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Introduction 

 

Plasma-liquid interactions are rich sources of highly 

reactive species including solvated electron, H radical, 

OH radical, O3 and H2O2. These reactive species 

possess either high reducing ability or oxidizing ability. 

When plasmas are in or in contact with a liquid, these 

reactive species are transported into the liquid phase 

and leading the interface and liquid phase to be reaction 

zones for many specific physical and chemical 

processes. Because of the rapidly developed plasma 

sources and the growing demands for large-scale 

synthesis of nanomaterials, the field of nanomaterials 

synthesis by plasma-liquid interactions has grown 

significantly in recent decades. 

Cu2O nanoparticles have unique optical, electronic, 

and magnetic properties due to their specific physical 

and chemical properties. Many methods have been 

developed to synthesize Cu2O nanoparticles and the 

chemical precipitation method which belongs to the 

solution-based synthesis method is one of the most 

developed methods. However, in this method, the 

synthesis process needs the parameters of alkaline 

condition and added reducing agent. Therefore, plasma 

electrolysis method provides the possibility for the 

synthesis of Cu2O nanoparticles after the competition 

between the reducing species and oxidizing species 

during the discharge. 

In this dissertation, we have used atmospheric-

pressure plasma electrolysis to synthesize Cu2O 

nanoparticles. 

 

Objectives 

 

In this dissertation, we have chosen Cu as the raw 

material because it’s cheap and widely used. Therefore, 

the objectives of this dissertation are synthesizing Cu2O 

nanoparticles by using plasma electrolysis method, 

exploring the photocatalytic abilities of obtained 

samples and revealing the synthesis mechanism of 

Cu2O nanoparticles. 

 

Importance of this study 

 

During the study on the synthesis mechanism of Cu2O 

nanoparticles, we have investigated various kinds of 

influence factors that affect the synthesis of Cu2O 

nanoparticles and found out that the anodic dissolution 

of Cu and the OH- ion (referred to as pH value) 

dominated the synthesis process. Based on our 

knowledge, the anodic dissolution and the production 

of OH- ions are also existing in conventional electrolysis. 

We have compared plasma electrolysis and conventional 

electrolysis. And we observed the production of Cu2O 

nanoparticles via conventional electrolysis when the 

synthesis conditions were optimized. This result 

indicates that the synthesis mechanism in both plasma 

electrolysis and conventional electrolysis is the same 

even though we have found several differences between 

the obtained products synthesized by the two methods. 

Revealing the synthesis mechanism is one of the 

most important research in the nanomaterial synthesis by 

plasma-liquid interactions. In this dissertation, we have 

proposed the synthesis mechanism of Cu2O 

nanoparticles by using plasma electrolysis. The physical 

and chemical processes during the plasma discharge are 

very complicated. We must consider not only the 

functions of plasma, but also the other factors. The 

synthesis mechanism of Cu2O nanoparticles via plasma 

electrolysis can be extended to other transition metals. 

Plasma electrolysis is a promising method to synthesize 

the metal oxide nanoparticles of Mn, Co and Ti. 

 

Outline of this study 
 

In this dissertation, the author has successfully 

synthesized Cu2O nanoparticles by using atmospheric-

pressure plasma electrolysis. On this basis, the effects of 

additive surfactants were investigated. In order to clarify 

the synthesis mechanism of Cu2O nanoparticles, the 

influence factors which affect the synthesis process were 

also explored. Based on the experimental results, the 

author has proposed the appropriate synthesis 

mechanism. The conclusions of the present work are 

summarized as follows. 

In Chapter 2, a simple atmospheric-pressure argon 

plasma electrolysis system was used to synthesize Cu2O 

nanoparticles in the presence of glucose. The XRD and 

SEM results showed that the Cu2O nanoparticles were 

successfully synthesized which proved the powerful 

property of the plasma electrolysis. During the plasma 

treatment, the pH value was changed depending on the 

compositions of the solution. The influence of the 

glucose concentration on the crystallinity and shape of 

the final products was also investigated. The glucose 

played an important role as the capping agent which 

could tune the crystallinity and the phase. Amorphous 

Cu2O crystalline, Cu2O nanoparticles and a mixture of 

Cu2O nanoparticles and Cu2Cl(OH)3 were synthesized 

under the conditions corresponding to high, medium, and 

low concentrations of glucose, respectively. 

In Chapter 3, the effects of the additive surfactants, 

glucose, ascorbic acid and cetyltrimethylammonium 



bromide (CTAB), on the shapes and sizes of the 

obtained products were experimentally investigated. In 

the case of glucose, the product formed without 

surfactant or with low glucose concentration was made 

of polyhedral and star-like samples. The products 

formed at high glucose concentration consisted of 

small-sized nanoparticles and a few sphere-like 

structures formed by small-sized nanoparticles. In the 

case of ascorbic acid, as the ascorbic acid concentration 

increased, the morphologies of products evolved from 

polyhedral with surfaces littered with small-size 

nanoparticles, polyhedra with coarse surfaces, 

polyhedra with smooth surfaces, to small-sized 

nanoparticles. In the case of CTAB, as the CTAB 

concentration increased, the morphologies of products 

evolved from a polyhedron shape, irregular shape, core-

shell sphere shape, to spherical shape. The 

photocatalytic abilities of the produced products were 

also tested by visible-light photocatalytic degradation 

of organic dye methyl orange (MO). The results 

showed that the surfactant of glucose (2.0 mM) was 

favorable for obtaining Cu2O nanoparticles with high 

absorption efficiency of MO molecules, while the 

surfactant of ascorbic acid (2.0 mM) favored the 

formation of Cu2O nanoparticles with strong visible-

light photocatalytic activity on the MO degradation. 

And the synthesized Cu2O nanospheres by using CTAB 

showed good photocatalytic activity on MO 

degradation. 

In Chapter 4, the study on the several factors which 

affect the synthesis of Cu2O nanoparticles was carried 

out. Different from chapter 2 and 3, the solution in this 

work was NaCl solution without any additives. The 

effects of the concentration of NaCl solution, the 

concentration of dissolved oxygen, the electrolyte 

temperature and the pH value of electrolyte, were 

investigated. The results indicate that some of them 

affect the synthesis, but some do not. A higher 

concentration of NaCl solution is more suitable for the 

formation of Cu2O. The concentration of dissolved 

oxygen does not affect the synthesis of Cu2O. The 

higher electrolyte temperature can improve the 

crystallinity of the final products. A high concentration 

of OH- around the anode Cu plate is an important factor 

for the synthesis of Cu2O nanoparticles. The most 

important is that we observe the production of Cu2O in 

the vicinity of the anode plate even though the plasma 

is used as the cathode in the electrolysis system which 

exceeds our expectation. We originally expected that 

the reduction of Cu2(OH)2
2+ which was driven by 

solvated electrons and/or atomic hydrogen at the 

plasma-liquid interface was the key for the synthesis of 

Cu2O. This phenomenon makes us reconsider the 

synthesis mechanism of Cu2O. 

In chapter 5, we proposed the possible synthesis 

mechanism of the Cu2O nanoparticles on the basis of 

the experimental results. The synthesis mechanism 

indicates that the Cl- concentration and the pH value of 

the electrolyte dominate the synthesis of Cu2O 

nanoparticles. A high NaCl concentration, the efficient 

generation of OH-, and the fast transport of OH- are the 

important factors for the efficient formation of Cu2O. 

The experiment results also indicate that the plasma 

electrolysis is not a unique method to synthesize Cu2O 

nanoparticles. We observed the formation of Cu2O 

nanoparticles by the conventional electrolysis. 

Therefore, the comparison between conventional 

electrolysis and plasma electrolysis was also explored. 

We found the differences between the obtained products 

synthesized by conventional electrolysis and plasma 

electrolysis. They were the synthesis rate, the minimum 

NaCl concentration, and the size and the shape of 

synthesized nanoparticles. 

In this dissertation, we have proved that it is possible 

to synthesize Cu2O nanoparticles by using plasma 

electrolysis and investigated various kinds of parameters 

which affect the synthesis products. We proposed the 

synthesis mechanism of Cu2O nanoparticles on the basis 

of the experimental results and found the Cu2O 

nanoparticles could also be formed by the conventional 

electrolysis. 

 

Challenges and outlook for the future 
 

In this thesis, a simple plasma-liquid interactions system 

was used to synthesize Cu2O nanoparticles. In this 

system, argon or helium plasma was used as a cathode 

while Cu plate was used as the anode. The electrolyte 

was NaCl solutions with different concentrations. In the 

initial stage, we believed the possibility of synthesizing 

copper and copper oxide nanoparticles by using plasma-

liquid interaction systems because it can produce various 

kinds of high reactive species. Amounts of research on 

the Au and Ag nanoparticles synthesis have proved their 

powerful ability for nanomaterial synthesis. However, 

the experiments demonstrate that it is different in the 

case of transition metal nanoparticles compared with the 

case of noble metal.  

We proposed the synthesis mechanism of Cu2O 

nanoparticles on the basis of the experimental results and 

our knowledge on anodic dissolution of Cu. However, 

there were still some shortcomings on the synthesis of 

Cu2O nanoparticles. Even though we have investigated 

the influence factors on the synthesis of Cu2O 

nanoparticles, the formation of byproduct Cu2Cl(OH)3 is 

still a problem. The other challenge is that the sizes and 

shapes of the formed products are not homogeneous. In 

order to obtain Cu2O nanoparticles with controlled sizes 

and shapes, the further experiments need to be done by 

adjusting both the plasma and liquid parameters.  

On the other hand, the proposed synthesis 

mechanism can also be used to explain the synthesis of 

transition metal and metal oxide nanoparticles 

synthesized by plasma-liquid interactions systems such 

as Iron and Aluminum. Because they are belonging to 

the transition metal which means they have some similar 

properties. 



 

 


