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A B S T R A C T   

In this study, rifaximin with copper (Cu) and copper oxide (CuO) nanoparticles (NPs) were 
synthesised. The resultant CuO nanoparticles were used to degrade Rhodamine B (RhB) and 
Coomassie Brilliant Blue (G250). Rifaximin copper and copper oxide nanoparticles were char
acterised using Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), scanning 
electron microscopy (SEM), ultraviolet–visible spectroscopy (UV), X-ray Photoelectron Spec
troscopy (XPS), Transmission Electron Microscopy (TEM), and gas chromatography- 
electrochemical mass spectrometry (GC-EI-MS). An FT-IR study confirmed the formation of Cu 
in the 562 cm-1 peak range. Rifaximin Cu and CuO Nanoparticles displayed UV absorption peaks 
at 253 nm and 230 nm, respectively. Coomassie Brilliant Blue G250 was completely decolourised 
in Cu nanoparticles at 100 %, and Rhodamine B was also decolourised in Rifaximin CuO nano
particles at 73 %, although Coomassie Brilliant Blue G250 Rifaximin Cu nanoparticles absorbed a 
high percentage of dye decolorization. The aerobic oxidation of isopropanol conversion was 
confirmed by GC-MS analysis. Retention time of 27.35 and 30.32 was confirmed using Cu and 
CuO nanoparticles as the final products of 2-propanone. It is used in the textile and pharma
ceutical industries for aerobic alcohol oxidation. Rifaximin CuO nanoparticles highly active in 
aerobic oxidation. The novelty of this study is that, for the first time, rifaximin was used for the 
synthesis of copper and copper oxide nanoparticles, and it successfully achieved decolorization 
and aerobic oxidation.   

1. Introduction 

Rifaximin is a semisynthetic antibiotic that is derived from rifamycin and has poor gastrointestinal absorption, but exhibits 
excellent bactericidal activity [1]. It is commonly used to treat various conditions such as diarrhoea, irritable bowel syndrome, ul
cerative colitis, and hepatic encephalopathy [2]. Rifaximin demonstrates a broad range of activity against both gram-positive and 
gram-negative bacteria, as well as aerobic and anaerobic microorganisms. It is believed to alter the intestinal environment [3]. Thus, 
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the RFX with the molecular formula (C43H51N3O11), and chemical structure in Scheme 1 is as a widely used antibiotic for treating 
infectious diseases, a rapid, sensitive, and selective assay is necessary for its administration [4]. In recent years, material scientists have 
prioritised environmentally sustainable methods for synthesising nanoscale materials [5]. The synthesis of rifaximin nanoparticles, 
particularly using various rifaximin solutions, is an emerging field in environmentally friendly chemistry that is believed to be simple, 
cost-effective, and non-toxic [6]. The use of eco-friendly products for curing and preventing human diseases has increased in recent 
years, attracting the attention of individuals in both developed and developing countries [7]. The widespread use of nanoparticles in 
various fields such as biotechnology, agriculture, chemistry, material science, energy, consumer goods, defense, optics, electronics, 
heavy industries, communications, medicine, microbiology, environmental remediation, and engineering is due to their unique 
properties [8]. Additionally, they are used in applications such as climate change, food, clothing, healthcare, treatment of lethal 
diseases such as cancer and respiratory infections, Alzheimer’s disease [9], cosmetics, water treatment, and diagnostics [10]. Nano
particles can be produced using various techniques, including physical, chemical, and green methods. Among these methods, green 
synthesis is a sustainable and cost-effective way to produce nanoparticles that does not involve the use of hazardous chemicals or high 
temperatures and pressures. Various types of nanoparticles, including Ag [11], Fe [12], Sb [13], Ca [14], and Au nanoparticles [15], 
have been synthesised using this environmentally friendly method [16]. The advantages of inorganic materials, such as copper and 
nickel nanoparticles, extend to energy management, textiles, batteries, healthcare, catalysis, cosmetics, semiconductors, and chemical 
sensing [17]. The utilisation of copper in nanostructures has gained significant interest in recent years owing to its diverse applications 
across various fields of science and technology [18]. Examples of oxide nanoparticles such as CuO [19], MgO [20], AgO [21], CeO2 
[22], ZnO [23], SnO2 [24], and BaO nanoparticles [25] are highly valued for their numerous advantageous properties, including 
superconductivity at high temperatures, electron correlation effects, and spin dynamics, making them powerful tools in various ap
plications. Isopropanol, also known as isopropyl alcohol (IPA), is a crucial chemical raw material and organic solvent due to its alcohol 
molecular structure [26,27]. It is utilised in numerous medications, serves as a solvent and chemical intermediary, and is used to 
produce acetone and acetone derivatives, antiseptics, food additives, cosmetics, coatings, and other products. As a volatile, colourless 
solvent, it is commonly referred to as 2-propanol or isopropyl alcohol [28]. 

Wool fabrics are frequently dyed with water-soluble Rhodamine B dyes, which are also used in the textile industry. Rhodamine B is 
employed in various industries, including paper, plastics, printing, and leather, as a cosmetic, dye, photosensitizer, water tracer, paint 
manufacturing, food processing, fluorescent marker for microscopic structural investigations, and biological dye for biomedical 
research [29]. Coomassie Brilliant Blue (CBB) is a dye that is commonly used to stain proteins in a variety of electrophoretic profiles 
and to quantify solutions. There are two types of CBB dyes, CBB R250 and CBB G-250, which differ in the presence of additional methyl 
groups. The number “250″ in the dye name indicates the concentration of dye, and “Coomassie” is a trademarked name owned by 
Imperial Chemical Industries (ICI) [30]. CBB G250 is commonly used to determine protein concentration [31]. Industrial expansion 
and environmental pollution have negative effects on human health, with water contamination being a serious problem, particularly in 
wastewater from the food, beverage, leather, cosmetic, dyeing, textile, and printing industries. Traditional wastewater treatment 
methods are generally insufficient for dealing with synthetic dyes, which may persist in the environment for extended periods and 
harm ecosystems [32]. Coomassie Brilliant Blue G250 and Rhodamine B are examples of dyes with various chemical structures. 
Organic compounds can be oxidised to produce the desired compounds, and oxidants are also reduced simultaneously. Aerobic 
oxidation is the most effective method for preventing oxidation from contaminating the environment [33]. Efficient and cost-effective 
catalytic systems for aerobic oxidation processes are crucial due to significant advancements in this field. However, conventional 
transition-metal-catalysed aerobic oxidation processes often require precise reaction conditions and expensive radical initiators [34]. 
Oxidation is necessary for activating and controlling radical reactions to produce oxygenated chemicals, such as ethanol, aldehydes, 
ketones, carboxylic acids, and epoxides from hydrocarbons [35]. Developing efficient and long-lasting catalytic processes for selective 
oxidation reactions is important in the pharmaceutical and chemical industries because oxidation is a common concern in the 
manufacturing of fine chemicals [36]. To our knowledge, the present study is the first to focus on exploiting copper and copper oxide 
nanoparticles to enhance the determination of rifaximin using dye decolorization and aerobic oxidation techniques. 

Scheme 1. Synthesis of Cu and CuO Nanoparticles (Rifaximin-Cu-CuO-Nanoparticles).  
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2. Materials and methods 

2.1. Reagents and materials 

All chemicals were of analytical grade and were procured from Sigma-Aldrich. A Thermo Scientific Nicolet iS5 FTIR spectrometer, 
with a range of 4000–400 cm− 1, was utilised to examine all substances. PerkinElmer GCMS model Clarus SQ8 (EI) was employed to 
record mass spectra. 

2.2. Preparation of rifaximin copper nanoparticles 

The copper (II) chloride dehydrate (0.01 mmol) and rifaximin (0.01 mmol) both dissolve in ethanol, and the solutions are placed in 
a round-bottom flask. After the mixture was stirred in a magnetic stirrer for 10 min without heating, 1 mM of sodium hydroxide pellets 
were dissolved in ethanol, and a few drops of the NaOH solution were added. The solution turned dark green to a light blue colour at 
room temperature. The Cu nanoparticles solution was filtered through ethanol and dried, and the mixture was stirred again for 30 min, 
during which time it turned from light blue to green. This procedure resulted in the production of 183.7 mg (95 %) of Cu nanoparticles 
(Scheme 1). 

2.3. Preparation of rifaximin CuO nanoparticles 

Rifaximin Cu nanoparticles are heated at 70 ◦C. The blue colour of the Cu nanoparticles changed to that of black CuO nanoparticles. 
Subsequently, the mixture was cooled and collected. This procedure resulted in the production of 171.3 mg (81 %) of CuO nano
particles (Scheme 1). 

2.4. Aerobic oxidation of isopropanol conversion 

The synthesis of Rifaximin Cu and CuO nanoparticles and the development of novel methods that use substituted aromatic 

Scheme 2. Aerobic oxidation of Isopropanol conversion.  

Table 1 
Reaction transformation of hydroxyl compounds used in industry. 
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aldehydes as essential building blocks for the synthesis of molecules with a variety of functions. GC-EI-MS separation was optimised 
using the parameters described in the techniques section, resulting in the separation of all target components. Finally, isopropanol was 
completely and more quickly evaporated in 2-propanone than in various aliphatic alcohols. A recovery experiment was conducted to 
evaluate the stability and activity of the synthesised Rifaximin Cu and CuO nanoparticles (Scheme 2). Reaction transformations of the 
hydroxyl compounds used in industry (Table 1). 

2.5. Dye decolorization of rifaximin copper and copper oxide nanoparticles 

During the decolorization process, organic contaminants with vivid colours were removed from the sample mixture. When the solid 
product and impurities are thoroughly dissolved in a suitable solvent, this technique is typically applied in the solution phase. Analysis 
of decolorization activity: the dye was dissolved in water in a 5 mL volumetric flask containing 0.2 m mol/liter of each of the two 
different organic dyes, namely Coomassie Brilliant Blue G250 (CBBG250), and Rhodamine B. Next, 2 mg of the synthesised Cu and CuO 
nanoparticles was added. The sample tubes were sealed with Cu and CuO nanoparticles. 

2.6. Characterization of copper and copper oxide nanoparticles (Cu and CuO NPs) 

2.6.1. Fourier transform infrared spectroscopy (FTIR) 
The FTIR investigation was conducted using a KBr pellet approach with a 4000-400 cm− 1 determined spectral range using a Tensor 

27 (Nicolet iS5 FT-IR KBR Windows Spectrometer from Thermo Scientific). The nanoparticles were combined to produce pellets using 
2 mg dry powder and 200 mg KBr [37]. 

2.6.2. UV–vis spectroscopy 
The nanoparticles were created using a quartz cuvette and UV–Vis spectrophotometre (Optizen 3220, double beam) [38]. 

2.6.3. X-ray Photoelectron Spectroscopy (XPS) 
The X-ray photoelectron spectrometry (XPS) technique, which was coupled with an Al K X-ray light source and featured ion 

generators with an energy range of 100–3 K eV, was used to investigate the chemical states and surface chemistry of the elements [33]. 

2.6.4. X-ray diffraction (XRD) 
An X-ray diffractometer was used to examine the XRD patterns of Cu and CuO nanoparticles. The diffractograms were recorded 

using K Cu X-ray energy with Ni-filtration (λ = 1.54 Å) at room temperature (Brucker Corp., Ettlingen, Germany, Model D8 Advance). 
XRD tests were performed in the 5–40 ◦2 range with 0.02 ◦2θ increments [39]. 

2.6.5. Scanning electron microscopy (SEM) 
Scanning electron microscopy (MIRA3 SEM model, Tescan, Czech Republic) was employed to assess the dimensions and shape of 

the Cu and CuO nanoparticles. A voltage of 15 kV was used for the imaging process [40]. 

2.6.6. Transmission electron microscopy (TEM) 
The morphology, shape, and size distribution of the nanoparticles were analyzed using field-emission transmission electron mi

croscopy (FE-TEM, FEI Tecnai F20). In the preparation method, grids covered with nickel carbon were filled with solutions containing 
nanoparticles from the samples and the solvent was allowed to evaporate at room temperature. The elemental makeup of the bimetallic 
nanoparticles was analyzed using a 200 kV ultrathin electronic window, a Genesis liquid nitrogen-cooled energy-dispersive X-ray 
spectroscopy (EDX) detector, and spot size of 1.2 mm and 1.7 mm for Cs and Cc, respectively [40]. 

2.6.7. Gas chromatography and mass spectral analysis (single quadrupole GC-EI-MS) 
PerkinElmer GCMS model Clarus 690-SQ8MS (EI) with EA-1 [dimethyl polysiloxane] 30 m × 0.32 mm x 0.25 m columns was used 

for the analyses. GC-EI-MS was performed using the following parameters: injection volume, 0.5 μL, 250 ◦C, and 20:1 split ratio. After 
maintaining the temperature at 50 ◦C for a minute, the temperature was increased to 280 ◦C at 15 ◦C/min for 2 min. The transport gas 
was helium (99.9995 %) and the impact gas was nitrogen (99.999 %). Helium was used as the carrier gas, and both the transmission- 
line temperature and flow rate were adjusted to 1 mL/min and 250 ◦C, respectively. A solvent delay of 2 min was followed by a scan 
rate of 1500 Da/s that covered m/z 15–502. The quadrupole and source had a temperature of 220 ◦C [33]. 

3. Result and discussion 

3.1. FTIR analysis of rifaximin Cu and CuO nanoparticles 

FT-IR spectrum analysis was used to examine the surface characteristics of rifaximin-Cu and CuO nanoparticles. To determine the 
contribution of rifaximin and associated functional groups to the synthesis and stability of catalysis, the FT-IR spectra of the extract 
before and after the creation of Cu and CuO nanoparticles were recorded. The FTIR spectra of the Cu–O and Cu–O–H samples revealed 
the formation of Cu nanoparticles, as evidenced by the appearance of new peaks in the absorption bands in the 3337-476 cm-1 range. 
Additionally, the bending absorptions at 562 cm-1 were attributed to bonds in the Cu nanoparticles. The infrared spectrum of 
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Fig. 1. FTIR spectrum of Rifaximin Cu and CuO Nanoparticles.  

Fig. 2. UV–Vis spectra of Rifaximin Cu and CuO Nanoparticles.  

Fig. 3. Cu2p XPS ranges of Rifaximin-CuO nanoparticles.  
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monoclinic CuO revealed the presence of a Cu–O bond in the range of 520 cm-1, while the metal-oxygen (M − O) stretching vibrations 
of this compound were observed at 784 and 789 cm-1. The surface of the CuO nanoparticles showed stretching and bending vibrations 
of water molecules and –OH group absorption peaks appearing at 1636.2 and 3337.8 cm-1 (Fig. 1). The presence of copper (Cu) was 
verified through infrared (IR) band measurement in the range of 550–600 cm-1 [41], while the CuO nanoparticles exhibited an ab
sorption peak in the range of 200–800 cm-1 [42]. 

3.2. UV–visible studies of Cu and CuO nanoparticles 

UV–vis spectroscopy was used to characterise the synthesised rifaximin, Cu, and CuO nanoparticle. The UV–vis spectrum of 
rifaximin displays an absorption peak at 330 nm [43], while Cu shows an absorption peak at 253 nm [44]. The absorption peak at 230 
nm, attributed to the core-shell structure of the CuO nanoparticle, may be responsible for the reduced plasmon band in the bimetallic 
nanoparticle [45]. The UV–vis spectra of the rifaximin, Cu, and CuO nanoparticle (Fig. 2). 

3.3. X-ray Photoelectron Spectroscopy (XPS) analysis of rifaximin CuO nanoparticles 

XPS was used to analyse the surface chemistry and oxidation states of the NPs. The CuO NPs were determined to contain Cu, O, and 
C in the XPS survey scan; however, no other impurities were detected (Fig. 3). The XP spectra of Cu 2p electrons displayed Cu 2p3/2 
and Cu 2p1/2 with binding energies of 931.26 and 950.97 eV, respectively, and a spin-orbit splitting of 19.71 eV. These findings 
correspond to the outcomes of earlier research [33]. 

The crystalline phase and structure of the CuO nanoparticles were analyzed using powder X-ray diffraction PXRD tests showed that 
the copper material produced had a cubic lattice and a zero oxidation state. XPS analysis also supported this conclusion. Based on the 

Fig. 4. XRD patterns of the Rifaximin Cu and CuO Nanoparticles.  

Fig. 5. SEM image of Rifaximin, Rifaximin-Cu and CuO Nanoparticles.  
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XRD pattern, it can be inferred that the initial formation of copper hydroxide, which was subsequently dehydrated and thermally 
decomposed to produce Cu2+ oxide, may also be due to the incorporation of CuCl2 into the CuO shell. The Cu2+ and CuO components 
contained copper without a doubt. The peak of Cu 2p3/2 at 932.4 eV is due to CuO, which is most likely caused by CuO nanoparticles 
that are exposed to air and begin to oxidise. 

3.4. X-ray diffraction (XRD) analysis of rifaximin Cu and CuO nanoparticles 

The XRD patterns of the Cu and CuO nanoparticle displayed distinct peaks at specific angles (Fig. 4). The Cu nanoparticle exhibited 
peaks at 32.45◦, 56.28◦, 74.96◦, and 80.03◦, which correspond to the (110), (200), (111), and (112) planes, respectively. On the other 
hand, the CuO nanoparticle showed peaks at 32.46◦ and 56.27◦, which corresponded to the (111) and (200) planes, respectively. The 
strong congruence between our results and the values reported in the literature for metallic copper and its face-centred cubic (FCC) 
structure which matched the data from standard JCPDS (No. 04–0836) [46]. 

3.5. Scanning electron microscopy (SEM) analysis of rifaximin Cu and CuO nanoparticles 

The Cu and CuO nanoparticles’ morphology and size were analyzed using SEM. The rifaximin were investigated using SEM at 5000 
× and 30,000× magnification, and the corresponding micrograph is displayed in (Fig. 5). The size of the nanoparticle plays a sig
nificant role in determining its characteristics and bioactivity. In this study, Rifaximin Cu nanoparticles were found to have sizes less 
than 10 μm and were predominantly spherical in shape [47]. The results of EDX analysis (Fig. 6a and b) revealed the presence of Cu, C, 
and O in the synthesised nanoparticles, with carbon (4.00 %) and copper (96.00 %) present in the Cu nanoparticle, and oxides (16.08 
%) and copper (83.92 %) present in the CuO nanoparticle. 

Fig. 6. EDX for Rifaximin (a) Cu nanoparticles, EDX for Rifaximin (b) CuO nanoparticles.  
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3.6. Transmission electron microscopy (TEM) analysis of rifaximin CuO nanoparticles 

CuO nanoparticle morphology and surface structure examined using TEM and SAED. The CuO nanoparticle exhibited a uniform 
distribution (Fig. 7). The TEM image (Fig. 7a) reveals a uniform distribution of the CuO nanoparticle with a size of 10 nm (Fig. 7b). The 
crystal structure of CuO (002) was confirmed by the lattice fringes with a spacing of 0.250 nm that were visible in the TEM image 

Fig. 7. (a) 20 nm TEM image of Rifaximin-CuO Nanoparticles, (b) HRTEM image of 5 nm (inset: FFT pattern of the matching HRTEM image), (c) 
Rifaximin CuO lattice fringes, (d) SAED pattern, (e) Cu Kα shell, and (f) O Kα shell. 

Scheme 3. Mechanism for Rifaximin CuO Nanoparticles.  
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(Fig. 7c). The SAED data (Fig. 7d) display a consecutive dotted pattern, indicating a polycrystalline structure with a face-centred cubic 
(FCC) arrangement. The elemental distributions of Cu and O are very similar at 10 nm (Fig. 7e and f), which also provides proof of the 
form of the CuO nanoparticle [48]. 

3.7. Aerobic oxidation analysis 

GC separation was optimised using the parameters described in the techniques section, resulting in the separation of all target 
components. As part of our continued dedication to the development of unique procedures isopropanol was transformed into 2-prop
anone [49] with rifaximin CuO nanoparticles for numerous functions. Rifaximin-supported copper nanoparticles were successfully 
synthesised by transforming isopropanol into 2-propanone while maintaining the catalytic activity of the nanoparticles (Scheme 3). 
Various aerobic oxidation were repored in Supporting Information in (Table 1). 

Cotton in a tube was used to prevent the formation of crude ethyl acetate. After a week, the crude evaporated and the volatile 
substance, isopropanol Rifaximin Cu and CuO nanoparticles indicated bottle A and Rifaximin CuO nanoparticles indicated bottle B 
Both bottles were settled in cotton and the evaporation of Rifaximin Cu and CuO nanoparticles (aerobic oxidation) (Figs. 8 and 9). 
Cotton was dissolved in ethyl acetate, and the dissolved solution was injected into the GC-MS system. Retention time of 27.35 and 
30.32 was confirmed by GC-EI-MS using Cu and CuO nanoparticles as the final products of 2-propanone (Figs. 10 and 11), and the 

Fig. 8. Aerobic Oxidation process of Rifaximin copper and copper oxide nanoparticles.  

Fig. 9. Evaporation of Rifaximin Cu and CuO Nanoparticles (Aerobic oxidation).  
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appearance of a single peak in the GC chromatogram indicates that the components of the mixture, CuO nanoparticles, were 
completely isolated from one another. Rifaximin Cu and CuO nanoparticle were separated from the combination according to the 
presence of a single peak in the GC chromatogram. The molecular weight was determined by mass spectral characterisation (EI-MS), 
which showed a molecular ions m/z of 58.72 (M+, 8 %), which was confirmed by the molecular weight of isobutyraldehyde conforming 
to the molecular mass using EI-MS mass spectral analysis (Fig. 12). shows the EI-MS spectrum of 2-propanone. 

3.8. Dye decolorization of rifaximin Cu and CuO nanoparticles 

Coomassie Brilliant Blue G250 and Rhodamine B are both used in the dye decolorization process. The dye decolorization process 

Fig. 10. GC-MS studies of aerobic oxidation of isopropanol into 2-propanone using Rifaximin- Cu nanoparticles.  

Fig. 11. GC-MS studies of aerobic oxidation of isopropanol into 2-propanone using Rifaximin- CuO nanoparticles.  
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Fig. 12. Mass spectral values of 2-propanone.  

Fig. 13. Dye Decolorization: Rifaximin (A), Rifaximin Cu NPs (B) and Rifaximin CuO Nanoparticles (C) in Coomassie brilliant blue G250 Dye. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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was divided into before and after decolorization of Coomassie Brilliant Blue G250 and Rhodamine B Cu and CuO nanoparticle 
(Figs. 13–14). In particular, Cu nanoparticles (100 %) were highly decoloured in Brilliant Blue dye compared with the rifaximin base 
solution (5 %) and rifaximin-CuO nanoparticles (81 %) (Scheme 4). The synthesised rifixamin Cu and CuO nanoparticles were involved 
in the dye decolorization process using rhodamine B dye. After 32 h, the rifaximin CuO nanoparticles absorbed 81 % of the dye, but the 
Cu nanoparticles did not absorb rhodamine B dye because our Cu nanoparticles were inactive in rhodamine B dye compared with CuO 

Fig. 14. Dye decolorization: Rifaximin (A), rifaximin Cu nanoparticles (B) and rifaximin CuO nanoparticles (C) in rhodamine B dye.  

Scheme 4. Decolourzation Rifaximin of Cu and CuO Nanoparticles in CBB G250 Dye.  

Scheme 5. Decolorization Rifaximin of Cu Nanoparticles in Rhodamine B Dye (CuONPs).  
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Scheme 6. Decolorization Rifaximin of CuO Nanoparticles in Rhodamine B Dye.  

Fig. 15. Time-dependent dye decolorization of Coomassie Brilliant Blue G20. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 

Fig. 16. Time-dependent dye decolorization of Rhodamine B.  
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nanoparticles Scheme 5 and 6. The above dye decolorization process percentage is confirmed by time-dependent dye decolorization 
graph (Figs. 15–16). Finally, the rifaximin-Cu nanoparticles absorb a high percentage of dye decolorization in Coomassie Brilliant Blue 
G250 (100 %). 

4. Conclusion 

Investigation of rifaximin Cu and CuO nanoparticle using FT-IR, UV, SEM, TEM, XPS, XRD, and GC-EI-MS. The high purity of 
Rifaximin Cu nanoparticle was confirmed by XRD measurements, which revealed no extra points in the X-ray diffraction pattern. TEM 
images of Rifaximin CuO nanoparticle showed mostly spherical particles, 20 nm in size, with SEM images of 10 nm size. EDX analysis 
demonstrated 96.00 and 83.92 wt percent of the elements in the synthesised CuO nanoparticles with high Cu content. The synthesised 
Rifximin Cu and CuO nanoparticles were effective in decolourising Coomassie Brilliant Blue G250 and Rhodamine B in aqueous so
lutions. Rifaximin Cu nanoparticle achieved complete decolorization of G250 (100 %), whereas Rhodamine B decolourised by 73 % in 
Rifaximin CuO nanoparticle. Comparatively, rifaximin Cu nanoparticle showed better dye decolorization due to higher dye absorption 
in Coomassie Brilliant Blue G250. Accordingly, rifaximin copper oxide nanoparticles have the potential to serve as a reliable, eco- 
friendly, and cost-effective solution for the treatment of dye-contaminated water. As a result, Rifaximin CuO nanoparticle are the 
best natural environmental catalyst for aerobic oxidation, and it is exhibit good catalytic performance in aerobic oxidation, are non- 
toxic and safe for the environment, and have a more stable recoverability. In the past, there has been no recorded application of 
rifaximin copper and copper oxide nanoparticles for the purposes of decolorization and aerobic oxidation. However, we successfully 
achieved these processes using rifaximin, copper, and copper oxide nanoparticles. 
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