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Summary 

The structural versatility of carbon allotropes offers a variety of 

opportunities to employ them in diverse applications both as a pristine 

material and as building block in hybrid materials. Single-walled carbon 

naotubes (SWCNTs), carbon nanofibers (CNFs) and graphene can serve to 

engineer the physical and chemical properties of carbon-based hybrid 

architectures and devices. These hybrid functional systems have a great 

potential to become the driving force of the technology of the future. 

However, for this to become a reality a deeper understanding of the 

synergy and optimization of the various related synthesis techniques and 

routes is needed. 

The research work presented in this thesis had a focus on (a) the synthesis 

of aligned and unaligned SWCNTs to study their optical and photoinduced 

charge transfer mechanism to understand the intertube interactions for 

opto-electronic device applications. Further, successful (b) synthesis, 

characterization and designing of hybrid functional materials based on CNFs 

and graphene has been achieved. We employed chemical vapour 

deposition (CVD), hydrothermal solution processing and thin film deposition 

techniques for the development of these hybrids systems. The properties of 

these hybrid systems were then studied systematically to evaluate their 

potential use in various applications. 

In Chapter 3 we described the integration of CNFs with vertically aligned 

InAs nanowires grown by molecular beam epitaxy on an InAs substrate. The 

CNFs were grown by chemical vapour deposition using C2H2 as a precursor. 

This method allowed excellent control over position, pattern, stability and 

orientation of the CNFs, and we could demonstrate that connections of two 

adjacent InAs nanowires with CNFs are achieved by tuning the experimental 

conditions, without demolishing the original network of pristine nanowires. 

Further, an increased growth rate was obtained using iron as a catalyst.  

Chapter 4 reports on the synthesis of vertically aligned and unaligned 

SWCNT and on the photoinduced charge transfer mechanism in these 
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structures. The nanotubes were grown on Al2O3/SiO2/Si and TiN/Si 

substrates by CVD, using iron as a catalyst and C2H2 as precursor. Using 

time-resolved reflectivity measurements with a pump energy quasi-

resonant with the second Van Hove singularity of semiconducting tubes, a 

positive sign of the transient reflectivity was detected in unaligned 

nanotubes. In contrast a negative sign was detected in aligned nanotubes. 

This discovery addresses a long-standing question showing that in unaligned 

nanotubes the stronger intertube interactions favour the formation of 

short-lived free charge carriers in semiconducting tubes. A detailed analysis 

of the transient reflectivity spectral response shows that the free carriers in 

the photo-excited state of semiconducting tubes move towards metallic 

tubes in about 400 fs. This observation provides a road map for upcoming 

technologies conjugated to the intra and intertube conductivity. 

The optical response of vertically aligned SWCNTs was the subject of 

Chapter 5. Bundled nanotubes were synthesized on Al2O3/SiO2/Si substrates 

by CVD. The Raman spectra revealed that the diameter of these nanotubes 

ranges from 0.9 to 1.55 nm. One-colour transient reflectivity measurements 

carried out on these tubes and compared with the already published results 

on unaligned nanotubes. The negative sign of the optical response for 

aligned tubes indicates that the free charge carrier character revealed for 

unaligned bundles is only due to the intertube interactions favoured by the 

tube bending rather than being caused by structural defects or by the 

arrangement of nanotubes in the form of bundles. This result is also 

confirmed by the presence of non-linear excitonic effects in the transient 

response of the aligned bundles. 

In Chapter 6 we reported on the synthesis of high quality pure ZnO 

nanowires and reduced graphene oxide-ZnO (rGo-ZnO) hybrid 

nanostructures in a single step process at low temperature (90°C). The 

hydrothermal solution process, which we employed, turned out to be a 

facile and cost effective strategy to design the rGo-ZnO hybrid interface. 

The technique also allowed the fabrication of hybrid architectures, in the 

form of thin films, on low cost and flexible substrates such as plastic.  We 

could also show that the interface properties can be modified by thermal 
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annealing. In fact, Raman and X-ray photoelectron spectroscopy revealed 

healing of the rGO–ZnO interface due to the detachment of functional 

groups. This scheme offers a way to engineer functionality-specific interface 

properties to boost the performance of hybrid materials. 

Chapter 7 focussed on the synthesis and characterization of GO-TiO2 

nanocomposite thin films as electron transport layer for perovskite solar 

cell applications. The GO and TiO2 nanoparticles were respectively 

synthesized by a modified Hummer’s method and by hydrothermal 

processing. Thin films of GO-TiO2 nanocomposites with varying wt% content 

of GO were produced by spin coating on ITO substrates. The complete 

morphological and structural characterization revealed an ohmic contact 

between the GO-TiO2 thin films and the ITO substrate. Thermal annealing at 

400 ᵒC increased the transmission of the films in the visible range, 

suggesting their suitability as an efficient window layer material.  

In conclusion, this work on the synthesis and design of next generation 

carbon-based hybrid functional materials can be seen as a good starting 

point and extended in the future by modifying the presented materials to 

obtain specific properties desired for particular applications. 
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