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Abstract. In this study, we have investigated the surface analysis and 
optoelectronic properties on the synthesis of N-CNT/TiO2 composites thin 
films, using sol gel method for a dye synthetized solar cell (DSSC) which 
is found to be simple and economical route. The titanium dioxide based 
solar cells are an exciting photovoltaic candidate; they are promising for 
the realization of large area devices. That can be synthetized by room 
temperature solution processing, with high photoactive performance. In the 
present work, we stated comparable efficiencies by directing our 
investigation on obtaining Sol Gel thin films based on N-CNT/TiO2, by 
dispersing nitrogen (N) doped carbon nanotubes (N-CNTs) powders in 
titanium tetraisopropoxyde (TTIP). The samples were assessed in terms of 
optical properties, using UV—visible absorption spectroscopic techniques. 
After careful analysis of the results, we have concluded that the mentioned 
route is good and more efficient in terms of optoelectronic properties. The 
gap of “the neat” 0.00w% N-CNT/TiO2 is of 3eV, which is in a good 
agreement with similar gap of semiconductors. The incorporated “w%N-
CNTs” led to diminishing the Eg with increasing N-CNTs amount. These 
consequences are very encouraging for optoelectronic field. 

1 Introduction 

Carbon nanotubes are the subject of many investigations in various areas such as composite 
materials [1-3], in the (Li ion) batteries to increase their performance [4], the storage of the 
energy [5], optic [6] and photovoltaic [7]. And for the photovoltaic field, there are several 
important characteristics that need to be considered for a photocatalyst as TiO2 in dye 
sensitized solar cells (DSSC), it is crucial to be able to transfer holes from the sensitizing 
dye after the dye has injected electrons in the titanium dioxide (TiO2). On the other hand, 
DSSCs  
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based on nanostructure materials offer very low cost and relatively efficient photovoltaics’  
energy conversion [8]. The used routes don’t embody any inconvenient to the dye layer on 
the titanium dioxide nano crystallites [9]. Due to its ecofriendly production, the DSSCs are 
extensively studied for the reliable and safe energy source [10].  

In this study, we have shown that the TiO2 and N-CNT composed an active layer, and 
the electrons recombination procedure may affect the best conversion of DSSCs’ 
efficiency. Given that the nitrogen doped CNT has a special structure and can conduct 
electrons at room temperature (RT). Where the electrons are generated from TiO2 under 
light irradiation, the N-CNT compound can also easily conduct photoelectrons. The 
analysis of the present results concluded that the sol gel route is good and more efficient in 
terms of optoelectronic properties. 

This work provides new insights into the development extrinsic semiconductors, which 
attracts great interest in the current solar nanotechnology. Indeed, nitrogen doped carbon 
nanotubes (N-CNTs) are known by their large surface area, high electrical conductivity and 
chemical stability. These properties have provided to N-CNTs potential applications in N-
CNT-based composites which are used as candidates for nanoelectronic devices. In fact, the 
synergistic effect of N-CNTs and TiO2 is caused by the improved photocatalytic activity 
through reducing recombination efficiency of electron-hole pairs. 

2 Synthesis 

The “hybrid CNTs” were synthesized within catalytic chemical vapor deposition in a 
fluidized room reactor by ethylene C2H4 as carbon source and acetonitrile/N2 as 
nitrogen/carbon source. The experiment carried out initially with C2H4 (650 ml/min) for ½ 
hour aimed at producing CNT. And the N-CNTs were produced from acetonitrile/N2 for 35 
min. The carbon nanotubes were purified via aqueous solution of Sulfuric acid ‘H2SO4’ – 
50 vol % under refluxes for 3h 10min. 

For titanium isopropoxyde (C12H28O4Ti), the coated solution is obtained by dissolving 
3ml of C12H28O4Ti from Aldrich 98% 6ml of isopropanol: C3H8O, then  different ‘weight’ 
percent (%) of N-CNTs  powders (0.09; 0.25 and 0.4wt %) were dispersed in the obtained  
solution. This mixture is stirred at 65°C for 12min. Then, 6ml of acetic acid: CH3COOH 
was added. After that, other mixture was stirred in 20min. Within 2hours, the final mixture 
is being stirred after adding 12ml of methanol: CH3OH to have the Sol Gel solution. This 
latter was spincoated on indiumtinoxide (ITO) glass substrates. The ITO should be etched 
with detergent, followed by ultrasonic cleaning for few minutes, then rinsed with deionized 
water and finally steaming at 110 °C for 10 minutes. Then, the annealing temperature has 
been elevated from 100 – 500°C.  

3 Specific area and pores diameter within BET and BJH 
schemes 

The mesoporous structure of TiO2 was examined within the pores diameter calculations and 
surface area. The multipoint N2gas sorption is experimented at 77K to examine the specific 
area and pores diameter of the synthesized TiO2 via the “micromeritics ASAP2010”. The 
specific surface calculations are based on Brunauer, Emmett et Teller (BET), which is 
expressed by [11]: 

(1) 
The  is the monolayer capacity, where presents the molecular crosssectional area. 

 stands for Avogadro constant. The pore size distribution was obtained by t the Barrett, 
Joyner, and Halenda (BJH) scheme [12]. For BJH, the sorption data in the relative pressure 
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range from 0.05-0.25, the calculating pore size distributions is from empirical isotherms via 
the Kelvin model of pore filling. It is applicable only to the small macro pore size and 
mesopore range. Hence, the Table 1 shows the evolution of “surface area” and “pores 
diameter” versus annealing temperatures. 

Table 1. Pore diameter and specific surface area of TiO2 associated to annealing temperature. 
Annealing temperature 

(°C) 
Pore diameter 

PD(nm) 
Specific area (SBETm2.g-1) 

 
100 1.95 205 

300 2.09 160 

500 4.86 125 

As noticeable through Table 1, The increase of annealing temperature augments give 
rise to pores diameter (PD) which reaches the maximum up to 500 °C. Thermal treatment of 
the powders at 500°C leads to a systematic decrease of the SBET values and a considerable 
enlarging of the average pore size. So, to keep high SBET, the annealing temperature is 
limited to 300 °C at which crystal growth was slightly affected, these data suggest the 
difference in porosity can affects their sorption and photocatalytic behaviors of TiO2. 

4 Optical characterization and Swanepol method  

The absorption spectroscopic technique, enable us to record the optical transmission of the 
layers as a function of wavelength, and determining the value of the optical gap (Eg) of the 
layer as well as the refractive indices of the films. For this purpose, the following formulas 
are given by the method of Swanepol and Manifacier [13-14]. 

(2) 

where d is the thickness of the film. 𝑛1 and 𝑛2 present, respectively, the refractive indices of 
the films for 𝜆1 and 𝜆2 “adjacent wavelengths”. Titanium oxide is a transparent material, 
whose refractive index in bulk form is equal to 2.5 (anatase phase) [15]. Whereas, in the 
form of a thin layer, its refractive index varies according to the conditions of preparation. 
According to the authors [16-17], the refractive index varies between 1.9 and 2.5. 

In this work, we assume that the deposited thin films are homogeneous. The porosity of 
thin films is calculated from the following equation [18]. 

2

2

1
1 .100(%)

1D

n
Porosity

n

 
          (3) 

 
Where nD is the refractive index of pore-free TiO2[19], and n is the refractive index of 
porous thin films. From this equation, we can assume the relationship between the 
refractive index and the porosity. Low porosity lead to the increase of n. Thus, in order to 
have remarkably higher refractive indexes, our films must be highly densified. 
 The refractive indices in the spectral region of transparency is expressed by: 

(4) 

Where N is the Swanepoel coefficient in the transparent spectral region. And S is the 
refractive index of the glass. 

(5) 

3

E3S Web of Conferences 183, 05002 (2020)
I2CNP 2020

https://doi.org/10.1051/e3sconf/202018305002



Where and  are the maxima and minima of the transmittance curve. To predict the 
absorption (𝛼) in terms of transmittance (T), we have the following formula 

𝛼 =  ln ( )        (6) 

4.1 Transmittance and the optical gap Eg 

For the fields of spectroscopy, we can distinguish the ultraviolet (UV), infrared (IR) and 
microwave. In the present study, we used a double beam recording spectrophotometer for 
UV—Visible spectral “300—800nm”. The transmittance (T) presents the ratio of 
transmitted light intensity to the incident light intensity. To plot the spectra, a blank 
substrate was used in the reference beam of the spectrophotometer, a computer device is 
connected to this unit enable us to visualize imitates the spectra which are representing the 
transmittance (T) of the film. 

The obtained spectra of transmittance (T) connected to N-CNTs/TiO2 composites were 
plotted (Fig. 1). This figure shows typical spectra of N-CNTs/TiO2 in the range of 300—
800nm with different “N-CNTs wt %”. At this point, it is concluded that the T decreases 
with increasing the incorporated N-CNTs in wt%. The obtained film shows a high 
transmittance for TiO2thin film, it is of 77.5%. And Tis of 61% for the “0.40 wt% N-
CNT/TiO2“composite. 

 
 

Fig. 1. The transmittance (T) versus wavenumber for 0.00; 0.09; 0.25 and 0.40 wt% N-CNTs/TiO2 
composite 
In the UV range, the abrupt decrease in film transmittance is due to the fundamental 
absorption of light. It corresponds to transitions between valence band towards the 
conduction band when there is excitation charge carriers. Beyond the fundamental 
absorption threshold, the absorption coefficient follows a variation with the energy ∆Eg, 
which is expressed by the following relation [20]: 
 

 
2 2

3

*
3

8g

h nE
m  

    (7) 
 
Where h stands for the Planck constant, m* refers to the effective mass of the carriers and 
nis the concentration of free electrons. 
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From the transmittance spectra, we can calculate the optical gap (Eg) value of 
semiconductors from Tauc method [21]. Where the wavelength composing white light are 
scanned via the spectrophotometer and electromagnetic radiation interacts with matter. The 
IR causes vibrational transitions in molecules while the UV—Vis cause electronic 
transitions. Then the absorptions start to consider the band gap of the semiconductors. 
Graphically, it is possible to define the optical gap within the followed formula [22-24]. 

(8) 
h, ν, α, n and B present the “Planck constant, vibration frequency, absorption, the power 
factor and B is a proportional constant”, respectively. The curves of 2   as function of 
energy characterize a linear portion whose intersection with the axis of hv, gives the 
optical gap. From the T spectra, we have the Eg of the N-CNTs/TiO2 composites, see (Fig. 
2). 
N-CNTs fillers contents were indicated on (Fig. 2. a, b, c and d). The gap of “the neat” 
0.00w% N-CNT/TiO2 is of 3eV, which is in a good agreement with similar gap of 
semiconductors [25]. Due to the augmentation of the fillers content, the optical gap values 
are reduced from (Fig. 2.a to Fig. 2.d). Clearly in the same figure, we showed the 
determination of optical gap by the extrapolation from variation of (αhv)2 versus hv. Hence, 
the incorporated “N-CNTs wt%” led to diminishing the Eg with increasing N-CNTs 
amount. 
Similar behavior of band gap energy is expressed by TiO2/MWCNT nanocomposites [26]. 
However, our studied composites revealed larger absorption and shift towards shorter 
wavelengths. 
These consequences are very encouraging, therefore we have focused our attention on the 
front of a solar cell component, by performing the electrical measurements of the obtained 
thin films. 

  

  
Fig. 2. The behavior of (αhv)2 versus photon energy for 0.00; 0.09; 0.25 and 0.40 wt% 
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4.2 Sheet conductivity behaviour in “wt% N-CNTs/TiO2” composite gap 

The obtained N-CNTs/TiO2 composite were investigated in the surface conductivity point 
of view, which is extracted from surface resistivity recognized as sheet resistance defined 
by the followed formula [17]: 

(9) 
Where  is the resistivity. The film prepared by solgel route using different amount of % N-
CNT exhibited an early threshold conduction at 9%, which gives a good promising thin 
film in the terms of the conductivity electric, see (Fig. 3). 

It is noted that the reduction of resistivity involves an augmentation in the carrier 
concentration. Increasing the quantity of carriers leads to an augmentation in the visible 
absorption, then increasing the figure of merit (FOM) of the present thin films based on N-
CNTs/TiO2. The transparent conductive oxides (TCO) are extensively used in solar cell 
fields, to get high quality TCO films, it is important to define the (FOM) for qualifying 
those layers of films and predicting the influence of the used TCO films on solar cells 
process. The obtained results are validated with the optical properties of the elaborated “N-
CNTs/TiO2” composite. These findings supposed that those thin films are good candidates 
for the optoelectronics field. 
 

 
Fig. 3. Variation of average conductivity in wt% “N-CNTs/TiO2”  

According to (Fig. 3), it is noteworthy that electrical conductivity of unloaded thin film is 
of the order of 10-9S/cm. It is linearly enhanced when the concentration of incorporated N-
CNTs are elevated. Typical behavior is expressed by TiO2 based thin films as shown by 
[27], they observed decrease in sheet resistance with increasing number of deposited 
bilayers indicates that the MWCNT/TiO2 films become more conductive. They attribute 
this increase in conductivity to an increase in MWCNTs in the films and, more importantly, 
to the increased percolation of MWCNTs within the nanocomposite film as more bilayers 
are deposited. This evolution is more probably due to number carriers increase within TiO2 
host matrix. Therefore, the gap must drop significantly, in good agreement with Burstein -
Moss theory [28, 29]. 
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5 Conclusion 

For the N-CNT/TiO2 composites, the synthesis, specific area and pores diameter within 
BET and BJH schemes were described. The current study was based on the solgel 
elaboration, since it is efficient route. The optical characterization and Swanepol method 
were discussed. The obtained spectra of T connected to N-CNTs/TiO2 composites shows 
typical spectra in the range of 300—800nm with different “N-CNTs wt %”. The obtained 
film shows a high transmittance for TiO2 thin film, it is of 77.5%. And T of 61% for the 
“0.40 wt% N-CNT/TiO2“composite. The gap of “the neat” 0.00w% N-CNT/TiO2 is of 3eV, 
which is in a good agreement with similar gap of semiconductors. The incorporated “w%N-
CNTs” led to diminishing the Eg with increasing N-CNTs amount. It is noted that the 
reduction of resistivity involves an augmentation in the carrier concentration. Increasing the 
quantity of carriers leads to an augmentation in the visible absorption. These consequences 
are very encouraging for optoelectronic application. 
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