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Abstract. Titanium(IV) oxide was embedded into carbon nanotubes through sonication. The water adsorption properties of the carbon nanotubes, titanium(IV) oxide and the titanium(IV) oxide embedded carbon nanotubes have been studied using near infrared spectroscopy and second derivative techniques. Each sample was evacuated, then exposed to 40% and 60% relative humidity to adsorb water molecules and the evolving adsorption near infrared spectra were studied. Adsorption properties were further studied by gravimetric analysis. Near infrared spectroscopic and Scanning Electron Microscopic studies confirm that the titanium(IV) oxide has been embedded into the carbon nanotube samples. The water adsorption profiles show that the TiO2 adsorbs more water at a relative humidity of 60% than at relative humidity of 40%. However, the titanium(IV) oxide embedded in CNTs loses its ability to adsorb water. Embedding of titanium(IV) oxide in CNT has altered the adsorption properties of pure TiO2.  
Introduction
Carbon is the chemical element with atomic number 6 and has six electrons which occupy 1s2, 2s2 and 2p2 atomic orbital. Carbon can bond in different ways to construct structures with completely different properties. It can hybridize in sp, sp2 or sp3 forms. Discoveries of very constant nanometer size sp2 carbon bonded materials such as graphene, fullerenes, and carbon nanotubes have encouraged to make inquiries in various fields. Carbon nanotube is theoretically distinct as a cylinder fabricated of rolled up sp2 hybridized carbon network.

There are two main types of carbon nanotubes that can have high structural perfection. Single-walled nanotubes (SWNTs) consist of a single graphite sheet seamlessly wrapped into a cylindrical tube [1-4] which were first reported in 1993 [2].  Multi walled nanotubes (MWNTs) comprise an array of such nanotubes that are concentrically nested like rings of a tree trunk [1] and were first discovered in 1991 by Iijima [5]. 

Nanotube diameters range from ∼0.4 to >3 nm for SWNTs and from ∼1.4 to at least 100 nm for MWNTs. Nanotube properties can thus be tuned by changing the diameter. Applications for nanotubes encompass many fields and disciplines such as medicine, nanotechnology, manufacturing, construction, electronics, high-strength composites, actuators, energy storage and energy conversion devices, Nano probes and sensors, hydrogen storage media, electronic devices, catalysis [2], field emission displays, radiation sources, nanometer sized semiconductors, interconnects and so on [1].
TiO2 belongs to the family of transition metal oxides. There are four commonly known polymorphs of TiO2 found in nature: anatase (tetragonal), brookite (orthorhombic), rutile (tetragonal), and TiO2 (monoclinic). Titanium(IV) oxide has become one of the important materials in several different fields including medicine, dentistry and photocatalysis. Adsorption properties of Titanium (IV) oxide led to a great number of studies of its surface. Titanium(IV) oxide surface is the most studied surface of any metal oxide. Like other polar surfaces titanium(IV) oxide has the tendency to adsorb polar molecules including water molecules [6].

The CNT/TiO2 nanocomposites have attracted much attention in many fields such as photocatalysis, renewable energy applications, sensor devices and dye sensitized solar cells. In this study, the analytical technique of near infrared spectroscopy, second derivative technique together with gravimetric analysis have been used in revealing the water adsorption properties of carbon nanotubes, titanium(IV) oxide and titanium(IV) oxide embedded carbon nanotubes. Our intention in this article is to learn whether the adsorption properties of Titanium(IV) oxide can be altered by embedding it in CNTs.
Experimental

Materials and methods. Titanium(IV) oxide nano-particles (25 nm diameter) and multiwalled carbon nano-tubes (110-170 nm diameter, 5-9 µm length) were purchased from Sigma Aldrich.

The carbon nanotubes were mixed with TiO2 nanoparticles (25 nm) and the mixture (mass ratio 3:1) was sonicated for two hours using 100% ethanol as the dispersing medium. Then the resulting mixture was dried overnight in an oven at 110ᵒC. 

The adsorption of water molecules on Carbon Nano Tubes (CNT) surface, titanium(IV) oxide surface and on titanium(IV) oxide embedded CNT were studied by near infrared spectroscopy and gravimetry. The CNT samples were evacuated at 350ᵒC, titanium(IV) oxide sample was evacuated at 250ᵒC and titanium(IV) oxide embedded CNTs were evacuated at 350ᵒC to remove the adsorbed water before the analysis.
The near infrared measurements were made using a Perkin Elmer Spectrum One NTS FT-NIR spectrometer (Perkin Elmer Ltd, UK) equipped with a PerkinElmer transflectance accessory and deuterated triglycine sulphate detector. The dry samples were placed in a glass vial with a screw cap containing an air tight septum. The vial was placed directly on the crystal of the transflectance accessory and the near infrared spectrum of the sample was measured in the region 10000 to 4000 cm-1 at a resolution of 16cm-1. A total of 15 scans were made each time. The reflectance spectra of the sample so obtained were converted to log (1/R) format and saved. The samples were then cooled and allowed to adsorb water molecules from a humidity controlled atmosphere. A glycerol / water system was used to control the relative humidity during the water adsorption experiments and near infrared measurements [7]. The adsorption experiments and Infrared measurements were carried out at relative humidities of 40% and 60%.
The water adsorption by these samples also was studied by gravimetry. A small portion of each of the evacuated dry sample was placed in a Near Infrared sample cup and placed on an analytical balance that can record a mass change of 0.0001g. The mass of the sample was recorded continuously over a period of 90 minutes. The measurements were carried out separately at two different relative humidities (40% and 60%).
Results and Discussion

Adsorption of water by TiO2. A collection of Near Infrared spectra of dry titanium(IV) oxide together with spectra acquired during its adsorption of water molecules for 40 minutes and their second derivative spectra are shown in Fig 1 a and b respectively.

The Fig. 1 clearly shows a sharp peak at 7169cm-1. This peak is due to the first overtone of OH on the surface of Titanium (iv) oxide. Titanium (iv) oxide forms hydroxyl groups on the surface by dissociation. These OH groups are polarized because of the high electro negativity of oxygen atoms and can absorb water molecules by forming hydrogen bonds. This process is depicted by the shift of the first overtone adsorption of OH group attached to Titanium atom to a lower wave number. 

The spectra show the differences in water adsorption by the surface. The combination frequency of the water molecules entering the system has the same frequency as free water molecules (5282cm-1). The water molecules diffusing in the bulk as free water are then adsorbed by forming hydrogen bonds with the surface Ti-OH groups. There is only one adsorption peak in the region and therefore there is only one type of Ti-OH groups on the surface. It indicates that there are no inter-hydrogen bonded Ti-OH groups on the surface. Ti-OH groups are not close enough to form hydrogen bonds. Titanium (IV) oxide adsorbs more water at 60% humidity than at 40% humidity.
The mass of water adsorbed by dry titanium(IV) oxide samples determined by gravimetry are shown in Fig.2. These results confirm the conclusion made from the near infrared spectroscopic analysis.
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Figure 1. Near infrared spectra of titanium(IV) oxide samples and their second derivative profiles in the region 5500-5100 cm-1
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Figure 2. Mass of water adsorbed by titanium oxide at 40% and 60% humidities

Adsorption of water by CNTs. The experiments with CNTs reveal that the CNTs have no tendency to adsorb water. There is also no evidence in water molecules penetrating into the CNTs.
Adsorption of water by TiO2 embedded in CNTs. A SEM image of the titanium(IV) oxide in CNTs is shown in Fig.3. It appears that very little TiO2 particles are found in the bulk of the CNTs. Some particles of TiO2 can be seen at the ends of the CNTs. We believe that the TiO2 particles have penetrated inside the CNTs. The NIR spectrum acquired during the adsorption of water by the titanium(IV) oxide particles embedded in CNTs is shown in Fig. 4 and the mass of water adsorbed by the same determined by gravimetry is shown in Fig. 5. The NIR spectrum of the sample shows no Ti-OH peak around 7100 cm-1. However, the absorption due to the combination frequency around 5000 cm-1 confirms the presence of some water molecules in the system. There is no significant change in the intensity of this peak even after 40minutes of exposure to surrounding air. 
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Figure 3. SEM image of the TiO2 embedded carbon nano-tubes     
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Figure 4. The NIR spectrum acquired on TiO2 embedded CNT after 40 minutes of exposure to atmosphere with 60% humidity
The plot from the gravimetric data (Fig.5) shows that the mass of water adsorbed by the titanium(IV) oxide embedded in CNTs is significantly lower than the mass of water adsorbed by the dry titanium(IV) oxide (Fig. 2). This adsorption may come from the adsorption of water by the titanium(IV) oxide particles lying outside the carbon nano-tubes.
Conclusion

The near infrared spectroscopy provides information on the adsorption of water molecules by surfaces containing polar groups and can be employed to deduce the chemical structure of the sample surface. 

The results from the experiments reveal that the titanium(IV) oxide adsorbs water molecules at different rates depending on the humidity of the surroundings. It adsorbs more water at a humidity of 60% compared to a humidity of 40%. 
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Figure 5. A plot showing the mass of water adsorbed on titanium(IV) oxide embedded CNTs at 60% humidity
The results also indicate that the adsorption property of titanium(IV) oxide embedded in CNTs towards water molecules has changed. The peak due to the first overtone of Ti-OH stretching in the adsorption spectrum of Titanium(IV) oxide embedded CNTs is not visible in the NIR spectrum shown in Fig. 4. This indicates that the Titanium(IV) oxide particles are masked by the walls of the CNTs and suggests that the Titanium(IV) oxide particles have penetrated inside the CNTs.
This new property of titanium(IV) oxide embedded in CNTs can be useful in solar cell science and other relevant fields.  
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