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Abstract: In this work, carbon nanotubes were prepared by chemical vapor deposition (CVD) and doping by different molarity of 

titanium dioxide Ti O2 (0.00, 0.05 and 1.5) molar. UV/VIS spectrophotometer technique was used to investigate the optical 

characteristics of all samples. The maximum  absorbance value is 1.82 ( a.u ) for carbon + Ti O2 (1.5 molar )and the minimum 

value is 0.99 ( a.u ) for carbon + Ti O2 (0.00 molar ) , absorbance of CNT samples that treatment by Titanium dioxide was   

increased due to Ti O2 molarity increased at 258 nm  . The maximum value of refractive index is (2.79) for all samples that made 

at wave length range (345 -368) nm. The samples have a direct electronic transition, and the optical energy gab decreased with 

molarity increased. This results leads to that Titanium dioxide is a good material to enhance the optical properties of carbon 

nanotubes. 
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Introduction 

 Carbon nanotubes (CNT) are the basis of nanotechnology. Carbon with an atomic number of 6 plays a pivotal role in 

nanotechnology. They were discovered by Iijima accidentally while studying the surface of graphite electrode used in electric arc 

discharge [1]. A carbon nanotube (CNT) is a hexagonal array of carbon atoms rolled up into a long, thin, hollow cylinder and are 

known for their size, shape, and remarkable physical properties. They can be manipulated chemically and physically for their 

application in material science, electronics, energy management, biomedical application and many more [2]. Carbon nanotubes 

(CNTs) are one dimensional carbon materials with aspect ratio greater than 1000. They are cylinders composed of rolled -up 

graphite planes with diameters in nanometer scale [3]. The cylindrical Nano tube usually has at least one end capped with a 

hemisphere of fullerene structure.  Depending on the process for CNT fabrication, there are two types of CNTs: single -walled 

CNTs (SWCNTs) and multi walled CNTs (MWCNTs). SWCNTs consist of a single graphene layer rolled up into a seamless 

cylinder whereas MWCNTs consist of two or more concentric cylindrical shells of graphene sheets coaxially arranged around a 

central hollow core with Vander Waals forces between adjacent layers [4]. According to the rolling angle of the graphene sheet, 

CNTs have three chirality’s: armchair, zigzag and chiral one[5] .Carbon nanotubes are represent a promising material due to their 

unique physicochemical properties: their nanoscale needle shape, high chemical stability, thermal conductivity, and mechanical 

strength, which confer an advantage in the fabrication of field emitters  [7] .CNTs have amazing properties, which make them 

potential candidates for a wide range of applications, such as electro catalytic electrodes, molecular channels for water and protons 

transparent conductive films, electrostatically  dissipative materials, in photo catalysis ,  in electronics (diodes, transistors, FETs, 

logic gates), thermoelectric, chemical and biological sensors, thermal interface materials (TIMs), magnetic storage devices , 

reinforcement in polymer nanocomposites  ,smart materials, biocompatible devices, in battery storage, and elsewhere [8,9]. 

 Method 

Samples were prepared by adding 5g of graphite powder to mixture of 50 ml of sulfuric acid and (25 ml) of nitric acid. Due to the 

acid reaction, the solution was cooled down up to   oC using an ice bath.     of sodium chlorate was added to solution in addition 

to the doping elements which were titanium(0.00, 0.05 and 1.5) molar .The solution was heated up to    
o
C in water bath for 24 

hours then placed in the air for 3 days. Most graphite percolated in the bottom   but some carbons were floating. The floating 

carbon materials were transferred to 1 l of Deionized water (DI). After stirring for 1 hour the solution was filtered and dried. The 

optical properties were investigating using UV/VIS Spectrophotometer at ranged (200 – 800) nm.  

   

 

Results & Discussion  

After carbon nanotubes were prepared by chemical vapor deposition (CVD) and doping by different molarity of titanium dioxide 

Ti O2 ,and used UV/VIS spectrophotometer to investigate the some  optical characteristics and electrical conductive as showing 

blow . 
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Fig (1)   absorption curve of carbon sample +TiO2 in different molar (0.00, 0.5, 1.0 and 1.5). 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig (2)   absorption coefficient curve of carbon sample +TiO2 in different molar  

(0.00, 0.5, 1.0 and 1.5). 
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Fig (3)   transmission curve of carbon sample +TiO2 in different  

molar (0.00, 0.5, 1.0 and 1.5). 

 

 

 

 

 

 

 

 

 

 
 

 

Fig (4)   reflection curve of carbon sample +TiO2 in different  

molar (0.00, 0.5, 1.0 and 1.5). 
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Fig (5)   attenuation coefficient curve of carbon sample +TiO2 in different molar 

 (0.00, 0.5, 1.0 and 1.5). 

 

 

 

 

 

 

 

 

 

 

 

Fig (6)   refractive index curve of carbon sample +TiO2 in different molar 

 (0.00, 0.5, 1.0 and 1.5). 
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Fig (7)   rail dialectical constants curve of carbon sample +TiO2 in different molar 

 (0.00, 0.5, 1.0 and 1.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (8)   imaginary dialectical constants curve of carbon sample +TiO2 in different molar 

 (0.00, 0.5, 1.0 and 1.5). 
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Fig (9)   optical energy band gap curve of carbon sample +TiO2 in different molar 

 (0.00, 0.5, 1.0 and 1.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (10)   optical conductivity curve of carbon sample +TiO2 in different molar 

 (0.00, 0.5, 1.0 and 1.5). 
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In figure (1) shows the absorbance of carbon sample doping by TiO2 in different molar were in the wavelength range (250 – 550) 

nm, the maximum value of absorbance is  1.82 (a.u) at wavelength (258) nm corresponding photon energy 4.8 eV for carbon +TiO2 

(1.5 molar) and the minimum value is  0.99 (a.u) at the same wavelength for carbon +TiO2 (0.00 molar). The absorption coefficient 

(α) of carbon sample doping by TiO2 in different molar showing in figure (2), that has been calculated using the formula   
         

 
   where (A) is Absorbance, (l) is Optical length on the sample, the maximum value of      is (2.410

2
) cm

-1
 for carbon 

+TiO2 (1.5 molar) and for carbon +TiO2 (0.00 molar) the value is (4.610
2
) cm

-1
 at the same wavelength, also in fig(2)  show that 
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the value of absorption coefficient (α) increase when molar rated increase . And in figure (3) shows the transmission (T) of all 

sample that treatment by the carbon and TiO2 in different molar, the treatment at range of (300-476) nm, and the value of 

transmission increase by molarity decrease. For the reflection of carbon sample doping by TiO2 in different molar show the results 

in figure (4) that has been calculated using this formula       , the maximum value of (R) equal 0.2 (a.u) for all samples at 

the wavelength 345 nm for carbon +TiO2 (0.00 molar) and 365 nm for carbon +TiO2 (1.5 molar) in this wavelengths the sample 

has be mirror. In figure (5) shows the Extinction coefficient (Attenuation Coefficient) (K) of carbon samples doping by TiO2 in 

different molar, it was calculated using formula   
  

  
  , the maximum value of (k) equal (1.7710

-5
) at 271 nm for carbon +TiO2 

(1.5 molar) and the minimum value is  (9.8210
-5

) for carbon +TiO2 (0.00 molar) at the same wavelength. In figure (6) shows the 

refractive index (n) of the sample that we have study, (n) is defined as the ratio between the speeds of light in a vacuum to its 

speed in material, and it has been calculated using formula [(
   

   
)
 

       ]
   

 (
   

   
)  .The value of (n) equal (2.79) for all 

samples at wave length range (345 nm) for the carbon +TiO2 (0.00 molar) sample and at 368 nm for the carbon +TiO2 (1.5 molar) 

sample. The real 1 and imaginary 2 dielectric constants  of carbon samples doping by TiO2 in different molar showing in figure 

(7) and figure (8) that have been calculated using this formulas           for real dielectric constants,         for 

imaginary dielectric, the value of 1 equal 781 at wavelength 345 nm for carbon +TiO2 (0.00 molar) , the same value at 368 nm for  

carbon +TiO2 (1.5 molar), the effect of molar in the value of (1) when  the molar increases the wavelength in the red shift . The 

value of 2 equal (3.3810
-5

) at 352 nm for carbon +TiO2 (1.5) molar, but for carbon +TiO2 (0.00 molar) sample equal (3.1310
-5

) 

at 326 nm. The optical energy band gab which has been calculated using the relation                     where C = 

constant and n = type of transition, and the optical energy gap has been obtained by plotting       vs photon energy (h) that as 

show figure (9) the optical energy band gap of carbon samples doping by TiO2 in different molar, the value of Eg is 3.52 eV for 

carbon +TiO2 (0.00 molar) and 3.34 eV carbon +TiO2 (1.5 molar), this means the energy gab increase with molarity decrease.  At 

last the optical and electrical conductivity have been calculated using relations      
   

  
   for optical conductivity and        

(
       

 
) for electrical conductivity as showing in Figure (10) and (11),the value of optical conductivity (σopt) is 1.43x10

10
 Sec

-1
 at 

323.3 nm for carbon +TiO2 (0.00) molar and  the same value at 352.4 nm for carbon + TiO2 (1.5) molar. And for the electrical 

conductivity the maximum value equal 49.3 (Ω.cm)
-1

 for carbon + TiO2 (1.5) molar at 370 nm and the minimum value is  46.3 

(Ω.cm)
-1

 at 349 nm for carbon +TiO2 (0.00) molar   . 

Conclusion  

The value of absorbance and absorption coefficient were increased due to TiO2 molar increase. Reflection value was 0.2 (a.u) for 

all samples at wavelength range (345 to 268) nm. Maximum refractive index (n) value is (2.79) for all samples .And the optical 

conductivity (σopt) value equal 1.43x10
10

 Sec
-1

  for all carbon nanotube that treatment samples .The maximum value of electrical 

conductivity (σelec) = 49.3 and the minimal value equal 46.3  (Ω.cm)
-1

 .  The energy band gab increase from (3.34 to 3.52) eV due 

to molarity decrease. For all this results Titanium dioxide is a good material to enhance the optical characteristics of carbon 

nanotubes. 
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