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Abstract 

A protein-templated titania nanocomposite (PT-TiO2) was successfully synthesized by a water-

free mechanochemical approach. A biomass valorization strategy was developed by employing 

egg white from expired eggs to control the morphology and textural features of the prepared titania. 

A remarkable enhancement of the surface area was achieved, in comparison with the synthesis of 

the material in absence of the biomass-derived template. Several techniques, such as SEM-

mapping and CNHS analysis, supported the presence of carbon, nitrogen and sulfur residues in the 

obtained composite. Catalytic performance of PT-TiO2 was explored in the oxidation of diphenyl 

sulfide, displaying promising results in terms of conversion, selectivity and stability. The effect of 

the oxidant agent was additionally investigated by using hydrogen peroxide, urea hydrogen 

peroxide, oxygen and t-butyl- hydroperoxide. On the other hand, PT-TiO2 nanocomposite was 

successfully proved as anodic material for LIBs delivering a reversible capacity of 107 mAh g-1 at 

0.1 C with an excellent coulombic efficiency of 100% from the second cycle. In addition, the as-

synthesized material showed significant capacity retention values of 76% among the second cycle 

and 100th cycle. PT-TiO2 sample resulted to be a versatile material with potential catalytic and 

energy storage applications. 

Keywords: White egg, titania, biomass valorization, LIBs, microwave assisted reaction, 

diphenyl sulfide oxidation. 
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Introduction 

Development of new systems to produce sustainable energy and its efficient use are two of the 

main problems of modern-day society. It is well-known that energy vectors generated from 

traditional fuel-fossil sources and processes are basically responsible for problems of climate 

change and, as a response, the development of greener and highly efficient technologies, such as 

solar cells, lithium-ion batteries (LIBs) or production of new energy vectors (e.i. H2) are presented 

as a potential alternative.1,2 How we use the energy in the wide range of application available has 

equal relevance in the complicated current energy context. In particular, chemical industry is being 

one of the higher energy consumers around the world which makes the development of 

increasingly energy processes a key challenge of modern society. To solve the mentioned 

drawbacks, non-traditional energy sources for chemical applications have been gaining more 

interest in both laboratories and industrial scales. In this regard, the use of sustainable materials as 

1) anode component for lithium-ion batteries (LIBs) with high and stable capacities and as 2) 

catalyst for microwave-assisted reactions has received considerable attention.3–5 

Field of catalysis is very dependent on energy, requiring in many cases high energy consumption 

operating conditions such as high temperatures and pressures. For instance, natural or artificial 

light-assisted as well as sonication and microwave reactors have boosted energy efficiency in 

several catalytic processes, from new synthetic protocols to reactions.6–10 Among a large variety 

of materials studied for catalytic applications, TiO2-based compounds are presented as a promising 

alternative. Additionally, they have even been used as effective anode materials towards the 

generation of high-performance LIBs.11,12 In fact, some reviews highlight TiO2 as the most studied 

transition-metal oxide and one of the most investigated compounds in materials science.13,14 Such 

versatility has produced an increase in scientific activity in this direction. From a structural point 
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of view, relatively high surface areas in addition to small crystal sizes can be beneficial to many 

TiO2-based materials and its application, as it improves the interaction between the samples and 

media.7,13–16 There are several contributions in which structure and morphology properties of TiO2 

have been analyzed as a function of the synthetic protocol.7,17 In this regard, although methods 

such as sol-gel, microemulsion, hydrothermal and microwave-assisted have shown several 

advantages and have produced an extended number of applicable materials,18–21 also possess 

inherent disadvantages. Some of them with negative environmental effects regarding to high 

temperatures and the use of high levels of solvents and reagents. In this sense, biomass-derived 

templates have emerged as a simple and outstanding approach to produce TiO2 materials 

minimizing time, chemicals, external water and waste.22 Food residues constitute a significant part 

of non-used biomass materials. In fact, it is a problem extensively addressed by U.S. 

Environmental Protection Agency.23 The aforementioned template methods could be a profitable 

outlet for both food residues and out of date food. Banana and orange peel, chicken egg and coffee 

waste grounds can be mentioned as representative examples, which have provided outstanding 

results as bio-template.24–27 In addition, with proper control of the calcination process, it is possible 

to maintain in the structure beneficial entities from the bio-template as is the case of biomass-

derived nitrogen-doped carbon-oxides materials. Besides, biomass residues confers high oxygen 

functionalities to the resulted carbons, which can act as anchoring sites for further metal 

deposition.4 

In this contribution, we addressed an easy and environmental friendly synthesis of a TiO2-based 

composite using white egg by a template methodology for catalytic and energy storage 

applications. The suitable balances of all properties allow obtaining a good reversible capacity 

(similar to other TiO2 based electrode materials) as well as highly selective catalyst for the 

https://www.linguee.es/ingles-espanol/traduccion/out+of+date.html
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oxidation of diphenil sulfide to the corresponding sulfoxide. P25 TiO2 is also reported as a 

commercial reference for both applications. Finally, a complete physico-chemical characterization 

of the as synthesized material attempts to correlate the results with a multitechnique 

characterization approach based on data obtained from XRD, XPS, SEM-EDX as well as N2 

physisorption measurements. 

Experimental 

Synthesis of protein-templated-TiO2 (PT-TiO2) 

A water-free mechanochemical assisted protocol was employed for the synthesis of PT-TiO2 

sample (Scheme 1). Firstly, a 1:2 (wt.) metal precursor (titanium isopropoxide)/template (egg 

white from expired eggs: 40 days) ratio was mixed in a 125 mL reaction chamber and 

mechanochemically treated in a Retsch PM100 ball mill at 350 rpm for 10 min, employing eighteen 

10 mm stainless steel balls. In a second step, the obtained composite material was oven-dried at 

100 °C for 24 h, and finally calcined at 500 °C for 2h. 

 

Scheme 1. Schematic representation of the synthetic protocol of PT-TiO2 material. 
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Chemical analysis and textural characterization 

The prepared PT-TiO2 material was characterized by several techniques, including X-ray 

diffraction (XRD), X-Ray Photoelectron Spectroscopy (XPS), Thermogravimetric analysis 

(TGA), N2 physisorption, Scanning Electronic Microscopy, Transmission Electronic Microscopy 

and CNHS measurements. 

XRD analysis of PT-TiO2 sample was accomplished in a Diffractometer (D8 Advanced Bruker 

AXS), employing a Lynxeye detector in a 10°-70° 2θ scan range. Results interpretation was 

performed helped by the Bruker Diffrac-plus EVA software and supported by the Powder 

Diffraction File (PDF) database of the International Centre for Diffraction Data (ICDD). 

N2 physisorption analysis was accomplished at the temperature of liquid nitrogen (77 K) in a 

Micromeritics ASAP 2000 instrument. Prior to analysis, TiO2 reference and PT-TiO2 sample were 

degassed for 24 h under vacuum (p<10-2 Pa). The weight of both materials ranged between 0.15-

0.20 g. BET analysis, in a 0.05<P0<0.30 range, was employed for determining the surface areas of 

the prepared materials. TGA measurements were accomplished on a Setaram Setsys 12 TGA 

thermobalance. The sample was heated from 30 to 800 C, under air atmosphere (50 mL min−1) at 

a rate of 10 °C min−1. 

The FEI Tecnai G2 system equipped with a CCD ("charge coupling device") camera was used in 

order to record TEM images of the synthesized materials. PT-TiO2 sample was previously 

suspended in ethanol and subsequently deposited on a copper grid. SEM-mapping measurements 

were performed in a JEOL JSM-6490 LV microscope.  
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XPS experiments were carried out in an ultrahigh vacuum (UHV) multipurpose surface analysis 

system SpecsTM, equipped with the Phoibos 150-MCD energy detector. The measurements were 

carried out at pressures <10-10 mbar, employing a X-ray source in a "stop and go" mode. XPS 

CASA program was used for analysis the obtained data. 

Preparation of the electrodes and cells 

The as-synthesized PT-TiO2 material was mechanically mixed with PVDF polymer and a super 

conductive carbon black in a 1-methyl-2-pyrrolidinone solution (NMP) to (80:10:10) to obtain the 

anode material. Firstly, the resulting solution was deposited through the “doctor-blade” approach 

onto a Cu thin foil and secondly tiny disks of 13 mm were cut and were dried at 50 °C in vacuum 

conditions to fabricate anode electrodes, following previous work.27 

Electrochemical characterization 

Electrochemical characterization was performed using a reported setup.27 Cyclic voltammetry 

(CV) measurements were acquired in a potential range of 0–3 V. Charge-discharge curves were 

carried out at 0.1A at a current rate of 0.1 A g-1 (approximate to 0.3C) and rate capability behaviour 

was tested varying current density from 33.5 to 670 mA g-1.  

Results and discussion 

The preparation of the protein-templated TiO2 nanocomposite (PT-TiO2) was performed using egg 

white from expired eggs and titanium isopropoxide as metal precursor, by a solvent-free 

mechanochemical strategy. Apart from its noticeable versatility, reproducibility and simplicity, the 

application of mechanochemistry as a synthetic procedure possess a marked sustainable character, 

since it avoids the employment of solvents and additional reagents. In this work, egg white was 
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employed as a template in order to tune the morphological properties of the obtained TiO2. 

Titanium isopropoxide together with the aforementioned template gave rise to a composite 

material by physical and/or chemical adherence. Besides the effect in the morphological 

properties, the presence of water from egg white also allows the hydrolysis of the titanium 

precursor, resulting in the formation of titanium hydroxide. The latest compound was calcined at 

500 ºC, with the consequent formation of a nanostructured titanium oxide composite. 

Structural characterization of the TiO2-based nanocomposite. 

The synthesized protein-templated TiO2 nanocomposite was fully characterized by a multi-

technique approach, including X-ray Diffraction (XRD), N2-physisorption, Thermogravimetric 

analysis (TGA), Transmission Electronic Microscopy, Scanning Electronic Microscopy, CHNS 

measurements and X-ray Photoelectronic Spectroscopy (XPS). For comparison, a TiO2 material 

was additionally prepared by a similar protocol in absence of the template. Basic characterization 

of such TiO2 reference was performed by XRD and N2-physisorption. 

Crystal structure and arrangement of PT-TiO2 and TiO2 reference were evaluated by XRD 

analysis. XRD pattern of TiO2 reference displayed a highly crystalline structure with the presence 

of several peaks at 25.4º, 37.0º, 37.9º, 38.5º, 48.1º, 54.0º, 55.1º and 62.8º, which can be attributed 

to (101), (103), (004), (112), (200), (105), (201) and (204) diffraction planes, respectively.28 

Although the peaks in the XRD pattern of PT-TiO2 sample exhibited a reduced intensity, (Figure 

1A) associated with a lower crystallinity, in comparison with the TiO2 reference, both samples 

presented the same crystalline phase, namely anatase. This result could be attributed most likely 

to the mediation of the template in the synthetic process. 
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Figure 1. (A) XRD patterns and (B) N2 absorption-desorption isotherms of PT-TiO2 and TiO2 

reference, (C) TG and DTA analyses of PT-TiO2, (D) TEM image of PT-TiO2 (Inset: Particle size 

distribution). 

Textural properties of both samples, PT-TiO2 and TiO2 reference, were investigated by N2 

adsorption-desorption measurements. A remarkable enhancement of the morphological features 

was observed by using egg white as template, as shown in Figure 1B. N2 adsorption-desorption 

isotherms resulted to be type III and IV for TiO2 reference and PT-TiO2, respectively. Such result 

confirmed the mesoporous structure and the improved textural properties of the PT-TiO2 in 

comparison with the material prepared in absence of the template. An outstanding surface area of 

139 m2g-1 was found for the PT-TiO2 material, while TiO2 reference displayed just a surface area 

of 10 m2g-1 (Table 1). The superficial area of the composite, which is an important property for 

A B

C D
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the studied application, is competitive in comparison with other synthetic methods such as sol-gel, 

micro-emulsion or hydrothermal in which the presence of external water and other solvents are 

required.18–21 These results clearly confirmed the crucial role of the template in the controllable 

tuning of the material textural characteristics. Thermal stability of the prepared PT-TiO2 was 

studied by TGA measurements (Figure 1C). A first weight loss was found at 100 ºC, related to the 

presence of water (unbounded/physisorbed). Afterwards, a progressive and slow weight loss of 10 

% was observed from 200 to 700 ºC (broad endothermic–DTA signal). This result can be attributed 

to the non-oxidative decomposition of organic residues in the PT-TiO2.
27  

Table 1. Textural properties of the PT-TiO2 and TiO2 reference. 

Material SBET 
 (m2 g−1) VBJH 

 (cm3 g−1) DBJH 
 (nm) 

PT-TiO2 139 0.07 20.2 

TiO2 reference 10 0.25 5.7 

 

Figure 1D exhibit TEM micrograph of the PT-TiO2 sample, which revealed a homogenous 

distribution of quasi-spherical nanoparticles with a mean radius of 5.2 nm. In addition, the 

morphology of the prepared material was evaluated by SEM analysis, which was in accordance 

with the nanostructured architecture observed by TEM. SEM-mapping results suggested the 

presence of Ti and O, as well as C, N and S, most likely due to the presence of protein residues in 

the obtained nanocomposite (Figure 2). Such results were corroborated by CNHS measurements, 

which showed 1.0 %, 1.3% and 0.4% of N, C and S, respectively. 
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Figure 2. (A) SEM micrograph of PT-TiO2 sample. SEM-mapping images of PT-TiO2 sample for 

(B) Ti, (C) O, (D) C, (E) N and (F) S. 

XPS analysis of the nano-composite was carried out to provide information related to the minor 

carbon, nitrogen, and sulphur species, as well as titanium and oxygen components. Figure 3A 

displays the C1s region. The main contribution can be related to spurious entities generated during 

the calcination process, although can also be associated to residual aliphatic C−H bonds of the 

albumin (284.6 eV).29 The other two contributions can exclusively ascribable to different C-N 

structural moieties (286.2 and 287.9 eV), generated during heating treatment due to the 

denaturalization process of the protein.30 These two chemical moieties (399.5 and 397.3 eV) also 
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contribute to the N1s XPS region (Figure 3B). For S2p the fitting takes into two contributions, 

S2p3/2 and S2p1/2 (153.8 and 152.2 eV, respectively), resulting from the sulphur atoms coming 

from the protein molecules.25 Ti2p core level spectra shows typical contribution of titania. The 

corresponding Ti 2p3/2 and Ti 2p1/2 peaks are located at 458.6 eV and 463.8 eV, respectively and 

correspond to Ti(IV).31 Finally, the analysis of O1s XPS was fitted into two components indicating 

the presence of the two types of oxygen expected in the sample. The main peak at 529.3 eV can 

be assigned to the oxygen lattice ions of the anatase network (Ti-O-Ti) and the contribution 

situated at 531.5 eV to the C-O. 31,32 

 

Figure 3. XPS deconvoluted spectra of PT-TiO2 sample for (A) C1s, (B) N1s, (C) S2p, (D) Ti2p 

and (E) O1s. 
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Catalytic performance of PC-TiO2 nanocomposite 

The catalytic performance of PT-TiO2 sample was evaluated in the microwave-assisted 

oxidation of diphenyl sulfide to the corresponding sulfoxide and sulfone (Scheme 2). The 

microwave irradiation was employed in order to decrease the reaction times, favoring as well the 

efficiency of the catalytic process, in terms of conversion. Sulfoxidation has been usually hindered 

by problems related to the selectivity of the reaction, being particularly interesting the selective 

production of sulfoxide molecules (alkyl, aryl and benzyl derivatives) with potential applicability 

in the pharmaceutical industry. The selectivity of such kind of reactions will partially depend on 

the employed catalytic system. Specially, the use of heterogeneous catalysts possesses intrinsic 

advantages related to their easy recovery and reuse. Several contributions have reported 

sulfoxidation reactions in the presence of heterogeneous catalyst such as transition metal 

functionalized graphene oxide, ionic liquid complexes, transition-metal oxide clusters, tungsten 

(VI) organic complexes and carbon supported polyoxometalates. Remarkably, the prepared PT-

TiO2 material is advantageous, with respect to the aforementioned systems, due to its simple 

structure and facile preparation methodology. 

 

Scheme 2. Schematic representation of the diphenyl sulfide microwave-assisted oxidation. 
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Blank measurements were performed in order to confirm the essential role of the catalytic system 

in the reaction progress. Such analysis revealed that in absence of catalyst the reaction just 

displayed a 10% of conversion. In turn, by using the prepared PT-TiO2 catalytic material, the 

reaction achieved a 90% of conversion (Figure 4A). P25 titania was, as well, employed in the 

oxidation of diphenyl sulfide, in order to compare the prepared material with a commercial 

reference. Both materials displayed comparable results in terms of conversion, however a critical 

change in selectivity was observed (Figure 4B). The employment of P25 material, give rise to the 

complete oxidation of diphenyl sulfide to sulfone, with a selectivity to this product higher that 

95%. On the other hand, the use of PT-TiO2 allows the controllable oxidation of sulfide group to 

the corresponding sulfoxide, with a selectivity to this product of 90%. Such result could be 

understood attending the different crystallinity of both samples and to the presence of carbon 

species on the PT-TiO2 surface. A decrease in crystallinity could be associated with a decrease in 

selectivity to the full oxidation product, most likely due to the reduction of active sites that 

promote, in this case, the complete oxidation of sulfide to form the sulfone product. As 

aforementioned, reported conversion were obtained after 1 h of reaction, faster than similar 

experiments carried out under typical operating conditions (temperature and oxidant agent).33,34 

Note that carbon balance was achieved above 97% in all catalytic tests, and thus only rather minor 

products are not shown. 



 15 

 

Figure 4. Catalytic performance of PT-TiO2 and TiO2 P25, in terms of (A) conversion and (B) 

selectivity. 

As shown in Figure 5, the influence of the oxidant agent was investigated by comparing the 

catalytic performance employing hydrogen peroxide, urea hydrogen peroxide (U-H2O2), oxygen 

and t-butyl- hydroperoxide (t-B-H2O2). The use of hydrogen peroxide presented the best catalytic 

performance in terms of balance between conversion (90 %) and selectivity (90 %). Although, 

selectivity to diphenyl sulfide increase by using U-H2O2 (S=94 %), O2 (S=94 %) and t-B-H2O2 

(S=96 %), the conversion decrease to 53 %, 5 % and 15 % conversion, respectively, support the 

use of hydrogen peroxide as the optimum oxidant agent. 
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Figure 5. Catalytic performance of PT-TiO2 employing different oxidant agents, in terms of (A) 

conversion and (B) selectivity. 

Reusability studies were carried out in order to determine the stability of the material (Figure 6). 

After the first use, the catalyst was recovered, washed and reused in the reaction under identical 

operating conditions. Such process was repeated five times, revealing that the catalytic system 

remained stable, showing an 86 % conversion after the fifth use, with no considerable change in 

selectivity. 
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Figure 6. Reusability study of PT-TiO2 nanocomposite. 

Electrochemical characterization of PC-TiO2 nanocomposite 

The electrochemical performance of the PT-TiO2 nanocomposite was explored as anode for 

lithium ion batteries and compared with the commercial TiO2 material (P25). Figure 7A and 7B 

show the typical cyclic voltammogram (CV) curves of the PT-TiO2 and P25 anode materials 

measured in the potential window of 1-3V at a sweep rate of 0.1 mV/s. The voltammograms of the 

mentioned anode materials display two pair of well-defined and stable peaks at 1.72 and 2.01V 

(vs Li+/Li) indicating the lithium insertion/extraction processes in the crystalline anatase structure. 

Importantly, the higher intensities of the cathodic and anodic redox peaks of the PT-TiO2 hybrid 

nanostructures regarding to the commercial TiO2 structures represent a clear evidence of its 

enhanced electrochemical activity. The evolution of the cathodic potential peak (Ec) and anodic 

potential peak (Ea) for both anode materials are shown in Figure 7C and 7D. It can be observed 
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that at faster scan rates, in comparison with P25 anode electrodes, the potential peak separation as 

well as the peak shape of the PT-TiO2 nanocomposite is closer to the initial voltammogram 

measured at a scan rate of 0.1 mV/s. Additionally, the PT-TiO2 peak intensities surpassed around 

ten times the signal intensities of the commercial sample. The aforementioned behaviour revealed 

the higher reversibility of the TiO2 nanocomposite material and supported its better 

electrochemical efficiency as an anode material in lithium half-cells.32  

 

A B

C D
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Figure 7. Electrochemical performance of the PT-TiO2 and P25 TiO2 in a half-cell LIB. Cyclic 

voltammogram of (A) PT-TiO2 and (B) P25 TiO2 at 0.1 mV s-1. Cyclic voltammograms of (C) PT-

TiO2 and (D) P25 TiO2 at 0.1, 0.5, 1, 5 and 10 mV s-1. 

The 1st, 2sd, 10th and 50th charged/discharged curves at 0.1 C of the P25 and synthesized 

nanocomposite are shown in Figure 8A and 8B, respectively. Significantly, three characteristic 

regions can be observed in the discharged branches: the monotonous voltage drop region to 1.78V 

in which the insertion of lithium ion is very poor, the plateau voltage region of approximately 1.75-

1.80V which can be linked to the equilibrium between tetragonal and orthorhombic phase with 

reversible lithium insertion/extraction reaction and the larger potential slope from 1.73V to 1V 

where the lithium insertion processes are favoured by the electric field forces.32 The specific 

capacities and coulombic efficiencies of both anode materials were investigated at 0.1 C over 100 

cycles to get insights on the charge/discharge electrochemical properties of both TiO2-based anode 

materials (Figure 8C). The initial charge/discharge capacities for the PT-TiO2 and P25 are 228 mA 

h g-1 and 163 m A g-1, and 215 mA h g-1 and 168 m A g-1, respectively, giving rise to coulombic 

efficiencies around 79% and 74%, respectively. The low coulombic efficiency values could be 

interpreted by the irreversible accumulation of lithium anions inside TiO2 crystalline network and 

the subsequent formation of a partial solid electrolyte interphase (SEI) layer. Afterwards, in the 

second cycle, the charge/discharge capacities decrease to 161 mA h g-1 and 151 m A g-1 for the 

nanocomposite and to 142 mA g h-1 and 137 mA h g-1 for the commercial TiO2, while the 

coulombic efficiencies rise up to 100% and 93%, respectively. However, after 100 cycles, the 

discharges capacities drop off to 109 mA g h-1 (76% of capacity retention of the second cycle) for 

the nanocomposite and 28 mA g h-1 (20% of capacity retention regarding to the second cycle) for 

the commercial TiO2 LIBs, indicating the superior performance of the nanohybrid anode materials. 
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We have to highlight that the PT-TiO2 anode nanomaterials delivered a reversible capacity of 107 

mA h g-1 at 0.1C, which is in the order of other TiO2 based electrode materials.35,36  

The rate capabilities at 0.1 C, 0.2 C, 0.5 C, 1 C and 2C were performed to compare the 

electrochemical performance of both batteries at different current densities (Figure 8D). As it is 

expected, the capacity of the commercial TiO2 decrease rapidly at higher rate cycling values. P25 

anodes deliver capacities of 145 mA g h-1, 97 mA g h-1, 25 mA g h-1, 11 mA g h-1 and 5 mA g h-1 

at 0.1 C, 0.2 C, 0.5C, 1C and 2C, respectively.  On the other hand, PT-TiO2 nanocomposites exhibit 

higher capacities of 167 mA g h-1, 140 mA g h-1, 116 mA g h-1, 98 mA h g-1 and 84 mA g h-1, 

respectively, demonstrating the remarkable effect of structural TiO2 changes produced by the 

biotemplated approach on the electrochemical performances of the PT-TiO2 nanocomposite anode 

electrodes. Notably, lower crystallinity features of the nanocomposite materials could create a 

number of structural defects in the crystalline TiO2 networks which allow the transport of Li ions 

across the defects and in turn the improvements of their performances as anode electrodes. In brief, 

the obtained capacities values of the PT-TiO2 nanomaterial  are very close to the values reported 

for high-performance LIBs based on carbon coated hollow TiO2 microspheres, which represent, 

up to now, in terms of specific capacity, retention and coulombic efficiency, one of the more 

successful TiO2 based lithium ion batteries.37,38 
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Figure 8. Charge-discharge profiles for (A) P25 TiO2 and (B) PT-TiO2 at a current rate of 0.1 A g-

1 (approximate to 0.3C). (C) Specific capacity and coulombic efficiency versus cycle number for 

PT-TiO2 and P25 TiO2 materials, respectively, at 0.1 A g-1 and (D) Rate capability performances 

of both anode materials at different current densities from 0.1 C to 2C, returning to 0.1 C for PT-

TiO2 and P25, respectively. (1C = 335 mAhg-1) 

Conclusions 

Valorisation of egg white from expired eggs was accomplished through their use as template in 

the synthesis of titania with upgraded morphological properties. Surface area increased from 10 to 

139 m2 g-1 by employing egg white as template. Remarkably the synthetic process was carried out 
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by a water-free (or any solvent) mechanochemical strategy. The obtained composite material 

presented a homogenous particles size distribution, with a mean radius of 5.2 nm. PT-TiO2 

demonstrated to be a good candidate for their use in catalytic and energy storage applications. 

Controllable and selective oxidation of diphenyl sulfide was achieved employing PT-TiO2 as 

catalytic material. In addition, the synthesized nanocomposite has demonstrated to be a successful 

candidate for the design of highly sustainable LIBs batteries. The template approach enables a 

notable improvement on the TiO2 surfaces properties which in turn boost the Li ion transport across 

the crystalline semiconductor network and the electrochemical performances of the resulting LIBs.   
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