A NEW COMPOSITE FORMED FROM NICKEL HEXACYANOFERRATE ADSORBED ON THE SURFACE OF TITANIUM (IV) HYDROGEN PHOSPHATES: PREPARATION AND CHARACTERIZATION
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ABSTRACT

The present work describes the preparation and characterization of a composite formed of titanium (IV) hydrogen phosphates modified with a transition metal (Ni2+) and potassium hexacyanoferrate following two steps. The first step consisted in reacting titanium isopropoxide (IV) with H3PO4 and distilled water, the material was described as TiP. In a second step up the TiP reacted with NiCl2 (TiPNi) TiPNi was subsequently reacted with potassium hexacyanoferrate yielding TiPNiHCF. Some techniques such as vibrational spectroscopy (FT-IR), X-Ray Diffraction (XRD) spectroscopy and diffuse reflectance (UV-Vis) were used to characterize the composite formed. 
Keywords: Titanium (IV) hydrogen phosphates, nickel hexacyanoferrate, characterization, composite.

INTRODUCTION

Different methods of syntheses of titanium (IV) hydrogen phosphates are being increasingly studied, usually because the composite obtained is in strong adsorbents of metal ions and photocatalysts(1-6) such as titanium oxide, but with the advantage present a greater surface area and chemical stability, which will surely influence the increase of catalytic power and the adsorptive properties of metal ions(7,8). Materials with high surface area are also important in the field of electroanalysis and especially in the preparation of electrodes chemically modified(9,10).

The present work describes the preparation and characterization of a composite consisting of titanium (IV) hydrogen phosphates modified with a transition metal (Ni2+) and potassium hexacyanoferrate following two steps. The first step consisted in reacting of titanium (IV) hydrogen phosphates with NiCl2 (TiPNi) and in the second step reacted the TiPNi with potassium hexacyanoferrate yielding TiPNiHCF.

EXPERIMENTAL

Reagents

All reagents were analytical grade (p.a Merck) and deionized water, and Milli-Q Gradient system from Millipore was used. 

Techniques

Fourier Transform Infrared Spectra

Fourier transform infrared spectra were recorded on a Nicolet 5DXB FTIR 300 spectrometer. Approximately 600 mg of KBr was grounded in a mortar with a pestle, and sufficient solid sample was grounded with KBr to make a 1wt % mixture to produce KBr pellets. After the sample was loaded, the sample chamber was purged with nitrogen for at least 10 min. prior the data collection. A minimum of 32 scans was collected for each sample at a resolution of 4 cm-1.

X-ray Diffraction

The X ray diffraction patterns (XRD) were obtained using a Siemens D 5000 diffractometer with CuK( ( ( 1.5406 Å radiation ), submitted to 40 kV, 30 mA, 0.05o s-1 and exposed to radiation from 5 up to 80o (2().
Diffuse Reflectance (UV-Vis)
The diffuse reflectance spectra of the bulk solid binuclear complex were recorded between 350 and 800 nm on a Guided Wave model 260 spectrophotometer, using a tungsten-halogen lamp as the radiation source, and detectors of Si and Ge.

Synthesis of titanium (IV) hydrogen phosphates (TiP)

35 mL of phosphoric acid (PA 85 %), 20 mL of titanium isopropoxide (IV) (Ti[OCH(CH3)2]4) and 10 mL of deionized water were added into a beaker, respectively. The mixture was left at rest and in the dark for one day. Next, the solid phase formed was separated by a sintered plate funnel (vacuum filtration) and dried at a temperature of 343.15 K. The material was stored in a frosted glass bottle described as TiP. The reaction of titanium isopropoxide with phosphoric acid is represented by the following equation (Eq. 1).
Ti(OR)4(l) + 4H3PO4(aq) [image: image1.wmf] Ti(H2PO4-)4(s) + 4ROH(l)          (Eq. 1)

Where R is isopropyl group.

Formation of the TiPNiHCF
The preparation of the binuclear complex was prepared in two steps. Initially, 4.0 g of macerated TiP was added to an ethanolic solution (99 %) of nickel chloride (1.0 mol L-1). The mixture was kept under stirring for one hour at room temperature. The solid phase was then separated by vacuum filtration using a sintered plate funnel and washed several times with ethanol (99 %). The material was dried at a temperature of 343.15 K and described as TiPNi. Next, all TiPhNi obtained was added to a solution of potassium ferricyanide (1.0 mol L-1). The mixture was kept under stirring for two hours at room temperature. Then, the material was vacuum filtered, washed with deionized water several times and dried at a temperature of 343, 15 K. The material was stored in the dark and designated as TiPNiHCF.

RESULTS AND DISCUSSION
X-ray Diffraction Studies
Figure 1 shows the X-ray diffractogram of TiPNiHCF. The intense peaks found in the diffractogram of X-rays have the following characteristics 2θ: 11.30, 17.16, 24.56, 25.74, 28.29, 35.11, 35.90 and 39.00. In both materials two peaks near 2θ: 25.0 and 27.0( are very close to those corresponding stages anatase and rutile(11).
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Fig. 1 - X-ray diffractogram of TiPNiHCF(12).
Studies in the Infrared Spectroscopy
Figure 2 illustrates the spectrum in the infrared region TIPNiHCF. Through this analysis it was possible to detect a broad band in the region 3000-3400 cm-1, characteristic of symmetrical stretching vibration of the OH group νs, a middle band and narrow 1620 cm-1 corresponding to angular deformation of the OH groups of the water. The narrow band in the region of 1035 cm-1 was attributed to the presence of stretching ν (P=O). The band found at 1400 cm-1 was attributed to the presence stretch δ (POH)(13). The bands displayed in the region 400-600 cm-1 with values ​​of 518 cm-1 and 607 cm-1 correspond to links O-Ti-O(14) and two peaks one at 2168 cm-1 and another the 2099 cm-1, these were attributed to the FeIII-CN-NiII and FeII-CN-NiII respectively(15,16). These values ​​(2168 cm-1 and 2099 cm-1) are similar to those described for the nickel hexacyanoferrate(15-18).
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Fig. 2 - Infrared spectrum of TiPNiHCF(12).
Reflectance Diffuse (UV-Vis)

Reflectance diffuse (UV-Vis) of the species supported TiPNiHCF, showed a broad absorption and a shoulder after spectral deconvolution, clearly exhibited two absorptions with peak wavelength (( max) in 423 and 433 nm (see Figure 3). These bands were attributed to the processes of charge transfer ligand to metal (LMCT) and the charge transfer metal to metal (MMCT) fragments TiP and [NiIICNFeIII] respectively.
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Fig. 3. Diffuse Reflectance of TiPNiHCF.
CONCLUSION
In this study it was concluded that titanium oxide modified with phosphoric acid (TiP), followed by an adsorption of a metal ion (Ni2+), interacted strongly with potassium hexacyanoferrate (TiPNiHCF) forming a binuclear complex highly electroactive. The composite formed was characterized by techniques such as FT-IR, XDR, UV-Vis and SEM. The infrared spectrum in the frequency exhibited in TiPNiHCF 2168 cm-1 and another 2099 cm-1, these were attributed to the FeIII-CN-NiII and FeII-CN-NiII respectively. Through the diffractogram can check some amorphous and crystalline peaks. Reflectance diffuse (UV-Vis) of species supported TiPNiHCF after spectral deconvolution, clearly exhibited two absorptions attributed to the processes of charge transfer ligand to metal (LMCT) and the charge transfer metal to metal (MMCT) fragments TiP and [NiIICNFeIII] respectively.
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