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Abstract

Resorcinol–formaldehyde (RF) cryogels were synthesized by sol–gel polycondensation of 

resorcinol with formaldehyde and freeze-drying was carried out with t-butanol. Carbon 

cryogel (CC) was obtained by pyrolyzing RF cryogels in an inert atmosphere to 950 oC. 

Nitrogen doped CCs (CCN) were synthesized by introducing melamine into RF precursor 

mixture solution to obtain nitrogen concentration 2, 6 and 10 wt. %. Material was 

characterized by elemental analysis, nitrogen adsorption– desorption measurements, scanning 

electron microscopy (SEM), Raman spectroscopy, FT-IR Spectroscopy. Cyclic voltammetry 
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Abstract:
In this paper, we present a novel and low – cost method for preparing copper sulfide 

films on polyamide. Non-treated as well as pre-treated PA6 films by 3 different methods (in 
boiled water; in NaOH solution; in boiled water and then in NaOH solution) were used for 
the formation of Cu2S layers by the sorption-diffusion method. Molten sulfur has been used as 
a sulfurization agent. The XRD, FTIR, and UV-VIS methods were used to characterize the 
structural, optical, and electrical properties of samples and to track changes in samples after 
each treatment stage. The sheet resistance of Cu2S layers depends on the pre-treatment 
method and varied from 7 sq sq. The optical band gaps (Eg) for direct and 
indirect transitions are determined to be 2.61–2.67 eV and 1.40-1.44 eV, respectively. 

-VIS measurements.
Keywords: Thin film; Copper sulfide; Polyamide 6; X-ray diffraction; Optical properties.

1. Introduction

Copper sulfides, CuxS, x=1–2, are one of the most important compounds of 
chalcogenide semiconductor materials due to their low toxicity, versatility, and availability. 
They can be used as absorbers and p-type semiconductors due to their excellent electrical, 
optical, and structural properties [1–3]. The electrical conductivity of copper sulfides is 
decreasing from CuS to Cu2S, direct bandgap values vary from 2.2 to 2.9 eV in Cu2S, 2.1 eV 
in Cu1.8S, and 1.7 eV in CuS [1,4–6].

Copper sulfides are widely applied as thin films and composite materials with 
technologically important applications in optoelectronic devices [7,8], sensors [9,10], 
photocatalysis [11,12], photovoltaic cells [10,13], for high-energy supercapacitors [14,15], 
battery electrodes [7,16,17], and in biomedical fields [18,19]. Recently, they found 
application as counter electrodes in quantum dot sensitized solar cells [15,20]. For all these 
applications, the material must be highly accessible; therefore, it is very important to identify 
simple and inexpensive production technologies on a large scale.

The deposition of a thin layer of copper sulfide on the surface of an organic polymer 
is one of the simple ways to obtain electrically conductive films for the manufacture of 
electronic devices, because they can change properties from a semiconductor to a metal 
conductor. The ability of a polymer to sorb fine particles from a solution provides 
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Abstract 

Flexible polymers modified with copper sulfides have emerged as a novel class of materials, 

presenting composite structures with remarkable properties suitable for applications in flexible 

electronics. This study focuses on the deposition of copper sulfide (CuxS) layers onto the surfaces of 

polyamide and polypropylene through the chemical bath deposition method, employing either 2 or 3 

deposition cycles. The objective is to explore the impact of deposition cycles and discern the optimal 

conditions for the deposition process. Comprehensive analysis of the CuxS thin films entails techniques 

such as scanning electron microscopy (SEM), Raman spectroscopy, UV-VIS spectroscopy, and X-ray 

diffraction to shed light on their structural and optical characteristics. 
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Abstract:
Sphene based glass-ceramics (CaTiSiO5), an excellent candidate for a host lattice of 

ceramic materials and for nuclear waste immobilization, has been prepared from a powder 
mixture of CaCO3, TiO2 and SiO2 using vibro-milling for homogenization. Starting powders 
were melted at 1400 °C for 2 h, cooled to room temperature, grounded again, then 
crystallized by thermal treatment yielding a sphene glass-ceramic. The evolution of the phase 
composition during thermal treatment was investigated by X-ray powder diffraction (XRPD), 
FT-IR, Raman and thermal analyses (TG-DTA). Pure synthetic single phase sphene was 
formed at 800 °C for 4 h, even it is very hard to obtain monophase powder at such low 
temperature. Powder morphology was analyzed by scanning electron microscopy (SEM).
Keywords: Sphene; Glass-ceramics; Mechanochemistry; XRPD, TG-DTA.

1. Introduction

Glass-ceramics can be used for various applications, such as thermal, chemical, 
biological and dielectric ones. These kinds of materials offer great possibilities as we can 
control their properties, including strength, resistance to abrasion and coefficient of thermal 
expansion [1]. Another advantage is the simple fabrication process in combination with a
lower production cost [2-5]. The synthesis of the parent glass is an important step in preparing 
the final glass-ceramic material because the precursors and their percentage in the glass 
composition manage the precipitation of the crystalline phases. The results of this process can 
provide glass-ceramic with the desired properties.

Beside the biomaterials field, the glass-ceramics can be used as nuclear waste storage. 
They are significantly more durable than borosilicate glasses in a wide variety of leachates at 
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Abstract: Hybrid substrates based on three structurally distinct diatom biosilica coated with 
ultrathin uniform gold were utilized in SERS. The comparative analysis showed that substrates 
containing cylindrical Aulacoseira sp. valves achieved the enhancement up to 8-folds. © 2022
Gilic et al.

1. Introduction

Surface-enhanced Raman spectroscopy (SERS) is an outstanding tool for qualitative and quantitative analysis, with 
a sensitivity that enables the analyte detection down to a single-molecule level. In the core of this technique are the 
plasmonic active substrates that could couple the incoming laser light and free electrons within, which launches 
surface plasmon polaritons in case of a planar surface or localized surface plasmon resonance in case of 
nanoparticles [1,2]. Additional enhancement could be obtained through utilizing hybrid substrates that include 
photonic crystals (PCs) or resonant gratings, which leads to the coupling, for instance, of guided-mode resonance 
(GMR) with the surface plasmonic resonance and thus additionally increases SERS [2].  Diatoms are unicellular 
aquatic algae whose exoskeleton represents one of the exquisite examples of natural 2D photonic crystals. To the 
best of our knowledge, a few diatom species, mainly Pinnularia, have been used to fabricate hybrid substrates for 
SERS coated with either silver or gold NPs or rarely non-uniform thin films [3]. It has been suggested that diatom 
valves mainly contribute to the SERS through GMR [3, 4], but also with concentrating analyte molecules as well as 
nanoparticles on their surface and pore rims. However, coating the valves with nanoparticles or non-uniform golden 
films creates the hotspots without homogeneity for the SERS signal over the entire valve surface. 

In this work, we aim to experimentally evaluate SERS enhancement and homogeneity obtained by hybrid 
substrates consisting of ultrathin uniform golden film (10 nm) coating the biosilica valves of three different diatom 
species of distinct structural features. The obtained results were supplemented by theoretical calculations. 

2. Experimental work

The diatom monolayers of Coscinodiscus radiatus (CR), Gomphonema parvulum (GP), and Aulacoseira sp. (Aula) 
on glass substrates were coated with 10 nm golden film via physical vapor deposition, after applying a self-
assembled monolayer of 3-mercaptopropyl trimethoxy silane to assure the thickness homogeneity. Scanning electron 
microscopy was obtained with Hitachi SU8030. Raman measurements were obtained on Horiba XploRA with 
638nm laser line. Theoretical calculations were done with COMSOL 5.5 using the frequency domain method.

3. Main results and discussion

The uniformity of Au layer and fine structure of hybrid substrates were characterized with SEM. As can be seen 
from Fig.1a, the gold is evaporated uniformly over the sample creating a smooth film with no signs of dewetting or 
voids. The 3 chosen valves differ significantly in terms of size, shape, and parameters. The GP (Fig.1b) has small 7

ong oval valves, with rows of 0.1 µm pores with spacing 0.2 µm within a row. Aula has cylindrical valves of 15 
µm diameter with a flat top surface, pore size of 0.3 µm, and pore spacing within a range of 0.6 1 µm (Fig.1c). 
Finally, CR has large circular valves of 100 µm and 3 pore layers, where the largest pore size is 1.2 µm (Fig.1d).

Fig. 1. SEM of the valves with the golden thin film. a) gold, b) Gomphonema parvulum, c) Aulacoseira sp., d) Coscinodiscus Radiatus. Insets in 
(c) and (d) show the whole valve.



The SERS spectra of a dried drop of 10-3 M Rhodamine 6G (R6G) in ethanol obtained on different substrates are 
presented in Fig 2a. All three diatom valves give a significant enhancement compared to golden film without 
biosilica - the signal enhancement of the spectrum obtained on GP was 5.5x, on CR 6.8x, and finally on Aula 8.4x. 
Raman mapping of intense mode of R6G at 1360 cm-1 (marked with *) obtained on the golden coated Aula valves is 
shown in Fig.2b. The mapping image corresponds the optical image and no doubt the signal is homogeneously 
stronger on the valve than the surrounding substrate. The pore size and spacing are the key parameters in 
considering the valve as a photonic crystal-like structure, and within the three valves they are comparable to the 

exc. In such dielectric structures, the occurring of GMR is expected at specific wavelengths and can be coupled 
to the plasmonic resonance to enhance electromagnetic (EM) fields close to the surface. In case of Aula valve, pore 

exc, while pore exc/2.

Fig. 2. a) Raman spectra of R6G obtained on four different substrates; b) Raman mapping of 1360 cm-1 mode on Aulacoseira sp. valve; c) The EF 
exc a GMR . The EF was initiated from the left with an input 

strength of 1 V/m.

The theoretical calculations were carried out on statistically representative selected 2D cross-sections (CS) to 
investigate the possible contribution of GMR in the three hybrid substrates to the observed enhancement in SERS 
with the presence of the gold thin film. The observed GMR of 2D CS in GP valve model was studied extensively in 
our previous work [5 exc under normal incidence in the air. The same 
conclusion was obtained for the 2D CS of CR valves. For Aula 2D CS, GMR maximum on 640 nm is found for the 

exc) electromagnetic field (EF) intensity insignificantly drops from 
6.27 to 5.88 V/m (Fig. 2c). During the GMR, a higher EF intensity was observed within the pores. However, the 

GMR GMR appears at 
778nm. Thus, it requires more effort in future work to find out the possible explanations besides the GMR for the 
enhancement, including the concentration of analyte on the hybrid substrates.

4. Conclusion

The ability of the obtained hybrid structures to significantly and uniformly enhance SERS was proved 
experimentally and showed different enhancements depending on the fine structure of the substrates. The theoretical 
analysis suggests that, in case of some diatom species, GMR might be partially responsible for the SERS 
enhancement.
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Abstract.In this paper we present most probable reactions of Ar+ ion with Ar/BF3mixtures. 
Appropriate gas phase enthalpies of formation for the products were used to calculate 
scattering cross section as a function of kinetic energy. These data are needed for modeling 
in numerous applications of technologically important BF3discharges. Results for transport 
coefficients as a function of E/N (E -electric field; N-gas density), specially rate coefficients 
were obtained by using the Monte Carlo technique. 
 
 

1. INTRODUCTION 

 
Cold plasmas are frequently used in new technologies where they open up the 
possibilities of non-intrusive production or modification of various substances 
(Makabe et al. 2006.). These plasmas have a high electron temperature and low gas 
temperature so non-equilibrium behavior of a large number of species becomes 
important (Robson et al. 2005.). Current computer resources allow studies of 
complex global models (Murakami et al. 2013.) which describe the behavior of 
such plasmas by taking into account a very large number of particles. The 
knowledge of ion-neutral reactions is generally available (see 
https://nl.lxcat.net/data/set_type.php) although the effects of reactions on transport 
parameters of particular ions are much less studied due to non-detectability of 
rapidly vanishing ionic fluxes. This especially holds for ions whose transport is 
affected by fast reactions (Stojanovi  et al. 2014. andNikitovi  et al. 2016.).  
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In this paper we firstly selected the most probable reactions of Ar+ with BF3 
gases for thermodynamic threshold energies below about 15 eV. 
 
 

2. CROSS SECTION SETS 
 
Complete cross section sets for ion transport are scarce in spite of a broad range of 
specific methods relevant for quantification of particular cross sections. The main 
problem in heavy particle scattering, easily and precisely selecting the state of the 
projectile and target before the collision, is still very complicated for a range of 
conditions, so databases for ion scattering (Murakami et al. 2013. and 
https://nl.lxcat.net/data/set_type.php) are still devoid of such data. Phelps 
established the first worldwide accessible database with cross section sets (see 
https://nl.lxcat.net/cache/5b33772b61cf9/) tested for each particular case either for 
swarm conditions of spatially resolved measurements of emission or ion mobility 
values. In order to focus on effects of reactive processes introduced by BF3 we 
neglected all but these two components of the Ar+ + Ar cross section set. Complete 
cross section sets used in this work are shown in Figure 1.  

Appropriate gas phase enthalpies of formation for the products (Table 1) were 
used to calculate thermodynamic thresholds. 
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Figure 1:  Cross section sets for Ar+in BF3. 
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Table 1: Heats of formation fH

0 at 298 K (kJ/mol). 
 
 

3. DISCUSSION AND RESULTS 
 

Monte Carlo Simulations (MCS) have many applications for analysis of the 
transport of charged particles in plasmas. MCS provide swarm data with the only 
the uncertainty due to statistical fluctuations and uncertainties in the cross sections. 
In addition, MCS is the basis of hybrid models of plasmas allowing easy and 
accurate representation of the end effects and of the non-local high energy groups 
of particles which are essential in production of plasmas and treatment of 
surfaces.The MC code used in our analysis is based on the null collisions method. 

In Figure 2 we show rate coefficients for reactions of Ar+ ions with Ar/BF3 
mixtures at T=300K, calculated by Monte Carlo simulations. Rate coefficients are 
important for applications of the global model to Ar/BF3 mixtures. We are 
presenting reaction products and thermodynamic thresholds for Ar+ + 
BF3(Nikitovi  et al. 2019.)formation a) total attachment and b) attachment for 
endothermic and exothermic reaction products.   

 
 

4. CONCLUSION 
 

In addition to presenting the data we show here the effects of non-conservative 
collisions to ion transport. Data for swarm parameters for ions are needed for 
hybrid and fluid codes and the current focus on liquids or liquids in the mixtures 
with rare gases dictates the need to produce data compatible with those models. 

 

  Ion/neutral  (ion) kJ/mol (room 
temperature) 

 

(neutral) kJ/mol 
(room temperature)  

Ar+/Ar  1520.57 0 
Ar2

+/ Ar2  1398.1 -1.01 
B+/B 1363.3 562.7 

BF+/BF   957 -115.8 
BF2

+/BF 2   314 -589.9 
BF3

+/BF 3   364.3 -1137.0 
F+/F   1760.2 79.4 

F2
+/F2  1514.5 0 
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Figure 2: Rate coefficients of Ar+ in Ar/BF3 mixtures. 
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Abstract. Hybrid substrates for Surface Enhanced Raman Spectroscopy (SERS) based 
on diatom biosilica frustules covered with thin uniform gold films have been investigated. The 
observed increased sensitivity has been linked to the resemblance of diatom frustules to 2D 
photonic crystals and associated unique optical properties, such as guided mode resonance 
(GMR) [1, 2]. In this work the enhancement of three structurally distinct diatom biosilica 
species were compared  Aulacosira sp., Coscinodiscus sp. and Gomphonema Parvulum. 
Uniform and well controlled thin layers of gold could be deposited onto the biosilica utilizing 
physical vapour deposition and a self-assembled (SAM) monolayer adhesion layer leading to 
accurate and reproducible SERS enhancement factors without creating artificial hot-spots. 
Those could hamper interpretation regarding the contribution of the frustules intrinsic photonic 
structure and lead to unsatisfactory reproducibility. The in the samples occurring distinct 
structural parameters, obtained from scanning electron microscope (SEM) analysis, such as 
pore size, spacing and other lattice parameters, allow us to study the influence of chosen laser 
excitation lines on coupling of GMR and Surface Plasmon Resonance (SPR), theoretically 
(using COMSOL multiphysics) as well as experimentally. We demonstrate that SERS 
enhancement strongly depends on the frustules morphology, and thus its photonic properties. 
The greatest SERS enhancement factor (of more then 3, compared to gold on flat glass) of 
Rhodamine 6G was obtained on frustules from Coscinodiscus sp., with dominant structural 
parameters in the range of the excitation line. The reproducibility of the measurements was 
verified with Raman mapping. The results suggest that high emphasis should be given to the 
detailed analysis of lattice parameters of the several 100k diatom species and increasing our 
understanding of the structural relationship of the enhancement, for selecting best target 
materials for future bio-sensor application. 

 

REFERENCES 

[1] J. Kraai, A. Wang, G. Rorrer, Adv. Mater. Interfaces 7 (2020) 2000191. 

[2] G. Perozziello, P. Candeloro, M. Coluccio, G. Das, L. Rocca, S. Pullano, A.  Fiorillo, M. De Stefano, E. Di 
Fabrizio, Appl. Sci. 8 (2018) 668. 










































































































