
 

 

 

Abstract—The effect of Si and Al on the optical properties of 

Nd:TiO2 nanoparticle powder in MID IR range has been investigated. 

FTIR spectrum in range of 4000cm−1 to 400cm−1 for the Titania 

sample doped with 5wt% Nd3+ show a single transmission peak at 

wave number around 1140cm−1. Shifting on this transmission peak 

occurs when Si or Al addition to the doped sample. Slightly peak 

shift occur form 1140cm-1 to about 1000cm-1 with increasing of AL 

concentrations, while increasing of Si concentrations makes peak 

shift form 1140cm-1 to about 1350cm-1. FTIR analysis suggests that 

we could use Nd: TiO2 nanoparticle powder as IR optical band-pass 

filter, the filter wavelength depends on the concentrations ratio of Si 

or Al to Nd:TiO2 nanoparticle powder. 

Keywords— Nano-Technology, Sol-Gel, Optical filter, TiO2.  

I. INTRODUCTION 

ITANIUM dioxide TiO2 as a semiconductor photocatalyst 

has attracted a great deal of attention due to its scientific 

and technological importance.TiO2 has demonstrated 

unique properties such as high adsorption ability and good 

photocatalytic activity. TiO2 nanoparticles has promising 

applications in many fields such as photocatalyst for 

environmental purification, solar energy conversion, sensors, 

self-cleaning, super-hydrophilic smart material and so on[1], 

[2].There are several problems that limit the photocatalytic 

activity of TiO2. For example, due to the large band gap, it can 

be photo-exited only in the ultraviolet region, which 

comprises less than 5% of the overall solar energy spectrum. 

Another problem is the recombination of electrons and holes 

that generally take place in the large TiO2 particles. This 

substantially reduces the number of free charges on the 

surface and lowers the photocatalytic activity. Therefore, 

several methods have been employed to improve the 

photocatalytic efficiency of TiO2. The surface attachment of 
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titania with silica nanoparticles enhances the epoxidation 

activity of titania. According to the analysis of UV–vis DR 

spectra, Hadi N. [3] confirms that a high epoxidation activity 

of TiO2@SiO2 particle was related to the modification of the 

local environment of titanium surface species by attachment of 

silica nanoparticles 

In particular, doping with lanthanide metal ions, such as 

neodymium (Nd3+), has been shown to increase the 

photocatalytic efficiency for selected reactions [4]-[7]. It is 

critical to assess the effects of lanthanide-ion doping on the 

structure of titania which will allow greater control over the 

desired properties. The effective ionic radii of Ti4+ and Nd3+ 

are 0.605 and 0.983 Å, respectively [8]. Therefore, any 

substitution of a neodymium ion for a titanium ion in the TiO2 

lattice would introduce a distortion. Burn et [6] show that a 

distortion occurs only along the c-axis of anatase TiO2 with a 

maximal distortion at 0.1 mol% Nd3+ and no further response 

at higher concentration. This is due to a combination of 

interstitial and substitutional accommodation of the dopant 

ions. 

      Sol-gel process is one of the most successful 

techniques for preparing nanoparticles metallic oxide 

materials due to low cost, easy of fabrication 

(flexibility) and low processing temperatures. 

Generally, in a typical sol-gel process, a colloidal 

suspension or a sol is formed due to the hydrolysis and 

polymerization reactions of the precursors, which on 

complete polymerization and loss of solvent leads to the 

transition from the liquid sol into a solid gel phase. The 

wet gel can be converted into nanoparticles with further 

drying and hydrothermal treatment [9], [10]. 

According to our previous works [11], [12], it could be 

noted that the photocatalytic efficiency at NIR region for TiO2 

nanoparticle powder is increased when doped with rare earth 

ions such as Nd3+ or Yb3+. The FTIR spectra for doped 

samples after annealing process show a single transmission 

peak at wave number around 1200 cm−1. The transmission rate 

of the peak depends on rare earth concentrations.  

The goal of this study is to investigate the effect of additive 

Al or Si (with deferent additive ratio) on spectroscopic 

properties of   Nd:TiO2 powder at NIR region. 

II. EXPERIMENTAL 

A. Samples Preparation 

The doped and un-doped titania nanoparticles were 
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synthesized by sol–gel method from Titanium (IV)- iso–

propoxide (TTIP) (Aldrich 98%), Ethanol (EtOH 99.9%) from 

GCC, hydrochloric acid (HCl, 34.5%) from BDH and 

Neodymium (III) acetylacetonate hydrate (Aldrich). 

Deionized water was used for the hydrolysis of TTIP and 

preparation of pure and doped TiO2 Sol. The amount of each 

chemical in this procedure was 

TTIP:H2O:EtOH:HCl=1:1:10:0.1 in molar ratio. The doping 

ratio with Nd3+
 for all samples is equal to 3%wt.    

Firstly Tetraethyl orthosilicate TEOS (Aldrich >99%) is 

used to additive with TTIP. The additive ratio of Silicon  Si to 

TiO2 are equal to 0%wt, 12.75%wt and 25.52%wt. Secondly 

Aluminum itrate Al(NO3)3 is used to additive with TTIP with 

additive ratio equal to 0%wt, 0.3%wt and 0.5%wt 

The final solution was left for 30 minutes under magnetic 

stirring. The reaction was performed at a cooler water jacket 

(i.e. the solution was cooled by water at temperature 10-15°C. 

The gelation of monoliths was achieved by pouring the sol 

into covered glass tube at room temperature. After aging for 

24 hour, first drying occurred for about 1 hour at temperature 

60oC. Then samples left in room temperature without covers 

in order to permit solvent evaporation through the drying 

process. 

B. Samples Characterization 

All prepared samples were annealed for 2 hour in a box 

furnace operating at 570oC in an ambient atmosphere. The 

Mid-IR spectra were obtained for the prepared samples using 

FTIR spectrometer, Shimadzu, on KBr pellets of the samples 

 

III. RESULT AND DISCUSSION 
 

The FTIR spectra were illustrated in Fig.1 for pure and 

dopant samples after annealing process (with additive of 

SiO2). Fig.2 illustrate the FTIR spectra for pure and dopant 

samples after annealing process (with additive of Al). The 

important result that could be seen from the FTIR spectra is 

the existence of transmission peak centered at around 1200 

cm-1. The doping process with Nd3+
 ion makes this peak so 

much strong and become the only major peak could be 

observed from the FTIR spectra in range of 4000 cm-1
 to 400 

cm-1 [11], [12].    

From Fig.1 and Fig.2, it could be note that the transmission 

rate and the maximum wave number of the transmission peak 

is affect with the additive process with Si or with Al. The 

additive with Si make the transmission peak shifted to left 

side, while additive with Al make a slightly shift to the right 

side.  The effect of additive ratio on amplitude, FWHM of the 

band width and maximum peak wavelength is summarized in 

Table I and Table II for the additive with Si and Al 

respectively. 

 

 
Fig.1 FTIR spectra for Nd:TiO2 samples with different         

additive ratio of Si. 

 

 
Fig.2 FTIR spectra for Nd:TiO2 samples with different        

additive ratio of Al. 
 

TABLE I 

TRANSMISSION PEAK  PARAMETERS FOR TITANIA DOPANT  SAMPLES            

WITH ADDITIVE OF SILICON 

Additive 

ratio of 

SiO2 

%wt 

Transmission 

 Rate  

 

FWHM of 

 Band Width 

 

 cm-1 

Wave 

Number 

 

cm-1 

Wave 

Length 

 

µm 

0 

 

50.8% 290 1175 8.510 

12.75 

 

52.6% 331 1337 7.479 

25.52 

 

36.6% 300 1360 7.352 

 

TABLE II 

TRANSMISSION PEAK  PARAMETERS FOR TITANIA DOPANT  SAMPLES             

WITH ADDITIVE OF ALUMINUM 

Additive 

ratio of 

Al 

 %wt 

Transmission 

 Rate 

 

FWHM of 

 Band Width 

  

cm-1 

Wave 

Number 

 

cm-1 

Wave 

Length 

 

µm 

 

0 

 

 

50.8% 

 

290 

 

1175 

 

8.510 

0.3  

 

35.5% 254 1144 8.741 

0.5  

 

21.6% 193 1129 8.857 
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From Table I and Table II, it can note that the 

transmission rate is affect with additive ratio of Si or Al. A 

low additive ratio with Al makes major decrees in 

transmission rate, while the major decrees on transmission 

rate occur only with high additive ratio of Si. At the same 

time the additive with different ratio of Si or Al makes a 

slightly varying in the band width of the transmission peak 

(FWHW of transmission peak).  

The important result could be noted from the Table I and 

Table II is that the maximum wavelength of transmission 

peak is increase with increasing of additive ratio of Al, 

Fig.3 prompts this result. The maximum wavelength of 

transmission peak is decreased with increasing of additive 

ratio of Si, Fig.4 prompts this result.   

 

 

Fig.3 The maximum wavelength of transmission peak against to 

the different additive ratio with Al. 

 

 
Fig.4 The maximum wavelength of transmission peak against to 

the different additive ratio with Si. 
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