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Abstract
This study investigated the properties of undoped Sphalerite nanoparticles and Neem leaf extract doped Sphalerite nanoparticles. The Sphalerite nanoparticle were prepared by ball milling technique and was doped with the Neem leaf extract using Doctors Blades method. The Morphological, elemental and optical properties of the nanoparticles were investigated using scanning electron microscopy (SEM), energy dispersed X-ray analysis (EDX), and UV spectrophotometer respectively. The SEM micrograph revealed significant change in the morphological structure of the Sphalerite nanaoparticle from being coarse, densely packed, well-formed flakes with uneven edged crystalline-structured to coarse, dispersed, grain-like crystalline structure after doping with Neem leaf extract. The EDX confirmed the presence of zinc, sulphide, calcium, phosphorous, iron, chromium, and selenium and trace of other elements. UV-Vis spectroscopy showed that the transmittance of both the doped and undoped Sphalerite increased as the spectrum wavelength moved from ultraviolet region to visible region at 94% and 88% respectively at the near-infrared region. The photon energy with respect to refractive index of both doped and the undoped Sphalerite was found to be 1.66eV – 2.64eV and 1.38eV to 2.45eV respectively which revealed that the doped Sphalerite nanoparticle is beneficial for higher non linear optical response for optoelectronic devices. The Bang gap of the doped Sphalerite nanoparticles was 2.52eV which is significantly better than 3.63eV obtained in undoped Sphalerite. This suggested that the Neem leaf extract introduced necessary impurities which enhanced the optoelectronic properties of the Sphalerite nanoparticles. Hence, Neem leaf-doped Sphalerite nanoparticles can be a potential enhanced material for optoelectronic devices with excellent performance in photovoltaic applications.




1. Introduction

One of the most popular basic materials for research throughout the past ten years are nanostructured materials. They gradually made their way into our daily lives through a variety of uses. Innovative optoelectronic devices and sensors can result from the unique features that nanomaterials can provide that their analogous bulk materials do not. It has been discovered that newly developed nanotechnologies for a range of device applications, including medication delivery, catalysis, and adsorption, are based on innovative functional nanomaterials (Bisauriya et al. 2017). This interest is spurred on by the multi-functional properties and applications of the nanoparticles (Onu et al. 2023).
However, these properties can be further enhanced by doping these nanoparticles as one such as Sphalerite.
Sphalerite, is a naturally occurring mineral composed primarily of zinc sulfide (ZnS) with a bandgap of 3.60eV – 3.77eV (Bisauriya et al. 2017; Chandra et al. 2020; Simon et al. 2023) because of its special electrical and optical characteristics, it is hence an essential component in many industrial applications, especially photovoltaics and photocatalysis. Sphalerite's band gap makes it a desirable option for semiconductor devices, particularly when considering renewable energy sources like solar cells (Simon et al. 2023; Walid et al. 2023). Studies have demonstrated that doping Sphalerite with various elements or compounds can greatly improve its functional characteristics, increasing its effectiveness for particular uses (Alireza and Hosein 2019, Maria et al. 2020; Anu et al. 2021; Jie et al. 2022). Therefore, doped ZnS nanoparticle have been be found to be a preferred choice for optoelectronic applications due to their great significant quantum size impact (Krsmanović et al. 2014).
Utilizing organic substances, such plant extracts, which are abundant in bioactive chemicals, is one novel method of doping. Of these, Azadirachta indica, popularly referred to as the Neem plant, has drawn interest because of its high antioxidant, vitamin,  mineral content,  phenolic chemicals, alkaloids, terpenoids, and their derivatives (Banerjee et al. 2014; Breda et al. 2015; Chandra et al. 2020).The extract from Neem leaves also contains bioactive compounds that can interact with the Sphalerite matrix. The two primary phytochemicals found in neem are terpenoids and flavones, which are essential for stabilizing the nanoparticle and serving as capping and reducing agents (Chandra et al. 2020). This potentially modifies its electronic structure and enhances its performance in photovoltaic applications (Amit et al. 2013; Mohammad 2016; Reshmi and Philominal 2022).
An important advancement in the search for high-performance and ecological materials is the doping of Sphalerite with Neem leaf extract utilizing the Doctor Blade method, which combines materials science and green chemistry. This strategy supports global sustainability goals by utilizing the special qualities of Neem while also using eco-friendly synthesis techniques (Ali et al. 2015; Reshmi and Philominal 2022). 

The most popular solution processing method for low-cost, large-area thin film manufacturing is doctor blade coating, also known as tape casting (Yehao et al 2015). The production of thin sheets of capacitors and piezoelectric materials was particularly linked to the term "doctor blade" coating when it was first used in 1940. This method's basic principle is that the blade and substrate move in relation to each other continually, either by passing the blade over the substrate or by sliding the substrate below the blade. The produced slurry effectively spreads over the substrate surface once a relative motion between the blade and carrier surface is established, evaporating to form a film of different thicknesses. In this procedure, the substrate in front of the blade is covered with a thoroughly blended coating solution. The final thickness homogeneity and uniformity are greatly influenced by the viscoelastic behavior of the coating precursor and the doctor blade unit design, both of which need to be continuously monitored (Ganesh 2023)

When doping Sphalerite with Neem leaf extract, the Doctor Blade method offers several advantages. First, it allows for the homogeneous distribution of the organic dopant within the Sphalerite matrix, ensuring uniformity in the resulting film (Syed et al., 2024). Second, the method’s scalability makes it suitable for large-area coating processes, which is essential for industrial applications (Siew et al., 2012). Third, the method’s simplicity and low cost make it accessible for widespread use in research and development settings (Guoq et al. 2019).
Previous studies have demonstrated the efficacy of the Doctor Blade method in fabricating thin films for various applications, including solar cells and sensors (Chonsut et al. 2017; Nurul et al. 2020; Soonil et al. 2023; Syed et al. 2024). This study investigated the synergistic effects of the bioactive chemicals on the morphological, optical, and elemental properties of the doped Sphalerite by incorporating Neem leaf extract into the Sphalerite matrix in this manner. This strategy fits with the growing interest in green chemistry and environmentally friendly material synthesis in addition to utilizing the sustainable and renewable character of plant extracts (Ali et al. 2015; Reshmi and Philominal 2022). 
Research has indicated that the bioactive compounds in plant leaf extract, such as flavonoids, phenolics, and vitamins, can act as reducing agents, facilitating the doping process and potentially leading to improved electronic and optical properties of the material they are doped with (Amit at al. 2013, Reshmi and Philominal 2022). Furthermore, the interaction between the bioactive molecules in the Neem extract and the Sphalerite lattice lead to the formation of unique structural configurations that enhanced the material’s functionality. This biogenic doping approach represents a fusion of traditional material science techniques with modern green chemistry principles, opening new pathways for the development of advanced materials with tailored properties (Reshmi and Philominal 2022).
Conventional doping techniques frequently call for the use of synthetic chemicals or heavy metals, which are not only expensive but also dangerous for the environment (Alireza and Hosein 2019, Mariaet al. 2020; Anu et al. 2021; Jie et al. 2022). Alternatively, environmental friendly doping techniques that adhere to the principles of green chemistry are therefore desperately needed. Because of its natural abundance, affordability, and low environmental impact, Neem leaf which is well-known for having a high concentration of medicinal compounds offers an environmentally friendly substitute (Ali et al. 2015). 
Several research has been carried on several nano - metals doped with plant extra (Reshmi and Philominal 2022; Vindhya and Kavitha 2022; Gomathi et al. 2023; Anusuya et al. 2024) However, notwithstanding the possible advantages, there is a significant research vacuum concerning the doping of sphalerite with neem leaf extract. This approach is further enhanced by the use of the Doctor Blade technology, a scalable and reasonably priced thin-film production technique.
Hence, this study characterized the doped Sphalerite films through various analytical techniques, including scanning electron microscopy (SEM), energy dispersed X-ray analysis (EDX), and UV-Vis spectroscopy and compared the doped Sphalerite particle with the undoped Sphalerite particle. These techniques helped to elucidate the morphological, elemental and optical changes induced by the Neem leaf extract to Sphalerite matrix. 

2. Materials and methods
2.1 Material sourcing and pretreatment
The Sphalerite  was sourced from Wase Local Government Area of Plateau State Nigeria it was crushed manually into smaller particles because of its bulky nature and grinded to nanoparticle using ball milling technique at Mechanical Engineering Department in Nnamdi Azikiwe University Awka, Ananmbra State. 
Neem Leaves: 20 grams of fresh Neem leaves was obtained from a Neem tree at Nnamdi Azikiwe University vicinity. It was washed with distilled water and was grinded into gel. The gel was mixed with 20ml of water in a beaker and was allowed to settle for 5 minutes, the mixture was filtered using Whatman filter paper and 2ml of the extract was collected. The extract was mixed with 2grams of Sphalerite nanoparticle in vigorous steering for 10mins. Then the slurry was coated on the ITO (Indium Titanium Oxide) substrate with a coating blade in a slide movement and was allowed to dry within 24 hours at room temperature.
2.2 Characterization of Sphalerite doped with Neem leaf extract
SEM was used to view the morphology of the nanoparticle samples. The image allowed for the identification of the crystal structure and size of the crystalline nanoparticle phase samples. A JOEL scanning electron microscope, type JSM 6400, was used to make the observation. Coated ITO samples were prepared for the observation by employing double stick carbon tape to position them on a brace stub sample holder. The samples were then covered with layers of gold using a Blazer sputtering coater that were between 20 and 25 A thick. The micrographs were captured at magnifications of 9000x, and 15 KV.EDX was used to obtain the elemental composition of nanoparticle and a Schimadzu UV-1800 visible spectrophotometer operating in the UV-visible spectrum was used to examine the optical properties of the nanoparticles. 

3.0 Result and Discussion
3.1 SEM-EDX Analysis of the Doped Sphalerite with Neem leaf extract and Undoped Sphalerite. 
The resolution was captured at a 9000× magnification using a scanning electron microscope (SEM). The morphology of the doped Sphalerite particles containing Neem leaf extract is displayed in Figure 1. It was found to be dispersed, coarse, having a grain-like crystalline structure (Alireza and Hosein 2019; Ali et al. 2023) reported a similar outcome. This outcome is comparable to the earlier undoped Sphalerite particle in figure 2, which showed that the Sphalerite particles were crystalline-structured, coarse, densely packed had well-formed flakes with uneven edges. According to (Granados et al. 2020; Simon et al. 2023; Onu 2023), the outcome was observed to have a comparable morphology. However, the Neem extract significantly modified the morphology of the undoped Sphalertite particle. 
Using energy dispersive X-ray (EDX) analysis, elemental composition was determined (Dengo et al., 2020; Kang et al., 2022). It was predicated on the fact that incident beam electrons produced distinctive X-rays in the particle's atoms. 
Figure 3 displays the EDX spectrum of the doped Sphalerite. The doped Sphalerite particle spectrum with Neem leaf extract verified that zinc, sulfur and oxygen were the main constituents (Chandra et al. 2020; Amrutha and Hebsur 2020; Gan  et al. 2021). This is in addition to the elements calcium, phosphorous, iron, chromium, and selenium, among others. Additionally, some transition elements were found, including cadmium and manganese. The elements found were similar to the elements reported by (Shrirangasami et al. 2020; Reshu et al. 2022; Kumari et al. 2023). 
When compared to the undoped Sphalerite, the spectrum of the latter in Figure 4 confirmed the presence of zinc, iron, and sulfur in the particle; however, other elements such as calcium, silicon, and aluminum were also detected, along with some transition elements such as cadmium, manganese, and germanium (Granados et al. 2020; Simon et al. 2023; Onu 2023)
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Figure 1. SEM Image of doped Sphalerite with Neem Leaf extract at 9000×
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Figure 2. SEM Image of Sphalerite at 9000×	
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Figure 3. EDX Spectrum of Doped Sphalerite particles with Neem Leave Extract
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Figure 4. EDX Spectrum of undoped Sphalerite particles



3.2 Absorption spectra
The absorption spectrum of the doped Sphalerite particle containing Neem leaf extract can be seen in Figure 5. The sample exhibited a very high absorption value of 75 to 85% at ultraviolet wavelengths comparable to the undoped sphalerite particle in figure 6 which revealed absorbance value of (35 to 50%) at the wavelength of ultraviolet region, making the doped Sphalertite particle a more suitable material for use in optical materials like contact lenses (Kasap 2018). As the wavelength increases, a recurring irregular drop in absorbance was noted, similar trend was also observed for the undoped Sphalerite particle (Ezenwa and Ekpunobi 2011; Onu 2023). Additionally, there was an uneven decrease in the absorbance of the entire sample toward the visible and near-infrared areas for both the doped and the undoped Sphalerite particle. However, at the near-infrared wavelengths, the absorbance value of the doped Sphalerite was nearly zero (within 10% to 1%) compared to the the undoped Sphalerite which was within (10% to 5%). This demonstrated that in the near-infrared spectrum, the doped Sphalerite particles were more non-absorbing compared to the undoped Sphalerite. Similar trend was reported by (Carofiglio et al. (2021), Madkhali (2022) and Khalid et al. 2019). 

Figure 5.Absorbance spectrum of the doped Sphalerite


Figure 6.Absorbance spectrum of the undoped Sphalerite

3.3 Transmittance spectra
Figure 7 shows the transmittance spectrum of the doped Sphalerite particle with Neem leaf extract. The samples showed low transmittance value (of 1% to 20%) at the wavelengths of ultraviolet region compared to the undoped Sphalerite in figure 8 which was 31% to 45% , the lower transmittance value obtained from the doped Sphalerite particles makes it a good quality for application in optical material like contact lenses (Ahmet and Gona 2023). Similar trend was observed by (Ozobialu et al.2022).  As the wavelength moved from the ultraviolet region to the visible region and then to the near-infrared region the transmittance value became 94% for the doped Sphalerite particle and 88% for the undoped Sphalerite, this implies that the neem leaf extract improved the transmittance value of the Sphalerite particle thereby leading to minimal absorption of light and giving rise to improved optical quality (Layth, 2014). The high transmittance value obtained from the doped Sphalerite particle in the visible region and near infrared region is also beneficial for biomedical applications (David et al. 2011). Also the high transmittance in the visible region indicates the potential easy photon passage and hence the likely applicability of the doped Sphalerite particles in electron transport layers of optical materials (Khalid et. al., 2017).

Figure 7. Transmittance spectrum of the doped Sphalerite

Figure 8. Transmittance spectrum of the undoped Sphalerite
3.4 Reflectance 
Figure 9 shows the reflectance of the doped Sphalerite particle with Neem leaf extract. The reflectance value was found to be within (2 to 20%) at the ultra violet region and falls within (20 to 6%) at the visible region and reduced from (6 to 2.5%) at the near infrared region. This result is compared to that of the undoped Sphalerite in figure 10, which revealed a reflectance value of 17.1 to 19.9% in the ultra violet region to about 19% to 4.1% in the visible region and 4.1 to 3.9% was observed as it entered the near infrared region. This suggests that the Neem extract improved the reflectance value of the Sphalerite particle. According to Okafor et al., 2022 the visible region and near infrared region often exhibits low reflectance. And the poor reflectance observed throughout the regions of the spectrum suggests the possibility of the materials application in the window layer component of a solar cell. Hence, very low reflectance observed in the doped Sphalerite is highly desired for optical applications and optoelectronics devices such as photo detectors and optical switches (Wanjala et al., 2016; Kasap 2018). 


Figure 9.Reflectance of the doped Sphalerite particles


Figure 10.Reflectance of the undoped Sphalerite particles

3.5 Refractive index
Figure 11depicted the refractive index of the doped Sphalerite with Neem leaf extract. The refractive index was found to increase from 1.4 to 2.6 when the photon energy increased from 1.66eV to 2.64eV and irregularly dropped down to 1.4 at photon energy of 3.45eV compared to the undoped Sphalerite in figure 12 which was 1.6 to 2.45 as the photon energy increased from 1.38eV to 2.45eV and remained steady throughout the spectrum.. The initial higher refractive index obtained in the doped Sphalerite particle could be as a result of the high absorbance value obtained in the absorbance spectrum. Hence, refractive index is a major physical parameters used to evaluate the quality of nanoparticle-based solids (Hiroshi et al. 2016). 


Figure11.Refractive index of the doped Sphalerite particle


Figure 12.Refractive index of the undoped Sphalerite



3.6 Optical conductivity
The plot of the optical conductivity of the doped Sphaletite and the undoped Sphalerite against the photon energy was presented in Figure 13 and figure 14. The plot was determined as a function of absorption coefficient and the refractive index of the material (AL-Hammadi and Sadiq 2023). The optical conductivity of both the doped and the undoped Sphalerite experienced an almost linear increase as the photon energy increased from 1.5eV to about 3.9eV. At relatively higher photon energy of above 4.0eV, the increase of the optical conductivity with the photon energy was irregular. However, a higher optical conductivity was observed with the doped Sphalerite particle when comparing the same photon energies of the individual particles. This suggests that the Neem leaf extract enhanced the optical conductivity of the Sphalerite particle. Hence, optical conductivity plays a huge role in evaluating the particle’s atomic structure and connects the current density to the material's exposure to different wavelengths of light in the electric field. It also serves as the basis for determining the spectra of some nanoparticles (Koval, 2022).


Figure 13. The Optical conductivity of the doped Sphalerite particle 


Figure 14. The Optical conductivity of the undoped Sphalerite particle 


3.7 Band energy gap
The band energy gap is the minimum quantity of energy needed to excite an electron to a state where it can conduct in the condition band. It is a major parameter used in the design of optoelectronic instruments (AL-Hammadi and Sadiq 2023). This implies that it is a crucial parameter that directly pertains to the applicability of materials in optical, electrical, and energy applications (Sangtae et al. 2020). Figures 15 and 16 are the plots of plot of (αhν)2 versus photon energy for the doped Sphalerite particles and the undoped Sphalerite particle respectively . The band energy gap was determined by exploiting the tangential line of the plot of (αhν)2 versus photon energy (Faramawy et al. 2022). The band gap of the undoped Sphalerite particle which was 3.63eV agrees with the work done by (Edelbro et. al., 2003; Judy et al., 2014; Simon et al. 2022; Walid et al. 2023). According to Judy et al., 2014 ZnS (Sphalerite) serves as an effective photocatalyst; nevertheless, its excessively large band gap limits its efficiency under sunlight. Consequently, doping emerges as a viable technique to diminish the band gap, thereby enhancing visible-light absorption and photocatalytic activity. Hence, the band gap of the undoped Sphalerite particle was significantly enhanced when doped with Neem leaf extract which reduced the band energy gap of undoped Sphalerite particle which was 3.63eV to 2.52eV. According to Onsate et al., 2023, the noted decrease in the bandgap energy indicates an improvement in the optical properties of the material.    
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Figure15.  Plot of the doped Sphalerite nanoparticle band energy gap 
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Figure16.  Plot of the undoped Sphalerite nanoparticle band energy gap 
4. Conclusion
Sphalerite (Zns) nano particle were doped with Neem leaf extract. Both the doped Sphalerite nano particle and the undoped Sphalerite nano particle were characterized. The morphological, elemental and optical properties of the nanoparticles were investigated using scanning electron microscopy (SEM), energy dispersed X-ray analysis (EDX), and UV spectrophotometer respectively. The SEM micrograph revealed significant change in the morphological structure of the Sphalerite nanaoparticle from being coarse, densely packed, well-formed flakes with uneven edged crystalline-structured to coarse, dispersed, grain-like crystalline structure after doping with Neem leaf extract. The EDX confirmed the presence of zinc, sulphide, calcium, phosphorous, iron, chromium, and selenium and trace of other elements. UV-Vis spectroscopy showed that the doped Sphalerite exhibited a very high absorption value of 75 to 85% at ultraviolet wavelengths comparable to the undoped sphalerite particle which revealed absorbance value of (35 to 50%) at the wavelength of ultraviolet region, making the doped Sphalertite particle a more suitable material for use in optical materials like contact lenses (Kasap 2018). Also, the doped Sphalerite particle showed low transmittance value (of 1% to 20%) at the wavelengths of ultraviolet region compared to the undoped Sphalerite which was 31% to 45% , the lower transmittance value obtained from the doped Sphalerite particles also makes it a good quality for application in optical material like contact lenses (Ahmet and Gona 2023). Furthermore, the transmittance of both the doped and undoped Sphalerite increased as the spectrum wavelength moved from ultraviolet region to visible region at 94% and 88% respectively at the near-infrared region. The band gap of the undoped Sphalerite particle was significantly enhanced when doped with Neem leaf extract which reduced the band energy gap of undoped Sphalerite particle from 3.63eV to 2.52eV. The noted decrease in the band gap energy indicates an improvement in the optical properties of the material thereby enhancing visible-light absorption, optoelectronic properties and photocatalytic activity (Onsate et al. 2023).
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Reflectance
Ref Index	3.5517857142857143	3.5017605633802797	3.4531249999999996	3.4058219178082187	3.3597972972972991	3.3149999999999977	3.2713815789473744	3.2288961038961035	3.1875000000000022	3.1471518987341804	3.1078124999999988	3.0694444444444438	3.0320121951219483	2.9954819277108427	2.9598214285714284	2.9250000000000003	2.8909883720930227	2.8577586206896526	2.8252840909090908	2.793539325842699	2.7625000000000002	2.7321428571428572	2.7024456521739126	2.6733870967741957	2.6449468085106402	2.6171052631578946	2.5898437499999996	2.5631443298969092	2.5369897959183674	2.511363636363634	2.486249999999997	2.4616336633663387	2.4375	2.4138349514563147	2.3906249999999987	2.3678571428571442	2.3455188679245285	2.3235981308411207	2.3020833333333308	2.280963302752296	2.2602272727272781	2.2398648648648627	2.2198660714285707	2.2002212389380569	2.1809210526315841	2.1619565217391306	2.1433189655172411	2.125	2.1069915254237284	2.0892857142857144	2.0718749999999977	2.0547520661157024	2.0379098360655736	2.0213414634146343	2.0050403225806437	1.9889999999999999	1.9732142857142856	1.9576771653543317	1.9423828125000011	1.9273255813953487	1.9125000000000001	1.8979007633587783	1.8835227272727271	1.8693609022556392	1.8554104477611939	1.8416666666666668	1.8281249999999998	1.8147810218978115	1.8016304347826086	1.7886690647482029	1.7758928571428554	1.7632978723404256	1.7508802816901399	1.7386363636363633	1.7265624999999998	1.7146551724137942	1.7029109589041094	1.6913265306122445	1.6798986486486478	1.6686241610738266	1.6575	1.6465231788079471	1.6356907894736838	1.6249999999999998	1.6144480519480529	1.6040322580645159	1.59375	1.5835987261146496	1.5735759493670887	1.5636792452830177	1.5539062499999985	1.7413599692846784	1.7583300746788961	2.0663948576369826	1.2807205590987347	2.5726256570607364	2.3733365083657691	2.0729538476537961	2.0141068615305642	2.0600977006388193	2.1133973927302692	2.0231744598072003	1.9600725945095965	2.0987166676860283	2.0227773714412542	2.2880897663169311	2.2186842607677542	2.2278774770700287	2.210023919534077	2.4165854637234974	2.4368011102109617	2.4791787176011097	2.5434040763934491	2.5973871639630897	2.606996371183345	2.6251377493782386	2.5179298157433281	2.5287779864451712	2.5418649028694809	2.6073900649216815	2.6244526481556036	2.643064871654194	2.6432722144950285	2.6285038931709983	2.6122749037403477	2.5775588245742656	2.6240958586341523	2.630253409213581	2.6377204961654601	2.6273491531547535	2.6427119291960857	2.643590432602692	2.6436378695963327	2.6431158260882204	2.6166212978308887	2.4823880690204532	2.5614210150886714	2.5284181451908907	2.4943119046004942	2.530603303093323	2.5927438315209224	2.6424647008378641	2.6434847954091447	2.6164489651050427	2.6005558016843748	2.5599316335162747	2.5467937197754393	2.379712485966202	2.3771500146602587	2.3665717653480032	2.4622380965313031	2.5127004274980749	2.5293320095041705	2.5513030229392437	2.6066901588220226	2.4981334837233677	2.4492028036402576	2.3663792959129526	2.2094689407688777	2.2884124633131231	1.9621641142215351	1.7350413186152118	2.1498216917060722	2.3771500146602587	2.606555529454297	2.6044681971566237	2.6416802271181634	2.6222611767796131	2.504879627639482	2.6112467917985871	2.5192029895865127	2.5028539870964561	2.3641387044794882	2.2216454825726197	2.3815085015703885	2.2522546499489562	2.3798999453447056	2.1559243506228412	1.8464069460942383	2.1267440429382312	2.3225748316067545	1.4325792694130464	Photon energy (eV)
Refractive index (η)
Refr. Index	6.2156249999999975	6.0640243902438975	5.9196428571428594	5.7819767441860472	5.6505681818181834	5.5249999999999959	5.4048913043478297	5.2898936170212805	5.1796874999999991	4.875	4.7812500000000044	4.6910377358490569	4.2866379310344822	4.2139830508474514	4.1437499999999998	4.0758196721311473	4.0100806451612865	3.9464285714285707	3.8847656249999987	3.8249999999999997	3.7670454545454541	3.7108208955223891	3.6562499999999964	3.6032608695652182	3.5517857142857143	3.5017605633802797	3.4531249999999996	3.4058219178082187	3.3597972972972991	3.3149999999999977	3.2713815789473744	3.2288961038961035	3.1875000000000022	3.1471518987341804	3.1078124999999988	3.0694444444444438	3.0320121951219483	2.9250000000000003	2.8909883720930227	2.8577586206896526	2.8252840909090908	2.793539325842699	2.7625000000000002	2.7321428571428572	2.7024456521739126	2.6733870967741957	2.6449468085106402	2.6171052631578946	2.5898437499999996	2.5631443298969092	2.5369897959183674	2.511363636363634	2.486249999999997	2.1433189655172411	2.125	2.1069915254237284	2.0892857142857144	2.0718749999999977	2.0547520661157024	2.0379098360655736	2.0213414634146343	2.0050403225806437	1.9889999999999999	1.9732142857142856	1.9576771653543317	1.9423828125000011	1.9273255813953487	1.9125000000000001	1.8979007633587783	1.8835227272727271	1.8693609022556392	1.8554104477611939	1.8416666666666668	1.8281249999999998	1.8147810218978115	1.8016304347826086	1.7886690647482029	1.7758928571428554	1.7632978723404256	1.7265624999999998	1.7146551724137942	1.7029109589041094	1.6465231788079471	1.6356907894736838	1.6249999999999998	1.5636792452830177	1.5539062499999985	1.5442546583850918	1.5347222222222219	1.5160060975609744	1.5068181818181821	1.462499999999999	1.4539473684210524	1.4454941860465118	1.4371387283236994	1.396769662921348	1.3889664804469273	1.3812500000000001	2.5140280558731569	2.5231986086149623	2.5423339319141003	2.5213878113160617	2.5231986086149623	2.5423339319141003	2.6175523421653839	2.5958136041586544	2.5616232679233955	2.5668519365732672	2.5633862233092146	2.5814598089534413	2.5633862233092146	2.5633862233092146	2.5633862233092146	2.6126433404786762	2.6082195706485751	2.6104696800773772	2.6115660506715388	2.6034890055313853	2.6104696800773772	2.6058927618367682	2.6093541971912599	2.6137015811440381	2.6070657692250592	2.6022581951473827	2.5997385572989762	2.6022581951473827	2.5874369579526935	2.5735433354056925	2.5735433354056925	2.57516633960301	2.585972225972188	2.5767694610442824	2.5874369579526935	2.6126433404786762	2.6082195706485751	2.6034890055313853	2.6104696800773772	2.6058927618367682	2.6093541971912599	2.6137015811440381	2.6070657692250592	2.6022581951473827	2.5997385572989762	2.6022581951473827	2.5874369579526935	2.5735433354056925	2.5735433354056925	2.57516633960301	2.585972225972188	2.5767694610442824	2.5874369579526935	2.5702375675933737	2.5448488915548126	2.4944528489060271	2.4387854132727442	2.3996044754618775	2.4058701644002483	2.3932517784374761	2.3996044754618775	2.4027481827898058	2.3802845072968672	2.3996044754618775	2.3868118609520552	2.3964390161595328	2.4089704463713275	2.3900427356522167	2.3769879735031578	2.3703290530202947	2.3769879735031578	2.3392716381487904	2.3064103464521475	2.3064103464521475	2.3101514181745677	2.335709887013083	2.3138699555097548	2.3392716381487904	2.0543756941936362	2.3212395668802661	1.8998767263663081	1.9233608729739804	1.9520231886655031	1.8636849667595921	1.8636849667595921	1.7542010170582978	1.9576657114978535	1.7809593503429992	1.6914388616504401	1.7809593503429992	1.6246084854486447	1.8998767263663081	1.9057950029707493	1.7071284752222831	1.70500282285725	1.8575362922570948	1.8199105874973378	1.8636849667595921	Photon Energy (eV)
Refractive index (η)
Opt Cond	3.5517857142857143	3.5017605633802797	3.4531249999999996	3.4058219178082187	3.3597972972972991	3.3149999999999977	3.2713815789473744	3.2288961038961035	3.1875000000000022	3.1471518987341804	3.1078124999999988	3.0694444444444438	3.0320121951219483	2.9954819277108427	2.9598214285714284	2.9250000000000003	2.8909883720930227	2.8577586206896526	2.8252840909090908	2.793539325842699	2.7625000000000002	2.7321428571428572	2.7024456521739126	2.6733870967741957	2.6449468085106402	2.6171052631578946	2.5898437499999996	2.5631443298969092	2.5369897959183674	2.511363636363634	2.486249999999997	2.4616336633663387	2.4375	2.4138349514563147	2.3906249999999987	2.3678571428571442	2.3455188679245285	2.3235981308411207	2.3020833333333308	2.280963302752296	2.2602272727272781	2.2398648648648627	2.2198660714285707	2.2002212389380569	2.1809210526315841	2.1619565217391306	2.1433189655172411	2.125	2.1069915254237284	2.0892857142857144	2.0718749999999977	2.0547520661157024	2.0379098360655736	2.0213414634146343	2.0050403225806437	1.9889999999999999	1.9732142857142856	1.9576771653543317	1.9423828125000011	1.9273255813953487	1.9125000000000001	1.8979007633587783	1.8835227272727271	1.8693609022556392	1.8554104477611939	1.8416666666666668	1.8281249999999998	1.8147810218978115	1.8016304347826086	1.7886690647482029	1.7758928571428554	1.7632978723404256	1.7508802816901399	1.7386363636363633	1.7265624999999998	1.7146551724137942	1.7029109589041094	1.6913265306122445	1.6798986486486478	1.6686241610738266	1.6575	1.6465231788079471	1.6356907894736838	1.6249999999999998	1.6144480519480529	1.6040322580645159	1.59375	1.5835987261146496	1.5735759493670887	1.5636792452830177	1.5539062499999985	88888699609717.953	87997711570530.891	90518727466631.641	70402723641319.859	75938033464079.297	84126579402166.359	85771915583298.031	84411227650735.594	83537063332717.906	82558774324225.328	81295336319463.062	79858928370735.109	79534386598289.75	78354953190878.281	76573264950452.531	76357497757652.937	75401490362086.859	74660021226361.75	70681024374123.484	69327869302358.016	67176018258046.375	63569640173132.273	59104324644342.773	57529628285154.039	54650586757759.523	62122278653758.875	60983516109543.516	59716641387275.891	54555049810579.43	51989818009898.117	44673253722726.469	44439344213567	39445099738064.836	36649862450323.148	32719531559155.574	37587644922188.555	38271663223664.922	45778344260977.32	47258671084529.406	43147842430258.305	41283823375411.539	41256279985100.82	41703523171589.422	33926674041306.715	23927140063522.547	28382479200248.66	26011140453542.434	23914811761242.723	25698454870351.293	29829458250843.32	36850110281376.344	38231683518167.273	31404102059569.742	29541948011046.141	26224848327076.297	25195612992652.797	17568806750945.727	17342259690193.682	16850716372035.641	20270450023499.547	22404424218108.453	23080915849153.492	24119518932291.691	27856459529471.359	21053742205169.641	18855625337305.262	15853472479764.43	11545242930626.98	13402295383820.537	6726618988884.4785	3739493511123.2939	9942871894307.9434	15510330849680.264	25897108728647.16	25545030240644.605	30192182018499.668	26830650081196.531	19475468350765.543	25416339215458.695	19832663106829.379	19001770831715.535	14215617106915.48	10662079731130.986	14520001399855.533	11183105195604.342	14287043430545.312	9099636438793.5566	4503655980447.002	8461553365089.3125	12440093283405.488	1093683242935.1306	Photon Energy (eV)
Optical Conductivity σ(s-1) 
Opt. condt	6.2156249999999975	6.0640243902438975	5.9196428571428594	5.7819767441860472	5.6505681818181834	5.5249999999999959	5.4048913043478297	5.2898936170212805	5.1796874999999991	4.875	4.7812500000000044	4.6910377358490569	4.2866379310344822	4.2139830508474514	4.1437499999999998	4.0758196721311473	4.0100806451612865	3.9464285714285707	3.8847656249999987	3.8249999999999997	3.7670454545454541	3.7108208955223891	3.6562499999999964	3.6032608695652182	3.5517857142857143	3.5017605633802797	3.4531249999999996	3.4058219178082187	3.3597972972972991	3.3149999999999977	3.2713815789473744	3.2288961038961035	3.1875000000000022	3.1471518987341804	3.1078124999999988	3.0694444444444438	3.0320121951219483	2.9250000000000003	2.8909883720930227	2.8577586206896526	2.8252840909090908	2.793539325842699	2.7625000000000002	2.7321428571428572	2.7024456521739126	2.6733870967741957	2.6449468085106402	2.6171052631578946	2.5898437499999996	2.5631443298969092	2.5369897959183674	2.511363636363634	2.486249999999997	2.1433189655172411	2.125	2.1069915254237284	2.0892857142857144	2.0718749999999977	2.0547520661157024	2.0379098360655736	2.0213414634146343	2.0050403225806437	1.9889999999999999	1.9732142857142856	1.9576771653543317	1.9423828125000011	1.9273255813953487	1.9125000000000001	1.8979007633587783	1.8835227272727271	1.8693609022556392	1.8554104477611939	1.8416666666666668	1.8281249999999998	1.8147810218978115	1.8016304347826086	1.7886690647482029	1.7758928571428554	1.7632978723404256	1.7265624999999998	1.7146551724137942	1.7029109589041094	1.6465231788079471	1.6356907894736838	1.6249999999999998	1.5636792452830177	1.5539062499999985	1.5442546583850918	1.5347222222222219	1.5160060975609744	1.5068181818181821	1.462499999999999	1.4539473684210524	1.4454941860465118	1.4371387283236994	1.396769662921348	1.3889664804469273	1.3812500000000001	147944374335484.25	143393283432522.81	137861528772319.16	136905677954681.95	133616468653032.61	128670760187497.84	113839498463372.25	76210515025778.437	68034107357131.148	64883730790035.641	63079305612477.187	64883625527379.984	56553860204289.875	55595320200827.344	54668731530813.547	61963269894173.016	60057196563879.82	59550581561913.375	58839556538314.469	56416457819139.469	56843736945462.773	55154327526958.305	54965069876094.922	54982173134761.016	52992159633488.914	51449454469394.219	50340953588247.844	50039880374342.336	47246093005159.984	44891301077473.273	44300626063295.992	43912550600241.742	44639546034018.203	42983221628107.578	43702636029772.992	46663697080796.961	45409099840982.305	43141997155812.539	43624263237215.633	42475171773634.555	42473008540618.805	42626628610095.633	41216124159380.273	40141882058538.344	39397268025585.281	39278615777709.562	37193732791296.156	35440500850636.805	35071328966776	34858416455862.008	35529434598504.281	34299742511318.164	34962108823818.387	28775679619165.68	26793981405402.371	23719337884635.52	20940247397826.297	19190923853421.387	19271887935812.738	18639018682497.457	18722852539923.305	18688711049112.02	17729434186880.273	18277070336591.797	17677551052226.5	17878365650936.277	18189189046850.809	17380765976998.281	16807333833150.828	16461800901203.934	16554591970998.182	15253459536839.471	14193629514778.961	14089264591876.166	14089621797147.014	14707965696170.275	13988727885059.209	14599739842403.486	8139318156170.1055	13699946858980.48	5567866768424.9014	5849682264688.4023	6048887515248.0596	4859016950160.7773	4827258669440.7734	3476702879548.4131	5783558779453.2402	3697154320570.1113	2841564727598.6406	3629523448852.3643	2256562766741.9937	4749062831891.8223	4789211211655.6436	2805439283297.4731	2771632860005.8257	4085757300298.9683	3689368372810.7915	4103169869024.6553	Photon Energy (eV)
Optical Conductivity σ(s-1) 
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