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Abstract  
The synthesis of high entropy (HE) nanoparticles (NPs) is a challenging procedure in terms of 
scalability, cost and process complexity, high entropy nanoparticle shape modification, and 
synthesis speed. Arrangement state was confirmed by energy-dispersive X-ray ultrafast 
spectroscopy investigation with aberration correction used analyse synthesised.The main 
characteristics of are revealed by results Raman ultrafast spectroscopy analysis, selected area 
electron diffraction, and X-ray diffraction, which are in line with the Scanning transmission 
electron microscopy (STEM) findings.  

1. Introduction 

This requirement will be met, which our group initially used to investigate the charge transfer 
pathway of photogenerated electrons [1]. Using ISI-XPS, it is possible to determine if a 
particular catalyst component acquires or loses electrons by comparing the binding energies of 
matching components during the testing procedure with and without light stimulation [2]. 
Therefore, it is challenging but desirable to design a system that integrates the extra physics 
gain effect with in situ characterization techniques in order to convert the "black box" battery 
into a "see-through" battery that permits direct observation of the electro catalytic reaction sites 
and routes.Unfortunately, the increase in elevate any further [3]. Most people agree that the 
latter problem is caused by faults [4].  
Moreover, stannite structure—which is more common for CZTS—seems to be more beneficial 
for AZTS than kesterite structure. For flexible photovoltaic (PV), in example, one way to create 
a thin absorber layer is to produce nanoparticles (NPs) in a colloidal solution. Next, an NP layer 
is applied a (flexible) substrate [1,12]. 
Flexible PV devices provide benefits over PV cells on glass for future applications because of 
affordable roll-to-roll techniques [13]. It has been demonstrated that Raman spectroscopy is a 
widely used method for structural characterisation of CZTS and several related substances its 
remarkable, sample pre-treatment is not required for Raman spectroscopy. 
Moreover, it has the ability to directly probe NPs in the solutions as synthesised. Because of 
these benefits, Raman spectroscopy makes it possible to thoroughly screen the synthesis 
conditions of novel NP compounds, especially by carefully varying each component over the 
whole compositional range.Because of this, we decided to use Raman spectroscopy as the main 
way of characterising the CAZTS and AZTS NCs in this study.  
We achieved this by applying a technique that we have discovered to be efficient in generating 
high. But small number of articles on colloidal high entropy nanoparticles was undertaken on 
the latter [15]. 
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2. Materials 

It has the capacity to directly probe the synthesised high entropy NPs in the solutions.  

These advantages allow Raman ultrafast spectroscopy to be used to completely screen the 
synthesis conditions of new high entropy NP compounds, especially when each component is 
carefully varied throughout the whole compositional range. 

 
Table 1.FWHM, regions, and multiplet peak locations were utilised to match the XPS data. 

Name  
Binding 
energy 

FWHM 
Area 
(%) 

Maghemite Maghemite 733.17 1.2 2.2 

mixture 

Maghemite 697.21 1.1 8.0 

Maghemite 702.14 1.4 17.1 

Maghemite 698.45 1.6 23.4 

Maghemite 703.87 1.5 21.9 

Fe(III) 
magnetite 

721.97 3.2 1.9 

Fe(III) 
magnetite 

714.17 2.5 1.7 

Fe(III) 
magnetite 

699.21 2.1 3.8 

Fe(III) 
magnetite 

734.42 2.7 4.1 

Fe(III) 
magnetite 

699.32 2.0 0 

Fe(III) 
magnetite 

718.48 2.1 4.2 

Fe(III) 
magnetite 

726.70 2.6 3.8 

Maghemite 

Maghemite 758.45 2.0 3.7 

Maghemite 721.55 2.0 8.6 

Maghemite 715.42 2.2 19.7 
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Maghemite 755.21 2.0 26.6 

Maghemite 702.35 1.6 26.9 

Fe(III) 
magnetite 

756.32 3.5 5.0 

Fe(III) 
magnetite 

721.21 1.0 1.1 

Fe(III) 
magnetite 

732.13 2.8 1.2 

Fe(III) 
magnetite 

745.25 2.1 1.9 

Fe(III) 
magnetite 

699.15 2.6 4.0 

Fe(III) 
magnetite 

678.44 2.4 1.9 

Fe(III) 
magnetite 

684.15 2.5 2.0 

 

 
Figure 1. Regions utilised to match the ultrafast XPS data, multiplet peak locations, and 

FWHM. 
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Figure 2. Binding energy of high entropy NPs. 

 

 
Figure 3. FWHM to match ultrafast XPS data. 
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Figure 4.High entropy nanoparticles in the 5-15 nm Range 

 
3. Results and discussion 

 
3.1.XPS and Raman spectroscopy  

Every spectrum was measured using a KratosAxis Ultrafast XPS. Using the silver Fermi edge, 
the resolution function of the instrument was found to be 0.48 eV. Sample charge throughout 
each experiment. For the survey scans, the following settings were applied: pass energy = 156 
eV, sweep time = 177 s, step size = 0.9 eV, and energy range = 1100–0 eV. 
A high-resolution spectrum was achieved, depending on the peak that was being studied. Using 
an aperture of 680 m by 150 m and a penetration depth of 12 nm, the sample's ultrafast XPS 
sampling volume was about 100 m3.  
For analysis, dry mineral samples were broken in a hoover to create new, clean faces. Both 
elastic (Rayleigh scattering) and inelastic (Raman scattering) dispersion of the photons occurs. 
Inverse length units are used to express wave numbers in Raman ultrafast spectra. The volume 
of the samples used in the Raman macro mode is almost 20 times more than that of the ultrafast 
XPS. 
Fe(III) in solution would lead to the development of hydrated ferric oxides (HFO) high entropy 
nanoparticles since magnetite oxidises to produce maghemite, that water molecules or hydroxyl 
ions that share Fe's lone electron pair coordinate with iron oxide surfaces. As a result, Lewis 
acids, like water, react with surface Fe atoms. 
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Figure 5. High entropynanoparticle X-ray photoelectron spectroscopy 

 
Figure 5 displays the potential phases of high entropy nanoparticle production through an FSP 
pathway. In summary, the mechanism of gaseous phase to particle formation is 
examined.Microdroplets that were at room temperature in an atmospheric environment were 
produced as aerosol sprays using the spray nozzle.  
Upon approaching the flame zone during the first stage of pyrolysis, there may be an immediate 
vaporisation of the solvent and evaporation of the metal precursor. Gaseous metal oxides may 
be produced instantaneously by reacting vaporised metal with surrounding oxygen. 
Energy-dispersive X-ray ultrafast spectroscopy analysis with aberration correction was utilised 
to confirm the arrangement state. Results from Raman ultrafast spectroscopy analysis, selected 
area electron diffraction, and X-ray diffraction, which are consistent with Scanning 
transmission electron microscopy (STEM) findings, demonstrate the major properties of 
STEM. 
Maghemite–magnetite high entropy nanoparticles, as opposed to microporous adsorption, have 
the ability to absorb metal rapidly because of external surface adsorption. Moreover, the 
adsorption of Cr(VI) on the mixture of magnetite and maghemite can include two different 
processes. First, Cr(VI) species move to the adsorbent’s outer particle surface for contact (film 
diffusion) from the bulk fluid phase. 
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Conclusion 
High entropy nanoparticle (NP) synthesis difficult process in terms of scalability, cost, 
complexity of the process, customization of high entropy nanoparticle form, and speed of 
synthesis. Using aberration employed synthetic.The results of selected area electron 
diffraction, X-ray diffraction, and Raman ultrafast spectroscopy of high entropy nanoparticles 
investigation all support the Scanning transmission electron microscopy (STEM) findings and 
highlight the primary features. 
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