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1. Introduction 

Carbon-based nanomaterials, such as carbon aerogels, nanospheres, and graphene oxide, are 

the subject of many research, due to their varied and tunable properties. They are often studied 

as nanocomposites with semiconductor oxides, because their interaction has advantageous 

properties. Many possible applications exist for both stand-alone carbon structures and 

composites, including the field of catalysis and electrochemistry. Semiconductor oxides (e.g. 

TiO2, ZnO) are widely researched as photocatalysts to solve environmental problems (water 

and air purification). However, their photocatalytic activity is hampered, on the one hand, by 

their large band gap, and, on the other hand, by the rapid recombination of photogenerated 

charge carrier electrons and positive holes, which are responsible for the photocatalysis. Several 

strategies are used to address these problems, including narrowing the band gap toward the 

visible range (e.g. by doping with a heteroatom) and inhibiting recombination (e.g. by making 

a composite), or alternatively, producing a photonic crystal with an inverse opal structure from 

the semiconductor oxide, where the light-matter interaction is improved via the slow photon 

effect due to the photonic band gap. 

Carbon-based nanostructures are particularly suitable as cocatalysts in nanocomposites with  

semiconductor oxides, since because of their high specific surface area, they inhibit the 

recombination as electron acceptors, and the metal-oxygen-carbon bond can have a band gap 

narrowing effect. Furthermore, carbon nanostructures exhibit significant photocatalytic activity 

even by themselves, about which there are relatively few studies in the literature, and the quality 

and quantity of the surface oxygen-containing functional groups are essential in this activity. 

Atomic layer deposition (ALD), a surface-controlled gas phase technique, is a favorable 

possibility for the fabrication of carbon nanomaterial/semiconductor oxide composites and 

inverse opal structures. 

In my doctoral research, I dealt with three carbon nanostructures: nitrogen doped carbon 

aerogel, carbon nanospheres, and graphene oxide. Regarding the nitrogen doped carbon 

aerogel, TiO2 and ZnO layers were grown on it with ALD in different thicknesses to obtain 

nanocomposites. Carbon nanospheres were used as a template to prepare titania inverse opal 

photonic crystal using ALD. From the graphene oxide, using thermal treatment with different 

atmospheres and temperatures, as well as chemical reaction, reduced graphene oxide samples 

were made, with varying degrees of reduction. The properties of the samples prepared during 

the initial and further steps were characterized by several analytical methods, and their activity 

was investigated in photocatalytic model reactions in the degradation of organic dyes. 



 
 

2. Literature background 

There is a wide variety of nanostructured carbon materials. Their common property is that 

their size fall within the nanometer range along one of their dimensions. Such materials include 

carbon aerogels, carbon nanospheres, and graphene oxide studied in my work. Carbon aerogels 

are widely researched due to their very high specific surface area and diverse pore structure 

beside their very low density. Oxygen- and nitrogen-containing surface functional groups can 

be formed during the synthesis, which significantly affect the properties of the final product. 

Carbon spheres can be produced in a very wide range of sizes, from a few nanometers to 

micrometers, depending on the desired application. Graphene oxide is a derivative of the one 

atomic layer thick, two-dimensional graphene. It has oxygen-containing functional groups, and 

the properties of the material can be tuned by reducing the material to varying degrees. 

Heterogeneous photocatalysis based on semiconductor oxides is currently researched for the 

environmentally friendly degradation of organic pollutants present in the environment (water, 

air). The most widely used photocatalyst is TiO2, but ZnO is also the focus of many studies. 

Being white, they absorb only ultraviolet light, which is a problem in applications utilizing solar 

radiation, as only about 5 % of sunlight falls in this range, hence, shifting their absorption 

toward the visible range would be preferred. Another process that negatively affects 

photocatalytic activity is the recombination of photogenerated charge carriers (electrons and 

holes), which results in the energy of the absorbed photon to be dissipated as heat, instead of 

initiating redox reactions. Thus, increasing the activity can be fundamentally achieved by 

solving the two problems mentioned above. Possible solutions for narrowing the band gap are 

to dope the semiconductor oxide with some metallic (gold, tin) or non-metallic element (carbon, 

nitrogen, sulfur), to use organic dye sensitizers, to prepare nanocomposites or inverse opal 

structures, which may make the absorption of lower energy photons at visible wavelength 

possible. Another option to improve the photocatalytic activity is to inhibit the recombination 

of the excited charge carrier electrons and holes, for which electron acceptor substrates (e.g., 

carbon-based materials) are suitable, as the electron migrates from the photocatalyst to them, 

and thus leaves the surroundings of the hole. 

The use of carbon nanomaterial cocatalysts for semiconductor oxides is a very common 

method. Numerous publications in the literature deal with the preparation, characterization and 

photocatalytic activity of carbon nanomaterial/semiconductor oxide composites. Among others, 

single and multiwalled carbon nanotubes/TiO2, reduced graphene oxide/TiO2, carbon 

aerogel/TiO2, fullerene/TiO2, carbon nanotube/ZnO, graphene/ZnO, graphene oxide/CuO, and 



 
 

reduced graphene oxide/Cu2O composites were already studied. Their activity has been 

investigated in several photocatalytic reactions, including the degradation of organic molecules 

and the splitting of water. Carbon-based nanomaterials are ideal for this purpose, because they 

are chemically stable, have good electrical conductivity and high specific surface area, and can 

shift the light absorption toward the visible range by sensitizing to visible light as black 

materials. Due to their good conductivity, they act as electron acceptors, thus facilitating the 

separation of the excited charge carriers, i.e. electron is transferred to the carbon substrate, the 

positive hole remains on the semiconductor oxide, and thus, the recombination is physically 

inhibited. In addition, carbon nanomaterials, especially aerogels, can have a very high specific 

surface area, which is also advantageous because ALD can be used to grow a semiconductor 

oxide on them in a uniform layer, so that the semiconductor oxide phase will have a high 

specific surface area. This is essential for heterogeneous photocatalysis to have a large specific 

surface area of the semiconductor oxide phase in contact with the organic material to be 

decomposed, because photoreactions only happen on the surface, moreover, organic matter can 

be adsorbed on the carbon substrate, increasing its concentration near the photocatalyst. 

Although nanostructured carbon materials have long been studied in photocatalysis with 

semiconductor oxides as cocatalysts and supports, they possess significant photocatalytic 

activity also on their own, which has already been demonstrated for activated carbon, carbon 

aerogel, graphene oxide, carbon nanotubes, carbon quantum dots, and carbon nanotubes. The 

exact origin of this activity is not fully known, neither are there too many publications in the 

literature to address this. It is likely that due to the presence of functional groups and heteroatos, 

electron-hole pairs excited by photon absorption are formed on the semiconductor-like carbon 

nanomaterials, and therefore the quality and quantity of the surface, primarily oxygen-

containing, functional groups play a key role in their photocatalytic activity. 

Another approach to improve the activity of semiconductor oxides is to make an inverse opal 

photonic crystal from them, which can increase the light absorption without chemical 

modification of the photocatalyst. An inverse opal consists of a bulk dielectric material (e.g. 

TiO2 or ZnO) in which air cavities of uniform size are located periodically. They can be 

considered as optical semiconductors, analogous to electrical semiconductors. In 

semiconductor oxides, the electron moves in the periodic potential field of the crystal lattice. In 

the photonic crystal, the periodically changing optical refractive index of the medium causes 

the appearance of a photonic band gap in which no photon can occur. The improvement in 

photocatalytic activity is caused by the slow photon effect resulting from the interaction of the 

light reflected by the photonic band gap and the transmitted light at the wavelengths adjacent 



 
 

to the photonic band gap. A stationary wave packet is formed, in which the group velocity of 

the photons slows down, which increases the lifetime and optical path length of the photon in 

the inverse opal. This improves the matter-photon interaction, and the inverse opal can absorb 

light at wavelengths where the bulk semiconductor oxide would not be able to. The cavities are 

mostly formed with polymer or silica sphere templates from which an ordered colloidal crystal 

is made, the gaps of which are filled with the dielectric material, then the spheres are removed 

and the inverse opal structure remains. Carbon nanospheres can also be used in principle for 

this purpose, however, they have not yet been studied in the literature for this application. 

Several methods are used to fabricate photocatalytic carbon nanocomposites and inverse 

opal structures. The technique of choice I used was atomic layer deposition (ALD), which 

allows the uniform and precise coating of nanostructured structures with semiconductor oxides. 

The process of ALD layer growth consists of surface-controlled reactions, and four separable 

steps are repeated in the reactor: 

1. In a first step, one of the gaseous/vapor precursors is chemisorbed on the surface of the 

substrate; 

2. in the second step, the unreacted precursor is purged from the reactor; 

3. then comes the pulse of the reagent, which reacts with the first precursor on the surface; 

4. finally, residual reagents and volatile by-products are purged. 

During an ALD cycle, theoretically one layer of the material to be deposited is formed on 

the substrate, and the thickness increases uniformly with the cycles. In the literature and in our 

research group, TiO2 has already been grown with ALD on several different carbon 

nanostructures to produce photocatalytic composites: fullerene, aerogel, nanosphere, graphene 

oxide and nanotubes. 

3. Experimental methods 

Preparation of the samples 

To prepare the nitrogen doped carbon aerogel, first a resorcinol-melamine-formaldehyde 

polymer hydrogel was made, which, after drying with supercritical CO2, resulted in a nitrogen 

doped polymer aerogel (NPA). To produce the nitrogen doped carbon aerogel (NCA), the 

polymer aerogel was annealed in nitrogen gas. For this carbon aerogel, atomic layer deposition 

of TiO2 and ZnO was performed, both with 60 and 600 ALD cycles as well, to obtain the 

NCA/semiconductor oxide composites. 



 
 

The carbon nanospheres (CS) were synthetized by hydrothermal process, from which face 

centered cubic colloidal crystal opal was prepared on a microscope slide substrate with vertical 

deposition assisted by convective evaporation. Polystyrene spheres (PS) were used as templates 

as well for reference. The obtained opals were coated with TiO2 by ALD, then the spheres were 

removed via annealing, and finally, the upper solid TiO2 layer was wiped off by argon plasma 

sputtering to obtain the TiO2 inverse opal photonic crystals. 

Graphene oxide (GO) was made by the improved Hummers’ method by oxidizing and 

exfoliating graphite in acidic medium. The thermal reduction of the obtained GO was studied 

in three different atmospheres, i.e. air (oxidizing), nitrogen (inert) and 95 %/5 % argon-

hydrogen mixture (reducing), up to three different temperatures: 200, 300 and 900 °C. up. 

Chemically reduced graphene oxide (GO AA) was prepared by reduction of GO with ascorbic 

acid, too. 

 

Characterization methods 

The thermal behavior, stability and processes during the decomposition of the carbon 

nanomaterials were investigated by simultaneous thermogravimetry/differential thermal 

analysis coupled with mass spectrometry (TG/DTA-MS). The starting materials and the 

resulting samples were characterized with several analytical methods, i.e. their composition, 

bonds and optical properties with energy dispersive X-ray (EDX), X-ray photoelectron (XPS), 

inductively coupled plasma-optical emission (ICP-OES), diffuse reflectance ultraviolet-visible 

light (DR UV-VIS), attenuated total reflectance (ATR), Fourier transformation infrared (FTIR) 

and Raman spectroscopy, the morphology was examined with scanning (SEM) and 

transmission (TEM) electron microscopy, and crystal properties with X-ray diffraction (XRD). 

The photocatalytic model reaction was performed with methyl orange probe solution under UV 

light irradiation, and for the inverse opals, visible light irradiation and methylene blue probe 

dried on the surface was investigated as well. In addition, for the graphene oxide samples, 

electrical resistances and cyclic voltammetric curves were measured. 

4. Results 

Nitrogen doped polymer and carbon aerogels 

The TG/DTA-MS analysis of the nitrogen doped polymer and carbon aerogels revealed that 

the polymer aerogel had two decomposition steps in an inert atmosphere. At 150 °C, the 

evolution of the residual acetone solvent and unreacted monomers was observed, then at 



 
 

300 °C, the degradation of the polymer matrix and the carbonization began. The carbonized 

carbon aerogel can be considered stable up to 300 °C, therefore, it is a suitable template for 

ALD up to this temperature. At 900 °C, it loses 6% of its weight, the main source of which were 

the surface oxygen- and nitrogen-containing functional groups, the presence of which were also 

confirmed by FTIR, EDX and XPS measurements. The polymer aerogel did not possess Raman 

activity, the Raman spectrum of the carbon aerogel had the characteristic D and G peaks of the 

carbon, the ratio of which showed that the carbon was amorphous and contained many defect 

sites. This was consistent with the XRD diffractograms, showing to that both aerogels were 

amorphous. SEM images revealed the porous structure, being supported also by the data 

calculated from nitrogen adsorption measurements. 

Nitrogen doped carbon aerogel/semiconductor oxide composites 

Four samples of nitrogen doped carbon aerogel/semiconductor oxide composites were 

prepared with TiO2 and ZnO, both with 60 and 600 ALD cycles. The growth of the crystalline 

semiconductor oxide layers on the carbon aerogels was successful. Based on Raman 

spectroscopy and XRD, the TiO2 was present as anatase, and the ZnO as a wurtzite, meaning I 

successfully prepared such composites using a nitrogen doped carbon aerogel substrate for the 

first time. Composition studies (EDX, XPS, ICP-OES) showed that with the same number of 

cycles, ZnO grew better than TiO2, and as expected more metal was deposited with more cycles. 

After coating the aerogel, the specific surface area and pore volume decreased, due to the partial 

clogging of the pores and the increase in the average density. The change was larger with more 

ALD cycles, and when ZnO was grown, as its growth rate was higher compared to TiO2. An 

exception was the sample coated with 60 cycles of TiO2, in which case the semiconductor oxide 

layer was very thin and therefore did not significantly affect the original values of the aerogel. 

SEM images showed the globular morphology of the nitrogen doped aerogel, on which the 

metal oxides grew, and the images were consistent with the composition and nitrogen 

adsorption studies. TEM images showed crystalline semiconductor oxide particles grown on 

the amorphous aerogel (Fig. 1), which were similar in size to those estimated from XRD data. 

Photocatalytic properties were investigated by decomposition of methyl orange under UV light 

irradiation, and each sample followed the presumed Langmuir-Hinshelwood mechanism well 

(Fig. 1). ZnO samples revealed the lowest activity, especially the one with the thicker coating, 

due to the reduced specific surface area and large crystal particles. The bare nitrogen doped 

aerogel and the TiO2 coated samples showed better activity than the reference P25 TiO2. 

Thicker TiO2-coated and uncoated aerogel decomposed a similar amount of material. Thus, the 



 
 

NCA had a significant photocatalytic effect even without the presence of a semiconductor 

oxide. The best activity was shown by the thin sample coated with 60 ALD cycles of TiO2. In 

the case of this sample, the crystal particles were the smallest, the specific surface was not 

reduced due to the thin coating, and therefore the mechanism that the dye could adsorb on the 

carbon aerogel and thus increasing its concentration in the vicinity of the TiO2 particles was the 

most pronounced here. 

 

Figure 1 TEM image of an anatase TiO2 particle on the nitrogen doped carbon aerogel, and 

pseudo-first order linear fitting for the photocatalytic model reactions 

TiO2 inverse opal photonic crystal prepared from carbon nanospheres 

In my experiments for preparing inverse opal photonic crystals, I used carbon nanospheres 

as template, which were previously uninvestigated in the literature. They possess advantageous 

properties compared to the conventionally used polymer or silica spheres, as they are more heat 

resistant than the former usual polymers (up to 300 °C according to TG/DTA tests), meaning 

they can also be used in higher temperature ALD reactions. In contrast to the SiO2, they are 

easier to be etched because they can be burnt out. From the carbon and reference polystyrene 

nanospheres, face centered cubic colloidal crystals were made on microscope slide substrates 

by vertical deposition utilizing colloidal self-assembly during the evaporation of the liquid. The 

gaps in the opals were filled with TiO2 using ALD, then the spheres were removed by heating, 

and finally, the upper solid layer was wiped off with argon ion sputtering to obtain the titanium 

dioxide inverse opal photonic crystal. Their successful formation was supported by SEM 

images (Fig. 2). The resulting sample for both templates were pure anatase TiO2 based on XRD 

and Raman measurements. The photonic band gap appeared on diffuse reflectance UV-VIS 

spectra (Fig. 2) at a slightly longer wavelength for the sample made with carbon spheres 



 
 

because these spheres were larger than the polystyrene spheres. Absorbance increased at both 

edges of the photonic band gap, suggesting the presence of slow photons. Photocatalytic activity 

was investigated in solution by the decomposition of methyl orange, but it was not very 

effective. Therefore, in another approach, methylene blue dye was dried on the surface of the 

inverse opals, then UV or visible light illumination was used, and the decomposition of the dye 

was followed by UV-VIS reflectance and Raman spectroscopy. The results based on the two 

measurement techniques were similar in most cases, the decomposition was much higher in 

UV, but there was also significant activity in visible light. The bulk TiO2 has absorption only 

in the UV, so the visible light absorption was triggered by the inverse opal photonic crystal 

structure. The combined use of UV-VIS reflection and Raman spectroscopy may be a suitable 

method to monitor photocatalytic processes on the surface of opaque films because it is more 

sensitive than measurement in solution. 

 

Figure 2 TiO2 inverse opal prepared from carbon nanospheres, and the UV-VIS diffuse 

reflectance spectra of the inverse opals, the slow photons are shown with circles 

Characterization of thermally reduced graphene oxide 

Based on TG/DTA-MS measurements of the graphene oxide, the applied atmospheres affect 

the thermal reduction. At 200 °C, only oxygen-containing functional groups left, which was 

supported by EDX and ATR-FTIR measurements in addition to evolved gas analysis mass 

spectrometry results. Degradation of organosulfate groups only started above 200 °C. Graphene 

oxide was completely burnt out at 600 °C in air.  Up to 900 °C in nitrogen, it gradually lost its 

weight. In hydrogen, a mass increase started at 700 °C, (2 % to 900 °C), which may happened 

due to the hydrogenation of the aromatic rings, as indicated by the ATR-FTIR spectra as well. 

The SEM images showed the layered structure of graphene oxide, and after chemical reduction 



 
 

with ascorbic acid, the plates were fragmented due to ultrasonic treatment, and the thermally 

treated samples compacted and formed aggregates. In the Raman spectra, the ratio of the 

intensities of the carbon D and G peaks decreased with each thermal treatment, indicating the 

formation of a more ordered, graphene-like structure, but this ratio increased with chemical 

reduction due to fragmentation. Based on the XRD diffractograms, the characteristic 001 peak 

of graphene oxide shifted to the right as a result of the reduction. The characteristic 002 peak 

of reduced graphene appeared in the samples heated to 200 and 300 °C, and at 900 °C, only the 

002 peak remained. The 001 interlayer distance decreased with heating to 300 °C compared to 

200 °C, but the 002 spacing, along with the crystallite size, was similar at both temperatures, 

regardless of the atmosphere. In the case of the sample reduced with ascorbic acid, the 001 and 

002 distances were the largest because this sample was the least reduced. According to the 

electrical conductivity measurement (Fig. 3), graphene oxide showed resistance in the GΩ 

range and non-Ohmic behavior, as it had semiconductor or insulating properties. However, after 

each reduction step the resistance decreased by several orders of magnitude, and it further 

decreased with higher temperature heat treatment, and finally the sample became conductors. 

In the case of heating in reducing gas, the highest conductivity increase was observed, hence, 

the presence of hydrogen presumably aids the thermal reduction. The cyclic voltammetric 

measurements showed that the capacity was the highest when the graphene oxide was heated 

to 200 °C in air. Based on the photocatalytic studies (Fig. 3), graphene oxide alone had 

significant photocatalytic activity in the decomposition of methyl orange under UV light, 

exceeding the activity of the reference P25 TiO2. Any reduction impaired its activity. The 

smallest reduction in activity was with ascorbic acid treatment, because this sample was the 

least reduced. After the thermal treatments, the amount of decomposed dye was negligible 

because with the elimination of the oxygen-containing groups, the semiconductor 

characteristics of the graphene oxide were lost. 



 
 

 

Figure 3 Results of the electrical resistance measurements and photocatalytic model reactions 

for the different graphene oxide samples 

5. Applications 

A possible practical application of photocatalysis is in the degradation of organic pollutants 

in the environment, such as water and air purification. Based on my work, the nitrogen-doped 

carbon aerogel/semiconductor oxide composites may be suitable for further research, especially 

the sample with the thin TiO2 coating, as it showed the best activity under UV light in the test 

reaction. According to my studies on the TiO2 inverse opal photonic crystal, carbon 

nanospheres are suitable templates for the production of such materials. The experimental 

method used in the photocatalysis measurements on inverse opals for monitoring the 

decomposition of organic dye dried on the surface using UV-VIS reflectance and Raman 

spectroscopy together can be a promising technique for monitoring photocatalytic processes on 

the surface of opaque films. Graphene oxide alone shows significant photocatalytic activity, but 

in its reduced forms it almost fully disappears. Based on my results, it is advisable to study 

more oxidized graphene oxides for this purpose in the future. The highest conductivity for the 

reduced graphene oxide was reached when heaed in hydrogen atmosphere, while the capacity 

was the greatest when heated in air to 200 °C. 

 

 

 



 
 

6. Thesis statements 

1. On the nitrogen doped carbon aerogels prepared from resorcinol-melamine-formaldehyde, 

for the first time I deposited TiO2 and ZnO with ALD, both in two thicknesses. Based on the 

test reaction for the decomposition of methyl orange in UV light, the activity was the lowest in 

the case of ZnO coated samples, and thicker coating were worse for the activity than the thin 

ones. The nitrogen doped carbon aerogel on its own and coated with a thicker layer of TiO2 

showed similarly high activity. The best results were obtained for the thin TiO2 layers on the 

aerogel. The reason for the difference in activities is, on the one hand, a decrease in specific 

surface area, because the growth rate of ZnO is higher with ALD than of the TiO2, and on the 

other hand, TiO2 particle sizes were smaller, especially in the sample coated with the thinner 

layer, and this is more advantageous in photocatalysis. [1,3] 

2. For the first time I used carbon nanospheres as templates for the preparation of TiO2 inverse 

opal photonic crystals with ALD. The photonic band gap appeared on the UV-VIS spectrum of 

the obtained inverse opals, with increased absorbance at both of its edges due to the slow photon 

effect. [2] 

3. I used a new method, UV-VIS reflectance and Raman spectroscopy together to follow the 

photocatalytic reactions on the surface of TiO2 inverse opals, which allows the tracking of 

photocatalysis on the surface of opaque thin films. Photocatalytic activity was also detectable 

in visible light, proving that the inverse opal structure succeeded in increasing the absorption 

through the slow photon effect. [2] 

4. During the thermal reduction of graphene oxide, the oxygen-containing functional groups 

decomposed at a lower temperature than the organosulfates. The electrical conductivity 

increased by several orders of magnitude after heat treatment, the lowest resistances were 

achieved with argon/hydrogen atmosphere. The significant photocatalytic activity of the 

graphene oxide fully disappeared after any thermal treatment, because it lost its semiconductor 

characteristic. The cyclic voltammetric measurements showed that the highest capacity was 

reached by heating to 200 °C in air. [4] 

 

 



 
 

7. Publications 

Publications related to the dissertation: 

1. László Péter Bakos, Joshua Mensah, Krisztina László, Tamás Igricz and Imre Miklós 

Szilágyi, Preparation and characterization of a nitrogen-doped mesoporous carbon aerogel and 

its polymer precursor, Journal of Thermal Analysis and Calorimetry (2018), 134 (2), 933–939.  

DOI: https://doi.org/10.1007/s10973-018-7318-4 

Impact factor: 2.471 

Citations: 9; Dependent: 2, Independent: 7 

2. László Péter Bakos, Dániel Karajz, András Katona, Klara Hernadi, Bence Parditka, Zoltán 

Erdélyi, István Lukács, Zoltán Hórvölgyi, Géza Szitási and Imre Miklós Szilágyi, Carbon 

nanosphere templates for the preparation of inverse opal titania photonic crystals by atomic 

layer deposition, Applied Surface Science (2020), 504, 144443.  

DOI: https://doi.org/10.1016/j.apsusc.2019.144443 

Impact factor: 6.182 

Citations: 2; Dependent: 1, Independent: 1 

3. László Péter Bakos, Joshua Mensah, Krisztina László, Bence Parditka, Zoltán Erdélyi, Edit 

Székely, István Lukács, Zoltán Kónya, Csaba Cserháti, Chen Zhou, Jin Won Seo, Gyula Halasi 

and Imre Miklós Szilágyi, Nitrogen doped carbon aerogel composites with TiO2 and ZnO 

prepared by atomic layer deposition, Journal of Materials Chemistry C (2020), 8 (20), 6891–

6899. 

DOI: https://doi.org/10.1039/C9TC05953A 

Impact factor: 7.059 

Citations: 0; Dependent: 0, Independent: 0 

4. László Péter Bakos, Lőrinc Sárvári, Krisztina László, János Mizsei, Zoltán Kónya, Gyula 

Halasi, Klára Hernádi, Anna Szabó, Dániel Berkesi, István Bakos and Imre Miklós Szilágyi, 

Electric and photocatalytic properties of graphene oxide depending on the degree of its 

reduction, Nanomaterials (2020), 10 (11), 2313. 

DOI: https://doi.org/10.3390/nano10112313 

Impact factor: 4.324 

Citations: 0; Dependent: 0, Independent: 0 



 
 

Further publications: 

5. L P Bakos, N Justh, K Hernádi, G Kiss, B Réti, Z Erdélyi, B Parditka and I M Szilágyi, Core-

shell carbon nanosphere-TiO2 composite and hollow TiO2 nanospheres prepared by atomic 

layer deposition, Journal of Physics: Conference Series (2016) 764, 012005. 

DOI: https://doi.org/10.1088/1742-6596/764/1/012005 

Impact factor: - 

Citations: 4; Dependent: 2, Independent: 2 

6. Nóra Justh, László Péter Bakos, Klára Hernádi, Gabriella Kiss, Balázs Réti, Zoltán Erdélyi, 

Bence Parditka and Imre Miklós Szilágyi, Photocatalytic hollow TiO2 and ZnO nanospheres 

prepared by atomic layer deposition, Scientific Reports (2017), 7 (1), 4337. 

DOI: https://doi.org/10.1038/s41598-017-04090-0 

Impact factor: 4.122 

Citations: 18; Dependent: 6, Independent: 12 

7. Nóra Justh, Barbara Berke, Krisztina László, László Péter Bakos, Anna Szabó, Klára Hernádi 

and Imre Miklós Szilágyi, Preparation of graphene oxide/semiconductor oxide composites by 

using atomic layer deposition, Applied Surface Science (2018), 453, 245–251. 

DOI: https://doi.org/10.1016/j.apsusc.2018.05.064 

Impact factor: 5.155 

Citations: 20; Dependent: 3, Independent: 17 

8. István E. Sajó, László P. Bakos, Imre M. Szilágyi, György Lendvay, József Magyari, Miklós 

Mohai, Ágnes Szegedi, Attila Farkas, Anna Jánosity, Szilvia Klébert and László Kótai, 

Unexpected Sequential NH3/H2O Solid/Gas Phase Ligand Exchange and Quasi-Intramolecular 

Self-Protonation Yield [NH4Cu(OH)MoO4], a Photocatalyst Misidentified before as 

(NH4)2Cu(MoO4)2, Inorganic Chemistry (2018), 57 (21), 13679–13692. 

DOI: https://doi.org/10.1021/acs.inorgchem.8b02261 

Impact factor: 4.850 

Citations: 5; Dependent: 2, Independent: 3 

9. Nóra Justh, Gergő János Mikula, László Péter Bakos, Balázs Nagy, Krisztina László Bence 

Parditka, Zoltán Erdélyi, Viktor Takáts, János Mizsei and Imre Miklós Szilágyi, Photocatalytic 

Properties of Polymer@TiO2 and Carbon@TiO2 Aerogel Composites Prepared by Atomic 

Layer Deposition, Carbon (2019), 147, 476–482. 



 
 

DOI: https://doi.org/10.1016/j.carbon.2019.02.076 

Impact factor: 7.466 

Citations: 19; Dependent: 4, Independent: 15 

10. Anna Szabó, László Péter Bakos, Dániel Karajz, Tamás Gyulavári, Zsejke-Réka Tóth, Zsolt 

Pap, Imre Miklós Szilágyi, Tamás Igricz, Bence Parditka, Zoltán Erdélyi and Klara Hernadi, 

Decoration of Vertically Aligned Carbon Nanotubes with Semiconductor Nanoparticles Using 

Atomic Layer Deposition, Materials (2019), 12 (7), 1095. 

DOI: https://doi.org/10.3390/ma12071095 

Impact factor: 2.728 

Citations: 3; Dependent: 1, Independent: 2 

11. Tibor Szűcs, Pál Szentannai, Imre Miklós Szilágyi, László Péter Bakos, Comparing 

different reaction models for combustion kinetics of solid recovered fuel, Journal of Thermal 

Analysis and Calorimetry (2019), 139 (1), 555–565. 

DOI: https://doi.org/10.1007/s10973-019-08438-8 

Impact factor: 2.731 

Citations: 0; Dependent: 0, Independent: 0 

12. Asmaa Selim, Andras Jozsef Toth, Daniel Fozer, Eniko Haaz, Nóra Valentínyi, Tibor Nagy, 

Orsolya Keri, László Péter Bakos, Imre Miklós Szilágyi, Peter Mizsey, Effect of silver-

nanoparticles generated in poly(vinyl alcohol) membranes on ethanol dehydration via 

pervaporation, Chinese Journal of Chemical Engineering (2019), 27 (7), 1595–1607. 

DOI: https://doi.org/10.1016/j.cjche.2018.11.002 

Impact factor: 2.627 

Citations: 9; Dependent: 3, Independent: 6 

13. László Péter Bakos, Nóra Justh, Ulisses Carlo Moura da Silva Bezerra da Costa, Krisztina 

László, János László Lábár, Tamás Igricz, Katalin Varga-Josepovits, Pawel Pasierb, Elina 

Färm, Mikko Ritala, Markku Leskelä and Imre Miklós Szilágyi, Photocatalytic and Gas 

Sensitive Multiwalled Carbon Nanotube/TiO2-ZnO and ZnO-TiO2 Composites Prepared by 

Atomic Layer Deposition, Nanomaterials (2020), 10 (2), 252. 

DOI: https://doi.org/10.3390/nano10020252 

Impact factor: 4.324 

Citations: 1; Dependent: 0, Independent: 1 



 
 

14. Luminita Predoana, Irina Atkinson, Dániel Attila Karajz, Vincent Otieno Odhiambo, László 

Péter Bakos, Teodóra Nagyné Kovács, Jeanina Pandele-Cusu, Simona Petrescu, Adriana Rusu, 

Imre M. Szilágyi, György Pokol & Maria Zaharescu, Comparative study of the thermal 

behavior of Sr–Cu–O gels obtained by sol–gel and microwave-assisted sol–gel method, Journal 

of Thermal Analysis and Calorimetry (2020) 

DOI: https://doi.org/10.1007/s10973-019-09205-5 

Impact factor: 2.731 

Citations: 0; Dependent: 0, Independent: 0 

8. Conference lectures 

1. Bakos László Péter, Justh Nóra, Hernádi Klára, Kiss Gabriella, Réti Balázs, Erdélyi Zoltán, 

Parditka Bence és Szilágyi Imre Miklós: Mag/héj és üreges szén nanogömb/fém-oxid 

nanokompozitok, XXXIX. Kémiai Előadói Napok, 2016. október 17-19., Szeged, Hungary 

2. Bakos László Péter: Mag/héj és üreges szén nanogömb/fém-oxid nanokompozitok, BME 

VBK TDK Konferencia, Anyagtudományi és polimer kémiai szekció, 2016. november 17., 

Budapest, Hungary, III. place 

3. László Péter Bakos, Joshua Mensah, Krisztina László and Imre Miklós Szilágyi: Preparation 

and characterization of nitrogen doped mesoporous carbon aerogels, 14th International 

Conference Students for Students, 2017. April 25-30., Cluj Napoca, Romania 

4. László Péter Bakos, Nóra Justh, Klára Hernádi, Gabriella Kiss, Balázs Réti, Zoltán Erdélyi, 

Bence Parditka és Imre Miklós Szilágyi: Photocatalytic hollow TiO2 and ZnO nanospheres 

prepared by atomic layer deposition, YUCOMAT, 2017. September 4-8., Herceg Novi, 

Montenegro 

5. Bakos László Péter: Nitrogénnel adalékolt polimer és szén aerogél/félvezető‐oxid kompozitok 

előállítása atomi rétegleválasztással, MKE Analitikai Napok, 2018. April 23‐24., 

Balatonszemes, Hungary 

6. László Péter Bakos, Joshua Mensah, Krisztina László, Bence Parditka, Zoltán Erdélyi and 

Imre Miklós Szilágyi: Preparation of nitrogen doped carbon aerogel/metal oxide composites 

using atomic layer deposition, European Materials Research Society Spring Meeting, 2018 June 

18-22., Strasbourg, France 



 
 

7. László Péter Bakos, Joshua Mensah, Krisztina László, Bence Parditka, Zoltán Erdélyi and 

Imre Miklós Szilágyi: Preparation of nitrogen doped carbon aerogel/metal oxide composites 

using atomic layer deposition, 12th European Symposium on Thermal Analysis and Calorimetry, 

2018 August 27-30., Brasov, Romania 

8. Bakos László Péter: TiO2 inverz opál szerkezetek előállítása szén és polisztirol 

nanogömbökből, XVI. Oláh György Doktori Iskola Konferencia, 2019 January 31., Budapest, 

Hungary 

9. László Péter Bakos, Lőrinc Sárvári, Krisztina László and Imre Miklós Szilágyi: Influence of 

graphene oxide composition on photocatalytic properties, 2nd Journal of Thermal Analysis and 

Calorimetry Conference, 2019. June 18-21., Budapest, Hungary 

10. László Péter Bakos, Lőrinc Sárvári, Krisztina László and Imre Miklós Szilágyi: Influence 

of graphene oxide composition on photocatalytic properties, 5th Central and Eastern European 

Conference on Thermal Analysis and Calorimetry 14th Mediterranean Conference on 

Calorimetry and Thermal Analysis, 2019. August 27-30., Rome, Italy 

  



 
 

 


