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Textile wastewater consumes large quantities of water and produces large volumes of wastewater which is often rich in color, containing residues of reactive dyes and chemicals as well as much more hard-degradation materials. The presence of dyes in wastewater poses an environmental concern due to the existence of toxic components that may impact to aquatic and non-aquatic life. In this work, a new environmentally sound and low-cost, yet highly efficient nanopyroxene, (NaFeSi2O6) which is known as aegirine, will be used as an adsorbent for the removal of a model molecule dye from aqueous solutions and real textile wastewater by the batch-adsorption technique.
Different diluted samples (100%, 85%, 70%, 55%, 40%& 25%) for COD test and (100%, 80%, 60%, 40% & 20%) for the UV- spectrophotometer were prepared and adsorption was done at 25 oC, 35 oC and 45oC. The samples were put in the shaker for 24 hour and 150 rpm and separate by centrifuge at specific time and speed. The results were measured by COD and UV- Spectrophotometer devices. 
The readings of COD must decrease but they were randomly changed maybe due to the high total suspended solid. Also for the UV- Spectrophotometer the results before adsorption were corrected as the dilution factor decrease the absorbance were decreased but for the samples after adsorption the absorbance were randomly changed and that unreasonable, this indicates that there is a specific metal in the water sample didn’t adsorb by nonopyroxene at wavelength equal approximately 281nm. According to the results the adsorption isotherm and thermodynamics study cannot applied. 
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[bookmark: _Toc469737177][bookmark: _Toc481932571]Chapter 1: Introduction
Wastewater is any water that has been adversely contaminated by organic pollutants, bacteria and microorganisms, industrial effluent or any compound that deteriorated its initial quality.[1]It can be sub-divided into: first, municipal wastewater (liquid waste discharged by domestic residences and commercial properties), and second, industrial wastewater (liquid waste discharged by industrial and agricultural activities).[1]
[bookmark: _Toc468545315][bookmark: _Toc468545437][bookmark: _Toc468545453][bookmark: _Toc468548697][bookmark: _Toc468552293][bookmark: _Toc468552368][bookmark: _Toc468552402][bookmark: _Toc468555593][bookmark: _Toc469340488][bookmark: _Toc469340639][bookmark: _Toc469476656][bookmark: _Toc469490445][bookmark: _Toc469737178][bookmark: _Toc481924048][bookmark: _Toc481932572]Textile industries very important sours of wastewater, because it release significant amount of colors or organic dyestuffs to fresh water that are used in various industrial processes, which contains a number of contaminants, including acidic or caustic dissolved solids, toxic compounds, and any different dyes.[2, 3]These dyes cause real environmental problems which affect human, plants and aquatic life, causing various diseases and disorders because of its high toxicity and possible accumulation in the environment.[4, 5]Many of these dyes are carcinogenic, mutagenic, and teratogenic; therefore, removing dyes from wastewater is essential before discharging effluents into the environment.[6, 7]Textile wastes sorted into four group by the USEPA (Environmental Protection Agency): dispersible, hard-to-treat, high-volume, and hazardous and toxic wastes.[8]
There is different complex chemical structure dyes which is based on aromatic, heterocyclic, and azo-compounds, such as aromatic amine (C6H5-NH2), phenyl(C6H5CH2), naphthyl(C10H7CH2), and azo(-N¼N-) groups, are known in literature.[9]These dyes and compounds are difficult to remove or treat with conventional treatment methods.[10] Various chemical and physical methods that have been employed for dye removal from wastewater, including coagulation-flocculation, precipitation, photocatalysis, membranes, electrochemical, biological (such as trickling filters), etc.[2, 3, 8, 11, 12] These technologies are cost prohibitive, and therefore are not viable options for treating wastewater streams.[12] Adsorption is popular technique for removal dyes due to simplicity and high efficiency of this process, and also for the availability of a wide range of adsorbents, including activated carbon, zeolites, etc.[1, 13] Adsorption is a phase transfer process it is used to remove substances from fluid phases (gases or liquids), and it also observed as natural process in different environmental compartments.[14]Nanoadsorbent technology is the best method to remove dyes from wastewater due to their properties such as large surface area, high reactivity, high specificity, which lead to high adsorption efficiency, high removal rate of contaminants, and easy and rapid separation of adsorbent from solution viamagnetic field.[15, 16] A new environmentally sound and low-cost, yet highly efficient nanopyroxene, (NaFeSi2O6) which is known as aegirine, will be used as an adsorbent for the removal of a model molecule dye from aqueous solutions and real textile wastewater effluents by the batch-adsorption technique.[17] Nanotechnology is the technology related to the utilization of materials at nanoscale, 1-100 nm .[18] The use of nanotechnology in the future is expected to expand into numerous industrial applications and help decrease production costs by reducing energy consumption, attenuate environmental pollution and increase the production efficiencies in developed countries.[19]With the latest developments in nanotechnology, various types of magnetic nanoparticles have also been successfully synthesized and have received considerable attention to solve environmental problems, such as accelerating the coagulation of sewage, removing radionuclides, adsorption of organic dyes, and remediation of contaminated soil.[20]Aluminum oxides(Al2O3), Magnesium oxide (MgO), Zirconium dioxide (ZrO2), Cerium oxides (CeO2), Titanium dioxide (TiO2), Zinc oxide(ZnO)and Fe and O form a number of phases, e.g., FeO (wustite); Fe3O8 (magnetite), α- Fe2O3 (hematite), γ-Fe2O3 (maghemite), and ε-Fe2O3 as an examples of nonmetal oxides.[21]
despite these advantages there are some of drawback such as high cost and ecotoxicological hazard of metal oxide nanoparticles.[22]
This study is aimed at investigating the effectiveness of nanopyroxene for the adsorptive removal of dyes from real textile wastewater effluents. The COD test and UV-Spectrophotometer were used for reading the results of the samples before and after adsorption. 
Thisproject consists of eight chapters. It prepared by AyaAssaf, Huda Amer, Saja Ahmad and YasmeenSabbah. Eng. Maryam Hmoudah is the supervisor of the project. Chapter one gives an overview about nanoadsorbent technology, textile wastewater and the main objectives of this project. Chapter two presents adsorption definition, mechanisms and isotherms. Chapter three presents a literature review, isotherms, application. Chapter four presents the materials that will be used in this project. Chapter five presents the feasibility study and chapter six presents the results and discussion and chapter seven is about conclusion.
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[bookmark: _Toc481922786][bookmark: _Toc481923725]Figure1: Schematic representation of the report layout














[bookmark: _Toc481932573]Chapter 2: Adsorption
[bookmark: _Toc469737180][bookmark: _Toc481932574]2.1 Adsorption definition
Adsorption is the adhesion of atoms, ions, or molecules from a gas, liquid, or dissolved solid to a surface. This process creates a film of the adsorbate on the surface of the adsorbent. This process differs from absorption, in which a fluid (the adsorbate) permeates or is dissolved by a liquid or solid (the absorbent).[23] Adsorption has been proved as an efficient removal process for a multiplicity of solutes in water treatment.[14, 24] Adsorption can result either from the universal van der Waals interactions (physical adsorption, physisorption) or it can have the character of a chemical process (chemical adsorption or chemisorption). [25, 26] Contrary to physisorption, chemisorption occurs only as a monolayer.[25, 26]
Adsorption is surface phenomenon which may be defined in terms of an unit operation in the chemical engineering sense and that operation which deals primarily with the utilization of surface forces, and concentration of materials on the surface of solid bodies referred to as adsorption.[27, 28]Adsorption phenomena have been	 known to mankind for a very long time, and they are increasingly utilized to perform desired bulk separation or purification purposes.[29] The heart of an adsorption process is usually a porous solid medium.[14] The use of porous solid is simply that it provides a very high surface area or high micropore volume and it is this high surface area or micropore volume that high adsorptive capacity can be achieved.[29] Adsorption is present in many natural, physical, biological, and chemical systems, and is widely used in industrial applications such as activated charcoal, capturing and using waste heat to provide cold water for air conditioning and other process requirements (adsorption chillers), synthetic resins, increase storage capacity of carbide-derived carbons, and water purification.[23] Adsorption, ion exchange, and chromatography are sorption processes in which certain adsorbate are selectively transferred from the fluid phase to the surface of insoluble, rigid particles suspended in a vessel or packed in a column.[30]
The extent of adsorption depends upon the following factors: nature of adsorbate and adsorbent, the surface area of adsorbent, activation of adsorbent, experimental conditions such as temperature, pressure, PH, concentration, time, amount of adsorbent, to check the propensity of adsorption process.[31]
[bookmark: _Toc469737181][bookmark: _Toc481932575]2.2 Adsorption mechanism
The process of adsorption arises due to presence of unbalanced or residual forces at the surface of liquid or solid phase. These unbalanced residual forces have tendency to attract and retain the molecular species with which it comes in contact with the surface.[14] Adsorption process involves two components Adsorbent and Adsorbate. Adsorbent is the substance on the surface of which adsorption takes place, Adsorbate is the substance which is being adsorbed on the surface of adsorbent.[29]
Adsorption from solutions is a competitive process where equilibrium is determined by many factors resulted from adsorbents, adsorbates, and solvent properties. The porous structure of a solid, its energetic heterogeneity, and surface chemical properties are the main factors influencing adsorption equilibria. For a given adsorbent, the adsorption of it towards different adsorbates is a function of the solubility, polarity, structure, mass, and size of the adsorbate molecules.[32, 33]
Adsorption can be understood by considering a simple example. In case of liquid state, water molecule presents on the surface is attracted inwards by the molecules of water present in the bulk. This gives rise to surface tension.[27] While the molecule of water present within the bulk is equally attracted from all the sides and the net force experienced by the water molecule in bulk is zero. This clearly shows that particles at surface and particles at the bulk are in different environment.[34, 35][image: Water molecules experiencing forces from all direction ]
[bookmark: _Toc469262425][bookmark: _Toc469737671][bookmark: _Toc481921908][bookmark: _Toc481923726]Figure 2: adsorption occurs in liquid
Water molecules on surface are experiencing unbalanced forces as compared to molecules inside, which experiences forces from all direction.[34, 35]
[bookmark: _Toc469737182][bookmark: _Toc481932576]2.3 Adsorption in textile wastewater treatment
One of the most effective methods for removal of organic dye pollutant is by adsorption.[36]Adsorption process has been widely used in industrial dye wastewater treatment, because adsorption is a well-known equilibrium separation process and is effective in wastewater treatment.[37, 38]
 Organic dyes released to surface waters during printing and dyeing of textiles and clothing may be toxic above certain threshold concentrations to aquatic organisms.[39]  In addition, dye-containing wastewaters are commonly characterized by high salt content and slow biodegradation which makes removal by conventional wastewater treatment processes difficult.[40] Adsorption of dyes onto low-cost adsorbents is largely dependent on dye properties such as molecular structure and type, number and position of substituent in the dye molecule, source of raw materials used, preparation and treatment conditions such as pyrolysis temperature and activation time, surface chemistry, surface charge, pore structure, and surface area of the adsorbent.[41, 42]
[bookmark: _Toc469737183][bookmark: _Toc481932577]2.4 Adsorption Isotherm
Adsorption isotherms are applied to obtain the relationship between amount of a substance adsorbed at constant temperature and its concentration in the equilibrium solution and describe how adsorbate interact with adsorbents and are important in optimizing the use of an adsorbent in a real adsorption processes. Three of the most widely used isotherms were chosen to evaluate the equilibrium results: Langmuir, Freundlich and SIPS isotherms.[30, 43, 44]
· [bookmark: _Toc449088366]Freundlich Adsorption Isotherm
One of the most popular adsorption isotherms used for liquids to describe adsorption on a surface having heterogeneous energy distribution is Freundlich isotherm. The non-linearized form of Freundlich isotherm model is given as the following equation (2-4-1):
  ……………………… (2-4-1)
Where, n is a constant related to adsorption efficiency and energy of adsorption,  is a constant measuring adsorption capacity and  is an amount of adsorbate adsorbed. It describes adsorption processes on surface sites that are energetically heterogeneous.[43, 45-47]
 The logarithm form of the Freundlich equation can be written as the following equation (2-4-2):
Log  ………………………  (2-4-2)
Where  (mg/g) is the amount of adsorbed per unit mass adsorbent,  (mg/L) is the equilibrium concentration. and n are Freundlich constants which are related to the adsorption capacity and adsorption intensity, respectively.Generally n>1 suggests favorable adsorption of adsorbate on the adsorbent. The greater the value of n the more sturdy the adsorption strength.[43, 45-48]

· [bookmark: _Toc449088367]Langmuir Adsorption Isotherm
Langmuir (1918) was the first to propose a coherent theory of adsorption onto a flat surface based on a kinetic viewpoint, that is there is a continual process of bombardment of molecules onto the surface and a corresponding evaporation(desorption) of molecules from the surface to maintain zero rate of accumulation at the surface at equilibrium.[29, 48]
It is based on four assumptions:
1. Surface is homogeneous, that is adsorption energy is constant overall sites. 
2. Adsorbed molecules do not interact.
3. All adsorption occurs through the same mechanism.
4. At the maximum adsorption, only a monolayer is formed: molecules of adsorbate do not deposit on other, already adsorbed, molecules of adsorbate, only on the free surface of the adsorbent.[29]

[bookmark: _Toc449088368]Langmuir isotherm, applicable for homogenous surface adsorption, the non-linearized form of Langmuir isotherm model can be described as the following equation

=   ……………………… (2-4-3)
Where  (mg/L) is the equilibrium concentration,  (mg/g) is the amount of adsorbed per unit mass adsorbent.  (mg/g) and  (L/mg) are Langmuir constants which are related to the adsorption capacity and rate of adsorption, respectively.[43, 45-47]
The term describing essential characteristics of the monolayer equation is referred to as dimensionless separation factor (RL), defined as equation (2-4-4)
	 ……………………… (2- 4- 4)
Where KL is the Langmuir constant and Co is the highest initial concentration. The value of RL indicates whether it is unfavorable (RL> 1), linear (RL= 1), favorable (0 < RL< 1) or irreversible (RL= 0).[43, 45]

· SIPS  Adsorption Isotherm
SIPS isotherm, is a heterogeneous adsorption system, the non-linearized form of SIPS isotherm model can be described as the following equation
=……………………… (2-4-5)
Where  is the number of moles of adsorbed per surface area of the dried nanoparticles (),  is the equilibrium concentration of adsorbent in the supernatant (),  is the maximum adsorption capacity for complete monolayer coverage (), Ks is the equilibrium constant of adsorption reaction related to the adsorption affinity (), ns is the Sips constant related to the heterogeneity factor (unitless).[17]








[bookmark: _Toc469737184][bookmark: _Toc481932578]Chapter 3: Literature Review
(Nassar et.al.2015)[9] Investigated on synthetics and real textile wastewater treatment by using magnetic iron dioxide nanoparticle (γ-Fe2O3) with dye adsorption. They use this nanoparticle because it has good properties such as large specific surface area per mass. This study considers the effects of different experimental parameters on dye removal. Such as contact time, initial concentration, solution pH, and coexisting ions. The result of this study shows that that the dye adsorption was fast and equilibrium was achieved in less than 125 min for dye in real textile wastewater. (γ-Fe2O3) nanoparticle was successfully applied to remove dyes from textile wastewater. 

(Hmoudah et.al.2016)[17] Showed the synthesis of nanopyroxene (NaFeSi2O6), they tried different sizes of nanopyroxene and surface and structural modified and that by replacing some of original atoms like Ce, Zr, H and Ca instead of Fe, Si and Na, also by adding Ni to NaFeSi2O6. All this functionalities were done to enhance their adsorption quality. Characterization techniques like XRD, BET, FTIR, TGA, TRD-Co2, XPS, and SEM were characterized to modify surface structure and different sizes of nanoparticles. The other aim of this study is to study the effect of nanopyroxene on Violantthrone -79 (Vo-79) which is a model molecule mimics behavior of asphaltenes. The result showed that the nanopyroxene (aegirine) has good properties such as high surface area and the adsorption capacity of these nanoparticles was in the range between 30 to 60 nm and doubled the adsorption capacity.
(Xiaolei Qu.et al.2013)[49] Talked about the importance of nanotechnology in advancing water and wastewater treatment. One of these nanomaterial is carbon based nano adsorbent (CNT) which shown higher efficiency than activated carbon on adsorption of various organic chemicals and this higher efficiency come from the large specific surface area and the diverse contaminate-CNT interactions including hydrophobic effect,π-π interaction, hydrogen bonding, covalent bonding and electrostatic interaction. The major drawback of activated carbon is its low adsorption affinity for low molecular weight polar organic compound adversely to CNT which strongly adsorb many of these polar organic compounds. Oxidized CNT is important for heavy metal removal, the surface functional group such as carboxyl, hydroxyl and phenol are the major adsorption sites for metal ions.
Another nanomaterial that studied is metal oxide such as iron oxide, titanium dioxide and alumina which are effective, low cost adsorbents for heavy metals and radionuclides. Dendrimers which are one of polymeric nano adsorbents are tailored adsorbents that are capable of removing both organic and heavy metals. Their interior shells can be hydrophobic for sorption of organic compounds while the exterior branches can be tailored for adsorption of heavy metals.
Among these studies on nanomaterial promise to show in full scale application in the near future because some of these nano still in the laboratory research stage and some have made their way to pilot testing or even commercialization.
(El-Qanni.et al, 2016)[50] Studied iron oxide nanoparticle applications for wastewater treatment primarily focused on applying nanoparticles as adsorbents for removal of contaminants, typically metal ions and ionic organic compounds (like dyes). They used iron oxide nanoparticles due to its unique features, such as high surface area to volume ratio, magnetism, biocompatibility, natural occurrence and catalytic oxidizing capabilities. According to environmental effect, iron oxide nanoparticles are considered to be inert, highly stable and naturally occurring.
 In this study, they integrated the adsorption process as a non-classical technique for removing dyes, exemplified by methylene blue. The adsorption isotherms were determined and were described by the Freundlich and Langmuir isotherms and fit to Freundlich model.
 (Mahapatra.et al, 2013)[51] Studied the nanocomposites composed of mixed iron and aluminum oxide (Fe2O3- Al2O3) as adsorbent for the adsorptive decolorization of Congo red dye from wastewater. They used these nanocomposites because of its advantages such as low cost, extensive availability, thermal stability and remarkable adsorption capacity. Effects of pH, contact time and initial concentration of adsorbate have been studied. So the result showed that adsorption equilibrium is attained within a short contact time of 15 min. and the adsorption capacity was found to be 498 mg/g in case of gamma mixed oxides, the optimum pH for maximum removal of Congo red was found to be 7 and the order of it was governed by pseudo-second-order kinetics.
(Ghaedi.et al, 2015)[52] Focused on removal of methylene blue and safranin-O, which are hazardous dyes, from wastewater by ultra-sonic-assisted adsorption onto the developed adsorbent that is Fe3O4 nanoparticles. Ultra sonic was used due to its high efficiency of water purification from chemically hazardous pollutants. The effects of variables such as pH, adsorbent dosage, methylene blue concentration, safranin-o concentration and contact time on dyes removal were examined and that values were found to be 6, 0.01g, 10 and 20 mg/l, respectively, and 2 min for contact time which showed a very rapid adsorption process. According to that, the removal percentage for each dye was predicted to be 99.9%.
(Gholivand.et al, 2015)[53] Studied the removal of tow anionic dyes from aqueous solutions by using the potential of polypyrrole-coated Fe3O4 nanoparticles. Adsorption has been considered as an effective method among many methods such as electrochemical degradation, ozonation, oxidation, photocatalysis, membrane filtration and biological treatment due to its low cost, simplicity of design, ease of operation without harmful residues and the possibility of regeneration of the adsorbent.
Polypyrrole-coated Fe3O4 used as adsorbent according to its high adsorption capacity and available at economical costs. Several parameters such as pH, sorbent amount and contact time were studied. This study showed that 0.1- 0.12 g/100ml of the adsorbent amount was achieved to remove dyes at pH 4-4.5 in 60 min, and the kinetic results showed that the pseudo-second-order equation was the best model. 
(Nekouei.et al, 2015)[54] Showed the effective of removal acid blue 129 from liquids by using copper oxide nanoparticle-modified activated carbon as a novel adsorbent. Removal of this dye is necessary according to its harmful if there is contact to eyes, respiratory system and skin. The effects of pH, adsorbent dosage, initial dye concentration, contact time and temperature were examined and optimizing. So the investigation showed that the capacity adsorbent was 65.36 for the removal of acid blue 129 from aqueous solutions in a short time (<=25 min) and the maximum removal efficiency (around 100%) occurred at pH 2.
(Rajabi.et al, 2015)[55] Showed the application of cetyltrimethylammonium bromide (CTAB) coated magnetite nanoparticles (MNPs) as an adsorbent for removal of two types of disperse dyes, including disperse red 167 and disperse blue 183 from wastewater of textile companies. These dyes have most serious environmental problems and also affect the human health. The adsorbent which used in this study was selected due to its low cost and novel locally available.
[bookmark: _Toc469737185]In this study CTAB coated MNPs adsorbent were successfully applied to remove disperse dyes from wastewater and its efficiency was (>= 95%) at high concentration of the dyes. And the adsorbent capacity was 2000mg/g. 

















Chapter 4: Materials
[bookmark: _Toc469737186][bookmark: _Toc481932579]4.1 Adsorbate
A real textile wastewater sample obtained from Al-Aqad Textile Company (Nablus) was used as   a source of real contaminants. The sample was light blue in color and free of suspended solid  particles .[9] We use simple dyes have different configurations and it that have been used in the textile industry such as methylene blue is Synonym: 3,7bis (Dimethylamino) phenazathionium chloride, Tetramethylthionine chloride, it is Empirical Formula (Hill Notation): C16H18ClN3S·xH2O, and it is Molecular Weight: 319.85 (anhydrous basis) Methylene blue was supplied by the university warehouse and it is a compound consisting of dark green crystals or crystalline powder, having a bronze-like luster.[5]  Solutions in water or alcohol have a deep blue color.  and has been used to treat cyanide poisoning and to lower levels of METHEMOGLOBIN.[6] As a model molecule for textile dyes, distilled water was employed for preparing  the solutions.[9] and   Methyl orange (4-[[(4-dimethylamino) phenyl]- azo] benzene sulfonic acid sodium salt) and all reagents.[56] Molecular formula is C14H14N3NaO3S as a model. molecule for textile and is an intensely colored compound used in dyeing and printing textiles.[7] Chemists use methyl orange as an indicator in the titration of weak bases with strong acids. Crystal violet C25H30ClN3 and Methyl black.
[bookmark: _Toc469737187][bookmark: _Toc481932580]4.2 Adsorbent
Pyroxene is a term referring to a group of industrial minerals and materials include important elements of the Earth's crust and rocks lunar and Mars form.[57] It is environmentally friendly, where the general chemical formula of nanopyroxene is (M2M1T2O6) the  five-to eight-coordinated  M2cation  site  can  be  occupied  by elements like Na, K, Li, Ca, Ba , Fe2+, Mg and Sr while the six-coordinated M1site can be occupied by elements like Mg, Mn , Fe2+, Fe3+, Al, Cr, Ga, Zn, Ti3+, V, Sc, Cu, Co, Ni.[57] The nanopyroxene that contain silica which naturally exist constitute 25% of the size of Earth from the depths of 400 km. however, pyroxenes are produced by the mixture of oxides, hydroxides and carbonates  in  stoichiometric  ratios  and  heating  them  up  to high  temperatures  and pressures.[57] There are a series of industrial nanopyroxene possible to have the same chemical composition and is not possible. Nanopyroxene Synonym is NaFeSi2O6.[57]
Nano pyroxenes most commonly occur in intermediate to ultra-mafic igneous rocks, although they are also common in some medium-grade to high-grade metamorphic rocks. Pyroxene minerals share a similar crystal structure and their physical properties are so similar they are often only identified as ‘pyroxene’ in the field. All of them are harder than glass.[58] The nanopyroxene can be divided up into four subgroups, depending on whether they are relatively rich in calcium, magnesium, sodium or (more rarely) lithium ions.[58]Nanopyroxene nanoparticles with different surface and structural modifications:the atomic ratio of Si/Fe in pure nanopyroxene should always be fixed to 2.0. However, it is possible to artificially modify the structure of nanopyroxene by partially replacing Fe or Si during the synthesis by addition of other suitable elements, and in this way, an artificial modification of the Si/Fe atomic ratio can be carried out. To understand the effect of surface and structural modifications of PY nanoparticles on adsorption (hereinafter called functionalized PY nanoparticles).[17] Nanopyroxene for adsorption and catalytic thermal decomposition of visbroken residue asphaltenes. 
X-ray diffraction (XRD): 
Nanopyroxene nanoparticles (M2M1T2O6) were used as an adsorbent. The nanoparticles were used as received without further purification. The nanoparticles have a size of 10±2 nm structure and particle size was determined using an X-ray diffraction System.[9] The XRD  measurements  of  dried  powder  different-sized,  surface  and  structural-modified  nanopyroxene were  collected  at  room  temperature  using  X-ray  Ultima  III  Multi-Purpose Diffraction System (Rigaku Corp, The Woodlands, TX) with Cu KD radiation operating at 40 kV and 44 mA with a T-2Tgoniometer.[17] X-ray diffraction analysis of the different-sized nanopyroxene nanoparticles is shown in Figure1, which confirmed that the correct structure is nanopyroxene. The sharp peaks in the XRD patterns imply good crystallinity of all products.[17] The  identification  of  the  patterns  confirms  the material  to  be  nanopyroxene.[17] Noticeable  changes  in  the  signals  intensities  and  broadenings  are  produced .[17]Nanopyroxene nanoparticle produced the broad signals, indicating that this material has the small crystalline domain size.[17]
[image: ]

[bookmark: _Toc469737672][bookmark: _Toc481921909][bookmark: _Toc481923727]Figure 3:XRD powder of nanopyroxene for particle size

Textural properties:
The surface areas of the prepared different-sized, surface and structural-modified nanopyroxene nanoparticles were measured following the Brunauer-Emmett-Teller (BET) method. This was accomplished by performing nitrogen physisorption at 77 K using a surface area and porosity analyzer (TriStar II 213020, Micrometrics Corporate, norcross, GA). An estimation of the particle size (assuming spherical-like nanoparticles)  was  accomplished  by  using  the  measured  specific  surface  area  and  the derived  equation d =6000⁄(SAPnanopyroxene)  ;  where d is  the  particle  size  in  nm, SA is  the experimentally measured specific surface area (m2/g), and P the aegirine density (3.577 g/cm3) .[17]
When the particle size nanopyroxene significant deviation is observed in crystalline domain size obtained by XRD and the particle size obtained by BET as listed in Table 1. The ultrafine nanoregime, particle size and crystalline domain size are very similar.[17]
[bookmark: _Toc469737911][bookmark: _Toc481925636]Table 1: BET  surface  area,  particle  size  and  XRD  crystalline  size  of  different-sized  nanopyroxene nanoparticles
	Sample
	BET surface area (m2/g)
	Particle size by BET (nm)
	domain size by XRD (nm)

	PY-10
(nanopyroxene)
	160
	10
	10±2



Scanning electron microscopy (SEM):
Scanning  electron  microscopy  was  performed  to  study  the  surface  morphology  of  the  different-sized nanopyroxene nanoparticles. A field emission Quanta 250 electron microscope manufactured by FEI was used, with an accelerating voltage of 20 kV and a spot size of 3.0. SEM image is important to investigate the surface morphology and the nanoparticles shape in the first place. The representative SEM image of the surface of the nanopyroxene showed morphology quite as seen in Figure 2 for the small crystalline domain size and nanopyroxene there in nature to form Fibers.[17]
[image: ]
[bookmark: _Toc481923728][bookmark: _Toc469737673][bookmark: _Toc481921910]Figure 4: SEM image for nanopyroxene
High resolution transmission electron microscopy (HRTEM):
Transmission electron microscopy images for different-sized nanopyroxene nanoparticles were obtained via FEI Tecnai F20 FEG TEM using an accelerating voltage of 200 kV to analyze the nanoparticle size   and   morphology. This   technique provides   atomic-resolution   real   space   imaging   for nanoparticles. In order to investigate the real shape of the nanoparticle HRTEM image, as seen in Figure3, nanoparticles are spherical in shape for nanopyroxene nanoparticles of size 10.[17]
[image: ]
[bookmark: _Toc469737674][bookmark: _Toc481921911][bookmark: _Toc481923729]Figure 5: HRTEM images for size nanopyroxene
FTIR analysis of sized nanopyroxene nanoparticles:
FTIR was employed to examine existing hydroxyl stretching bands. Therefore, hydroxyl density on the surface is needed to determine the amounts of OH moieties on each surface. Figure 4,shows the infrared spectra of the prepared sized nanopyroxene nanoparticles.[17]
[image: ]
[bookmark: _Toc469737675][bookmark: _Toc481921912][bookmark: _Toc481923730]Figure 6: Infrared spectroscopy of the prepared pyroxene nanoparticles for the hydroxyl group region for nanopyroxene.

X-ray Photoelectron Spectroscopy (XPS):
XPS  analysis  was  performed  to  confirm  the  elemental  and  the  surface  composition  for  the functionalized PY nanoparticles. XPS was carried out with a PHI Versa Probe 5000 spectrometer.[17]
Thermo gravimetric analysis (TGA):
TGA was used to determine the hydroxyl group density on the surface of the prepared different-sized PY nanoparticles.[17]














[bookmark: _Toc481932581]Chapter 5: Feasibility Study
To check if the price of 1 kg is efficient or not, the prices of raw materials which entered in the preparation of nanopyroxene were taken from Eng. Majed Abu Kharmi and the prices were taken per 1 Kg. 
The raw materials and there's amounts  that entered in the preparation of 2 g of nanopyroxene were 3.2g  NaOH,4.9g Sodium Silicate,2.4g  H2SO4 and 2.8g FeCl3. The prices of them shown in the following table (2)
[bookmark: _Toc481925637]Table 2: the prices of raw materials
	Raw material
	Price(ILS/Kg)

	Sodium hydroxide(NaOH )
	5

	Sodium silicates
	4

	H2SO4
	25

	FeCl3
	11



The cost for 2 g of nanopyroxene:
The price of 1000 g NaOH = 5 ILS
The price or 3.2 g NaOH =  = 0.016 ILS
The price of 1000 g Sodium Silicate = 4ILS
The price or 4.9 g Sodium Silicate =  = 0.0196 ILS
The price of 1000 g H2SO4= 25ILS
The price or2.4 g Sodium Silicate =  = 0.06 ILS
The price of 1000 FeCl3= 11ILS
The price or2.8 g Sodium Silicate =  = 0.0308 ILS
So the cost of raw materials for 2g of nonopyroxene = 0.016 + 0.0196 + 0.06 + 0.0308 = 0.1264 ILS.
And the cost of raw materials to produce 1 Kg of nanopyroxene =
The price of electricity of the oven that needed to prepare 2 g of nonopyroxene was consumed from the oven for 72 hours. And the price of 1 KW of electricity = 0.67 ILS. So for 72 hour the price of electricity for produce nanopyroxene = 72 * 0.67 = 48.24 ILS.
And now the total cost of producing 1 Kg of nanopyroxene = 63.2 + 48.24 = 111.44 ILS.
The amount of adsorbate cannot be found due to problems in the concentration of the diluted samples so the price of the nonopyroxene cannot be decided if it efficient or not.













[bookmark: _Toc481932582]Chapter 6: Results and discussion
Figure (7) show that the adsorption was occurred due to the removal of the color from water sample. To know how the mechanism of the adsorption occur the isotherm and thermo dynamic study should be done.

a)[image: ]b)[image: ]
.
[bookmark: _Toc468552277][bookmark: _Toc469261946][bookmark: _Toc469262428][bookmark: _Toc469490733]Figure 7: The samples of textile wastewater: a) before testing. b) After testing with aegirine.

[bookmark: _Toc481932583]6.1 COD results

Firstly, 6 samples  prepared with  different dilution percent (100%, 85%, 70%, 55%, 40%  & 25%)   from the original sample . 5 ml from each dilution  were added to Viles which contain approximately 0.05g of nanopyroxen. Adsorption isotherm was done at 250C, 350C, 450C for 6 samples. These samples were put in the shaker for 24 h and 150 RPM. After that,the samples were settling out for another 24 hour to separate the nanoparticle from water samples. The concentration of the dilution samples before adsorption (without nanopyroxen) (C0) and after adsorption (C) were measured by COD and its result shown in the table 3, 4, 5.  
[bookmark: _Toc481925638]




Table 3: the results of COD test at 250C
	# sample
	Dilution%
	C0(PPM)
	C(PPM)

	1
	100
	344
	221

	2
	85
	302
	312

	3
	70
	110
	158

	4
	55
	116
	181

	5
	40
	112
	225

	6
	25
	94
	163



[bookmark: _Toc481925639]Table 4: the results of COD test at 350C
	# sample
	Dilution%
	C0(PPM)
	C(PPM)

	1
	100
	344
	81

	2
	85
	302
	251

	3
	70
	110
	109

	4
	55
	116
	148

	5
	40
	112
	160

	6
	25
	94
	171



[bookmark: _Toc481925640]Table 5: the results of COD test at 450C
	# sample
	Dilution%
	C0(PPM)
	C(PPM)

	1
	100
	344
	315

	2
	85
	302
	440

	3
	70
	110
	203

	4
	55
	116
	236

	5
	40
	112
	244

	6
	25
	94
	262



These results were randomly changed at the time they must decrease when the dilution decreased. Maybe there are problems in the procedure of running COD test.  The sample of water before and after adsorption weren’t done at the same condition, and also some nanoparticles of pyroxene may didn’t separate completely from water sample, so the adsorption for 6 samples were rebated at 25 0C for 24 h. Then centrifuge device was used to separate nanopyroxene completely for 5min at 2500 rpm.  After that the results were taken by COD device and table 6shows the results.
[bookmark: _Toc481925641]



Table 6: the result of COD test at 250C
	# sample
	Dilution%
	C0(PPM)
	C(PPM)

	1
	100
	44
	530

	2
	85
	30
	63

	3
	70
	37
	289

	4
	55
	22
	30

	5
	40
	18
	754

	6
	25
	0
	256



Also these results are not reasonable so the samples were measured by using the COD device in water and environment studies institute (WESI)in the scientific centers building to check the reproducibility of the results if the problem from COD device or not. The following table (7) showing the results of COD for the original water samples before adsorption.
[bookmark: _Toc481925642]Table 7: the result of COD test from WESI
	# sample 
	Dilution % 
	C0(PPM)

	1
	100
	46

	2
	85
	16

	3
	70
	7

	4
	55
	0

	5
	40
	19



Based on these results we consider that the COD device is not suitable for our experiment because COD is very sensitive to any very few particles and the wastewater have a high total suspended solid (TSS) and as dilution increase the error in readings will increase, so the isotherm study can't apply. And another technique is used which is UV spectrophotometer. 

[bookmark: _Toc481932584]6.2 UV-Spectrophotometer results
Firstly, 5 samples prepared with different dilution percent (100%, 80%, 60%, 40% & 20%)   from the original sample. 5 ml from each dilution were added to Aviles which contain approximately 0.05g of nanopyroxen, and another 5 ml from each dilution were added to Aviles without nanopyroxen, all the samples were put in the shaker for 24 h and 150 RPM. After that, the centrifuge device was used to separate nanoparticle from water samples for 1 hour at 3000 rpm.  The absorbance of the dilution samples before adsorption (without nanopyroxen) and after adsorption were measured by UV-Spectrophotometer device and table 8 & table 9show the UV result
[bookmark: _Toc481925643]Table 8: The UV-spectrophotometer results before adsorption
	# samples
	Dilution percent%
	Peak(nm)
	Absorbance

	A1
	100
	277
	0.229

	A2
	80
	281
	0.148

	A3
	60
	281
	0.103

	A4
	40
	281
	0.101

	A5
	20
	287
	0.069



[bookmark: _Toc481925644]Table 9: The UV-spectrophotometer results after adsorption
	# samples
	Dilution percent%
	Peak(nm)
	Absorbance

	A6
	100
	281
	0.167

	A7
	80
	281
	0.165

	A8
	60
	281
	0.188

	A9
	40
	272
	0.199

	A10
	20
	281
	0.103



The following figures show the amount of absorbance vs. wavelength and specify the peaks 


[bookmark: _Toc481923731]Figure 8: Abs vs. wavelength before adsorption for dilution 100%


[bookmark: _Toc481923732]Figure 9: Abs vs. wavelength after adsorption for dilution 100%



[bookmark: _Toc481923733]Figure 10: Abs vs. wavelength before adsorption for dilution 80%

[bookmark: _Toc481923734]Figure 11: Abs vs. wavelength after adsorption for dilution 80%



[bookmark: _Toc481923735]Figure 12: Abs vs. wavelength before adsorption for dilution 60%


[bookmark: _Toc481923736]Figure 13: Abs vs. wavelength after adsorption for dilution 60%




[bookmark: _Toc481923737]Figure 14: Abs vs. wavelength before adsorption for dilution 40%

[bookmark: _Toc481923738]Figure 15: Abs vs. wavelength before adsorption for dilution 40%





[bookmark: _Toc481923739]Figure 16: Abs vs. wavelength before adsorption for dilution 40%


[bookmark: _Toc481923740]Figure 17: Abs vs. wavelength before adsorption for dilution 20%
The results of UV for the diluted samples before adsorption were acceptable; when the percentage of diluted samples decreased the absorbance value decreased gradually but after adsorption the reading of the UV done randomly. This means that adsorption processes didn’t set correctly at 250C. This indicates that there is a specific metal in the water sample didn’t adsorbed by nanopyroxene at wavelength equal approximately 281nm.
[bookmark: _Toc481932585]6.3 Regeneration and reuse
The possible method for regeneration and reuse the nanopyroxene
1. High temperature calcination by setting the adsorbent in the furnace with air and calcined with different temperature at different time.[59] 
2. Desorption by using acidic solution such as HCl.[60]  




[bookmark: _Toc481932586]Chapter 7: Conclusion
In this study, the adsorption of dyes from textile wastewater by using nanopyroxene as adsorbent was investigated. COD and UV-Spectrophotometer devices were used to found the results of diluted samples before and after adsorption which must indicate the efficiency of nanopyroxene for adsorption of dyes from textile wastewater.
Unfortunately the results for both devices were unreasonable because as the dilution factor increase the readings of COD must decrease. However they were randomly changed maybe due to the high total suspended solid. Also for the UV- Spectrophotometer the results before adsorption were corrected as the dilution factor decrease the absorbance were decreased but for the samples after adsorption the absorbance were randomly changed and that unreasonable, this indicates that there is a specific metal in the water sample didn’t adsorbed by nanopyroxene at wavelength equal approximately 281nm. According to the results the adsorption isotherm and thermodynamics study cannot applied. 
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Abs


A6
190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	366	367	368	369	370	371	372	373	374	375	376	377	378	379	380	381	382	383	384	385	386	387	388	389	390	391	392	393	394	395	396	397	398	399	400	401	402	403	404	405	406	407	408	409	410	411	412	413	414	415	416	417	418	419	420	421	422	423	424	425	426	427	428	429	430	431	432	433	434	435	436	437	438	439	440	441	442	443	444	445	446	447	448	449	450	451	452	453	454	455	456	457	458	459	460	461	462	463	464	465	466	467	468	469	470	471	472	473	474	475	476	477	478	479	480	481	482	483	484	485	486	487	488	489	490	491	492	493	494	495	496	497	498	499	500	501	502	503	504	505	506	507	508	509	510	511	512	513	514	515	516	517	518	519	520	521	522	523	524	525	526	527	528	529	530	531	532	533	534	535	536	537	538	539	540	541	542	543	544	545	546	547	548	549	550	551	552	553	554	555	556	557	558	559	560	561	562	563	564	565	566	567	568	569	570	571	572	573	574	575	576	577	578	579	580	581	582	583	584	585	586	587	588	589	590	591	592	593	594	595	596	597	598	599	600	601	602	603	604	605	606	607	608	609	610	611	612	613	614	615	616	617	618	619	620	621	622	623	624	625	626	627	628	629	630	631	632	633	634	635	636	637	638	639	640	641	642	643	644	645	646	647	648	649	650	651	652	653	654	655	656	657	658	659	660	661	662	663	664	665	666	667	668	669	670	671	672	673	674	675	676	677	678	679	680	681	682	683	684	685	686	687	688	689	690	691	692	693	694	695	696	697	698	699	700	701	702	703	704	705	706	707	708	709	710	711	712	713	714	715	716	717	718	719	720	721	722	723	724	725	726	727	728	729	730	731	732	733	734	735	736	737	738	739	740	741	742	743	744	745	746	747	748	749	750	751	752	753	754	755	756	757	758	759	760	761	762	763	764	765	766	767	768	769	770	771	772	773	774	775	776	777	778	779	780	781	782	783	784	785	786	787	788	789	790	791	792	793	794	795	796	797	798	799	800	801	802	803	804	805	806	807	808	809	810	811	812	813	814	815	816	817	818	819	820	821	822	823	824	825	826	827	828	829	830	831	832	833	834	835	836	837	838	839	840	841	842	843	844	845	846	847	848	849	850	851	852	853	854	855	856	857	858	859	860	861	862	863	864	865	866	867	868	869	870	871	872	873	874	875	876	877	878	879	880	881	882	883	884	885	886	887	888	889	890	891	892	893	894	895	896	897	898	899	900	901	902	903	904	905	906	907	908	909	910	911	912	913	914	915	916	917	918	919	920	921	922	923	924	925	926	927	928	929	930	931	932	933	934	935	936	937	938	939	940	941	942	943	944	945	946	947	948	949	950	951	952	953	954	955	956	957	958	959	960	961	962	963	964	965	966	967	968	969	970	971	972	973	974	975	976	977	978	979	980	981	982	983	984	985	986	987	988	989	990	991	992	993	994	995	996	997	998	999	1000	1001	1002	1003	1004	1005	1006	1007	1008	1009	1010	1011	1012	1013	1014	1015	1016	1017	1018	1019	1020	1021	1022	1023	1024	1025	1026	1027	1028	1029	1030	1031	1032	1033	1034	1035	1036	1037	1038	1039	1040	1041	1042	1043	1044	1045	1046	1047	1048	1049	1050	1051	1052	1053	1054	1055	1056	1057	1058	1059	1060	1061	1062	1063	1064	1065	1066	1067	1068	1069	1070	1071	1072	1073	1074	1075	1076	1077	1078	1079	1080	1081	1082	1083	1084	1085	1086	1087	1088	1089	1090	1091	1092	1093	1094	1095	1096	1097	1098	1099	1100	1.0000000000000009E-3	3.1000000000000017E-2	4.7000000000000014E-2	1.0999999999999998E-2	4.5999999999999999E-2	2.1000000000000012E-2	3.1000000000000017E-2	3.9000000000000014E-2	2.4E-2	0	1.2E-2	2.9000000000000001E-2	4.5000000000000012E-2	3.7999999999999999E-2	2.5999999999999999E-2	3.500000000000001E-2	1.4E-2	1.0999999999999998E-2	9.0000000000000028E-3	2.5999999999999999E-2	1.6000000000000014E-2	2.4E-2	2.1000000000000012E-2	5.0000000000000036E-3	-7.0000000000000036E-3	2.1000000000000012E-2	1.2999999999999998E-2	2.4E-2	1.2999999999999998E-2	4.0000000000000036E-3	1.4E-2	1.4999999999999998E-2	1.6000000000000014E-2	2.1000000000000012E-2	3.1000000000000017E-2	2.3E-2	2.9000000000000001E-2	2.8000000000000001E-2	2.8000000000000001E-2	2.9000000000000001E-2	2.4E-2	2.9000000000000001E-2	3.4000000000000002E-2	2.8000000000000001E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.1000000000000017E-2	3.7999999999999999E-2	3.5999999999999997E-2	3.0000000000000002E-2	3.6999999999999998E-2	3.9000000000000014E-2	3.2000000000000028E-2	3.4000000000000002E-2	3.3000000000000002E-2	3.6999999999999998E-2	3.5999999999999997E-2	3.500000000000001E-2	3.4000000000000002E-2	3.1000000000000017E-2	3.7999999999999999E-2	3.4000000000000002E-2	3.500000000000001E-2	3.9000000000000014E-2	3.3000000000000002E-2	4.2000000000000023E-2	4.5000000000000012E-2	4.3000000000000003E-2	4.3999999999999997E-2	4.7000000000000014E-2	4.5999999999999999E-2	3.6999999999999998E-2	4.0000000000000022E-2	5.1000000000000004E-2	5.5000000000000014E-2	7.0000000000000021E-2	7.5000000000000011E-2	8.6000000000000021E-2	0.10500000000000002	0.12400000000000005	0.115	0.13400000000000001	0.1490000000000001	0.13900000000000001	0.1490000000000001	0.15500000000000011	0.15500000000000011	0.16300000000000001	0.161	0.15700000000000011	0.161	0.16700000000000001	0.16300000000000001	0.15000000000000011	0.16600000000000001	0.16500000000000001	0.16400000000000001	0.16600000000000001	0.16300000000000001	0.16	0.16200000000000001	0.16	0.15900000000000011	0.15800000000000011	0.15600000000000011	0.15500000000000011	0.15400000000000011	0.15200000000000011	0.15100000000000011	0.15100000000000011	0.1490000000000001	0.1460000000000001	0.1450000000000001	0.14300000000000004	0.14100000000000001	0.14000000000000001	0.13900000000000001	0.13700000000000001	0.13600000000000001	0.13400000000000001	0.13200000000000001	0.13	0.129	0.127	0.126	0.125	0.12400000000000005	0.12200000000000005	0.12100000000000002	0.11899999999999998	0.11799999999999998	0.11700000000000002	0.115	0.114	0.112	0.111	0.11	0.10900000000000006	0.10700000000000005	0.10600000000000002	0.10500000000000002	0.10400000000000002	0.10199999999999998	0.10100000000000002	0.1	9.9000000000000046E-2	9.8000000000000087E-2	9.7000000000000003E-2	9.6000000000000002E-2	9.5000000000000043E-2	9.4000000000000028E-2	9.3000000000000083E-2	9.2000000000000026E-2	9.1000000000000025E-2	9.1000000000000025E-2	9.0000000000000024E-2	8.9000000000000065E-2	8.8000000000000064E-2	8.8000000000000064E-2	8.6000000000000021E-2	8.6000000000000021E-2	8.5000000000000006E-2	8.4000000000000047E-2	8.4000000000000047E-2	8.3000000000000046E-2	8.2000000000000003E-2	8.1000000000000003E-2	8.1000000000000003E-2	8.0000000000000043E-2	7.9000000000000056E-2	7.9000000000000056E-2	7.8000000000000014E-2	7.6999999999999999E-2	7.6999999999999999E-2	7.5999999999999998E-2	7.5000000000000011E-2	7.5000000000000011E-2	7.3999999999999996E-2	7.3000000000000009E-2	7.3000000000000009E-2	7.1999999999999995E-2	7.0999999999999994E-2	7.0999999999999994E-2	7.0000000000000021E-2	6.9000000000000034E-2	6.9000000000000034E-2	6.8000000000000019E-2	6.7000000000000004E-2	6.7000000000000004E-2	6.6000000000000003E-2	6.6000000000000003E-2	6.5000000000000002E-2	6.4000000000000057E-2	6.4000000000000057E-2	6.3E-2	6.3E-2	6.2000000000000034E-2	6.1000000000000013E-2	6.1000000000000013E-2	6.0000000000000032E-2	6.0000000000000032E-2	6.0000000000000032E-2	5.9000000000000025E-2	5.8000000000000003E-2	5.8000000000000003E-2	5.7000000000000023E-2	5.7000000000000023E-2	5.6000000000000001E-2	5.6000000000000001E-2	5.5000000000000014E-2	5.5000000000000014E-2	5.3999999999999999E-2	5.3999999999999999E-2	5.3000000000000012E-2	5.3000000000000012E-2	5.1999999999999998E-2	5.1999999999999998E-2	5.1000000000000004E-2	5.1000000000000004E-2	0.05	0.05	0.05	4.9000000000000037E-2	4.8000000000000001E-2	4.8000000000000001E-2	4.8000000000000001E-2	4.7000000000000014E-2	4.7000000000000014E-2	4.7000000000000014E-2	4.5999999999999999E-2	4.5999999999999999E-2	4.5999999999999999E-2	4.5000000000000012E-2	4.5000000000000012E-2	4.5000000000000012E-2	4.5000000000000012E-2	4.3999999999999997E-2	4.3999999999999997E-2	4.3999999999999997E-2	4.3000000000000003E-2	4.3000000000000003E-2	4.3000000000000003E-2	4.3000000000000003E-2	4.2000000000000023E-2	4.2000000000000023E-2	4.2000000000000023E-2	4.2000000000000023E-2	4.1000000000000002E-2	4.1000000000000002E-2	4.1000000000000002E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	3.9000000000000014E-2	3.9000000000000014E-2	3.9000000000000014E-2	3.7999999999999999E-2	3.7999999999999999E-2	3.7999999999999999E-2	3.7999999999999999E-2	3.7999999999999999E-2	3.7999999999999999E-2	3.7999999999999999E-2	3.6999999999999998E-2	3.6999999999999998E-2	3.6999999999999998E-2	3.6999999999999998E-2	3.6999999999999998E-2	3.6999999999999998E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.500000000000001E-2	3.5999999999999997E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.3000000000000002E-2	3.4000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.2000000000000028E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.3000000000000002E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.3000000000000002E-2	3.2000000000000028E-2	3.3000000000000002E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.2000000000000028E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.2000000000000028E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.500000000000001E-2	3.500000000000001E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.5999999999999997E-2	3.500000000000001E-2	3.5999999999999997E-2	3.500000000000001E-2	3.5999999999999997E-2	3.500000000000001E-2	3.500000000000001E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.500000000000001E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.500000000000001E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.500000000000001E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.500000000000001E-2	3.5999999999999997E-2	3.500000000000001E-2	3.500000000000001E-2	3.5999999999999997E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.3000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.1000000000000017E-2	3.1000000000000017E-2	3.1000000000000017E-2	2.9000000000000001E-2	3.0000000000000002E-2	3.0000000000000002E-2	2.9000000000000001E-2	2.9000000000000001E-2	2.9000000000000001E-2	2.9000000000000001E-2	2.8000000000000001E-2	2.8000000000000001E-2	2.7000000000000017E-2	2.8000000000000001E-2	2.5999999999999999E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5000000000000001E-2	2.5999999999999999E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.4E-2	2.3E-2	2.5000000000000001E-2	2.3E-2	2.3E-2	2.3E-2	2.4E-2	2.1999999999999999E-2	2.1999999999999999E-2	2.1999999999999999E-2	2.1999999999999999E-2	2.3E-2	2.1999999999999999E-2	2.1999999999999999E-2	2.1000000000000012E-2	2.1000000000000012E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.1000000000000012E-2	1.9000000000000013E-2	2.0000000000000011E-2	2.0000000000000011E-2	1.9000000000000013E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	1.9000000000000013E-2	1.9000000000000013E-2	1.9000000000000013E-2	1.9000000000000013E-2	1.9000000000000013E-2	1.9000000000000013E-2	1.7999999999999999E-2	1.7999999999999999E-2	1.7999999999999999E-2	1.7000000000000001E-2	1.7999999999999999E-2	1.7999999999999999E-2	1.7000000000000001E-2	1.7000000000000001E-2	1.7000000000000001E-2	1.6000000000000014E-2	1.6000000000000014E-2	1.6000000000000014E-2	1.6000000000000014E-2	1.6000000000000014E-2	1.4999999999999998E-2	1.6000000000000014E-2	1.6000000000000014E-2	1.4E-2	1.4999999999999998E-2	1.4999999999999998E-2	1.4999999999999998E-2	1.4999999999999998E-2	1.4999999999999998E-2	1.4999999999999998E-2	1.4E-2	1.4E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.4E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.2E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.2E-2	1.2999999999999998E-2	1.2E-2	1.2E-2	1.2E-2	1.2999999999999998E-2	1.2E-2	1.0999999999999998E-2	1.2E-2	1.2E-2	1.2E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.2E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.2E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.2E-2	1.0999999999999998E-2	9.0000000000000028E-3	1.0999999999999998E-2	1.0999999999999998E-2	9.0000000000000028E-3	1.0999999999999998E-2	1.0000000000000005E-2	1.0999999999999998E-2	1.0999999999999998E-2	9.0000000000000028E-3	1.0999999999999998E-2	1.0999999999999998E-2	1.0000000000000005E-2	1.0000000000000005E-2	9.0000000000000028E-3	9.0000000000000028E-3	1.0999999999999998E-2	9.0000000000000028E-3	1.0000000000000005E-2	1.0000000000000005E-2	8.0000000000000088E-3	1.0000000000000005E-2	9.0000000000000028E-3	1.0000000000000005E-2	1.0000000000000005E-2	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	1.0000000000000005E-2	1.0000000000000005E-2	8.0000000000000088E-3	8.0000000000000088E-3	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	1.0000000000000005E-2	1.0000000000000005E-2	8.0000000000000088E-3	1.0000000000000005E-2	9.0000000000000028E-3	8.0000000000000088E-3	9.0000000000000028E-3	8.0000000000000088E-3	9.0000000000000028E-3	9.0000000000000028E-3	8.0000000000000088E-3	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	1.0000000000000005E-2	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	9.0000000000000028E-3	8.0000000000000088E-3	8.0000000000000088E-3	9.0000000000000028E-3	7.0000000000000036E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	9.0000000000000028E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	9.0000000000000028E-3	9.0000000000000028E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	6.0000000000000036E-3	8.0000000000000088E-3	9.0000000000000028E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	9.0000000000000028E-3	8.0000000000000088E-3	7.0000000000000036E-3	9.0000000000000028E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	9.0000000000000028E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	7.0000000000000036E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	6.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	9.0000000000000028E-3	7.0000000000000036E-3	7.0000000000000036E-3	9.0000000000000028E-3	7.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	7.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	8.0000000000000088E-3	7.0000000000000036E-3	7.0000000000000036E-3	9.0000000000000028E-3	8.0000000000000088E-3	6.0000000000000036E-3	8.0000000000000088E-3	7.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	8.0000000000000088E-3	9.0000000000000028E-3	6.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	6.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	9.0000000000000028E-3	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	9.0000000000000028E-3	6.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	7.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	7.0000000000000036E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	7.0000000000000036E-3	8.0000000000000088E-3	9.0000000000000028E-3	7.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	1.0000000000000005E-2	9.0000000000000028E-3	1.0000000000000005E-2	1.0999999999999998E-2	1.0000000000000005E-2	1.0999999999999998E-2	1.0000000000000005E-2	9.0000000000000028E-3	1.0000000000000005E-2	1.0000000000000005E-2	1.0999999999999998E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	8.0000000000000088E-3	9.0000000000000028E-3	1.0000000000000005E-2	1.0999999999999998E-2	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	8.0000000000000088E-3	6.0000000000000036E-3	8.0000000000000088E-3	1.0000000000000005E-2	4.0000000000000036E-3	4.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	4.0000000000000036E-3	5.0000000000000036E-3	4.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	4.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	3.0000000000000018E-3	5.0000000000000036E-3	4.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	4.0000000000000036E-3	3.0000000000000018E-3	5.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	3.0000000000000018E-3	5.0000000000000036E-3	4.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	4.0000000000000036E-3	5.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	7.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	8.0000000000000088E-3	8.0000000000000088E-3	5.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	7.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	1.0000000000000005E-2	5.0000000000000036E-3	4.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	4.0000000000000036E-3	7.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	1.0999999999999998E-2	8.0000000000000088E-3	2.0000000000000018E-3	5.0000000000000036E-3	6.0000000000000036E-3	3.0000000000000018E-3	3.0000000000000018E-3	1.2E-2	9.0000000000000028E-3	5.0000000000000036E-3	8.0000000000000088E-3	5.0000000000000036E-3	1.0000000000000005E-2	2.0000000000000018E-3	1.2E-2	1.2E-2	1.6000000000000014E-2	1.0999999999999998E-2	9.0000000000000028E-3	6.0000000000000036E-3	7.0000000000000036E-3	5.0000000000000036E-3	1.2999999999999998E-2	9.0000000000000028E-3	1.2999999999999998E-2	1.0000000000000005E-2	9.0000000000000028E-3	1.4E-2	3.0000000000000018E-3	Wavelength
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190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	366	367	368	369	370	371	372	373	374	375	376	377	378	379	380	381	382	383	384	385	386	387	388	389	390	391	392	393	394	395	396	397	398	399	400	401	402	403	404	405	406	407	408	409	410	411	412	413	414	415	416	417	418	419	420	421	422	423	424	425	426	427	428	429	430	431	432	433	434	435	436	437	438	439	440	441	442	443	444	445	446	447	448	449	450	451	452	453	454	455	456	457	458	459	460	461	462	463	464	465	466	467	468	469	470	471	472	473	474	475	476	477	478	479	480	481	482	483	484	485	486	487	488	489	490	491	492	493	494	495	496	497	498	499	500	501	502	503	504	505	506	507	508	509	510	511	512	513	514	515	516	517	518	519	520	521	522	523	524	525	526	527	528	529	530	531	532	533	534	535	536	537	538	539	540	541	542	543	544	545	546	547	548	549	550	551	552	553	554	555	556	557	558	559	560	561	562	563	564	565	566	567	568	569	570	571	572	573	574	575	576	577	578	579	580	581	582	583	584	585	586	587	588	589	590	591	592	593	594	595	596	597	598	599	600	601	602	603	604	605	606	607	608	609	610	611	612	613	614	615	616	617	618	619	620	621	622	623	624	625	626	627	628	629	630	631	632	633	634	635	636	637	638	639	640	641	642	643	644	645	646	647	648	649	650	651	652	653	654	655	656	657	658	659	660	661	662	663	664	665	666	667	668	669	670	671	672	673	674	675	676	677	678	679	680	681	682	683	684	685	686	687	688	689	690	691	692	693	694	695	696	697	698	699	700	701	702	703	704	705	706	707	708	709	710	711	712	713	714	715	716	717	718	719	720	721	722	723	724	725	726	727	728	729	730	731	732	733	734	735	736	737	738	739	740	741	742	743	744	745	746	747	748	749	750	751	752	753	754	755	756	757	758	759	760	761	762	763	764	765	766	767	768	769	770	771	772	773	774	775	776	777	778	779	780	781	782	783	784	785	786	787	788	789	790	791	792	793	794	795	796	797	798	799	800	801	802	803	804	805	806	807	808	809	810	811	812	813	814	815	816	817	818	819	820	821	822	823	824	825	826	827	828	829	830	831	832	833	834	835	836	837	838	839	840	841	842	843	844	845	846	847	848	849	850	851	852	853	854	855	856	857	858	859	860	861	862	863	864	865	866	867	868	869	870	871	872	873	874	875	876	877	878	879	880	881	882	883	884	885	886	887	888	889	890	891	892	893	894	895	896	897	898	899	900	901	902	903	904	905	906	907	908	909	910	911	912	913	914	915	916	917	918	919	920	921	922	923	924	925	926	927	928	929	930	931	932	933	934	935	936	937	938	939	940	941	942	943	944	945	946	947	948	949	950	951	952	953	954	955	956	957	958	959	960	961	962	963	964	965	966	967	968	969	970	971	972	973	974	975	976	977	978	979	980	981	982	983	984	985	986	987	988	989	990	991	992	993	994	995	996	997	998	999	1000	1001	1002	1003	1004	1005	1006	1007	1008	1009	1010	1011	1012	1013	1014	1015	1016	1017	1018	1019	1020	1021	1022	1023	1024	1025	1026	1027	1028	1029	1030	1031	1032	1033	1034	1035	1036	1037	1038	1039	1040	1041	1042	1043	1044	1045	1046	1047	1048	1049	1050	1051	1052	1053	1054	1055	1056	1057	1058	1059	1060	1061	1062	1063	1064	1065	1066	1067	1068	1069	1070	1071	1072	1073	1074	1075	1076	1077	1078	1079	1080	1081	1082	1083	1084	1085	1086	1087	1088	1089	1090	1091	1092	1093	1094	1095	1096	1097	1098	1099	1100	1.9000000000000013E-2	3.2000000000000028E-2	7.0000000000000021E-2	2.5000000000000001E-2	3.6999999999999998E-2	2.3E-2	1.4999999999999998E-2	4.3999999999999997E-2	3.3000000000000002E-2	1.0999999999999998E-2	1.7000000000000001E-2	1.0999999999999998E-2	4.3000000000000003E-2	3.0000000000000002E-2	2.1000000000000012E-2	2.8000000000000001E-2	8.0000000000000088E-3	1.0000000000000005E-2	3.0000000000000018E-3	2.9000000000000001E-2	8.0000000000000088E-3	4.0000000000000022E-2	3.6999999999999998E-2	-5.0000000000000036E-3	5.0000000000000036E-3	2.4E-2	2.0000000000000011E-2	1.4E-2	1.2999999999999998E-2	-6.0000000000000036E-3	1.2E-2	1.0999999999999998E-2	1.7000000000000001E-2	1.6000000000000014E-2	2.5000000000000001E-2	1.4E-2	2.0000000000000011E-2	1.7999999999999999E-2	2.0000000000000011E-2	2.1999999999999999E-2	1.7000000000000001E-2	2.1999999999999999E-2	2.4E-2	2.3E-2	2.3E-2	2.4E-2	2.5999999999999999E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.4E-2	3.0000000000000002E-2	2.8000000000000001E-2	2.5999999999999999E-2	2.1999999999999999E-2	2.5999999999999999E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.5000000000000001E-2	2.5999999999999999E-2	2.1000000000000012E-2	3.1000000000000017E-2	2.7000000000000017E-2	2.8000000000000001E-2	3.2000000000000028E-2	2.8000000000000001E-2	3.6999999999999998E-2	4.2000000000000023E-2	3.1000000000000017E-2	3.500000000000001E-2	3.9000000000000014E-2	3.4000000000000002E-2	3.0000000000000002E-2	2.9000000000000001E-2	3.9000000000000014E-2	4.5000000000000012E-2	5.8000000000000003E-2	6.5000000000000002E-2	8.0000000000000043E-2	0.10100000000000002	0.12000000000000002	0.113	0.129	0.1490000000000001	0.13	0.1490000000000001	0.15500000000000011	0.15300000000000011	0.161	0.161	0.15900000000000011	0.16	0.16500000000000001	0.161	0.1480000000000001	0.16400000000000001	0.16200000000000001	0.161	0.161	0.15900000000000011	0.15600000000000011	0.15700000000000011	0.15600000000000011	0.15400000000000011	0.15200000000000011	0.15100000000000011	0.15000000000000011	0.1470000000000001	0.1460000000000001	0.1450000000000001	0.1450000000000001	0.14300000000000004	0.14100000000000001	0.13900000000000001	0.13800000000000001	0.13600000000000001	0.13400000000000001	0.13300000000000001	0.13100000000000001	0.13	0.128	0.126	0.125	0.12300000000000005	0.12200000000000005	0.12000000000000002	0.11899999999999998	0.11799999999999998	0.11600000000000002	0.115	0.113	0.111	0.11	0.10800000000000005	0.10600000000000002	0.10400000000000002	0.10299999999999998	0.10199999999999998	0.10100000000000002	9.9000000000000046E-2	9.8000000000000087E-2	9.7000000000000003E-2	9.6000000000000002E-2	9.4000000000000028E-2	9.3000000000000083E-2	9.2000000000000026E-2	9.1000000000000025E-2	9.0000000000000024E-2	8.9000000000000065E-2	8.8000000000000064E-2	8.8000000000000064E-2	8.7000000000000022E-2	8.6000000000000021E-2	8.5000000000000006E-2	8.4000000000000047E-2	8.4000000000000047E-2	8.3000000000000046E-2	8.2000000000000003E-2	8.1000000000000003E-2	8.1000000000000003E-2	7.9000000000000056E-2	7.9000000000000056E-2	7.9000000000000056E-2	7.8000000000000014E-2	7.6999999999999999E-2	7.5999999999999998E-2	7.5999999999999998E-2	7.5000000000000011E-2	7.3999999999999996E-2	7.3000000000000009E-2	7.3000000000000009E-2	7.1999999999999995E-2	7.0999999999999994E-2	7.0000000000000021E-2	7.0000000000000021E-2	6.9000000000000034E-2	6.8000000000000019E-2	6.7000000000000004E-2	6.6000000000000003E-2	6.6000000000000003E-2	6.5000000000000002E-2	6.4000000000000057E-2	6.3E-2	6.3E-2	6.2000000000000034E-2	6.1000000000000013E-2	6.1000000000000013E-2	6.0000000000000032E-2	5.9000000000000025E-2	5.9000000000000025E-2	5.8000000000000003E-2	5.8000000000000003E-2	5.7000000000000023E-2	5.6000000000000001E-2	5.6000000000000001E-2	5.5000000000000014E-2	5.3999999999999999E-2	5.3999999999999999E-2	5.3000000000000012E-2	5.3000000000000012E-2	5.1999999999999998E-2	5.1999999999999998E-2	5.1000000000000004E-2	5.1000000000000004E-2	0.05	0.05	4.9000000000000037E-2	4.9000000000000037E-2	4.8000000000000001E-2	4.8000000000000001E-2	4.8000000000000001E-2	4.7000000000000014E-2	4.7000000000000014E-2	4.5999999999999999E-2	4.5999999999999999E-2	4.5000000000000012E-2	4.5000000000000012E-2	4.5000000000000012E-2	4.3999999999999997E-2	4.3999999999999997E-2	4.3000000000000003E-2	4.3000000000000003E-2	4.2000000000000023E-2	4.2000000000000023E-2	4.1000000000000002E-2	4.1000000000000002E-2	4.1000000000000002E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	3.9000000000000014E-2	3.9000000000000014E-2	3.9000000000000014E-2	3.9000000000000014E-2	3.7999999999999999E-2	3.7999999999999999E-2	3.7999999999999999E-2	3.7999999999999999E-2	3.6999999999999998E-2	3.6999999999999998E-2	3.5999999999999997E-2	3.6999999999999998E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.5999999999999997E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.500000000000001E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.4000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.2000000000000028E-2	3.1000000000000017E-2	3.1000000000000017E-2	3.1000000000000017E-2	3.1000000000000017E-2	3.1000000000000017E-2	3.1000000000000017E-2	3.1000000000000017E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	3.0000000000000002E-2	2.9000000000000001E-2	2.9000000000000001E-2	2.9000000000000001E-2	2.9000000000000001E-2	2.9000000000000001E-2	2.9000000000000001E-2	2.8000000000000001E-2	2.9000000000000001E-2	2.8000000000000001E-2	2.8000000000000001E-2	2.9000000000000001E-2	2.9000000000000001E-2	2.8000000000000001E-2	2.8000000000000001E-2	2.8000000000000001E-2	2.8000000000000001E-2	2.8000000000000001E-2	2.8000000000000001E-2	2.8000000000000001E-2	2.8000000000000001E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.8000000000000001E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.5999999999999999E-2	2.7000000000000017E-2	2.7000000000000017E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5000000000000001E-2	2.5999999999999999E-2	2.5999999999999999E-2	2.5000000000000001E-2	2.5999999999999999E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5999999999999999E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5999999999999999E-2	2.5000000000000001E-2	2.5999999999999999E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5999999999999999E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5999999999999999E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5999999999999999E-2	2.5000000000000001E-2	2.5999999999999999E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5999999999999999E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.4E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.4E-2	2.4E-2	2.5000000000000001E-2	2.5000000000000001E-2	2.4E-2	2.4E-2	2.4E-2	2.4E-2	2.4E-2	2.3E-2	2.4E-2	2.3E-2	2.4E-2	2.4E-2	2.4E-2	2.3E-2	2.3E-2	2.3E-2	2.3E-2	2.1999999999999999E-2	2.1999999999999999E-2	2.3E-2	2.1999999999999999E-2	2.1999999999999999E-2	2.1000000000000012E-2	2.1000000000000012E-2	2.0000000000000011E-2	2.1000000000000012E-2	2.0000000000000011E-2	2.1000000000000012E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	1.9000000000000013E-2	1.9000000000000013E-2	1.9000000000000013E-2	1.9000000000000013E-2	1.9000000000000013E-2	1.7999999999999999E-2	1.7999999999999999E-2	1.7999999999999999E-2	1.7999999999999999E-2	1.7999999999999999E-2	1.7999999999999999E-2	1.7000000000000001E-2	1.7000000000000001E-2	1.7000000000000001E-2	1.7000000000000001E-2	1.7000000000000001E-2	1.7000000000000001E-2	1.6000000000000014E-2	1.6000000000000014E-2	1.6000000000000014E-2	1.6000000000000014E-2	1.6000000000000014E-2	1.6000000000000014E-2	1.6000000000000014E-2	1.6000000000000014E-2	1.4999999999999998E-2	1.6000000000000014E-2	1.4999999999999998E-2	1.4999999999999998E-2	1.4E-2	1.2999999999999998E-2	1.4E-2	1.4E-2	1.4E-2	1.2999999999999998E-2	1.4E-2	1.2999999999999998E-2	1.4E-2	1.4E-2	1.2999999999999998E-2	1.4E-2	1.4E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.4E-2	1.2999999999999998E-2	1.4E-2	1.4E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.2999999999999998E-2	1.2E-2	1.2999999999999998E-2	1.2E-2	1.2E-2	1.2999999999999998E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.2E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.2E-2	1.0999999999999998E-2	1.2E-2	1.2E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.0000000000000005E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0999999999999998E-2	1.0000000000000005E-2	1.0000000000000005E-2	9.0000000000000028E-3	1.0000000000000005E-2	1.0000000000000005E-2	1.0999999999999998E-2	1.0999999999999998E-2	1.0000000000000005E-2	1.0999999999999998E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	9.0000000000000028E-3	1.0000000000000005E-2	1.0000000000000005E-2	8.0000000000000088E-3	1.0999999999999998E-2	9.0000000000000028E-3	9.0000000000000028E-3	1.0000000000000005E-2	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	1.0000000000000005E-2	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	8.0000000000000088E-3	9.0000000000000028E-3	8.0000000000000088E-3	9.0000000000000028E-3	8.0000000000000088E-3	7.0000000000000036E-3	8.0000000000000088E-3	9.0000000000000028E-3	9.0000000000000028E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	9.0000000000000028E-3	8.0000000000000088E-3	7.0000000000000036E-3	8.0000000000000088E-3	9.0000000000000028E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	9.0000000000000028E-3	8.0000000000000088E-3	7.0000000000000036E-3	8.0000000000000088E-3	7.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	7.0000000000000036E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	9.0000000000000028E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	8.0000000000000088E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	7.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	8.0000000000000088E-3	7.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	7.0000000000000036E-3	8.0000000000000088E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	6.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	8.0000000000000088E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	7.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	4.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	4.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	4.0000000000000036E-3	4.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	7.0000000000000036E-3	5.0000000000000036E-3	4.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	8.0000000000000088E-3	7.0000000000000036E-3	8.0000000000000088E-3	7.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	6.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	6.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	7.0000000000000036E-3	6.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	6.0000000000000036E-3	7.0000000000000036E-3	8.0000000000000088E-3	5.0000000000000036E-3	3.0000000000000018E-3	5.0000000000000036E-3	6.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	4.0000000000000036E-3	5.0000000000000036E-3	5.0000000000000036E-3	4.0000000000000036E-3	6.0000000000000036E-3	8.0000000000000088E-3	2.0000000000000018E-3	2.0000000000000018E-3	4.0000000000000036E-3	4.0000000000000036E-3	3.0000000000000018E-3	4.0000000000000036E-3	4.0000000000000036E-3	4.0000000000000036E-3	3.0000000000000018E-3	3.0000000000000018E-3	3.0000000000000018E-3	2.0000000000000018E-3	3.0000000000000018E-3	3.0000000000000018E-3	2.0000000000000018E-3	2.0000000000000018E-3	4.0000000000000036E-3	3.0000000000000018E-3	3.0000000000000018E-3	1.0000000000000009E-3	3.0000000000000018E-3	2.0000000000000018E-3	3.0000000000000018E-3	3.0000000000000018E-3	2.0000000000000018E-3	2.0000000000000018E-3	3.0000000000000018E-3	2.0000000000000018E-3	1.0000000000000009E-3	3.0000000000000018E-3	2.0000000000000018E-3	3.0000000000000018E-3	1.0000000000000009E-3	3.0000000000000018E-3	1.0000000000000009E-3	3.0000000000000018E-3	4.0000000000000036E-3	3.0000000000000018E-3	1.0000000000000009E-3	3.0000000000000018E-3	2.0000000000000018E-3	3.0000000000000018E-3	2.0000000000000018E-3	0	4.0000000000000036E-3	3.0000000000000018E-3	4.0000000000000036E-3	2.0000000000000018E-3	3.0000000000000018E-3	3.0000000000000018E-3	3.0000000000000018E-3	3.0000000000000018E-3	3.0000000000000018E-3	4.0000000000000036E-3	3.0000000000000018E-3	2.0000000000000018E-3	2.0000000000000018E-3	3.0000000000000018E-3	4.0000000000000036E-3	4.0000000000000036E-3	2.0000000000000018E-3	3.0000000000000018E-3	3.0000000000000018E-3	4.0000000000000036E-3	3.0000000000000018E-3	4.0000000000000036E-3	1.0000000000000009E-3	1.0000000000000009E-3	3.0000000000000018E-3	2.0000000000000018E-3	2.0000000000000018E-3	1.0000000000000009E-3	2.0000000000000018E-3	1.0000000000000009E-3	-1.0000000000000009E-3	0	4.0000000000000036E-3	0	-2.0000000000000018E-3	5.0000000000000036E-3	0	0	1.0000000000000009E-3	-3.0000000000000018E-3	-2.0000000000000018E-3	-3.0000000000000018E-3	4.0000000000000036E-3	2.0000000000000018E-3	3.0000000000000018E-3	1.0000000000000009E-3	2.0000000000000018E-3	2.0000000000000018E-3	-1.0000000000000009E-3	7.0000000000000036E-3	3.0000000000000018E-3	6.0000000000000036E-3	2.0000000000000018E-3	4.0000000000000036E-3	-1.0000000000000009E-3	1.0000000000000009E-3	-2.0000000000000018E-3	-5.0000000000000036E-3	-1.0000000000000009E-3	-4.0000000000000036E-3	4.0000000000000036E-3	-3.0000000000000018E-3	3.0000000000000018E-3	-9.0000000000000028E-3	wavelength

Abs


A3
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Abs


A9
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