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Summary 

 

In 2010 Prof. Andre Geim and Prof. Konstantin Novoselov won the Nobel Prize in Physics “for 

groundbreaking experiments regarding the two-dimensional material graphene”. While for 

decades it was believed that two-dimensional materials are thermodynamically unstable and thus 

impossible to exist, A. Geim and K. Novoselov have made the impossible become possible when 

they have isolated for the first time in history a single sheet of graphene using a simple exfoliation 

method named “the scotch-tape method”. This represented a groundbreaking point in the research 

field of low-dimensional carbon-based nanomaterials, and it marked the start of a new era: the 

graphene era. Since then, scientists from everywhere have started exploring the new world of 

graphene and its derivatives: graphene oxide (GO) and reduced graphene oxide (RGO). While 

seeking to address various challenges raised by the high-costs for synthesizing pristine graphene, 

it was proven that RGO represents a cheaper and a viable solution, but also an excellent alternative 

to replace graphene in a plethora of applications. RGO is able to maintain outstanding electrical, 

optical, and mechanical properties very similar to those of graphene. However, the scientific world 

is constantly struggling to understand and improve the processability of RGO in various aqueous 

or organic solutions in order to broaden its range of applications. 

This thesis aims to explore the processability of RGO in both water and organic solvents. While 

the stability of RGO in water is very poor due to the Van der Waals interactions between the 

graphitic sheets, we strived to maximize the concentration in which one can obtain a stable 

dispersion of RGO in water. Additionally, we have developed a novel synthesis method to 

successfully reduce graphene oxide (GO) in an organic solvent, N,N-dimethylformamide (DMF). 

The method does not involve the use of any reducing or stabilizing agents, and it led to obtaining 

a homogenous and stable dispersion of RGO in DMF after only 30 minutes of microwave-assisted 

heating. Nonetheless, we have proved that the RGO dispersions obtained using our solvothermal 

microwave-assisted method can be blended with polymeric materials, such as poly(methyl 

methacrylate) (PMMA), leading to composites with improved thermal properties. The 

PMMA/RGO composites have been proved as promising for applications in thermal management 

and heat sinks. This addresses one of the biggest challenges that come with the miniaturization 

and integration of electronics into smaller and more powerful devices. 

This thesis is structured in two main sections (Part I - Literature Review and Part II - Original 

Contributions) and it follows a clear thread from the basic unit of graphene-based materials – the 

carbon atom – to the complexity of their structure and properties, their synthesis methods, and 

their practical applicability, with a particular emphasis on reduced graphene oxide (RGO). 



Chapter 1 presents a literature review that summarizes an up-to-date knowledge on graphene, GO, 

and RGO. This chapter focuses on the most commonly used synthesis methods, how they tailor 

the structure of the resulting materials, and, of course, the relationship between the structure and 

the unique and outstanding properties that they possess. 

Chapter 2 presents a state-of-the art on the vast applicability of RGO in all aspects of life. Starting 

from energy-storage applications and optoelectronics, to bioapplications and nanomedicine, 

reduced graphene oxide has proved itself as an excellent alternative due to its outstanding 

properties similar to those of pristine graphene. 

Chapter 3 is the first chapter to discuss the research results related to this thesis. Here we explore 

the processability of RGO in water and we optimize the microwave-assisted hydrothermal 

synthesis method of RGO with the aid of hydrazine hydrate and ammonia. We strive to maximize 

the concentration in which RGO can be synthesized using this method, and we investigate the 

behavior of RGO dispersion in water when employed for the thin film deposition by spin-casting 

and drop-casting. 

In Chapter 4 we present a new synthesis method for RGO in N,N-dimethilformamide (DMF). Our 

proposed method is time-efficient and facile, and involves the microwave-assisted reduction of a 

GO dispersion in DMF at 120 °C, in only 30 minutes, without using any additional reducing or 

stabilizing agents. This successfully led to homogenous and stable dispersions of RGO in DMF. 

The success of this synthesis method was confirmed by an in-depth analysis of the as-obtained 

material using spectroscopic and microscopic analysis methods. 

In Chapter 5 we demonstrate further the applicability of the synthesis method deployed in Chapter 

4. Here, we blend the RGO dispersion in DMF with poly(methyl methacrylate) (PMMA) in order 

to obtain PMMA/RGO composite thin films with improved thermal properties. While 

investigating the thermal properties of the produced composite, we have noticed an outstanding 

increase in thermal conductivity up to 210% for PMMA/RGO composite with a concentration of 

0.5 wt% RGO. This result opens new opportunities to use this type of composites as thermal 

interface materials for automotive industries. 

In Appendices we have included some supplementary information related to the development of 

the synthesis method for RGO in DMF (Appendix A), and the simulation results obtained for the 

PMMA/RGO composite demonstrating its potential performance as a thermal interface material 

(Appendix B). 
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