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Abstract  

Synthetic approach is developed to produce highly disperse, low loading (3.28 wt. %) Pt nanoparticles 

incorporated silica (Pt-NP-S) with average diameter of 3.5 nm using economical and simple surface chemical 

modification and reduction processes. This was achieved by using silica modified by dithiocarbamate functional 

groups treated with solution of hexachloroplatinic acid and followed by chemical reduction to produced Pt 

nanoparticles incorporated silica support. The physicochemical characterizations of the Pt nanoparticles 

incorporated silica were performed by elemental analysis, FTIR, TGA, chemisorption analysis and transmission 

electron microscopes. The results show that the Pt nanoparticles were uniformly distributed throughout the silica 

support with Pt loading of 3.2 wt. % and particle diameter range from 2 to 5 nm.  The electrocatalytic activity 

and stability for hydrogen evolution reaction was evaluated using cyclic voltammetry and chronoamperometry. 

At more negative potential than the hydrogen evolution of -250 mV vs. SCE, the catalyst shows high activity for 

hydrogen evolution with current density of 11.90 A/gPt mV. The preparation procedure is simple and favorable 

for variety of metal nanoparticles synthesis for catalysis applications. 

 

Introduction  

The immobilization of functional groups, metal complexes and nanoparticles to the silica surface has attracted 

great interest due to their uses in many applications, such as chromatography [1, 2], extraction of cations from 

aqueous and non-aqueous solvents [3, 4, 5] catalytic or ion-exchange reactions [6, 7, 8, ] and chemical sensors 

[9, 10]. The amine functional groups immobilized on silica gel surfaces are widely used for adsorbing metal ions 

from aqueous and non-aqueous solutions and capturing CO2 while thiol functional groups used  mainly to 

adsorb heavy metal ions [11, 12]. Dithiocarbamate and derivatives are examples of bi-functional chelating agent 

that contains sulfur and nitrogen functional groups and exhibit various preferences for binding with different 

metal ions [11,13]. In addition, these silica based modified materials show good chemical stability and high 

selectivity and sorption capacity. 

Silica surface modification can be achieved either by physical adsorption or chemical grafting of functional 

groups.  In chemical coupling, the functional groups are covalently bonded by direct reaction of organosilanes, 

thiol or alkyl groups to the silica surface [11]. This chemical bonding of functional groups to silica surface 

offers a unique advantage due to the strong molecules covalent bonding to the substrate, resistive to the 

chemical change and can be used in harsh conditions. 

Metal nanoparticles (MNPs) are clusters containing tens to thousands of metal atoms and their sizes are vary 

between one to tens of nanometers [14]. They are very attractive catalysts due to their large surface area and 

smaller size which results in superior catalytic activity [15, 16, 17, 18]. There are many research work focus on 
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the metal nanoparticles loaded on different supports for heterogeneous catalyst applications in many organic and 

inorganic reactions [19, 20, 21], industrial processes [22, 23, 24] and in particular for selective oxidation 

reactions [25, 26]. The incorporation of metal nanoparticles into support matrix such as silica is carried out by 

variety of methods, such as wet impregnation, ion exchange and chemical surface modification [2-4, 27, 28, 29, 

30, 31, 32, 33]. In the surface modification method, the metal precursors (ions) are attached to the support 

surface through pre-attached functional groups followed by chemical reduction to form metal nanoparticles 

incorporation composite [34, 37].  Platinum nanoparticles having diameters ranging from 3 to 10 nm have been 

widely used as a catalyst in particular for fuel cells, due to their large surface area and excellent enhanced 

catalytic properties [35, 36]. To obtain efficient metal nanoparticle catalyst, it is necessary to have the highest 

possible degree of metal dispersion, smaller particle size and low loading, especially, for expensive noble metal 

such as platinum. This can be achieved by fixing the metal cations into a rigid support through organic ligand 

attachment subsequently execute the chemical reduction to produce the supported metal nanoparticles. This 

chemical preparation principal should be applicable for any reducible metal ion fastened to any support with 

appropriate linker. Very recently we demonstrated the accomplishment of the above aim and prepared 

nanocomposites composed of Cu, Fe, Ag and Au and ions incorporated to ethylene diamine and mercaptopropyl 

modified silica which showed enhancement for CO2 sequestration capacity [34, 37]. 

In this work and using above strategy we demonstrate the preparation and characterization of Pt dithiocarbamate 

complex (Pt-DTC-S) and Pt nanoparticles (Pt-NP-S) supported silica gel. Silica surface was firstly modified 

with dithiocarbamate functional groups using N-[3-(trimethoxysilyl)propyl]ethylendiamin and CS2 coupling 

agents. Then the modified silica is treated with solution of hexachloroplatanic acid to form the Pt 

dithiocarbamate complex. The attached metal ions finally are reduced into metal nanoparticles using sodium 

borohydride reducing agent. To the best of our knowledge this is the first work to use the dithocarbamate linker 

to immobilize Pt nanoparticles into the silica surface [USA Patent 502628570]. The surface modification 

method has the advantages of binding the metal ions into the active surface functional groups which achieve 

minimal nanoparticle aggregation and produce low loading and uniform particle distribution.  The 

physicochemical properties of the resulting Pt-DTC-S and Pt-NP-S are systematically characterized by CHN 

elemental analysis, FTIR, N2 adsorption isotherm, EDX, TGA, chemisorption analysis and TEM. The 

electrocatalytic activity of the Pt-NP-S for hydrogen evolution is also investigated by cyclic voltammetry and 

chronoamperometry. This new low cost material could lead to new revolution in hydrogen production catalyst.  

 

Experimental 

Chemicals 

Silica gel (particle size 40-60 µm, surface area = 409 m2/g, pore size 60 Å) was purchased from ACROS 

Organic (USA). Toluene, ammonia and ammonia buffer solutions were obtained from BDH (Europe) and 

methanol and isopropanol obtained from (Prolabo, Europe). N-(3-(Trimethoxysilyl propyl) ethylenediamine 

(Acros, USA), sodium borohydride and hexachloroplatanic acid from (BDH, UK) and carbon disulfide was 

obtained from LOBA CHEMIE, India).  
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 Characterizations 

Fourier transform infrared (FTIR) spectra were recorded at room temperature on powder samples using ALPHA 

BRUKER spectrophotometer and CHN analysis was carried out using 2400 CHN analyzer (Perkin Elmer, Series 

II CHNS/O Analyzer). The BET surface area was measured using nitrogen physisorption at 77 °K using 

Micromeritics ASAP 2010P and the sample was degasing using the same system at 120 °C for overnight. 

Platinum nanoparticles dispersion was assessed by carbon monoxide chemisorption at 35 °C using 

Micromeritics ASAP 2020C. The evacuation  was carried out using He at 110 °C for 30 min flowed by H2 for 10 

min at 100 °C and for 120 min at 350 °C.  

 Powder X-Ray diffraction (XRD) analysis was executed using Bruker a D8 advanced DaVinci diffractometer 

configured with Lynxeye Xe detector and 2.2 KW Cu. The EDX analysis was performed using the X-ray 

detector integrated into scanning electron microscope (FEI Nova 200 dual-beam Scanning Electron 

Microscope). Transmission electron microscopic (TEM) investigations were carried out using a JEM2010 

electron microscope at 200 KV. The electrochemical measurements were accomplished using BioLogic VSP 

Potentiostat with EC-Lab V10.21 software. Conventional three-electrode cell was used with a 1.0 cm2 platinum 

gauze counter electrode and saturated calomel  as reference electrode (BAS Inc., Japan). The working electrode 

was 3.0 mm diameter glassy carbon (GC, HTW, Germany) sealed in glass and connected to copper wires using 

indium. Prior to the electrochemical characterization the catalyst was activated by heating at 200 oC in air 

atmosphere for 1 hour then 10.0 mg of Pt nanoparticles supported silica was suspended by sonication in 1.0 ml 

isopropanol mixed with 10 µl of 5.0 wt.% nafion. A 15 µl of the catalyst suspension was loaded on GC carbon 

disk electrode and left to dry in air at room temperature. 

 

 Synthesis of Pt dithiocarbamate complex and Pt nanoparticles supported silica. 

 The silica particles were firstly modified with N-(3-(Trimethoxysilyl propyl) ethylenediamine by transferring 

150 mL of dry toluene into a 250 mL round-bottom flask fitted with a reflux condenser. A 5.0 g of silica gel was 

dispersed in toluene by agitation and heated to 90 °C. After the temperature had stabilized, 2.0 mL of N-[3-

(trimethoxysilyl)propyl] ethylenediamine was slowly added to the flask and the reaction was carried out under 

nitrogen atmosphere for 6 hours then cooled down to room temperature. The diamine modified silica was 

separated by centrifuging and rinsed thoroughly with toluene and dried for overnight under vacuum. The 

modification of silica with bis-dithiocarbamate was executed by adding 100 mL of deionized water and 2.0 mL 

NaOH solution (0.1 M) into a 500 mL three necked round bottomed flask. A 5 g of the diamine modified silica 

was added to the reaction flask followed by 8 mL of isopropanol. After 10 minutes of sonication, 8 mL of 

carbon disulfide was added and the reaction was left to proceed under nitrogen at 20 oC for 1 hour. The product 

was centrifuged and the white precipitate was rinsed four times with isopropanol until no absorbtion was seen at 

265 nm for CS2. The product was dried in a vacuum desiccator and stored under nitrogen at 4 °C prior to use.  

The synthesis of platinum complex supported silica (Pt-DTC-S) was carried out by transferring 500 mg of bis-

dithiocarbamate modified silica into 40 ml glass vial and 5.0 ml of H2PtCl2 solution (1.0 M) was added and 

shaken for 1 hour. The excess of metal ions solution was removed by washing the sample with deionized water 

several times until no absorption was observed for the effluent at 300 nm. The color of bis-dthiocarbamate-silica 

was changed from white to yellow after complexation with platinum ions. The platinum nanoparticles supported 

silica (Pt-NP-S) was prepared by transferring 150 mg of (Pt-DTC-S) to 40 ml glass vial which has inlet /outlet 
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needle and 5 ml of fresh prepared NaBH4 (2.0 M) was slowly added to the vial and left for 30 minutes until the 

metal dark color was observed. The product was rinsed several times with ultra-pure deionized water and kept 

under nitrogen to dry in desiccator. For comparison, a control sample (Pt-unmodified-silica) was prepared by 

soaking of 500 mg unmodified silica with 5.0 ml of H2PtCl2 solution (1.0 M) for overnight with shaking. Then 

the excess of the H2PtCl2 solution was removed and the Pt ions reduction using same procedure reported above. 

Results and Discussion 

 Complex of Pt bis-dithiocarbamate and Pt nanoparticles supported silica.  

Pt dithiocarbamate and Pt nanoparticles supported silica were performed as shown in scheme 1. The 

immobilization of the N-[3-(trimethoxysilyl)propyl]ethylenediamine followed by attachment of CS2 to silica 

particles was performed as described above in the experimental part.  The dithiocarbamate modified silica was 

treated with H2PtCl6 to produce Pt ions bonded silica surface through the bis-dithiocarbamate linker. The silica 

modified Pt complex was reduced by NaBH4 to produce Pt-nanoparticles loaded on silica. 

 

 

 

        

 Scheme 1 Modification of silica with dithiocarbamate, complexation with Pt ions and reduction to Pt nano    

particles supported silica surface.  

Fig. 1 shows the optical images for silica (a) and modified silica with bis-dithiocarbamate (b) modified silica 

after treated with H2PtCl6 solutions (c) and after reduction with NaBH4 (d). For comparison a control experiment 

using unmodified silica was performed at the same condition and is shown in Fig. 1a. Clearly, after treatment of 

bis-dithiocarbamate modified silica with H2PtCl6 solution, its color changes from white to yellow.  The 

coloration of silica particles is a qualitative indication on the formation of Pt –bis-dithiocarbamate complex on 
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silica surface. This complex is stabilized when adsorbed on solid surface and also may have cross linkage and 

internal polymerization due to the presence of S and N-chelated groups [13]. Finally the silica immobilized Pt 

complex is chemically reduced in aqueous solution using sodium borohydride reducing agent to produce the 

metal nanoparticles incorporated silica support.  Optical images in Fig. 1d shows the Pt-dithiocarbamate 

changed into black after the reduction with NaBH4 which quantitatively indicates of the formation of Pt 

nanoparticles.  

 

 

 

 

 

 

 

Fig. 1 Optical images of (a) dried plain silica, (b) DTC-S, (c) DTC-S Pt-complex, (d) DTC-S Pt- NP-S.  

Fig. 2 shows the FTIR characterization of silica modified with dithiocarbamate and after the formation of Pt 

complex and Pt nanoparticles.  The FTIR spectra show the existence of the bands at approximately 1097, 802, 

460 cm-1 which assigned to the stretching, bending and rocking modes of the Si−O-Si bonds of silica particles 

[38, 27Error! Bookmark not defined.].  
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Fig. 2. FTIR spectrum for (a) dithiocarbamate modified silica, (b) Pt-dithiocarbamate-silica and (c) Pt-

nanoparticles-silica. 
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The band near 1630 cm–1 corresponds to the bending mode of OH groups of adsorbed water and the broad band 

centered at 3440 cm–1 assigned to adsorbed water and H bonded silanol OH groups [39]. The IR spectrum in 

Fig. 2a shows the band at 1504 is characteristic for C-S stretching and the C–H stretching vibrations of propyl 

chain is observed around 2892 and 2944  cm-1. After the formation of Pt dithiocarbamate complex the FTIR 

spectrum shows a shift to the right (Fig.2.b). The shoulder at about 3415 cm-1 most likely corresponds to the 

symmetric stretching modes of NH2 groups [40]. However, after the reduction with NaBH4 the peaks at 1471 

and 1504 cm-1 were disappearing (Fig.2 c) this may due to NaBH4 cause partial reduction of thiol to H2S. The 

shoulder at 1430 is appear only after reduction and  may associated with Pt-Nanoparticles on silica surface after 

the reduction of Pt complex. 

Table 1 shows the elemental (CHNS) analysis for plain silica particles and after modification with 

dithiocarbamate. The analysis clearly show an increase in C, H, N and S elements contents which confirms the 

attachment of the dithiocarbamate functional groups to the silica surface. From the CHNS analysis of 

dithiocarbamte modified silica the estimated nitrogen loading equals to 0.55 mmol/g while sulfur content 

reaches 0.178 mmol/g.  After the attachment and reduction of Pt ions, the nitrogen content was slightly 

decreased while sulfur content was significantly reduced. In addition a smile of H2S was evolved during treating 

the Pt-DTC-S with sodium borohydride which apparently due to the reduction of dithiocarbamate to H2S. 

 

            Table 1 Elemental analysis for plain silica, (DTC−S) and Pt-NP-S. 

 

 

 

 

 

 

 

Fig. 3 shows the thermal gravimetric analysis for the silica gel modified with dithiocarbamate over temperature 

range from 25 to 700 oC in air. The weight loss observed between room temperature and 100 oC corresponds to 

the release of the physically adsorbed water and it was about 4.5 wt.%.  
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Fig. 3 Thermogravimetric analysis (TGA) for diamine-thiocarbamate modified silica, during heating in air. 

Elements wt. % Plain silica Silica-DTC Pt-DTC-S  Pt-NP-S 

C% 0.14 1.92 1.58 1.50 

H% 0.89 0.90 1.09 0.95 

N% 0.06 0.78 0.70 0.69 

S% 0.02 0.57 0.48 0.33 
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On further heating the decomposition of attached dithiocarbamate linker took place over the temperature range 

from 250 to 600 oC. Within this heating region the accompanied weight loss was about 0.6 wt.%  due to the 

dithiocarbamate group degradation which is consistence with the reported literatures [41].   

X-ray diffraction pattern of Pt-nanoparticles-dithiocarbamate-silica is shown in Fig.4. The broad diffraction 

peak with high intensity at around 2θ shows the signal from the amorphous silica gel. The other four small 

diffraction peaks with relatively low intensities can assigned to Pt (fcc) diffraction planes of (111), (200), (220) 

and (311). The relatively broad and low intensity of the diffraction peaks indicates on small crystalline size and 

loading of the Pt nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   Fig. 4 X-ray diffraction of Pt nanoparticles loaded on silica support. 

 

Fig. 5 shows the energy dispersive X-ray spectrum from for Pt nanoparticle-decorated silica. The O(K) and 

Si(K) peaks are from the silica support. The peak at around 2.1 keV is assigned to Pt(M) and it can be seen from 

the inset table the Pt content reaches 0.995 wt% and for sulfur is 0.92. This supports that the low loading of Pt 

nanoparticles on the silica particles.  

Fig. 6 shows the transmission electron microscope images at lower and higher resolutions for the Pt metals 

nanoparticles supported on dithiocarbamate-silica (Pt-NP-S). The Pt nanoparticles show homogeneous 

dispersion throughout the silica support and display spherical shapes nanoparticles.  

The nanoparticles exhibit a narrow size and the average size  distribution is 3±1.5nm as shown in the inset 

histogram in Fig. 6b. The Pt nanoparticles diameter obtained her is much smaller than the diameter of 10 to 35 

nm which obtained for Pt nanoparticles supported mesoporous silica (MCM-41) and incorporated by wetness 

and in situ impregnation [42]. Moreover, it is the same as the particle size obtained by the coupling agent-

assisted sol–gel method [43]. Obviously the presence of dithiocarbamate functional groups provides well 

dispersed metal nanoparticles and prevents the migration and aggregation of Pt nanoparticles over the silica 

surface during synthesis process.  
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           Fig. 5 Energy dispersive X-ray spectrum of  Pt nanoparticles loaded on silica support. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6. TEM images for Pt nanoparticles supported silica gel, (a) lower, and (b) higher 

magnification. The inset shows the particle size distribution histogram.  
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The chemical adsorption isotherm of Pt nanoparticles supported silica was investigated to reveals more 

information about the active surface and platinum dispersion.  Fig. 7 shows the CO chemisorption analysis of 

the Pt-NP-S catalyst.  The platinum loading measured from the adsorption isotherm is equal to 3.28 wt. % with 

metallic surface area of 8.1 m2/gPt.  

The Pt nanoparticles loading can be estimated at 0.168 mmol/g of silica that is very consistent with the value of 

0.178 mmol/g of sulfur loading and indicates that Pt ions bonded to dithiocarbamate with ratio of 1: 1 on silica 

surface.      

 

 

 

                         Fig. 7: The chemisorption analysis of CO on Pt-NP-S. 

 

 Electrocatalytic activity of Pt-S toward hydrogen evolution reaction. 

The preliminary catalytic activity and stability of Pt-NP-S catalyst toward hydrogen evolution reaction HER in 

1.0 M H2SO4 were studied by cyclic voltammetry and chronoamperometry. Fig. 8a shows the multi-cyclic 

voltammetry curves (20 cycles) at 50 mV s-1 for the Pt nanoparticles silica catalyst (red line, total Pt loading 

about 0.5 µg) and Pt-bare-silica (black line) in 1.0 M H2SO4. For Pt-NP-S catalyst, the HER onset potential 

occurs at about - 0.225 V vs. SCE while for Pt-bare-silica at -0.325 as indicated by an abrupt increasing in the 

cathodic current as shown in Fig. 8b. In potential region more negative than -0.25 V vs. SCE, the Pt-NP-S 

catalyst shows high activity for hydrogen evolution with current density of 11.9 A/gPt mV which is much higher 

than that reported for Pt nanoparticles incorporated by wetness and in situ impregnation into mesoporous silica 

(MCM-41) [42] . In case of the Pt-bare-silica catalyst, the HER current was very small at more negative 

potential and the catalyst does not show any hydrogen desorption peak during the reverse scan (black line Fig. 

8b). The electrochemical active area (EAA) for the Pt-NP-S calculated from the charge of hydrogen desorption 

region (Fig. 8b) reaches about 7.8 m2/ gpt which is very consistent with the metallic surface area of 8.1 m2/gPt 

measured by CO chemisorption analysis. The HE current density increases by increasing the H2SO4 

concentration and the scan rate (supplementary information Fig. 1 and 2). 
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Fig. 8 (a) cyclic voltammetry at 50 mVs-1 for (red line) Pt-NP-S and (black line) Pt-bare silica loaded on GC 

electrode in 1.0 M H2SO4. (b) Enlarged area of cyclic voltammetry in (a) showing the hydrogen onset evolution 

potential and desorption peak.  

 

The long-term stability of the Pt-NP-S catalyst for hydrogen evolution reaction was evaluated by multi-cycling 

and chronoamperometry.  Fig. 9a shows the cyclic voltammetry for Pt-NP-S in 1.0 M H2SO4 for the first and the 

100 cycles. We can see catalyst is stable for more than 100 cycles and hydrogen evolution current increases with 

successive cycling as well as the onset potential of HER shifts to more positive potential due to the catalyst 

surface cleaning by hydrogen evolution. Fig. 9b shows the chronoamperometry for Pt-NP-S catalyst in 1.0 M 

H2SO4 measured at different reduction potentials.  The results in the chronoamperometry show that at the start, 

the current is superimposed before it drops rapidly due to double layer charging current and then gradually 

decays until approaching steady state that limited by the diffusion of hydrogen ions. The result shows that after 

3000 s, HE current density at Pt-NP-S is about five times greater than that at Pt-unmodified silica catalyst which 

confirms the good performance and stability of Pt-NP-S catalyst. 
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Fig. 9 Chronoamperometry for Pt-NP-S catalyst electrode in in 1.0 M H2SO4 at (i) -400 mV, (ii) -300 and (iii) 

Pt-bare silica at -400 mV vs. SCE. 

In comparison of the HER catalytic activity, table 2 listed the specific catalytic activities for some commercial 

Pt based catalysts reported in literatures. The specific catalytic activity of our Pt-NP-S catalyst for HER (at - 0.5 

V vs. SCE in 1.0 M H2SO4) reaches up to 140 mA/ cm2 which is much higher than the commercial Pt carbon-

supported catalysts given that the experimental conditions and the platinum loading percentage [44]. In addition 

the Pt-NP-S catalytic activity is significantly higher than the activity of Pt catalyst prepared by impregnation 

into mesoporous silica [42] and it is good as the activity obtained for platinum hollow nanospheres immobilized 

on graphene nanosheet [45].   

Table 2. Comparison of the HER onset potential and specific activity of Pt-NP-S catalyst with Pt based catalysts 

reported in literature. 

Catalyst 
Onset potential, mV 

vs. SCE 

Specific activity 

mA/cm2 
Reference 

Pt foila -246 109 44 

20 wt% Pt/C E-Teka -246 55 44 

5 wt% Pt/MCM-41b -240 3.0 42 

Pt nanosphers/graphenec  -370 110 45 

Pt hollow nanosphers/graphenec -230 200 45 

Pt-NP-S catalystc -225 140 This work 

Pt-unmodified silica -0.325 2.0 This work 

a Current measured at E = - 0.3 V vs. NHE in 1.0 M H2SO4, scan rate 2.0 mVs-1; b E = -0.5 V vs. SCE, in 0.5 M H2SO4, 
c E = -0.5 V vs. SCE in 1.0 M H2SO4, scan rate 50 mVs-1. 
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The effect of H2SO4 concentration on the hydrogen evolution activity at Pt-NP-S catalyst was 
performed by cyclic voltammetry and shown in Fig. 10 (a) below. The cyclic voltammograms show 
by increasing the concentration of H2SO4, the HE current density increases. In addition, the effect of 
scan rates on hydrogen evolution also demonstrates same trend as shown in Fig. 10 (b). 

 

 

 

 

 

 

 

 

 

 
 

Conclusion 

In summary, synthetic method is developed to produce highly disperse and low loading (3.28 wt. %) silica 

supported Pt nanoparticles (Pt-NP-S) using low cost and simple surface chemical modification.  Silica surface 

was chemically grafted with dithiocarbamate functional groups by treating with silane coupling agent of N-[3-

(trimethoxysilyl) propyl]ethylendiamin and CS2. The Pt ions then attached to the dithiocarbamate modified 

silica and followed by chemical reduction to produce the Pt nanoparticles. Physicochemical analysis and 

characterizations prove that the metal nanoparticles show a uniform shape and high dispersion with particle 

diameter in range from 2.0 to 5.0 nm. The immobilization of Pt ions into silica surface by dithiocarbamate 

ligand was very effective and enhanced the Pt dispersion as shown by TEM characterization. At applied 

potential more negative than -250 mV vs. SCE, the Pt nanoparticles supported silica catalyst exhibit very high 

and stable electrocatalytic activity for hydrogen production with mass activity of 11.9 A/gPt mV. The method is 

very simple and allows for easy and low cost preparation for effective electrode based on the cheap silica 

substrate. Additional studies are currently in progress to apply this method to synthesis other metals and 

bimetallic nanoparticles incorporated silica for catalysis applications.   
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Fig. 10(a) cyclic voltammetry at 50 mVs-1 for Pt 
nanoparticles supported silica (Pt-NP-S) loaded on 
GC electrode in different concentration of H2SO4.   

Fig. 10(b) Effect of scan rate on hydrogen 
evolution reaction at Pt-NP-S catalyst loaded 
on GC electrode in in 1.0 M H2SO4.   

a 
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