer review purposes. 

Divide the article into clearly defined sections. It is not necessary to format your manuscript in double 

column layout, even if the journal has a double column layout. 

 

It is important that the file be saved in the native format of the wordprocessor used. Keep the layout of the 

text as simple as possible. Most formatting codes will be removed and replaced on processing the article. 

The electronic text should be prepared in a way very similar to that of conventional manuscripts (see also 

the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). See also the section on 

Electronic artwork.  

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check' 

functions of your wordprocessor. 

Article structure and order 

Graphical abstract  

 

A graphical abstract is mandatory. It should symbolize the topic of the article pictorially, at a glance, to 

capture the attention of a wide readership online. Please design an image that is easy to comprehend 

when viewed at the size, 5 cm height x 13 cm width, of graphical abstracts in the journal, using a regular 

screen resolution of 96 dpi. Graphical abstracts should be submitted as a separate file in the online 

submission system. Please provide an image with a minimum of 531 × 1328 pixels (h × w) or more in 

proportion. Preferred file types: TIFF, EPS, PDF or MS Office files. 

See http://www.elsevier.com/graphicalabstracts for examples. Authors can make use of Elsevier's 

Illustration and Enhancement service to ensure the best presentation of their images, in accordance with 

all technical requirements: Illustration Service. 

Highlights  

Highlights are mandatory. They consist of a short collection of bullet points that convey the unique 

methods, results and conclusions of the article, and should be submitted in a separate file via the online 

submission system. Please use 'highlights' in the file name and include 3 to 5 bullet points (with a 

maximum of 85 characters, including spaces, per bullet point). See http://www.Elsevier.Com/highlights for 

examples. 

http://www.elsevier.com/guidepublication
http://www.elsevier.com/graphicalabstracts
http://webshop.elsevier.com/illustrationservices/ImagePolishing/gap/requestForm.cfm
http://www.elsevier.com/highlights
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The highlights must not contain jargon/abbreviations which will not be immediately understood by readers; 

chemical terms must be explained in full. 

Essential title page information  

 

• Title. Concisely describe the main import of the work. Because titles and abstracts are often used in 

information-retrieval systems, present the main keywords, and define the abbreviations and chemical 

formulas in the title and abstract, for example, "Magnetic ion-exchange (MIEX) in Nitric Oxide (NO)."  

• Author names and affiliations. Please list the first name, middle name, and last name of each author, 

allowing the article to be found by online author searches. Where the family name may be ambiguous 

(e.g., a double name), please indicate this clearly. Present the authors' affiliation addresses (where the 

actual work was done) below the names. Indicate all affiliations with a lower-case superscript letter 

immediately after the author's name and in front of the appropriate address. Provide the full postal address 

of each affiliation, including the country name, and the e-mail address of each author. 

• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and 

publication, also post-publication. Ensure that telephone and fax numbers (with country and area 

code) are provided in addition to the e-mail address and the complete postal address. Contact 

details must be kept up to date by the corresponding author. 

• Present/permanent address. If an author has moved since the work described in the article was done, 

or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as a footnote to 

that author's name. The address at which the author actually did the work must be retained as the main, 

affiliation address. Superscript Arabic numerals are used for such footnotes. 

Abstract  

 

Design the abstract (p.2) to be a single paragraph that succinctly states the unique methods, findings, 

conclusions and keywords of the work [50 to 200 words]. Following the abstract, list up to 10 keywords that 

will allow the users of indexes and searches to find your paper. 

Keywords  

Immediately following the abstract, please provide up to 10 keywords, using American spelling and 

avoiding general and plural terms and multiple concepts (avoid the use of 'and'/'of' for example). Be 

sparing with abbreviations, and define any abbreviations used, as above for the title. These keywords will 

be used for indexing purposes and should guide readers to the unique subject matter of the paper. 

Abbreviations  

 

By means of a footnote, to be placed on the first page of the article, define the abbreviations and symbols 

employed in the text of the article. Abbreviations that are essential to the abstract should be defined at 

their first mention there, as well as in the footnote. Please maintain consistency of abbreviations 

throughout the article. 

Introduction  

State the specific objectives of the present work. Provide a brief summary of the previous literature and 

results, but avoid lengthy discourse and review. 

Materials and methods  

Provide sufficient detail to allow the work to be reproduced. Methods already published should be 

indicated by a reference: only relevant modifications should be described. 

Results and Discussion  

 

The results and discussion section should be organized using appropriate sub-headings. 

Conclusions  

The conclusions section of your manuscript is a priority. Please include the following items, as appropriate: 

a summary of the original findings; a synopsis of the novel concepts; brief statements of the new 

hypotheses, in the context of accepted theories; parallels/contradictions between this and previous 

findings; and the outlook for future research and applications. 
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References should appear in the conclusions section to emphasize the ways in which the new results have 

advanced the field. 

Acknowledgements  

Collate acknowledgements in a separate section at the end of the article before the references and do not, 

therefore, include them on the title page, as a footnote to the title or otherwise. List here those individuals 

who provided help during the research (e.g., providing language help, writing assistance or proof reading 

the article, etc.). 

Abbreviations, chemical nomenclature and notation of figures  

Abbreviations should follow the usage established by chemical abstracts. All chemical nomenclature in the 

article should conform to iupac guidelines, http://www.chem.qmul.ac.uk/iupac/  

• Standard exponential notation(e.g., 1.3 × 1015) should be used.  

• Significant figures should be consistent and appropriate (1.00, 1.55, or 1.0, 1.5, etc.)  

• Use the period, not the comma, for the decimal point(e.g., 1.5, but not 1,5).  

• Express all variables/quantities in the same units throughout the manuscript. 

Footnotes  

Footnotes should be used sparingly. Number them consecutively throughout the article. Many 

wordprocessors build footnotes into the text, and this feature may be used. Should this not be the case, 

indicate the position of footnotes in the text and present the footnotes themselves separately at the end of 

the article. Do not include footnotes in the Reference list. 

LaTeX  

If the LaTeX file is suitable, proofs will be produced without rekeying the text. The article should preferably 

be written using Elsevier's document class 'elsarticle', or alternatively any of the other recognized classes 

and formats supported in Elsevier's electronic submissions system, for further information 

seehttp://www.elsevier.com/wps/find/authorsview.authors/latex-ees-supported.  

The Elsevier 'elsarticle' LaTeX style file package (including detailed instructions for LaTeX preparation) can 

be obtained from the Quickguide: http://www.elsevier.com/latex. It consists of the file: elsarticle.cls, 

complete user documentation for the class file, bibliographic style files in various styles, and template files 

for a quick start. 

REVISED SUBMISSIONS 

Artwork 

Electronic artwork  

General points 

• Make sure you use uniform lettering and sizing of your original artwork.  

• Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.  

• Number the illustrations according to their sequence in the text.  

• Use a logical naming convention for your artwork files.  

• Indicate per figure if it is a single, 1.5 or 2-column fitting image.  

• For Word submissions only, you may still provide figures and their captions, and tables within a single file 

at the revision stage.  

• Please note that individual figure files larger than 10 MB must be provided in separate source files.  

A detailed guide on electronic artwork is available on our website:  

http://www.elsevier.com/artworkinstructions.  

You are urged to visit this site; some excerpts from the detailed information are given here.  

Formats  

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or convert 

the images to one of the following formats (note the resolution requirements for line drawings, halftones, 

and line/halftone combinations given below):  

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.  

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.  

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.  

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is 

required.  

 

http://www.chem.qmul.ac.uk/iupac/
http://www.elsevier.com/wps/find/authorsview.authors/latex-ees-supported
http://www.elsevier.com/latex
http://www.elsevier.com/artworkinstructions.
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Please do not:  

• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.  

• Supply files that are too low in resolution.  

• Submit graphics that are disproportionately large for the content. 

Color artwork  

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS 

Office files) and with the correct resolution. If, together with your accepted article, you submit usable color 

figures then Elsevier will ensure, at no additional charge, that these figures will appear in color on the Web 

(e.g., ScienceDirect and other sites) regardless of whether or not these illustrations are reproduced in color 

in the printed version. For color reproduction in print, you will receive information regarding the 

costs from Elsevier after receipt of your accepted article. Please indicate your preference for color: in 

print or on the Web only. For further information on the preparation of electronic artwork, please 

see http://www.elsevier.com/artworkinstructions.  

Please note: Because of technical complications which can arise by converting color figures to 'gray scale' 

(for the printed version should you not opt for color in print) please submit in addition usable black and 

white versions of all the color illustrations. 

Figure captions  

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure itself) 

and a description of the illustration. Keep text in the illustrations themselves to a minimum but explain all 

symbols and abbreviations used. 

References 

Reference management software  

This journal has standard templates available in key reference management packages EndNote 

(http://www.endnote.com/support/enstyles.asp) and Reference Manager 

(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors only need 

to select the appropriate journal template when preparing their article and the list of references and 

citations to these will be formatted according to the journal style which is described below. 

Video data  

 

Elsevier accepts video material and animation sequences to support and enhance your scientific research. 

Authors who have video or animation files that they wish to submit with their article are strongly 

encouraged to include links to these within the body of the article. This can be done in the same way as a 

figure or table by referring to the video or animation content and noting in the body text where it should be 

placed. All submitted files should be properly labeled so that they directly relate to the video file's content. 

In order to ensure that your video or animation material is directly usable, please provide the files in one of 

our recommended file formats with a preferred maximum size of 50 MB. Video and animation files supplied 

will be published online in the electronic version of your article in Elsevier Web products, including 

ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with your files: you can choose any 

frame from the video or animation or make a separate image. These will be used instead of standard icons 

and will personalize the link to your video data. For more detailed instructions please visit our video 

instruction pages at http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot 

be embedded in the print version of the journal, please provide text for both the electronic and the print 

version for the portions of the article that refer to this content. 

AudioSlides  

 

The journal encourages authors to create an AudioSlides presentation with their published article. 

AudioSlides are brief, webinar-style presentations that are shown next to the online article on 

ScienceDirect. This gives authors the opportunity to summarize their research in their own words and to 

help readers understand what the paper is about. More information and examples are available 

at http://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation e-mail 

to create an AudioSlides presentation after acceptance of their paper. 

 

http://www.elsevier.com/artworkinstructions
http://www.endnote.com/support/enstyles.asp
http://refman.com/support/rmstyles.asp
http://www.sciencedirect.com/
http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/audioslides
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Supplementary data  

 

Elsevier accepts electronic supplementary material to support and enhance your scientific research. 

Supplementary files offer the author additional possibilities to publish supporting applications, high-

resolution images, background datasets, sound clips and more. Supplementary files supplied will be 

published online alongside the electronic version of your article in Elsevier Web products, including 

ScienceDirect:http://www.sciencedirect.com. In order to ensure that your submitted material is directly 

usable, please provide the data in one of our recommended file formats. Authors should submit the 

material in electronic format together with the article and supply a concise and descriptive caption for each 

file. For more detailed instructions please visit our artwork instruction pages 

at http://www.elsevier.com/artworkinstructions. 

Submission checklist  

The following list will be useful during the final checking of an article prior to sending it to the journal for 

review. Please consult this Guide for Authors for further details of any item.  

Ensure that the following items are present:  

One author has been designated as the corresponding author with contact details:  

• E-mail address  

• Full postal address  

• Telephone  

All necessary files have been uploaded, and contain:  

• Keywords  

• All figure captions  

• All tables (including title, description, footnotes)  

Further considerations  

• Manuscript has been 'spell-checked' and 'grammar-checked'  

• All references mentioned in the Reference list are cited in the text, and vice versa  

• Permission has been obtained for use of copyrighted material from other sources (including the Web)  

• Color figures are clearly marked as being intended for color reproduction on the Web (free of charge) and 

in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print  

• If only color on the Web is required, black-and-white versions of the figures are also supplied for printing 

purposes  

For any further information please visit our customer support site at http://support.elsevier.com. 
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