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In this work, the dysprosium-doped titanium dioxide nanostructures were 

prepared by sol-gel method and characterized as photocatalysts for 

environmental applications. The morphology, composition, particle size, 

surface area and energy band gap of the prepared samples were studied. 

The effect of dysprosium ions on the photocatalytic properties of the 

prepared titanium dioxide nanostructures was studied and analyzed by the 

photocatalytic decomposition of potassium permanganate in aqueous 

slurry. 

 
 Keywords: Titania; Dysprosium ions; Sol-gel method; Photocatalytic activity 

 

 

 

1. Introduction 

The effect of grain size on the thermoluminescent 

sensitivities of dosimeter materials was first reported 

and studied for LiF, and later it was studied on doped 

CaSO4 [1-4]. It was proved an increasing 

thermoluminescent sensitivity with the increasing 

grain size up to 0.5 mm grain size, and they ascribed 

the improved sensitivity to the higher dysprosium 

(Dy) concentration [5]. It was also reported that 

reducing the grain size by mechanical grinding did 

not lower the thermoluminescent response, therefore 

the conditions of the nucleation, especially the Dy 

concentrations of the solutions were found to be a 

determinant factor [6]. The experiments proved that 

the grain size effect is smaller for Tm-doped CaSO4 

than for Dy-doped material [7]. Furthermore, the 

medium grain size fractions had the highest 

thermoluminescent sensitivity, which seems to be in 

contradiction with the supposed diffusion-controlled 

mechanism of the crystallization [8,9]. 

Titanium dioxide is one of the most widely 

studied semi-conducting photocatalyst for the 

degradation of organic contaminants from water and 

air, because of its physical and chemical stability, 

high catalytic activity, high oxidative power, low cost 

and ease of production [10-13].  

TiO2 exists naturally as rutile, anatase, brookite 

and amorphous. Anatase TiO2 has excellent 

photocatalytic activity [14]. There are different routes 

that can be used to synthesize TiO2 such as chemical 

precipitation method, chemical vapour deposition 

(CVD) [15,16], hydrothermal method and sol-gel 

technique for the synthesis high quality powders, of 

high purity, homogeneity and controlled morphology 

[17,18]. 

Due to its high chemical stability, low toxicity and 

excellent electrical and optical properties, titanium 

dioxide (TiO2) is the target of intense research for 

many applications that span from catalytic 

applications (photocatalysis and water splitting) to 

opto- and photoelectronic devices (LEDs and solar 

cells) [2]. In particular, TiO2 is considered to be an 

excellent host for light emission applications in the 

visible and infrared, due to its wide optical bandgap 

(3.0 eV for rutile, 3.2 eV for anatase), wide 

transparency range and large refractive index (~2.5-

3.0). Furthermore, the relatively low phonon energy 

of TiO2 (<700 cm-1) makes it especially suitable for 

the incorporation of optically active rare-earth ions 

such as Er3+ [4]. The low phonon energy is necessary 

to prevent fast non-radiative de-excitations of the 

rare-earth ions through the phonons of the matrix, 

thus allowing to achieve high luminescence quantum 

yields required to light amplifiers, LEDs and 

fluorophores. Interestingly, doping of TiO2 with a few 

percent of rare-earth ions (La3+, Pr3+, Nd3+, Eu3, Gd3+, 

Tb3+, Dy3+, Er3+) has been also studied for a very 

different aim, since it has been shown that this 

incorporation is a suitable procedure to stabilize the 

TiO2 anatase phase, contrary to incorporations of 

specific materials that might induce the phase 

transformation, i.e. Fe:TiO2. Particularly, for the case 

of lanthanide doped nanocrystalline TiO2 xerogels 

produced by sol-gel, it has been shown that the rare-

earth doping significantly retards the anatase-to-rutile 

phase transformation, stabilizes the mesoporous 

structure and delays the reduction of surface area of 

nanosized TiO2 at high temperatures [1,3,8,11,14]. 

All these properties being useful for an enhanced 

catalysis performance. Therefore, there have been 

two main separate lines of investigation involving the 
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rare earth doping of TiO2, one focused to the optical 

performance and other dedicated to the structural 

characterization. However, in order to develop the 

full potential of rare earth-doped TiO2 colloidal 

nanocrystalline materials for the different envisaged 

applications, a good understanding and control of 

their structure related to its optical performance is 

needed.  

The applications of TiO2 photocatalyst have been 

reported in various environmental applications such 

as hydrogen generation, bacteria inactivation and 

photocatalytic degradation [10]. Enhancement 

photocatalytic of TiO2 can be achieved by doping 

with metals and non-metals, such Ag, SO4
-2 and N 

[19-21]. Doping lanthanide ion into TiO2 has 

attracted much attention because of their unique 4f 

electronic configuration and spectral characteristics, 

and is a method to shift the maximum of absorption 

spectrum as well as to enhance the photocatalytic 

activity [22,23]. 

In this work, the effect of Dy+3 doping 

concentration on the structural characteristics of TiO2 

nanostructures prepared by sol-gel method is 

introduced in order to investigate the effect of such 

dopants on the TiO2 photocatalytic activity. 

 

2. Experimental Work 

Titanium isopropoxide (TIP, 97%, Aldrich) is 

used as precursor for Titania. At first, TIP and 

deionized water are mixed together in terms of Ti: 

H2O molar ratio 0f 0.00289. Acetic acid is used to 

adjust the pH environment and for restrain the 

hydrolysis reaction of the solution. The solution is 

then vigorously stirred for 1 hour and subsequently 

ultrasonicated for 15 min in ice bath in order to form 

sol. After aging at 70°C for 12 hour, the sol phase is 

transformed into gel. In order to obtain TiO2 

nanoparticles, the gel is dried at 100°C and then 

sintered at 450°C for 3 hour and subsequently 

powdered to obtain desired TiO2nanocrystalline. For 

the Dy+3 doping, dysprosium chloride (DyCl3.H2O), 

from sigma- Aldrich, is dissolved in ethanol solution 

at different Dy+3 concentrations; 0.018, 0.037, 0.053, 

0.083, and 0.119 %. In each recipe, 0.5 ml of 

(DyCl3.H2O) solution is added to the TIP-H2O 

mixture and the pH value of the final mixture is 

normalized to be 3. The nanoparticles suspend as 

films using spin coating process. Figure (1) shows a 

schematic diagram of the experimental steps. 

The photocatalytic activity of  undoped TiO2 and 

Dy-doped samples was investigated by measuring the 

photodegradation efficiency of Potassium 

permanganate (KMnO4) dye solution with 

concentration of 2×10-5 [M]  as a pollutant model. 

Different prepared samples were placed in this 

solution and then the samples were placed in a UV 

light exposure cabinet in which they were illuminated 

with (18 W) UV-source of range (200-400) nm and 

(17W) VIS-source (Xe arc lamp) of range (250-600) 

nm at a distance of (5 cm) from the substrates. The 

incident visible radiation from this lamp was filtered 

with HOYA UV 385 cutoff filter to eliminate light in 

the UV region.  

 

 

 
Fig. (1) Schematic diagram of the preparation of Dy-doped 

TiO2 photocatalyst 

 

3. Results and Discussion 

The x-ray diffraction (XRD) patterns of the 

prepared samples are shown in Fig. (2). The anatase 

phase of TiO2 is observed, through the peaks at 2θ of 

25.5, 37.8, 48.2, 53.5 and 55 degree, for all prepared 

samples and can be obtained by controlling the 

annealing temperature. No other polymorph of 

Titania is observed and no dysprosium peaks are 

found in the XRD patterns. This may give primary 

indication that the doping process with Dy+3 did not 

change the structural phase of TiO2. 

From the line broadening of the corresponding 

XRD peaks and using the Scherer's formula, the 

crystallite size (D) is estimated by [24] 

D=Kλ/ (βcosθ)    (1) 

where λ is the wavelength of the x-ray radiation 

(0.154056 nm for Cu-lamp); K is a constant usually 

taken as 0.9; and β is the full-width at half-maximum 

(FWHM) in radians, and θ is the diffracting angles 

The broadening of diffraction peaks indicates 

small size of nanocrystals (see table 1). The crystallite 

size was calculated for the diffraction plane (101) and 

was found to be slightly decreased with increasing of 

Dy+3 concentrations as compared with undoped TiO2 

sample. Also, the unit cell parameters a  and c were 

slightly increased with the content of Dy+3 ions and 

this may give us primary indication for the possibility 

of incorporation of Dy+3 ions into the lattice of 

anatase. 
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Fig. (2) XRD patterns of undoped and doped TiO2 samples 

prepared in this work 

 
Table (1) Crystallite size, unit cell parameters a and c, surface 

area and porosity as a function of Dy concentrations. 

 

Sample 

Dy 

Concent. 

(%) 

Particle 

size 

(nm) 

Cell 

Parameter 

a 

Cell 

Parameter 

c 

0 0.3756 15.1 - 0.9496 

1 0.3788 14 0.018 0.9521 

2 0.3771 12.8 0.037 0.9472 

3 0.3743 10.11 0.053 0.9448 

4 0.3767 9.81 0.083 0.9456 

5 0.3795 9.32 0.119 0.9472 

 

Sample 
BET 

(m2.g−1) 

Pore 

volume 

(cm3.g−1) 

Pore size 

(nm) 

0 64.38 0.17 10.61 

1 69.45 0.2 9.89 

2 77.01 0.25 9.5 

3 83.05 0.29 8.87 

4 87.33 0.315 7.68 

5 96.25 0.39 7.21 

 

BET surface area of the prepared samples has 

been determined from nitrogen adsorption-desorption 

isotherms using Micromeritices ASAP 2020 

instrument. The BET method has been used for 

surface area, the pore volume and the pore size 

calculations. Figure (3) illustrates the plot of 

adsorption and desorption isotherms of the TiO2 

sample. This plot is matching with type IV, which 

characterize mesoporous adsorbent. 

For lower temperatures, it shows adsorption 

hysteresis [25], of the six principal classes of isotherm 

shapes. The mesoporous structure and high BET 

surface area of the samples are expected to enhance 

adsorption of organic compounds onto the particle 

surface. The surface area is higher with increasing of 

Dy+3 ions and can be reduced the crystallite size of 

TiO2, which also contribute to the enhancement of 

adsorption capacity of TiO2 for organic pollutants 

[26,27]. 

 

 
Fig. (3) Plot of adsorption and desorption isotherms of the TiO2 

sample 

 

The absorption spectra of the prepared samples 

are shown in Fig. (4). The Dy+3-doped TiO2 samples 

obviously exhibit a visible light absorption at around 

(380-405) nm, whereas the absorption edge of TiO2 

sample is located at 371 nm. Therefore, the doping of 

TiO2 samples with Dy+3 ions has significantly 

affected the light absorption property of the 

photocatalyst. This result indicates that the dopants 

formed an impurity band above the valence band of 

the TiO2 due to the shifts in the absorption edge 

[28,29]. 

The impurity band formation can be explained by 

a mechanism similar to that of the NO-doped TiO2 

with cationic N species [30,31]. Red shifts of 

absorption edge toward the visible region were 

observed for the doped samples compared to undoped 

TiO2. The correlation between the amount of rare 

earth metal and the absorption edge shift to a longer 

wavelength was observed. The linear absorption 

coefficient (α) can be expressed by the following 

equation [32]: 

α = A (hʋ-Eg )n / hʋ   (2) 
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where Eg is the absorption band gap, A is constant and 

n depends on the nature of the transitions. The energy 

band gap can be calculated using Eq. (2) and from the 

intercept of the tangent to the plot (αhʋ)1/2 versus 

photon energy (hʋ). It can be noticed that the values 

of energy band-gap are decreased with increasing 

content of Dy+3ions. 

 

 

 
Fig. (4) Absorption spectra of the prepared samples 

 
Table (2) Energy band gap, particle size and rate constant for 

the prepared samples as a function of Dy+3 concentrations 

 

Sample 
Energy band gap 

(eV) 

Particle size 

(nm) 

Sample 0 3.23 54 

Sample 1 3.2 53 

Sample 2 3.14 51 

Sample 3 3 51 

Sample 4 2.91 50 

Sample 5 2.89 47 

 

The photocatalytic efficiency of undoped TiO2 

and Dy-doped samples have been scrutinized by the 

photodegradation of aqueous KMnO4 under UV 

irradiation in 75 minutes as shown in Fig. (5). It is 

clearly observed that the photocatalytic activity of 

Dy+3 doped TiO2 photocatalyst is more effective, 

especially for doping level at 0.119 %, and also 

shown faster reaction comparing to other sample. The 

higher reactivity seems to be mostly related to the 

pure anatase phase of the sample and secondly with 

the nanometric size of the particles. These two 

properties have been previously pointed out as 

important factors for photocatalytic reactions [33]. 

 

 
Fig. (5) Decay of absorbance of KMnO4 versus UV-irradiation 

time for undoped and doped TiO2 samples 

 

The results show that the rate constant (k)-values 

of the degradation of (KMnO4) dye for doped samples 

are higher than that for undoped TiO2. The k-values 

are increased with the decreasing of absorbance decay 

(A) values of (KMnO4). Hence, the photocatalytic 

activity can be increased as (k) values increased. 

Similar behavior is observed under visible irradiation 

in the same time (75 min.) for all prepared samples as 

shown in Fig. (6). The optimized sample (T5) shows 

a little absorbance decay, where it reached about 50% 

of its initial value after 75 minutes for UV irradiation, 

and it reached about 14% after the same time for 

visible irradiation. 
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Fig. (6) Decay of absorbance of KMnO4 versus visible 

irradiation time for undoped and doped TiO2 samples 

 

4. Conclusions 

Thin films of different concentration of Dy+3 doped 

TiO2 have been prepared via sol-gel technique and 

spin coating process. The absorption edge of anatase 

TiO2 is shifted towards the visible region with the 

existence of Dy+3 ions due to the narrowing band gap 

of TiO2. The efficiency of photocatalytic activity has 

been enhanced under UV and visible irradiations for 

Dy+3-doped samples comparing with undoped TiO2. 

The optimum concentration of Dy+3 has been found 

to be 0.119 % under irradiation in 75 minutes. The 

present results suggest that good performance of TiO2 

photocatalyst in visible region can be improved by 

Dy+3 ions doping.  
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In this work, tellurium oxide thin films were prepared and doped with nickel oxide at 

different doping ratios using pulsed-laser deposition technique. The influence of doping 

level of tellurium oxide films with different amounts of nickel oxide additives (5, 10, 15 

and 20%) on the structural characteristics of these films was studied and compared to 

those of pure tellurium oxide films. The x-ray diffraction patterns showed that all 

prepared films have polycrystalline structure with tetragonal phase for tellurium oxide 

and monoclinic phase for nickel oxide with no reaction between them. The surface 

morphology of the prepared films was analyzed and it revealed the formation of nano-

size grains for tellurium oxide films doped with 10 and 15% nickel oxide. 
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1. Introduction 

Tellurium-dioxide (TeO) is a widely used ceramic 

material [1]. It has a direct band-gap which width is 

equal to 3.6 eV [2,3] and high exciton binding energy 

of 130 meV, and excellent optical and electrical 

properties with outstanding chemical and physical 

stabilities in harsh environments [4-6]. 

Stoichiometric TeO is an insulator, small shifts from 

its perfect stoichiometry (i.e. TeO-x, with x<1), or 

shallow doping (F or Sb) lead to n-type semi-

conductive behavior of the material [7,8]. Its 

electrical conductance results from point defect such 

as oxygen vacancies and interstitial tellurium atoms, 

that acts as donor [9,10]. For this reason, TeO is 

grouped with a category of materials known as 

transparent conductive oxides (TCOs) which 

combines high electrical conductivity with optical 

transparency [11-13]. Due to their low fabrication 

cost, TeO thin films have a widely application such 

as gas sensor materials, low-emission glasses and 

heat mirrors, flat panel displays, touch panels, 

oxidation catalysts, flexible electronics, dye-

sensitized solar cells (DSSCs),  etc. [14-17]. TeO is 

considered one of the promising candidates for 

constructing the short wavelength optoelectronic 

devices, such as ultraviolet light emitting diodes 

(LEDs), laser diodes solar- and visible-blind 

photodetectors [3,18-21]. 

An increased concern over safety in civilian 

homes and industrial settings, much attention has 

been paid to the search for semiconductor gas sensor 

[21,22]. The detection and control of H2S which is 

bad smelling and toxic gas is very important in 

laboratories and industrial areas where it is used as 

process gas or generated as a byproduct [23]. H2S gas 

finds many applications in fields such as auto 

ventilation units, and medical field of dentistry [24]. 

In the present study, NiO-doped TeO powders 

with different doping ratio were prepared by solid 

state reaction by using pulsed laser deposition 

technique. The structural properties and surface 

morphology of these films were investigated. 

 

2. Experimental Details 

Nickel oxide was added to TeO powder with 

different doping ratios (5, 10, 15, 20%) by solid state 

reaction using NiO (99.9% Fluke) and TeO (99.5% 

ERAK). The two binary compounds mixed carefully 

for two hours and pressed at 10 tons to form a target 

(pellet shape with 10 mm diameter and 2.5 mm 

thickness), and then sintered at 900°C for two hours. 

The NiO-doped TeO thin films were deposited on 

glass and silicon substrates using pulsed-laser 

deposition (PLD) technique using the second 

harmonic generation (SHG) from an Nd:YAG Q-

switched laser beam with pulse width of 10 ns, pulse 

energy of 400 mJ, and repetition frequency of 6 Hz. 

The laser shots (up to 400) were directed on the target 

surface with an angle of 45°. The experimental setup 

of PLD technique is schematically shown in Fig. (1). 

 

 
 

Fig. (1) Scheme of experimental setup of PLD technique 
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The deposition was carried out inside a chamber 

evacuated down to 0.01 mbar. Single crystal n-type 

(P-doped) silicon wafer with (111) crystal 

orientation, 508 μm thickness and electrical 

resistivity of 1.5-4 Ω.cm were used as substrates. 

Square shape Si samples each of 10 mm2 area were 

prepared. The films should be homogenous as much 

as possible to ensure good quality. The crystal 

structure analysis of these films was examined using 

Miniflex II Rigaku x-ray diffractometer (XRD) with 

CuKα radiation of wavelength 1.54 Å and scan angle 

2θ within 20-60°. Surface morphology 

measurement was performed using CSPM-AA 

3000 Angstrom atomic force microscope (AFM). 

  

 

3. Result and Discussion 

The x-ray diffraction (XRD) patterns of pure and 

doped TeO with (5, 10, 15, 20%) NiO films are shown 

in Fig. (2). It can be seen that all films have 

polycrystalline structure. Pure TeO exhibited sharp 

peaks at 2θ values of 26.56°, 33.88°, 37.98°, 51.80°, 

54.72° and 57.82°, which correspond to reflections 

from (110), (101), (200), (211), (220) and (002) 

planes of tetragonal phase with preferential 

orientation in [110] direction. 

The doped TeO film with 5% NiO shows sharp 

peaks at 26.58°, 33.88°, 37.98°, 51.82°, 54.76° and 

57.86° which correspond to reflections from (110), 

(101), (200), (211)/(112), (220) and (002)/(202) 

planes of tetragonal phase of TeO and monoclinic 

phase of NiO which appear at the same position of 

TeO at 51.82° and 57.86o, where the intensity of these 

two peaks increase with doping, these peaks are in 

agreement with the standard values of JCPDS 96-

900-7534 of TeO and 96-900-8962 of NiO. 

For 10% NiO-doped TeO film, the position of 

peaks change  to the values 26.56°, 33.88°, 37,96°, 

51.78°, 54.74° and 57.9°. Also, it was changed for 

15% NiO-doped TeO film to 26.56°, 33.88°, 37.96° 

and 51.78°. Finally, the 2θ values for 20% NiO-doped 

TeO film change to 26.54°, 33.86°, 38.00°, 51.82°, 

54.82° and 58.06°. 

The XRD patterns of the mixed films shows that 

the crystallinity of the films varies depending on the 

ratio of NiO doping in these films, where it reduced 

and some peaks were diminished with increase the 

ratio of NiO. All these result are shown in Table (1). 
 

Table (2) Surface roughness, and r.m.s roughness, and 

crystalline size of pure TeO and doped with NiO films 

 

Samples 
Surface 

Roughness 

(nm) 

R.M.S 
Roughness 

nm) 

Average 

Grain 

Diameter 
(nm) 

Pure TeO 7.73 9.03 115.09 

5% NiO 7.59 9.11 128.16 

10% NiO 5.63 6.50 61.84 

5% NiO 9.52 11.0 70.25 

20% NiO 11.90 13.70 119.43 

 
 

 
Fig. (2) X-ray diffraction patterns of pure TeO and doped with 

NiO films 

 

It is well known that AFM is one of the most 

effective ways for the surface analysis due to its high 

resolution and powerful analysis. Figure (3) shows 

the surface morphology images of pure and doped 

TeO samples with different ratios of NiO. The images 

of the surface morphology of the pure and doped TeO 

films showed continuous and uniform surface 

homogeneity. The surface features of the films are 

comparable and the calculated surface roughness 

decreases from 7.73 to 5.63 nm with increasing NiO 

ratio to 10%, and when the doping ratio increases 

more than 10%, the roughness increases to 11.90 nm 

for doping ratio of 20%. It is clear that the doping lead 

to an effective decrease in the roughness of the TeO 

film especially at 10% NiO and after that increases to 

high values. Also, the AFM studies revealed that the 

grains have spherical shape and the average diameter 

particle size is about 115.09 nm for pure TeO film and 

there is a large change in the average diameter for 

doped film with 10% and 15% NiO, as the diameter 

decreases to 61.84 and 70.25 nm, respectively, and 

then return to increase to 119.43 nm for 20% doping 
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ratio. This means that there is a transformation to 

nanoparticles when the TeO films are doped with 10 

and 15% NiO. Table (2) illustrates all parameters 

obtained from the surface morphology 

measurements. 

 

 
 

(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. (3) 3D images of pure and doped TeO films (a) pure, (b) 

5% NiO, (c) 10% NiO, (d) 15% NiO and (e) 20% NiO 

 

4. Conclusion 

This study revealed the effect of NiO additives on 

structural characteristics of TeO films deposited on 

glass substrates by pulsed laser deposition technique. 

The crystal structure studies indicate that the film 

crystallizes in tetragonal phase for TeO and 

monoclinic phase for NiO. The morphology of the 

samples exhibit uniform films those cover the 

substrate well, homogenous distribution, and the 

grain size decreases with increasing doping ratio and 

reaches minimum values at 10 and 15% NiO. 
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Table (1) Structural parameters, such as 2θ values, inter-planar spacing, miller indices and grain size (G.S.) of pure TeO and doped 

with NiO films 

 

Sample 2θ (deg.) 
dhkl Exp. 

(Å) 

dhkl Std. 

(Å) 
hkl 

G.S. 

(nm) 
dNiO hklNiO Phase 

Pure TeO 

26.560 3.3533 3.3503 110 9.9 - - Tetragonal 

33.880 2.6437 2.6440 101 10.3 - - Tetragonal 

37.980 2.3672 2.3670 200 10.5 - - Tetragonal 

51.800 1.7635 1.7640 211 10.4 - - Tetragonal 

54.720 1.6761 1.6750 220 9.9 - - Tetragonal 

57.820 1.5933 1.5933 002 11.3 - - Tetragonal 

5% NiO 

26.580 3.3508 3.3503 110 14.7 - - Tetragonal 

33.880 2.6437 2.6440 101 14.068 - - Tetragonal 

37.980 2.3672 2.3670 200 13.518 - - Tetragonal 

51.820 1.7628 1.7640 211 14.068 1.7690 112 Tetrag./monclinic 

54.760 1.6749 1.6750 220 12.987 - - Tetragonal 

57.860 1.5923 1.5933 002 15.344 1.5800 202 Tetrag./monclinic 

10% NiO 

26.560 3.3533 3.3503 110 9.3841 - - Tetragonal 

33.880 2.6437 2.6440 101 9.0942 - - Tetragonal 

37.960 2.3680 2.3670 200 9.9354 - - Tetragonal 

51.780 1.7640 1.7640 211 9.646 1.7690 112 Tetrag./monclinic 

54.740 1.6755 1.6750 220 9.3841 - - Tetragonal 

57.900 1.5913 1.5933 002 9.646 1.5800 202 Tetrag./monclinic 

15% NiO 

26.560 3.3533 3.3503 110 14.068 - - Tetragonal 

33.880 2.6437 2.6440 101 14.068 - - Tetragonal 

37.960 2.3684 2.3670 200 14.692 - - Tetragonal 

51.780 1.7641 1.7640 211 13.518 1.7690 112 Tetrag./monclinic 

20% NiO 

26.540 3.3558 3.3503 110 9.646 - - Tetragonal 

33.860 2.6452 2.6440 101 9.646 - - Tetragonal 

38.000 2.3660 2.3670 200 10.243 - - Tetragonal 

51.820 1.7628 1.7640 211 9.3841 1.7690 112 Tetrag./monclinic 

54.820 1.6732 1.6750 220 9.646 - - Tetragonal 

58.060 1.5873 1.5933 002 9.935 1.5800 202 Tetrag./monclinic 
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In this work, cadmium telluride nanoparticles were synthesized by the aqueous 

solution method using organic stabilizing agent during preparation procedure. 

The optical, photoluminescence and structural characteristics of the synthesized 

quantum dots based on the prepared cadmium telluride nanoparticles were 

determined and studied. These quantum dots can be successfully used to 

improve the performance of photonics and optoelectronic devices, mainly 

photodetectors and solar cells. 
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1. Introduction 

Cadmium telluride is a stable crystalline II-VI 

compound that is combination of cadmium from 

column II and tellurium from column V of the 

periodic table. Semiconductor nanocrystals have been 

attracting wide interest due to their various potential 

applications such as in optoelectronic devices [1], 

photovoltaic devices [2], and biological fluorescence 

labeling [3]. Although biological fluorescence 

labeling with organic dye molecules has been the 

focus of intensive research for visualizing the cellular 

structure, studying the dynamic cellular processes and 

even tracking the path of single molecules in cells 

[4,5]. The intrinsic photophysical properties of 

organic fluorophores, which generally have broad 

absorption/emission profiles and low photobleaching 

thresholds, have limited their effectiveness in long-

term imaging and multiplexing without complex 

instrumentation and processing [6]. 

Cadmium telluride crystal is transparent at the 

infrared wavelength (860nm), from close to its band 

gap energy which is approximately 1.44 eV at 300K 

to the wavelength greater than 20μm, which is already 

in the infrared region. It has been presented that if the 

size of the bulk cadmium telluride material shrinks to 

nanometer scale, normally 2 to 5 nm, the band gap 

energy of the material will increase, due to quantum 

confinement effect, meaning the fluorescence peak 

will shift towards the infrared region or even visible 

range. It has phase stable at 300K is zinc-blende 

structure or Wurtzite  structure for various binary like 

II-VI compounds. The Wurtzite is an example of 

a hexagonal crystal system [7]. 

Quantum dots were developed recently as a new 

class of fluorescent probes have sparked intense 

excitement in the fields of biology and medicine, 

because they have shown higher sensitivity and better 

photostability and chemical stability than 

conventional fluorophore markers [8]. Many 

approaches, including organic synthesis [9] and 

aqueous synthesis [10-19] have been developed to 

prepare luminescent quantum dots. Also, several new 

techniques like, microwave irradiation [20], 

hydrothermal treatment [21] have been employed for 

rapid synthesis of high quality cadmium telluride 

nanocrystals in aqueous phase. For all the previous 

methods still the highly active and toxic NaHTe or 

H2Te used as the Te source and selecting thiol 

stabilizers like glutathione or Mercaptopropionic  

(MPA) or Thioglycolic acid (TGA) or L-Cys. 

In this work, the L-Cysteine acid was used to 

stabilize the cadmium telluride nanoparticles to 

produce quantum dots for photonics and 

optoelectronics applications. 

 

2. Experimental Work 

There are two common ways to synthesis QDs , 

the first method  is top-down; by using the bulk 

semiconductor and thinned it to form QDs via the 

electron beam lithography or reactive-ion etching. 

The second method is bottom-up approach; which 

takes advantage of the chemistry and physics to 

artificially combine the atoms and molecules in a 

nanoparticles cluster. The bottom-up method will be 

used in this work. 

The physical methods began with steps in which 

layers are grown in an atom by atom process as 

molecular beam epitaxy (MBE), physical vapor 

deposition (PVD) grows layer by condensing of solid 

from vapors by thermal evaporation or sputtering. 

Some of the common synthesis processes for this 

method are: hydrothermal synthesis, sol-gel process, 

micro-emulsion process, hot solution decomposition 

process, and microwave synthesis process. In this 

http://en.wikipedia.org/wiki/Wurtzite
http://en.wikipedia.org/wiki/Binary_compound
http://en.wikipedia.org/wiki/Binary_compound
http://en.wikipedia.org/wiki/Wurtzite
http://en.wikipedia.org/wiki/Hexagonal_crystal_system
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method, the parameters for a single solution or 

mixture of solution are controlling to precipitate, 

nucleuses are generated and further nanoparticles 

growth may be achieved. 

These parameters are temperature, stabilizers, 

concentrations of precursors, ratios of anionic to 

cationic species and solvent, quantum dot of the 

desired size, shape and composition have been 

product. The preparation of cadmium telluride 

quantum dots takes place in several steps over two 

days period. The Materials that were used in this 

work, NaBH4 sodium borohydride, tellurium powder, 

CdCl2.2.5H2O cadmium chloride, Cysteine (L-cys), 

sodium hydroxide (NaOH), nitrogen gas. 

The first step is the synthesis of NaHTe. The Te 

powder and sodium borohydride (NaBH4) were 

combined in dry glass vial, in ratio Te:NaBH4 =1:4. 

The vial shake to mix the powders and the 3-5ml of 

distilled water then added, the vial shake again on the 

magnetic stirrer. The mixture became dark grey and 

quickly lighted to grey in 3-4 seconds, a  black layer 

formed at the surface of the mixture and some in the 

bottom while a bubbles observe in the solution ,which 

it color became purple. After that  the vial was 

covered with plastic wrap have very small holes to let 

the hydrogen gas escape and put it in dark and cold 

place for 24 hours allowing the reaction as fully as 

possible to form NaHTe. 

The second step was the preparation of the 

cadmium ion solution. The cadmium chloride 

dissolved in small amount of distilled water obeying 

the ratio Cd+2:Te:L-cys = 3:1:6 .The CdCl2 is white 

powder, but when dissolved in water the solution 

became clear solution. The buffer agent that used to 

capped the QDs added to the Cd+ ions solution whose 

pH is 10.6 [the pH adjusted by several drops of NaOH 

(1M)]. The L-cys solution is a special amino acid. 

After mixing L-cys and Cd+ ions, the solution is 

shown as a white precipitate immediately formed, 

then the solution transferred to a 3-neck flask with N2 

gas bubbled through the solution for 10 min. 

Last step was the growth of quantum dots. The 

solution of Cd+ ions was mixed by magnetic stirrer 

with heating by water bath to control the temperature 

of the process and using a condenser. The purple 

solution of NaHTe that previously prepared is added 

to the flask, the solution turned from white to orange 

and then lighted to golden-brownish within the first 

15 min of growth. 

The time period to growth the QDs was three 

hours then the sample was taken from the CdTe 

solution every 15 min. 

 

3. Results and Discussion 

The UV-visible absorption spectra were measured 

by Shimadzu UV-1800 spectrophotometer and used 

to calculate the optical energy gap. The 

photoluminescence (PL) spectra were recorded by 

Shimadzu spectrofluorophotometer and used to 

determine the optical energy gap using the following 

relation 

Eg = 1240 / λPL    (1) 

The absorption peaks for CdTe were shifted 

toward the longer wavelength as illustrated in table 

(1). It was found that the smaller nanoparticle size of 

CdTe nanoparticles have the lower energy band gap. 

So the sample 5 is the lowest nanoparticle size (10 

nm), the peak wavelength of PL and the energy gaps 

for the samples also illustrated in table (1). 

The XRD pattern is used for structure crystalline 

while the surface morphology study from SEM image 

to estimate the size of nanoparticles and give the 

shape of cluster nanoparticles. Heating process will 

promote CdTe QDs particle growth as well as 

crystallize the particles, with different heating time 

period starting from 15 to 180 minutes. The 

crystalline structure appear cubic when the samples 

were dried at room temperature for (111) plane as 

shown in Fig. (1), while the crystalline structure 

appears hexagonal when the samples (30 – 180 min) 

dried under vacuum at 400°C as shown in Fig. (2). 

The particles size calculated from sheerer formula for 

all samples were put in table (1). It can be estimated 

from SEM of the prepared samples that the CdTe QDs 

were formed as shown in Fig. (3). 

 
Table (1) Effect of reaction time on absorption and PL peak 

wavelengths and energy band gap of the prepared QDs 

 

Sample 

Reaction 

Time 

(min) 

Peak 

Absorption 

Wavelength 

(nm) 

Peak PL 

Wavelength 

(nm) 

Energy 

Band 

Gap 

(eV) 

1 30 340 437 2.837 

2 60 355 465 2.666 

3 90 360 470 2.638 

4 120 390 516 2.403 

5 180 374-460 686 1.807 

 

Table (2) illustrates the nanoparticle size obtained 

from the Scherrer’s formula 

𝐷1 =
𝑘𝜆

𝛽𝑐𝑜𝑠𝜃
    (2) 

and empirical fitting expression (Eq. 3) [23], and 

nanoparticles size estimated from the SEM image. 

 

 
Fig. (1) XRD pattern of CdTe QDs prepared after drying at 

room temperature 
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Fig. (2) XRD patterns of CdTe QDs after drying for 60 min at 

400°C for (a) 30 min, (b) 60 min, (c) 90 min, (d) 120 min, and 

(e) 180 min 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 



IRAQI JOURNAL OF APPLIED PHYSICS 
Vol. 17, No. 3, July-September 2021, pp. 13-16 

16  IRAQI SOCIETY FOR ALTERNATIVE AND RENEWABLE ENERGY SOURCES AND TECHNIQUES 

 
(e) 

Fig. (3) SEM images of CdTe QDs for samples prepared after 

reaction time of (a) 30 min, (b) 60 min, (c) 90 min, (d) 120 min, 

and (e) 180 min 
 
Table (2) Determination of nanoparticle size using Scherrer’s 

formula and empirical fitting 

 

Sample D1 (nm) D2 (nm) 

1 26.47 12.3 

2 20 9.7 

3 16.42 8.9 

4 11.556 4.9 

5 10.975 3.8 

         

4. Conclusions 

In concluding remarks, cadmium telluride quantum 

dots with L-cysteine stabilizers were synthesized with 

stable pH of 10.69 that suits for different applications, 

as biological systems in vitro imaging and in vivo 

sensor. The effect of reaction time period is very 

controlling parameter that affect the size of cadmium 

telluride nanoparticles. The sample of 180 minutes 

had the lowest particle size (10nm), while the 

dimension of cadmium telluride rod was 1.8μm long 

and 0.2μm wide. The photoluminescence spectra get 

red shift and the intensity of luminescence increases 

till get stable size of cadmium telluride nanoparticles. 
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In this work, thin film heterojunction solar cells were fabricated by the deposition of p-

type gold-doped cobalt oxide layers on n-type silicon substrates using pulsed-laser 

deposition technique. The effects of the contact material on the photovoltaic 

characteristics of the fabricated solar cells. It was found that the conversion efficiency 

was higher than that of the p-CoO/n-Si thin film solar cells, which may attributed to the 

role of Au-doped CoO layer as a hole collector as well as a barrier for charge 

recombination. 
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1. Introduction 

Magnetic metal/metal oxide particles have 

various fundamental and industrial applications. 

Cobalt is a special element that changes between two 

phase structures of hcp and fcc at a transition 

temperature of 450°C [1]. It is a ferromagnetic 

material, and due to such interesting properties, as 

good mechanical hardness, chemical stability and 

high electrical resistance, it has been used in many 

applications, including magnetic photocatalysts [2], 

high frequency magnets [3], information storage 

systems [4], magnetic bulk cores [5], microwave 

absorbers [6] and in biological applications, such as 

drug delivery [7], magnetic resonance imaging [8] 

and bio-sensors [9]. 

Cobalt oxide (CoO) is one of the most intensively 

investigated transition metal oxides. It is an 

antiferromagnetic oxide semiconductor with cubic 

structure. It can be a promising candidate for many 

applications such as solar thermal absorber [10], 

catalyst for O evolution [11], photoelectrolysis [12] 

and electrochromic device [13]. Cobalt oxide is also 

studied as the positive electrode in batteries [14]. Pure 

stoichiometric CoO crystals are perfect insulators 

[15]. Several efforts have been made to explain the 

insulating behavior of CoO. Appreciable conductivity 

can be achieved by creating Co vacancies or 

substituting lithium (Li) for cobalt (Co) at Co sites 

[15]. Hydrogen gas sensors based on electrostatically 

spray deposited CoO thin film was recently studied 

[16,17]. High efficient electrical devices can be 

fabricated by doping cobalt oxide with gold. 

Pulsed-laser deposition (PLD) is one of the most 

important and powerful techniques for thin film 

deposition of complex materials. It consists of three 

major parts, laser source, vacuum system and 

deposition chamber [18]. Electrical properties of pure 

CoO and CoO:Au thin films prepared by PLD has 

been intensively [19]. 

Solar cell or photovoltaic cell is an electrical 

device that converts the energy of light directly into 

electricity by the photovoltaic effect which is a 

physical and chemical phenomenon. Solar cells are 

described as being photovoltaic irrespective of 

whether the source is sunlight or an artificial light 

[20]. They are used as a photodetector, detecting light 

or measuring light intensity [21]. Recent studies have 

been shown that CoO thin films can be used 

successfully as solar cell. 

A photovoltaic (PV) cell may be represented by 

the equivalent circuit model 2420 [22]. The more 

important characteristic of PV are conversion 

efficiency (η) and fill-factor that defined as [22]: 

)(

)(

in

m

Ppowerinput

Ppoweroutputmaximum
 (1) 

and the fill-factor (FF) is define as: 

OCSC

mm

VI

VI
FF     (2) 

where Pin is the power input to the cell, Voc open 

circuit voltage, Isc is the short circuit current, and Im 

and Vm are the maximum cell current and voltage 

respectively at the maximum power point, Pm= Im . 

Vm. Figure (1) illustrates the typical (I-V) 

characteristic of a Si PV cell, showing Im and Vm at 

the maximum power point. Solar cell behavior can 

conveniently be examined through four main 

parameters as shown in Fig. (1).  

 

2. Experimental Part 

The PLD experiment was carried out inside a 

chamber initially evacuated to 10-3 Torr [23]. The 

main experimental parameters of laser source are 532 

nm wavelength, 1000 mJ pulse energy, 10 ns pulse 

width, 5 Hz repetition frequency and 100 number of 

shots. The substrate (Si) is placed in front of the target 

(CoO with different doping ratio of Au) with its 

surface parallel to that of the target. Sufficient gap is 

kept between the target and the substrate so that the 

substrate holder does not obstruct the incident laser 

beam. The temperature of Si substrate was 100°C. 

 



IRAQI JOURNAL OF APPLIED PHYSICS 
Vol. 17, No. 3, July-September 2021, pp. 17-20 

18  IRAQI SOCIETY FOR ALTERNATIVE AND RENEWABLE ENERGY SOURCES AND TECHNIQUES 

 
 

Fig. (1) Forward bias I-V characteristic of typical Si PV cell 

[11] 

 

Different Au doping ratios (0,1, 2, and 4 wt. %) of 

CoO were used to prepare the CoO:Au/Si structure. 

The thicknesses of films were measured to be about 

400 nm for all samples while the area (A) was about 

1 cm2. A typical scheme of the fabricated device is 

shown in Figure (2). 

 

 
Fig. (2) Schematic diagram of the CoO:Au/Si solar cell 

fabricated in this work 

 

A digital muitimeter victor VC97 was used to 

measure the current flow in a detector, manufactured 

from the prepared structure in dark condition. Voltage 

was applied from a KIETHLEY power supply at 

arrange of 0-5V in forward and reverse biasing 

conditions. This characterization was used to 

determine the conversion efficiency (η) and fill-factor 

(FF), where the power input (Pin) to the cell of 50 

mW. 

 

3. Result and Discussion 

The morphology of thin films of pure and Au-

doped CoO films deposited on Si substrates by PLD 

at 100°C temperature was examined using SEM. 

Figure (3) shows that all films are homogeneously 

distributed, very smooth and the crystallites are very 

fine. 

Table (1) shows the effect of doping ratio on 

conductivity (σ) and energy band gap (Eg) of CoO. 

From the result, one may conclude that adding a small 

amount of Au in CoO material enhances the 

conductivity of the CoO because the conductivity of 

Au is higher than CoO, moreover the energy gap of 

CoO will be decrease. 

 

 
 

 
 

 
 

 
 

Fig. (3) SEM images for (a) pure CoO and (b and c) Au-doped 

CoO thin films at room temperature 
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Table (1) Effect of doping with gold on conductivity and 

energy band gap of CoO films 

 

Sample σ (Ω. cm-1) Eg (eV) 

Pure 4.17x10-6 3.60 

0.1 3.35x10-4 3.50 

0.2 2.34x10-3 3.45 

0.4 8.46x10-2 3.4 

 
Heterojunctions between p-type CoO with 

different doping ratios and n-type Si substrate is 

formed. The dark I-V curve in the forward and 

reverse bias for cell constructed with CoO:Au/Si as 

shown in figures (4), (5), (6) and (7). The doping ratio 

(wt.%), short-circuit current (Isc), the open-circuit 

voltage (Voc), maximum power points (Vm and Im), 

fill-factor (FF) and conversion efficiency (η) were 

listed in Table (2). It is concluded from this table that 

the highest value of conversion efficiency was 

obtained at 0.4 wt.% doping ratio. The device had an 

open-circuit voltage of 0.21, short-circuit current of 

of 182 mA, and maximum power points (Vm and Im) 

of 0.08 and 115, respectively. The conversation 

efficiency (η) derived from Fig. (7) is 18.4%. 

The solar cell made without Au doping give lower 

values of conversion efficiency (η) (~0.84%) at the 

same illumination intensity. From the results 

presented above, it is clearly seen that the CoO:Au 

layer on Si substrate acts as a hole collector, so this 

kind of solar cells can be improved for a future work 

to give much higher efficiency.  To illustrate the 

relationship between the conversion efficiency with 

doping ratio, figure (8) shows the gradual increase in 

conversion efficiency at 0.1 wt.% doping ratio. This 

increase becomes higher to reach 16.38%. Finally, a 

slight increase in the conversion efficiency is 

observed to reach a maximum value of 0.4%. The 

effect of doping on open-circuit (Voc) and short-

circuit current (Isc) is shown in Fig. (9), where both 

increase with increasing the doping ratio. 

 
Table (2) The cell parameters for CoO:Au/Si solar cells of 1 

cm2 area and incident power (Pin) of 50 mW 

 

N 
Isc 

(mA) 

Voc 

(V) 

Im 

(mA) 

Vm 

(V) 

F
il

l 
fa

c
to

r
 

(F
.F

) 

E
ff

ic
ie

n
c
y

 

(η
%

) 

Pure 10 0.16 7 0.06 0.262 0.84 

0.1 30 0.14 14 0.08 0.266 2.24 

0.2 180 0.178 105 0.078 0.255 16.38 

0.4 185 0.21 115 0.8 0.252 18.4 

 

 
Fig. (4) I-V curve for pure CoO/Si solar cell 

 

 
Fig. (5) I-V curve for CoO:Au/Si solar cell with Au doping ratio 

of 0.1 wt.% 

 

 
Fig. (6) I-V curve for CoO:Au/Si solar cell with Au doping ratio 

of 0.2 wt.% 

 

 
Fig. (7) I-V curve for CoO:Au/Si solar cell with Au doping ratio 

of 0.4 wt.% 

 

4. Conclusion 

According to results presented in this work, it can 

be concluded that the CoO:Au/Si thin film structures 

can be used as heterojunction solar cells, where the 

highest value of conversion efficiency can be 

obtained at doping ratio of 0.4 wt.%. The CoO:Au 

layer acts as a p-type layer on n-type Si substrate, so 

it can be used as a hole collector to improve the 

performance of the solar cells based on these 

structures. 
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Fig. (8) Conversion efficiency (η) vs. Au doping ratio for the 

CoO:Au/Si solar cells fabricated in this work 

 

 
Fig. (9) Variation of Voc (black circles) and Isc (white circles) 

with Au doping ratio of CoO layer 
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In this work, MEH-PPV/Si and MEH-PPV/PS at different current densities have 

been synthesized for NO2 gas sensor. The sensitivity and speed response at different 

operating temperatures (RT, 100°C, 200°C). The study showed that the maximum 

sensitivity to NO2 gas for MEH-PPV/Si sensor is 16% at RT, and the maximum 

sensitivity to NO2 gas is 74% at 200°C. Results show that MEH-PPV/PS has better 

sensitivity toward nitrogen dioxide gas compared to MEH-PPV/Si. 

 
 Keywords: Organic heterojunction; MEH-PPV gas sensor; Conductive polymers 

 

 

1.  Introduction 
Conducting polymers, such as (poly[2-methoxy-

5-(2-ethylhexyloxy)-1,4phenylenevinylene)] (MEH-

PPV), have been used as the active layers of gas 

sensors. In comparison with most of the 

commercially available sensors, the sensors made of 

conducting polymers have many improved 

characteristics [1]. They have high sensitivities and 

short response time; especially, these features are 

ensured at room temperature. Conducting polymers 

are easy to be synthesized through chemical or 

electrochemical processes, and their molecular chain 

structure can be modified conveniently by 

copolymerization or structural derivations. 

Furthermore, conducting polymers have good 

mechanical properties, which allow a facile 

fabrication of sensors. As a result, more and more 

attentions have been paid to the sensors fabricated 

from conducting polymers, and a lot of related articles 

were published. There are several reviews emphasize 

different aspects of gas sensors and some others 

discussed sensing [2,3]. 

Alternatively to PS surface modification by small 

functional groups, polymer-PS heterojunction 

presents attractive functional material for gas sensing. 

Such heterojunction structures can be prepared by 

various techniques, including direct polymer 

infiltration from solution, polymer grafting, 

polymerization from monomers, etc. [4], in many 

cases major, polymers within a porous structure are 

used for vapor sensing applications. Thechallenge of 

polymer infiltration is the deep and uniform pores 

filling so that polymer covers the pores walls as a thin 

film without pore clogging. The pores should be 

hollow and accessible for the interaction with analyte 

molecules from the outer atmosphere [5]. NO2 is one 

of the main toxic components emitted from vehicular 

exhaust and also a main component of emissions from 

indoor appliances. In addition, it transforms in the air 

to form gaseous nitric acid and toxic organic nitrates, 

hence contributing to the production of acid rain. 

Therefore a selective and accurate NO2 sensor is of 

extreme importance for continuous monitoring of 

emission processes [6]. 

Sensitivity is the ability of a device to detect a 

variation in a physical and/or chemical property of the 

sensing material under gas exposure. In order to 

improve the sensitivity, it will be of great interest to 

work with the most appropriate sensing material in 

every case and to obtain its optimum detecting 

temperature [7]. Taking into account that sensing 

reactions take place mainly at the sensor’s surface 

layer, the control of semiconductor composition, 

morphology and microstructure are required for 

enhancing the sensitivity of the sensor. Working with 

nanostructure materials will give a higher surface. 

Also sensitivity is defined by the resistance 

change when the sensor is exposed to a certain 

concentration of gas. The sensitivity can be calculated 

as given in [8]: 

𝑆 = |
𝑅𝑔−𝑅𝑎

𝑅𝑎
| × 100%    (1) 

where S is the sensitivity, Ra isthe electrical resistance 

of the film in the air and Rg is electrical resistance of 

the film in the presence of gas. And also it can be 

calculated by using an equation [9]: 

𝑆 = |
𝑅𝑔−𝑅𝑎

𝑅𝑎𝑐
| × 100%    (2) 

where c is the gas concentration. As well as it can be 

calculated by conductivity using an equation [10]: 

𝑆 =
𝜎𝑔

𝜎𝑎
      (3) 

where ơa is the conductivity of the film in the air and 

ơg is the conductivity of the film in the presence of 

gas 

The response time of a gas sensor is defined as the 

time required for the sensor to reach 90% of 

maximum/minimum value of conductance upon 

introduction of the reducing/oxidizing gas. Similarly, 

the recovery time is defined as the time required 

recovering to within 10% of the original baseline 

when the flow of reducing or gas is removed. The 
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response time and recovery time can be calculated as 

follows [11]: 

Response time = |tgas(on) – tgas(off)| x0.9 (4) 

Recovery time = |tgas(off) – tgas(recovery)| x0.9  (5) 

The goals of this paper is fabrication MEH-

PPV/Si and MEH-PPV/PS gas sensor devices by spin 

coating technique and study structure, morphology of 

the organic- polymer composite, and sensitivity to 

NO2 gas. 

 

2. Experimental work 

In this work, the details of various experimental 

procedures and measurements used for synthesis of 

gas sensing samples are described. 

The porous silicon (PS) structure is formed by 

photoelectrochemical etching (PECE) technique of 

silicon wafers porous silicon on n-type silicon, 

illumination method is the most popular way to 

generate holes required in the electrochemical etching 

process, the photo energy absorption by the atoms 

depends on the intensity of the illumination source, 

the distance from the source and the electrolyte 

environment. Therefore, only the surface layer under 

the illumination generates electron hole pairs. But the 

etching rate gradually decreases with time as it is very 

difficult to reach the illumination into the deep area 

of the pores. An electrolyte including hydrofluoric 

acid (HF) and surfactants (mainly ethanol). Because 

the cleaned, polished Si wafer surface is hydrophobic, 

porous silicon layer were produced using 

monocrystalline silicon wafers n-type, with resistivity 

of 10 Ω.cm [12]. The silicon wafers used in this work 

with (111) orientation the actual photo-energy 

absorbing by Si atoms is very sensitive to the 

illumination-source intensity. The effects of current 

density were investigated at: 20, 40, and 50 mA/cm2 

at 10 min etching time. 

The samples were prepared by using spin coating 

technique MEH-PPV films were prepared at the 

concentration of about 0.01:2 mg/ml of solvent in 

which the polymer  MEH-PPV Chloroform were used 

a solvent; the solutions were spin coated on , silicon 

MEH-PPV/Si and porous silicon MEH-PPV/PS (111) 

substrates. 

The (poly[2-methoxy-5-(2-ethylhexyloxy)-1,4 

phenylenevinylene)] MEH-PPV (C18H28O2)n 

(average M.W. 40,000-70,000, Sigma-Aldrich) 

conducting polymer,  MEH-PPV was synthesized by 

Wudl and Srdanov in 1993 [13]. The MEH-PPV was 

used to prepare the blends films. Stock solutions of 

MEH-PPV (10 mg/mL) and stirred prior casting onto 

n-Si and n-PS substrates. 

Spin coating is a common method to produce 

uniform thin films of organic materials on flat 

substrates. This technique also can be used on 

fabricating of the colloidal sphere arrays by spin-

coating at around 1000 rpm at1.5 minute period time, 

the colloidal dispersions on substrates. Evaporation of 

the solvent in the dispersion can be accelerated by 

spin-coating so when the liquid becomes almost as 

thick as the diameter of the spheres, a strong 

immersion capillary attraction arises between the 

particles and assists the self-organization of the 

particles. 

In this process, excessive amount of suspension is 

placed on the wafer Si and PS then rotated at a high 

speed around the axis perpendicular to the substrate 

plane in order to spread the fluid by centrifugal force. 

Due to the centripetal acceleration, most of the 

suspension is flung off the edge of the substrate, 

leaving a thin film of the particles after evaporation 

of the liquid on the wafer surface [14,15]. The process 

is divided into four distinct stages so that the physics 

of the process can be well modeled. The four stages 

are deposition, spin-up, spin-off and evaporation of 

solvent [16]. 

For the fabrication, n-type single crystal silicon 

(111) and MEH-PPV was used. For formation of 

ohmic contact, high purity (99.999%) Al was 

thermally evaporated in vacuum coating system. The 

film of (MEH-PPV) was deposited by spin coating on 

Si. Al metal contacts were formed on MEH-PPV 

organic layer by vacuum thermal evaporation. 

The anode was composed of silicon wafer, while 

the cathode was composed of platinum or any HF–

resistant and conducting material. The cell body was 

composed of a highly acid–resistant polymer, such as 

Teflon. Silicon wafer surfaces that served as anodes 

in contact with HF solution, including the cleaved 

edges. The advantage of this equipment is its 

simplicity [17]. PS samples (n–type) were prepared at 

current density of (20, 40, 50) mA/cm2andetching 

time (10min). In addition, organic conducting 

polymer MEH-PPV was deposited on the PS surface 

to obtain high conductivity. 
The gas sensing measurements for MEH-PPV 

which are deposited on the Si and PS substrates were 

achieved to fabricate gas sensors. 

Vacuum evaporation technique utilizing Edward 

coating unit model 306 under vacuum of 10-5 mbar. 

PC-interfaced digital multimeter of type UNI-T 

UT81B and Laptop PC are used to register the 

variation of the sensor resistance when it was exposed 

to air-NO2 gas mixing ratio. 

 

3. Results and Discussion 
The sensing properties of MEH-PPV deposited on 

Si and porous silicon substrates are realized as a 

function of operating temperature and time to find the 

temperature dependence of the sensitivity for NO2. 

The sensing mechanism for MEH-PPV deposited 

on the n-type silicon, for gas sensing using NO2 with 

concentration of 25 ppm at different operation 

temperatures beginning from room temperature 

(30°C) up to 200°C. Figure (1) shows the difference 

of resistance as a function of time with on/off gas 

amount. Figures show decreasing in the resistance 

value when the devices were exposed to NO2 gas, 

(Gas ON), then the resistance value increases with the 

closure of the gas (Gas OFF). The reason for this 
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behavior can be attributed to the following: NO2 gas 

undergoes an ionic reaction with the surface 

adsorption oxygen, where the electron on the oxygen, 

is extracted from the semiconductor so, the holes will 

increase in this p-type organic material [21] and 

causes the conductivity of the MEH-PPV materials to 

increase, thus causing the resistance to decrease [22]. 
The operating temperature is defined as the 

temperature at which the resistance of the sensor 

reaches a constant value. Changing of resistance is 

just only influenced by the presence of amount of 

some gases of interest [23]. The sensitivity factor 

(S%) at various operating temperatures is calculated 

using equation (2). Results show that the sensitivity 

equals to 8.6% for NO2 gas at 100°C [see table 1]. 
 

Table (1) Response time, recovery time and sensitivity of 

MEH-PPV/Si device as a function of operating temperature 

 

Temperature 
Response 

time (s) 

Recovery 

time (s) 

Sensitivity 

(%) 

RT 35 23 16.6 

100°C 21 80 8.6 

200°C 0 0 0 

 

From Fig. (1), the response and recovery times 

have been determined from eqs (4) and (5). Response 

time is 21s and recovery time of 80s at 100°C 

operating temperature. The sensing properties of  

MEH-PPV deposited on the PS (n-type) at constant 

time of 10 min and different etching currents of 20, 

40, 50 mA were investigated as a function of 

operating temperature to find the temperature 

dependence of the sensitivity for NO2 gas. It was 

found that there is sensitivity for the samples at the 

current densities 20, 40, 50 mA at different operation 

temperature beginning from room temperature 

(30°C) up to 200°C with step of 50°C. Figure (2) 

shows the variation of resistance as a function of time 

with on/off gas valve. Changing in conductivity 

essentially is due to the enhancement of the 

conductivity related to the presence of conducting 

polymer inside the porous template. The conductivity 

enhancement after polymer deposition indicated that 

the possibility for complete oxidation of PS layer was 

excluded during polymer deposition. 

The sensitivity factor (S%) at various operating 

temperatures (RT, 100°C, 150°C, 200°C) is 

calculated using equation (2). Figure (3) shows the 

sensitivity as a function of operating temperature for 

MEH-PPV, which are deposited on the PS (n-type) 

substrates. Increasing the operating temperature leads 

to an improvement of the device sensitivity which is 

attributed to increase in the rate of surface reaction of 

the target gas. 

 

 

 
Fig. (1) The variation of resistance with time for MEH-PPV/Si 

device as NO2 gas sensor 

 
The sensitivity of MEH-PPV/PS (n-type) from 

RT to 200°C. The reason for this may be that of 

limited diffusion to polymer chains remotely located 

from the surface, since enough polymer mass is 

distributed inside the porous structure. Presumably 

this interesting effect can be associated with weaker 

binding of molecules to polymer chains distributed 

less densely in the porous medium than in the solid 

film [24], or may be due to the contrary to the 

porosity, total number of high/low porous layers, 

etching at lower temperatures, or higher viscosities to 

improve the interface sharpness between layers with 

high and low porosities, using different types of 

emissive polymers (small molecules) and 

functionalizing the PS surface. Thus, the gas 

sensitivity decreases [25]. While, at   the current 

density 40 mA to MEH-PPV/PS (n-type) the 

sensitivity is slowly increased as the temperature 

increased from RT to 200°C. 
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Fig. (2) The variation of resistance with time for MEH-PPV/PS 

device which different current densities (20, 40, 50 mA/cm2) as 

NO2 gas sensing 

 

The increase of sensitivity may be due to the large 

interfacial area, a quasi-monomolecular layer of 

polymer adsorbed on pore walls, negligible pore 

clogging, and efficient diffusion of gas vapor inside 

the nanoporous structure due to capillary forces [26]. 

in addition to the heating process allows a 

rearrangement of the polymer chains and the 

directivity within the polymer matrix, leading to an 

increase of interfaces between MEH-PPV and PS for 

optimal efficiency, and the optimum surface 

roughness, porosity, large surface area [27].The 

sensitivity for MEH-PPV/n-type PS increased as 

temperature increasing .The sensitivity is reduced 

gradually with increasing of temperature for etching 

current of 20 and 50 mA. [see table 2]. 
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Table (2) Response time, recovery time and sensitivity% of 

MEH-PPV/PS (p,n-type) device with different current 

densities 

 
Current Density 

(mA/cm2) 
Response time (s) 

 RT 100°C 200°C 

20 25 3 13 

40 15 16 13 

50 28 26 24 

 Recovery time (s) 

20 68 30 21 

40 55 43 38 

50 28 38 18 

 Sensitivity (%) 

20 43.5 37.5 29.6 

40 63.4 67.6 74.8 

50 36.7 18 3.3 

 

 
Fig. (3) The variation of sensitivity with operating 

temperatures for MEH-PPV/PS (n-type) for NO2 gas 

 

Figures (4a,b) show the response time and the 

recovery time as a function of operating temperature 

at different etching currents densities 20, 40, 50 

mA/cm2 for  the MEH-PPV deposited on PS (n-type) 

wafer for  NO2 gas. The response speed is studied at 

the temperature at which the sensor exhibited a 

maximum sensitivity. Figures (4a,b) show that at 

etching current of 40 mA the sample exhibits a fast 

response speed of 13s to MEH-PPV/PS (n-type) at 

200oC, recovery time of 38s at 200 °C MEH-PPV/PS 

(n-type). The quick   response sensor for NO2 gas may 

be due to faster oxidation of gas [28]. 

 

4. Conclusions  

In concluding remarks, the MEH-PPV conducting 

polymer is deposited on crystalline silicon and porous 

silicon substrates by spin coating technique. The 

obtained results revealed that MEH-PPV has sensing 

properties for toxic gases such as NO2 and the sensor 

device has good sensitivity for thin films deposited on 

porous silicon substrate as compared to those 

deposited on crystalline silicon substrate. 

 

 

 
Fig. (4) The variation of response time (a) and recovery time 

(b) with operating temperature of the MEH-PPV deposited on 

PS (n-type) 
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Due to its specific characteristic of porcelain, specific recipes have been 

prepared. The basic materials and quantities were selected carefully because 

it possesses particular specifications. In this work, porcelain containing 32 

wt.% feldspar, 24 wt.% quartz and 44 wt.% clay was synthesized. Different  

melting temperature (1300°C, 1375 °C and 1450°C)  and  insertion of 

beryllium oxide (BeO) (1, 3, 5 and 7 wt.%) were done. The effects of 

temperatures and beryllium oxide content on mechanical, electrical and 

structural properties on the prepared porcelain were studied. The increasing 

of heat treatment for the basic porcelain leads to an enhancement in bulk 

density and compressive strength. Basic porcelain which suffering lower 

annealing temperature (1300°C) introduces higher dielectric constant 

values in contrast with that suffering higher temperature (1450°C).  The 

addition of BeO to the basic porcelain leads to decrease the bulk density and 

compressive strength. Porcelain with lower annealing temperature 

introduces higher έ values in contrast with higher temperature. 

 
 Keywords: Beryllium oxide; Porcelain; Thermogravimetric; Green density 

 

 

1. Introduction 
Porcelain was used as an electrical insulating 

material due to its characteristic properties 

(mechanical and high-power dielectric strength, and 

corrosion resistance). Two types of porcelain 

insulators are mostly used: silica and alumina 

porcelains [1-3]. Since long time, Porcelain refers to 

a wide range of ceramic products baked at high 

temperatures to achieve vitreous, or glassy, qualities 

such as translucence and low porosity [1]. Porcelain 

was first made by the Chinese and the two natural 

substances used were kaolin and feldspar. The caolin 

is also known as china clay, which is white, free of 

impurities and melts at very high temperatures, while 

feldspar is mineral forming glassy cement and 

binding the vessel permanently [2]. 

The properties of porcelain are greatly varying 

from a source to another; however, many variations 

are not critical in resin composites [4]. Silicate 

materials, such as feldspar and kaolin, have 

alternating structure of the oxygen and silicon atoms 

in covalent bonding forming tetrahedral units [5]. 

Several processes, such as the destruction of 

dehydroxylation, ceramic lattice, destruction of the 

network, partial melting to form new phases, occur on 

silicate heating layer [4,5]. 

Amongst known oxides, beryllium oxide (BeO) 

combines excellent electrical insulation with high 

thermal conductivity [6]. It is one of the most 

chemically stable oxides, resisting both carbon 

reduction and molten metal attack at high 

temperatures. It also has high electrical resistivity and 

low density [5-7]. Also, it has low dielectric constant 

of 6.7 and low loss index of 0.0012 at 1 MHz, which 

mean the increases in losses index with increasing of 

applied frequency [8]. Furthermore, BeO is 

inherently stable, as an oxide ceramic, in oxygen and 

moisture-containing environments [8-10]. The most 

common and economically important system is the 

BeO-Al2O-SiO2-H2O (BASH) [11]. 

The layer stacking of kaolinite is controlled by 

repulsion between highly charged Si and Al cations, 

which tend to avoid superposition. Unfortunately 

these functional groups are equally present in several 

other aluminosilicates [12]. The Si-O, Al-O and OH 

play functional roles in identification and 

characterization for chemical composition of a 

kaolinite unit cell [13-15]. 

 

2. Experimental Part 

The starting materials used to prepare the basic 

porcelain include 32 wt% feldspar, 24 wt% quartz, 

and 44 wt% clay. After selecting raw materials, the 

desired amounts were weighed then sent through a 

series of preparation steps. First, they are crushed and 

purified, before mixed together and subjected to 

pressing forming process. The raw material particles 

were reduced to the desired size by sieving with mesh 

equal to 53μm. For fine grinding, ball mill for 1 hour 

consisting of rotating cylinder partially filled with 

spherical ceramic grinding media was used. 

Beryllium oxide was introduced at four different 

amounts; 1, 3, 5 and 7wt%. 

Samples of about 50g were melted in a furnace at 

temperatures of 1300, 1375 and 1450°C, and heating 

time of 90 min. Then the basic and different BeO 

http://www.answers.com/topic/ceramics
http://www.answers.com/topic/baked
http://www.answers.com/topic/vitreous
http://www.answers.com/topic/glassy
http://www.answers.com/topic/porosity
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content porcelain samples were “quenched” to room 

temperature at ambient conditions to avoid 

crystallization of amorphous metakaolin. Samples 

were prepared by weighing of 2g then pressing as a 

disk shape with 1.5 cm in diameter. In order to 

eliminate the stresses that accompany the milling 

operation, heat treatment process was performed at 

950°C. During the firing process, a variety of 

reactions take place. First, carbon-based impurities 

burn out, chemical water evolves (at 100 to 200°C), 

and carbonates and sulfates begin to decompose (at 

400 to 700°C) lead gases to be produced and escape 

from the sample. On further heating, some of the 

minerals break down into other phases, and the 

present fluxes (feldspar and flint) react with the 

decomposing minerals to form liquid glasses at 700 

to 1100°C. These glass phases are necessary for 

shrinking and bonding the grains. After the desired 

density is achieved at higher than 1200°C, the ware is 

cooled, which causes the liquid glass to solidify, 

thereby forming a strong bond between the remaining 

crystalline grains, and finally, the porcelain is 

completed. 

This is the first time that the influence of addition 

of BeO to the basic porcelain were studied.  

Prepared samples were subjected to green density, 

bulk density, and compressive strength tests. The AC 

conductivity of the samples containing 3 and 7wt% 

BeO were chosen for measurement to clarify the 

ratios difference. 

 

3. Results and Discussion 

The variation of BeO content relative to the green 

density (G.D) is shown in Fig. (1). The addition of 

small amount of BeO into basic porcelain leads 

initially to slowly decrease in G.D., addition of more 

BeO percentage causes to clearly decrease in G.D. In 

other words, the additions of 1 and 3wt% of BeO have 

the same effects and the densification process is in its 

initial stage. So, at these percentages, the BeO 

addition does not improve the densification process. 

Increasing the BeO content to more than 3wt.% leads 

to decreases the samples density. It can be expected 

that increasing of BeO introduces more voids among 

the particles, which produce a large volume with less 

dense material, or it is possible attributed to the 

increasing of BeO which possess low-density.  

In order to provide clear information about the 

influence of temperature, 1300 °C and 1450 °C has 

been chosen for bulk density, compressive strength, 

AC conductivity and FTIR tests. Also, specific 

percentages of 3 and 7% BeO were chosen to supply 

for the same tests. Figure (2) shows the influence of 

heat treatment on the basic and new-composed 

porcelains. The basic porcelain has little enhancement 

in bulk density with increasing heat treatment, which 

means that increasing temperature leads to voids 

elimination and produce close particles, i.e., the 

volume of material is affected by decreasing linear 

shrinkage due to the movement of particles into the 

pores. This leads to densification and decrease in the 

porosity of the ceramic body. At 1450°C, the 

sintering is significantly improved and the 

transformation of open-into-closed porosity is 

expected. 

 

 
Fig. (1) The variation of green density according to BeO wt.% 

addition 

 

Samples containing 3 and 7wt% BeO provide 

approximately equal values of bulk density at 1300 

and 1375°C. Increasing treatment temperature to 

1450°C leads to less dense material. Samples 

containing higher contents of BeO exhibit lower 

densities in contrast to those containing smaller 

contents. This behavior can be attributed to the 

formation of new phases due to increasing 

concentration of BeO powder in each addition with 

assistance of temperature. Figure (2) clearly revealed 

this behavior at different BeO contents. 

 

 
Fig. (2) The variation of bulk density for basic and new 

porcelain versus temperatures 

 

The dependence of compressive strength for basic 

and addition BeO porcelains at different treatment 

temperatures is shown in Fig. (3). It is observed that 

the basic has higher compressive strength, and 

increasing temperature leads to increase compressive 

strength. When the sintering temperature was raised 
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to 1450°C, the molten part of the component starts to 

participate in the dissolution of the quartz phase and 

enhance the densification process. As a result, the 

sintering was improved and products with lower 

porosity and higher mechanical properties were 

obtained. This result was in agreement with that 

obtained from bulk density (dense materials produce 

higher strength). Samples containing less BeO show 

highly compressive strength at 1300°C than those 

treated at 1450°C. Increasing BeO content and 

treatment temperature leads to low strength material. 

 

 
Fig. (3) Compressive strength as a function of heat treatment 

 

The variation of frequency-dependent dielectric 

constant (έ) for basic porcelain and porcelain 

containing different BeO contents at different 

temperatures (1300 and 1450°C) was shown in Fig. 

(4). All samples revealed slightly decrease in 

dielectric constant at lower applied field 40 Hz to 200 

kHz, and then show stable values in spite of 

increasing applied frequency. A comparison between 

the basic and new-composed porcelains revealed high 

value of dielectric constant for the basic porcelain 

with respect to those containing 3 and 7 wt.% BeO. 

Porcelain with a lower annealing temperature 

(1300°C) produce higher έ values in contrast with 

higher temperature (1450°C). This result was also 

recorded for the porcelain samples containing 3 and 7 

wt.% BeO. The composition of the basic porcelain, 

which has high quantities of SiO2 (24wt% knowing as 

quartz), introduces material with high dielectric 

constant. Increasing treatment temperature leads to 

destroy Si-O-Si bonds and then formation of new 

composition with lower έ values. 

 

 
(a) 

  
(b) 

Fig. (4) The dependence of dielectric constant for pure 

porcelain and addition 3% and 7% of BeO to it at different 

heat treatment 

 

Figure (5) shows the relation between the 

dielectric losses or dissipation factor (ε″) and applied 

frequency for basic porcelain and porcelains 

containing 3 and 7 wt.% BeO. Increasing frequency 

leads to pronounced decreasing in ε″ within 

frequency range 40 Hz to 300 kHz. As well, 

increasing frequency for prepared samples shows 

linearly stable values of dielectric losses. Sample 

containing 7 wt.% BeO and subjected to 1300°C heat 

treatment revealed higher dielectric losses than that 

containing 3 wt.% BeO at the same conditions. 
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(b) 

Fig. (5) The dependence of dielectric losses for pure porcelain 

and addition 3% and 7% of BeO to it at different heat 

treatment 

 

 
(a) 

 
(b) 

Fig. (6) The variation of resistance for pure porcelain and 

addition 3% and 7% of BeO to it at different heat treatment 

 

4. Conclusion 

Increasing treatment temperature of basic 

porcelain enhances the bulk density, compressive 

strength and dielectric properties. In contrast, 

increasing the BeO content in the porcelain causes to 

degrade the properties mentioned above. In all 

prepared samples, the octahedral sheet has changed 

into tetrahedral of metakaolin at calcination 

temperatures of 1300 and 1450°C, which was 

confirmed by the FTIR spectroscopy. The properties 

of porcelain can be enhancing by controlling the 

fractional content of BeO as well as the treatment 

temperature of the composition. 
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