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ABSTRACT

Mineralization of organic compounds, like atrazine, has been demonstrated separately via ozonation and electrolysis; however, this work details the assessment of catalysis on the synergistic ozonation/electrolysis degradation of atrazine.  Manganese dioxide was evaluated as a heterogeneous catalyst on graphite by redox deposition and electrochemical deposition.  The impact on the rate of degradation of atrazine was assessed two-fold: (1) quantitation of aqueous ozone using the indigo method, and (2) quantitation of atrazine and oxidation products using high-performance liquid chromatography (HPLC).  Atrazine degradation was optimal at a current density of 10.0mA/cm2 with a pseudo-zero order reaction rate of , with respect to atrazine.  At current densities >20.0mA/cm2, the ozonation/electrolysis synergism was less favored due to ozone stripping and current-limited mass transport.  The application of MnO2 as a suspended solid and as an anode and cathode, demonstrated limited to no improvement to the adsorption of and, subsequent, oxidation of atrazine by ozone.  These findings are supported with featureless voltammograms of MnO2-coated electrodes and chromatographic analysis.  While studies have suggested higher oxides influence the ozonation pathway of ozonation/electrolysis synergism, this report uncovers manganese dioxide’s oxidant competition with ozone and no apparent change or improvement to the ozonation/electrolysis pathway to oxidize atrazine.  

INTRODUCTION
	One of the leading environmental issues facing the world today is the use of pesticides and herbicides in the agricultural industry.  Although the use of these chemicals is common world-wide, 25% of overall pesticide application can be attributed solely to the United States. 1 With the abundant amount of pesticides being used, exposure to these chemicals through drinking water and its effects on human health are significant issues that scientists have working to address. 
Atrazine is one of the most common pesticides used worldwide.  Most farmers use atrazine on crops such as sugar cane, macadamia nuts, and to help in the production of evergreen tree farms.  Being an herbicide it can be applied in many forms including granular, liquid, or a powder composition. In order for atrazine to affect the plant (it most cases weeds), it must be dissolved in water and absorbed through the weed’s roots where it then stops the process of photosynthesis.  Because atrazine is slow to degrade in water, once it enters a body of water such as a lake, stream, or pond, it tends to persist for long periods of time. 2  Therefore atrazine is one of the most widespread pesticides found to linger in both surface and ground water systems. 3  There have been studies conducted that have found atrazine having unfavorable effects in humans who live or work near sites where the risk of atrazine exposure is high. 2 One study found an increase in the risk of breast cancer in women and the puberty rate of adolescents.  Research also links atrazine to disrupting the human reproductive system3.  Although being exposed to pesticides later in life can still be detrimental to the reproductive hormones, the most predominant effects occur during the earliest stages of development.  Women who come into contact with water contaminated with atrazine have been linked to having a higher risk of a premature birthrate. 3  Side effects found in animals include hormone disruption by the transformation of testosterone to estradiol and therefore the “feminizing” of animals is possible during this process.3
One treatment method for the degradation of pesticides (including atrazine) is the use of a combined system of electrolysis and ozonation.  It has been found that when using electrolysis and ozonation combined for the degradation of phenolic pollutants, synergism may occur in the terms of total organic carbon (TOC) mineralization. 4 Synergism refers to a process in which when multiple methods are used simultaneously a greater output of the desired results are accomplished in comparison to the output of those methods being performed separately.  In one particular study on the degradation of phenol, over 90% of TOC was removed from a p-nitrophenol (PNP) aqueous solution when using this synergetic system with a boron-doped diamond (BDD) anode.  When compared to using electrolysis and ozonation systems separately, less than 50% of TOC was removed when the system was tested using the same reaction conditions. 4  

One important component of a combined electrolytic/ozonation system is the current density which is applied to the reaction solution. Current density variation has been shown to have effects on TOC removal independent of the other variables in the reaction.  In a study conducted by Feng and Xiao7, the results show that the rate of TOC removal for phenol increased with an increase in current density from 10 to 50mA/cm2.  Another study showed an increase in the atrazine degradation rate with increasing current density in an in situ electrochemical reaction 25.  The rate of ozone generation also increased within this system with a maximum rate of approximately 40 mg h−1 for a current density of 1.5 kA m−2. The degradation rate of atrazine followed a pseudo first-order kinetic equation in regards to the increasing current density, where the values of the rate constants were 6.2 × 10−3, 8.8 × 10−3, and 1.21 × 10−2 min−1 for 0.5, 1.0, and 1.5 kA m−2.25  Therefore, using a combined method of electrolysis and ozonation along with a specific flow of current density within this system may be a feasible means for the efficient degradation of atrazine.
During ozonation, TOC mineralization has shown promise when using catalytic electrode coatings, especially those consisting of metal oxides.  In a study centered around the degradation of phenol, the compound had been shown to be completely mineralized to carbon dioxide and water using a specific catalyzed anode within an electrolysis system 7.  During this study, various metal-oxide coatings were tested on titanium electrodes in order to optimize the degradation of phenol in terms of time and TOC. Coatings were created with PbO2 through electrochemical deposition and RuO2 through thermal deposition and were tested to compare the TOC mineralization using cyclic voltammetry (CV).  The oxygen evolution potential was shown be much higher in the Ti/PbO2 electrode in comparison to the Ti/RuO2, showing promise for organic oxidation of pollutants such as atrazine.  It is also worthy to note that doping titanium with a rare earth metal such as Gd can also make electrochemical oxidation easier.7  Along with using lead oxide as a catalyst, there are an abundance of studies showing that manganese oxides also provide an increase in capacitance along the electrode surface and in some cases, the decomposition of ozone as well26.  Past research shows that the method of redox deposition for amorphous hydrous manganese dioxide (a-MnO2·nH2O) on graphite electrodes has shown promise in an electrolysis reaction chamber.  Using CV analysis, there appears to be a logarithmic relationship in the results of the study, showing that as the deposition time of the MnO2 (prepared by redox deposition) increases, the capacitance (mF/cm2) of the electrode increased as well26.  A study conducted by Hu and Tsou10 also discussed the production of an a-MnO2·nH2O solution on graphite electrodes (by means of anodic deposition) showing results of “ideal capacitive behavior” therefore showing promise on the advancement of electrochemical supercapacitor technology.10 Other studies have described using amorphous nano-structured manganese oxide coatings on stainless-steel electrodes as well (by means of electrochemical deposition).  Using CV, these electrodes showed good reversibility and high capacitance, and the research concluded that the structure of the MnO2 deposited on the electrodes (described in the study as porous) directly characterizes the capacitivity of the coating. 5  Catalysts consisting of MnOx on mesoporous alumina (by method of wetness impregnation) provided evidence of the production of enhanced hydroxyl radicals during ozonation.  These hydroxyl groups provide a higher catalytic rate of ozone decomposition as well as the degradation of the tested pharmaceutical compounds (those of which, like atrazine, are commonly found in surface and ground water).  TOC results also showed a significant increase from 30% with ozonation alone to over 50% (under the constraints of pH 7.0, catalyst concentration of 1.5 g/L, and gaseous ozone concentration of 30 mg/L). 6 For the creation of catalytic coatings in this study, an ideal coating would produce an increased surface area on the anode, in hopes that the degradation rate of atrazine would be optimized as well as the ozone gas being produced. An increase in capacitance of the electrodes would be ideal for the goal of this study as well. 

 
The goal of the research described herein was to optimize an ozonation/electrolytic treatment system for the removal of atrazine from drinking source waters.  The first objective was to evaluate the changes in current density (mA/cm²) on the mechanism and rate of atrazine degradation in an electrolysis/ozonation combined system.  The second objective was to evaluate the effectiveness of manganese dioxide-coated catalytically active electrodes on the mechanism and rate of degradation of atrazine within the same combined system.  


MATERIALS AND METHODS
Electrode and Reagent Materials
BDD electrodes with dimensions of 2mm x 25 mm x 43mm (surface area of 23.72cm²) were purchased from Adamant, Switzerland.  Graphite electrodes with dimensions of 6mm x 25.5 mm x 51.5mm were purchased from www.graphitestore.com.  All reagents were purchased at laboratory grade. 

[image: C:\Users\User\Dropbox\Camera Uploads\2015-07-16 17.10.26.jpg]Ozonation/Electrolysis Reactor System
The ozonation/electrolysis reactor was comprised of an in-house fabricated, magnetically stirred, acrylic chamber with a reaction volume of 500 cm3, containing a screw-tight lid and four ports:(i) anode, (ii) cathode, (iii) reference electrode, and (iv) sampling port.  Constant current was provided by a Princeton Applied Research model potientostat/galvanostat.  Current was verified using a multimeter and voltage was measured using a Ag/AgCl reference electrode.  Electrode connections were achieved using alligator clips.  The ozone was generated with a Triogen ozonator and monitored using AALBORG flow-rate detectors. The ozone was bubbled into the system through a perforated PTFE tube located near the bottom of the reactor. The ozonator was supplied with pure oxygen gas. See Figure A for a picture set-up of the ozonation/electrolysis reactor system.Figure A: ozonation/electrolysis reactor system set-up. (a) reference electrode, (b) anode, (c) cathode, (d) PTFE ozone tube
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Figure A: ozonation/electrolysis reactor system set-up. (a) reference electrode, (b) anode, (c) cathode, (d) PTFE ozone tube
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Note that 16.28mm of the graphite electrodes were suspended out of the solution during the catalytic activity of MnO2 experimental trials to maintain constant area achieved with the BDD electrode. 


Manganese Dioxide Deposition
Graphite electrodes were coated with MnO2 using two approaches: redox deposition and electrochemical deposition.  Plating via redox deposition was carried as reported by Wu et. al. with a deposition time of 60 minutes. 7  The only modifications to this protocol were the polishing and de-greasing steps.  Polishing was performed using sandpaper and de-greasing was done using methanol.  Electrochemical deposition was carried out via anodic deposition as described by Hu and Tsou8  with modifications including polishing and de-greasing described for redox deposition.  Additionally, surface coating was applied to graphite without insulating PTFE (polytetrafluorene ethylene) films as previously reported.8

Ozone Quantification
To quantify ozone, a method based on decoloration of a potassium indigo trisulfonate (KIT) (200mg/L) solution was implemented. 9, 10  The KIT solution consisted of the following components: 2.22mL H3PO4, 5.62g sodium phosphate dibasic salt, and 20mg of potassium indigo trisulfonate (KIT).  Final preparation included adding 10mL of this solution to 90mL of laboratory de-ionized, distilled water.  Then 2,400µL of the solution was inserted into each glass vial sample.  During each experiment 300µL of the atrazine solution was removed from the reaction chamber at specific time intervals and added to each vial sample.  A Shimadzu UV-Vis Spectrophotometer Model mini1240 was used the measure the absorbance of the KIT solution at 600 nm and then calibrated with an algebraic calculation based on a measured standard curve to convert from nanometers to mg/L to find the amount of ozone throughout each experimental trial.  A cuvette with a path length of 10cm was used in the spectrophotometer.  Each sample was taken at defined time intervals within each trial.  

Atrazine Quantitation
The atrazine solution was comprised of 10mg/L of atrazine in laboratory water. For each trial, 500mL of the atrazine solution was added to the chamber.  Added to the solution was a 5mM phosphate buffer containing 0.165g of sodium phosphate monobasic salt and 0.3865g of sodium phosphate dibasic salt in order to maintain a pH of 7.  The acquired resistance of 5.5 mA was obtained by adding approximately 27.7mM of sodium sulfate to the solution. For each HPLC sample of atrazine quantitation, 1000µL of the atrazine solution was taken at specific time intervals into glass HPLC sample vials. Each sample also contained 7.5µL of Na2S2O3 (4g/L) to quench residual oxidants and preserve the samples for analysis.  The high performance liquid chromatograph (HPLC) was purchased from Agilent Technologies (Model 1100 series) which is equipped with a DAD detector and was used for quantification of atrazine and atrazine byproducts.  Data collection was from the HPLC chromatograms (integration for area under the curve). Residual atrazine in the system was determined using an a Hypersil ODS C18 column, 0.5 micron pre-filter, autosampler and diode array detector set at 220 nm.  HPLC solvents were laboratory grade water and acetonitrile (no additives) programmed for 2 minutes at 90%w/10%acn, followed by a 4-min linear gradient to 90%acn/10%w, and a 2-min hold at 90%acn/10%w at a 1.25ml/min flowrate.  Injection volume was 10 microliters. An Eppendorf centrifuge, model 5415D was used to separate the MnO2 particles from the atrazine-containing supernatant before the sample of supernatant was transferred to HPLC sample vials.   

Cyclic Voltammetry
Cyclic voltammetry was performed using a potentiosat (CH Instruments Model 1100B).  The electrolysis/ozonation reaction chamber set-up and atrazine solution concentration was comprised using the same method for atrazine quantitation. 



RESULTS AND DISCUSSION
Current Density.
Figure 1 illustrates variations of atrazine degradation with changes in current density in the combined ozonation/electrolysis system.  While Figure 1(a) shows a trend toward increased pseudo-zero-order reaction rate with increased current, the highest current density (38.15mA/cm2) provided a slower rate, as shown in Table 1, compared to that of slightly lower current densities, such as 20 mA/cm2 and 33.3 mA/cm2.   This stagnation in reaction rate could be attributed to ozone stripping from the aqueous medium, 11 as well as reaching the limiting current density for mass transport. 12  Stripping of molecular ozone from solution is illustrated with a notable decrease in residual ozone with increased current densities, as shown in Figure 2(b).  Earlier reports suggest that increased current results in side reactions that effectively remove or strip molecular ozone from the solution. 11, 13  Exceeding mass transport is evidenced by the production of atrazine oxidation products DIA, DEA, and DDA, which can be located in Figure 1(b-d).  For example, despite a more than 3-fold increase in current density, DIA was produced at a similar concentration at both 10mA/cm2 and 38.15mA/cm2 by times 5 minutes and 4 minutes, respectively.  Additionally, DEA was produced in greater concentration at 10mA/cm2 compared to that produced at 38.15mA/cm2 by at both 10mA/cm2 and 38.15mA/cm2 by time 5.  This is further shown with a slight increase in concentration of DDA produced at both 10mA/cm2 and 38.15mA/cm2 by time 7 minutes and 6 minutes, respectively.  As opposed to an expected increase in production with increased current density, this nearly equal production despite the 3-fold increase in current density suggests that higher current densities, such as 38.15mA/cm2, reach a limiting current density for mass transport.

Table 1.  Data obtained during the galvanostatic oxidation of atrazine (10 mg L−1) at with different active electrodes
	Electrode
	i
(mA cm-2)
	Ecell 
(V)
	t to 90% Atrazine removal (min)
	Zero Order Rate 
(mg L-1 min-1)
	Correlation Coefficient (R2)

	BDD
	1.00
	
	10.92
	-0.8946
	0.99749

	BDD
	3.33
	4.4
	10.61
	-0.9208
	0.997

	BDD
	6.67
	4.8
	8.23
	-1.1583
	0.99288

	BDD
	10.0
	88.3
	6.08
	-1.3656
	0.97931

	BDD
	20.0
	12.3
	5.60
	-1.641
	0.97793

	BDD
	33.3
	12.2
	5.37
	-1.5748
	0.95138

	BDD
	38.15
	12.2
	5.83
	-1.5599
	0.9786

	Graphite
	10.0
	4.2
	14.19
	-0.6305
	0.98309

	Graphite/MnO2ED
	10.0
	3.7
	12.51
	-0.6513
	0.94956

	Graphite/MnO2RD
	10.0
	3.9
	13.58
	-0.6416
	0.98329



Despite the three-fold increase in current density, the yield of DIA is nearly equal concentrations with current densities of 10 mA/cm2 and 38.15 mA/cm2, as depicted in Figure 1(b).  Additionally, there is an apparent improvement in production of DEA and DDA at 10 mA/cm2 when compared to 38.15 mA/cm2, shown in Figures 1(c-d).  This data demonstrates that the potential achieved at current densities >10mA/cm2 result in less favorable ozone stripping as well as current limiting mass transport. 11-13  
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Figure 1. (a) Normalized degradation of atrazine with ozonation/electrolysis with varied current densities: (-) 1mA/cm2, () 3.33mA/cm2, () 6.67 mA/cm2, (triangle) 10mA/cm2, (*)20mA/cm2, () 33.33 mA/cm2, and (+) 38.15 mA/cm2; and (b) production of desethyl atrazine (DEA) at (-) 1mA/cm2, (-) 10mA/cm2, and (+) 38.15 mA/cm2 (c) desisopropyl atrazine (DIA) at (-) 1mA/cm2, (-) 10mA/cm2, and (+) 38.15 mA/cm2, and (d) desethyl desisopropyl atrazine (DDA) at at (-) 1mA/cm2, (triangle) 10mA/cm2, and (+) 38.15 mA/cm2.  All reactions were conducted pH=7 with 5 mM phosphate buffer and 28 mM Na2SO4 + 10mg/L atrazine.
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Figure 2. (a) Normalized degradation of atrazine with ozonation/electrolysis various electrode materials: () Graphite anode/Stainless Steel cathode, (triangle) MnO2 coated graphite anode via electrochemical deposition/Stainless Steel cathode, () MnO2 coated graphite via redox deposition, (x) Boron-doped diamond anode/Graphite cathode, (*)  Boron-doped diamond anode/MnO2 coated graphite cathode via electrochemical deposition, ()  Boron-doped diamond anode/MnO2 coated graphite cathode via redox deposition, (+) Boron-doped diamond anode/Stainless Steel cathode; (b) Dissolved ozone; (c) normalized electrolysis of atrazine with Boron-doped diamond anode/Stainless Steel cathode (circle) and in absence of MnO2 with Boron-doped diamond anode/Stainless Steel cathode (diamond); and, (d) comparison of amount of suspended MnO2 in reactor medium with time taken to achieve 90% degradation of atrazine.  All reactions were conducted pH=7 with 5 mM phosphate buffer and 28 mM Na2SO4 + 10mg/L atrazine.

While manganese dioxide has been studied as a catalyst to oxidize benzene in the gas phase and pharmaceutical compounds (PhACs) on alumina-supported media, 6, 14 this study suggests that, manganese dioxide serves as a competitive oxidant of ozone, as similarly reported for tin (IV) oxide in a sodium sulfate electrolyte system. 15  Figure 2(a) illustrates manganese dioxide deposited either electrochemically or by spontaneous redox on graphite, offers a moderate improvement in atrazine degradation when compared directly to a graphite anode system.  However, as a cathode, the manganese dioxide provided an even lower reaction rate when compared to a graphite cathode.  Despite the modest improvement when comparing the manganese dioxide coated graphite anode to the graphite anode, none the manganese dioxide electrode arrangements offered the kinetic efficiency illustrated with the BDD anode.  Malpass et. al. reported similar results with stannic oxide catalysis and sodium sulfate electrolyte, but noted enhanced kinetics with sodium chloride (NaCl) as the electrolyte. 15  It was proposed that the improvement with NaCl as an electrolyte results from the formation of molecular chlorine (Cl2) and hypochlorite (ClO1-), both known oxidants; however, Na2SO4 does not provide for the generation of secondary oxidants to foster an improvement in atrazine degradation.  In future studies of catalytic metal oxides, it is possible to evaluate the effect of pH as well as electrolyte composition on the oxide’s efficacy to form hydroxyl radicals and, thus, facilitate the oxidation of organics such as atrazine.  

The claims about the efficacy of manganese dioxide catalysis under the conditions of this study are further supported in Figures 2(b-d).  As expected, the cathodic application of MnO2 was not effective because the cathode is the site of reduction and previous studies cite catalytic effects in the oxidation half-reactions at the anode16  In fact, at the cathode position, ozone concentrations remained under 1mg/L, compared to anodic studies which were triple that concentration, >3mg/L.  This 3-fold decrease in ozone when MnO2 is at the cathode likely results from overburdened ozone-only oxidation of atrazine in the bulk solution and/or localized at the anode via hydroxyl radicals. 4  

Oxidation of atrazine by electrolysis only also helped elucidate that oxides like manganese dioxide play a role only the ozonation oxidation.  As depicted in Figure 2(c), degradation of atrazine via electrolysis shows no notable enhancements even with MnO2 presence as high as 1g/L.  This study also attempted to uncover any synergistic effects of MnO2 in the combined ozonation/electrolysis of atrazine; however, the mass-to-volume gradient in MnO2 (10mg/L to 1g/L) provided slower reaction rates than the system in its absence, as shown in Figure 2(d).  These findings support other reports that oxide catalysis of ozone is shown with formation of higher oxides of the metal, 15 which may not be favorable to manganese oxides under these conditions, specifically with a sulfate as the electrolyte.

Cyclic Voltammetry.
Cyclic voltammetry investigations were carried out to electrochemically characterize graphite, manganese dioxide coated graphite and boron-doped diamond (BDD) electrodes.  The usefulness of cyclic voltammetry lies in its ability to elucidate the electrode/solution interface17.  It is also the common convention to utilize the sensitivity of cyclic voltammetry to characterize oxide materials. 18, 19  Malpass et. al. 15 reported featureless voltammograms within the potential limits of 0.4V-1.4V range, which was similarly shown with the BDD in the sulfate electrolyte.  The BDD also demonstrates a characteristic rapid decrease in current when >1.4V, which correlates with the oxygen evolution reaction (OER).  The voltammogram for graphite is seemingly more featureless than that of BDD, but does, similarly, show a somewhat rapid decrease in current when >1.4V.  This more subtle yet noticeable decrease in current also correlates with OER.  However, the voltammogram of MnO2-coated graphite is distinguishably featureless up to 2.5V.  The featureless voltammogram of MnO2-coated graphite alludes to higher potentials to achieve oxidation of organic species at oxide electrodes. 20  Foti et. al. 20   have proven that the concurrent O2 evolution is the key in the organic oxidation process at such electrodes. 15, 20  Required higher potentials to acihieve OER could explain the lack of improvement in reaction rate and time to achieve 90% degradation of atrazine.
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Figure 3. (a) Voltammetric profile of the graphite (black) and MnO2-coated-graphite (red) electrodes in 5 mM phosphate buffer and 28 mM Na2SO4 at pH=7 (solid line) and + 10 mgL-1 (dashed line) electrolysis at 10 mAcm-2, at a scan rate (v) of 50mVs-1. (b) Voltammetric profile of the BDD electrode in 5 mM phosphate buffer and 28 mM Na2SO4 at pH=7 (solid line) and + 10 mgL-1 (dashed line) electrolysis at 10 mAcm-2, at a scan rate (v) of 50mVs-1.  A secondary y-axis was inserted in (b) for BDD + 10mg/L atrazine (dashed line) to enhance comparison of BDD reaction matrix vs. BDD + 10mg/L atrazine.

In another study, 15 the electrode/solution interface was characterized with the oxidation products of after atrazine degradation rather than reaction matrix in the absence of atrazine and its products from oxidation.  In future work, depicting the electrode/product solution interface could prove informative in elucidating the oxidative properties of the product species.  

Reaction Pathways.
Other reports have provided detailed pathways for mineralization of p-nitrophenol (PNP) via ozonation/electrolysis using BDD as the active electrode4and, similarly, reported for the electrolysis of bisphenol A (BPA) using BDD;4 however, reaction pathways for oxidation of atrazine are limited.  Figure 4 illustrates the degradation of atrazine and consequential production of oxidation products desethyl atrazine (DEA, tr=5.28 min), desisopropyl atrazine (DIA, tr=5.84 min), desethyl deisopropyl atrazine (DDA, tr=2.06 min), and cyanuric acid (tr=1.33 min) over time.  Chromatographic data supports that ozonation/electrolysis first de-alkylated products of DEA and DIA through separate oxidation pathways.  This step is facilitated by molecular ozone, as well as hydroxyl radicals produced at the anode.  Complete removal of alkyl groups, producing DDA, is yielded consecutively with maximal concentrations at DEA and DIA.  Additionally, in the absence of ozone, a deamination and hydroxylation pathway predominates with the production of cyanuric acid rather than DDA, shown in Figure 5. Further studies of oxidation products could clarify the complete pathway to mineralization as well as evaluate the toxicity of such products with respect to the known toxicological hazards of atrazine.  
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Figure 4. HPLC chromatograms for degradation of atrazine with ozonation/electrolysis (10mA/cm2; pH=7 with 5 mM phosphate buffer and 28 mM Na2SO4 + 10mg/L atrazine).
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Figure 5. Proposed overall reaction pathways for the degradation of atrazine by the electrolysis-O3 process.

Further inspection of the degradation of atrazine was studied at time intervals in which atrazine concentration was at 10% of its initial concentration (90% degradation).  This was done to more deeply analyze the pathway of each condition for electrolysis with BDD (Figure 6a-bottom), ozonation only (Figure 6b-middle), combined ozonation/electrolysis (Figure 6c-middle), and ozonation/electrolysis with the presence of MnO2 (Figure 6d-top).  Interestingly, electrolysis, though significantly slower, offers complete mineralization of atrazine.  On the other hand, ozone alone and in combination with electrolysis yields similar products, such as DEA, DIA, and DDA.  However, there are still significant concentrations of oxidation products that have yet to be identified, such as those present at tr=6.03 and tr=6.11 minutes, respectively.  Additionally, oxidation with ozone depicts a predominant product yet to be identified (tr=6.03 min).   In future work, Quadrupole Time of Flight-Liquid Chromatography-Mass Spectrometry (QTOF-LC-MS) will be used to determine the identity of such products and help shed light on a more detailed reaction pathway for the degradation of atrazine.  What Figure 6 also shows is that the presence MnO2 (Figure 6a) provides no apparent changes to the reaction mechanism.  While reports suggest that the higher oxides provide a nucleophilic active center for a favorable interaction with the electrophilic ozone molecule, this chromatographic data that the reaction conditions provided, such as the sulfate electrolyte, do not provide the higher oxide of the metal to establish catalytic adsorption of ozone.21, 22
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[image: ] Figure 6. HPLC chromatograms for oxidation products atrazine with at sampling times with approximately 90% atrazine degradation: (a) electrolysis at 10mA/cm2, (b) ozonation, (c) combined ozonation/electrolysis at 10mA/cm2, and (d) combined ozonation/electrolysis + 10 mg/L of MnO2 all conducted at pH=7 with 5 mM phosphate buffer, 28 mM Na2SO4 + 10mg/L atrazine.  Retention times zero to time 1.2 minutes were omitted for sulfate electrolyte to maximize resolution of oxidation products.

Summary.

[bookmark: _GoBack]Atrazine degradation was optimal at a current density of 10.0mA/cm2 with a pseudo-zero order reaction rate of, with respect to atrazine.  At current densities >20.0mA/cm2, the ozonation/electrolysis synergism was less favored due to ozone stripping and current-limited mass transport.  The application of MnO2 as a suspended solid and as an anode and cathode, demonstrated limited to no improvement to the adsorption of and, subsequent, oxidation of atrazine by ozone.  These findings are supported with featureless voltammograms of MnO2-coated electrodes and chromatographic analysis, as well as normalized degradation of atrazine over time and residual ozone concentration.  While studies have suggested higher oxides influence the ozonation pathway of ozonation/electrolysis synergism, this report uncovers manganese dioxide’s oxidant competition with ozone and no apparent change or improvement to the ozonation/electrolysis pathway to oxidize atrazine.  
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DDA, 1mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	8.0	10.0	0.0	0.0	0.0	0.0	0.0	0.0	0.0	0.268904966757919	0.546574110285491	DDA, 10mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	0.0	0.0	0.0	0.0	0.214153304653891	0.47617911615174	0.687364098552992	0.867262416894798	DDA, 38.15mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	0.0	0.0	0.0	0.0	0.374497457958545	0.601325772389519	0.765580758701603	Run time (min)
Oxidation Products (mg/L)


DIA, 1mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	8.0	10.0	0.0	0.112971306616078	0.187273733301715	0.288451505809817	0.395952889099676	0.501873369694095	0.571433088293416	0.645735514979053	0.610955655679393	DIA, 10mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	0.0	0.150912971306616	0.345364002845625	0.555624061339025	0.675772666192396	0.697905303928543	0.612536558374832	0.520844202039365	DIA, 38.15mA/Cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	0.0	0.198340052169789	0.465512607698996	0.648897320369931	0.696324401233104	0.614117461070271	0.471836218480752	Run time (min)
Oxidation Products (mg/L)


1mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	8.0	10.0	1.0	0.907463018452148	0.830143229425499	0.729380738406727	0.64493217450528	0.540468204224594	0.432851121980056	0.256002668355272	0.119047935664452	3.33mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	8.0	10.0	1.0	0.897598125270539	0.821442680584618	0.715505017351882	0.604127679498723	0.529332153467908	0.422714530907619	0.229062114420564	0.0967420292787766	6.67mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	8.0	1.0	0.87500661423333	0.776817365636624	0.613631556441249	0.490999156850172	0.370311098815465	0.247539817684647	0.0828263115521248	10mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	1.0	0.87546343125303	0.715346129131533	0.513059607021283	0.327954646080525	0.206320561463951	0.107288131383855	0.0510470810230709	20mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	1.0	0.833059599136659	0.623712661220819	0.399947500707129	0.214348223540689	0.0932068826940477	0.0311519834738898	33.3mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	1.0	0.794232677816039	0.550479798650149	0.310246816656329	0.15610465299607	0.0667872622547787	0.0246951585721009	38.15mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	1.0	0.856389328099394	0.639316828045018	0.424116884394561	0.24752041122491	0.134446812988224	0.0634337124395794	Run time (min)
Dimensionless Cocnentration (C/C0)


DEA, 1mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	0.0	0.0	0.145796583850932	0.226541925465838	0.293312111801242	0.468777950310559	0.478094720496894	0.470330745341615	0.490517080745342	DEA, 10mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	0.0	0.125610248447205	0.330579192546584	0.39269099378882	0.488964285714286	0.518467391304348	0.47964751552795	0.397349378881987	DEA, 38.15mA/cm^2	0.0	1.0	2.0	3.0	4.0	5.0	6.0	0.0	0.128715838509317	0.246728260869565	0.361635093167702	0.41908850931677	0.405113354037267	0.294864906832298	Run time (min)
Oxidation Products (mg/L)


G/SS	0.0	1.0	2.0	3.0	4.0	5.0	6.0	8.0	10.0	-0.077142857142857	1.684285714285714	2.712857142857143	3.87642857142857	3.531428571428571	3.608571428571428	3.677142857142856	3.758571428571428	3.917142857142856	G-MnO2 ED/SS	0.0	1.0	2.0	3.0	4.0	5.0	6.0	8.0	10.0	0.0	1.525714285714284	2.37	2.714999999999999	3.047142857142857	3.113571428571428	3.261428571428572	3.529285714285715	3.525	G-MnO2 RD/SS	0.0	1.0	2.0	3.0	4.0	5.0	6.0	8.0	10.0	-0.0492857142857148	1.645714285714285	2.496428571428571	2.91642857142857	3.06	3.302142857142856	3.31285714285714	3.400714285714285	3.31285714285714	BDD/G	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	0.0	0.728571428571428	0.962142857142857	0.713571428571428	0.563571428571428	0.587142857142857	0.347142857142857	0.829285714285715	BDD/G-MnO2 ED	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	0.0	0.0728571428571432	0.0621428571428574	0.0664285714285712	0.0835714285714289	0.132857142857142	0.134999999999999	0.137142857142857	BDD/G-MnO2 RD	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	0.0	0.996428571428571	1.039285714285714	0.610714285714285	0.336428571428571	0.167142857142857	0.154285714285714	0.124285714285714	BDD/SS	1.0	0.888540725610022	0.753890965001063	0.550539388968373	0.371682764004481	0.260078549075634	0.14934397738	0.0746995998626543	Run time (min)

mg O3/L


G/SS	0.0	2.0	4.0	6.0	8.0	10.0	12.0	1.0	0.815930366813112	0.652612985707526	0.518576179456379	0.384397234492347	0.290301406562061	0.204591762692028	G-MnO2 ED/SS	0.0	2.0	4.0	6.0	8.0	10.0	12.0	1.0	0.71940115700939	0.558912663390673	0.400472336509113	0.279045308520476	0.194631579424761	0.129821731956126	G-MnO2 RD/SS	0.0	2.0	4.0	6.0	8.0	10.0	12.0	1.0	0.798618213357619	0.637280643655654	0.499447288244802	0.364515687684706	0.251492336247808	0.172564604307278	BDD/G	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	1.0	0.838885644430077	0.687674648330966	0.538976444933404	0.447185605659164	0.366037182532661	0.296861477572364	0.251187774938322	BDD/G-MnO2 ED	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	1.0	0.839296882910268	0.758521678186783	0.683677519963973	0.609680654098402	0.562797143664491	0.501933309336131	0.464370014831853	BDD/G-MnO2 RD	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	1.0	0.877963609221387	0.741872856448886	0.601607540707903	0.483606560798822	0.399558693033392	0.333600598131382	0.284479907202248	BDD/SS	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	0.87546343125303	0.715346129131533	0.513059607021283	0.327954646080525	0.206320561463951	0.107288131383855	0.0510470810230709	Run time (min)
Dimensionless Concentration (C/Co)


6.907755278982137	4.605170185988092	2.302585092994046	1.0	0.0439753737906772	0.0766283524904214	0.133333333333333	0.166666666666667	ln(mg MnO2 L-1)
(time to 90% degradation)-1

BDD/SS MnO2 susp	
0.0	60.0	120.0	180.0	240.0	300.0	360.0	1.0	0.723610665539339	0.50782399515414	0.361906901069534	0.244378919039695	0.177304125791126	0.118172400164098	BDD/SS	
0.0	60.0	120.0	180.0	240.0	300.0	360.0	1.0	0.704617515243143	0.514101865494741	0.371555604920479	0.268655968837148	0.190724626803449	0.134432472946097	Run time (hr)
Dimensionless Concentration (C/C0)


BDD/SS	-1.2	-1.19	-1.18	-1.17	-1.16	-1.15	-1.14	-1.13	-1.12	-1.11	-1.1	-1.09	-1.08	-1.07	-1.06	-1.05	-1.04	-1.03	-1.02	-1.01	-1.0	-0.99	-0.98	-0.97	-0.96	-0.95	-0.94	-0.93	-0.92	-0.91	-0.9	-0.89	-0.88	-0.87	-0.86	-0.85	-0.84	-0.83	-0.82	-0.81	-0.8	-0.79	-0.78	-0.77	-0.76	-0.75	-0.74	-0.73	-0.72	-0.71	-0.7	-0.69	-0.68	-0.67	-0.66	-0.65	-0.64	-0.63	-0.62	-0.61	-0.6	-0.59	-0.58	-0.57	-0.56	-0.55	-0.54	-0.53	-0.52	-0.51	-0.5	-0.49	-0.48	-0.47	-0.46	-0.45	-0.44	-0.43	-0.42	-0.41	-0.4	-0.39	-0.38	-0.37	-0.36	-0.35	-0.34	-0.33	-0.32	-0.31	-0.3	-0.29	-0.28	-0.27	-0.26	-0.25	-0.24	-0.23	-0.22	-0.21	-0.2	-0.19	-0.18	-0.17	-0.16	-0.15	-0.14	-0.13	-0.12	-0.11	-0.1	-0.09	-0.08	-0.07	-0.06	-0.05	-0.04	-0.03	-0.02	-0.01	0.0	0.01	0.02	0.03	0.04	0.05	0.06	0.07	0.08	0.09	0.1	0.11	0.12	0.13	0.14	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28	0.29	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55	0.56	0.57	0.58	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1.0	1.01	1.02	1.03	1.04	1.05	1.06	1.07	1.08	1.09	1.1	1.11	1.12	1.13	1.14	1.15	1.16	1.17	1.18	1.19	1.2	1.21	1.22	1.23	1.24	1.25	1.26	1.27	1.28	1.29	1.3	1.31	1.32	1.33	1.34	1.35	1.36	1.37	1.38	1.39	1.4	1.41	1.42	1.43	1.44	1.45	1.46	1.47	1.48	1.49	1.5	1.51	1.52	1.53	1.54	1.55	1.56	1.57	1.58	1.59	1.6	1.61	1.62	1.63	1.64	1.65	1.66	1.67	1.68	1.69	1.7	1.71	1.72	1.73	1.74	1.75	1.76	1.77	1.78	1.79	1.8	1.81	1.82	1.83	1.84	1.85	1.86	1.87	1.88	1.89	1.9	1.91	1.92	1.93	1.94	1.95	1.96	1.97	1.98	1.99	2.0	2.01	2.02	2.03	2.04	2.05	2.06	2.07	2.08	2.09	2.1	2.11	2.12	2.13	2.14	2.15	2.16	2.17	2.18	2.19	2.2	2.21	2.22	2.23	2.24	2.25	2.26	2.27	2.28	2.29	2.3	2.31	2.319999999999998	2.33	2.34	2.35	2.36	2.37	2.38	2.39	2.4	2.41	2.42	2.43	2.44	2.45	2.46	2.47	2.48	2.49	2.5	2.49	2.48	2.47	2.46	2.45	2.44	2.43	2.42	2.41	2.4	2.39	2.38	2.37	2.36	2.35	2.34	2.33	2.319999999999998	2.31	2.3	2.29	2.28	2.27	2.26	2.25	2.24	2.23	2.22	2.21	2.2	2.19	2.18	2.17	2.16	2.15	2.14	2.13	2.12	2.11	2.1	2.09	2.08	2.07	2.06	2.05	2.04	2.03	2.02	2.01	2.0	1.99	1.98	1.97	1.96	1.95	1.94	1.93	1.92	1.91	1.9	1.89	1.88	1.87	1.86	1.85	1.84	1.83	1.82	1.81	1.8	1.79	1.78	1.77	1.76	1.75	1.74	1.73	1.72	1.71	1.7	1.69	1.68	1.67	1.66	1.65	1.64	1.63	1.62	1.61	1.6	1.59	1.58	1.57	1.56	1.55	1.54	1.53	1.52	1.51	1.5	1.49	1.48	1.47	1.46	1.45	1.44	1.43	1.42	1.41	1.4	1.39	1.38	1.37	1.36	1.35	1.34	1.33	1.32	1.31	1.3	1.29	1.28	1.27	1.26	1.25	1.24	1.23	1.22	1.21	1.2	1.19	1.18	1.17	1.16	1.15	1.14	1.13	1.12	1.11	1.1	1.09	1.08	1.07	1.06	1.05	1.04	1.03	1.02	1.01	1.0	0.99	0.98	0.97	0.96	0.95	0.94	0.93	0.92	0.91	0.9	0.89	0.88	0.87	0.86	0.85	0.84	0.83	0.82	0.81	0.8	0.79	0.78	0.77	0.76	0.75	0.74	0.73	0.72	0.71	0.7	0.69	0.68	0.67	0.66	0.65	0.64	0.63	0.62	0.61	0.6	0.59	0.58	0.57	0.56	0.55	0.54	0.53	0.52	0.51	0.5	0.49	0.48	0.47	0.46	0.45	0.44	0.43	0.42	0.41	0.4	0.39	0.38	0.37	0.36	0.35	0.34	0.33	0.32	0.31	0.3	0.29	0.28	0.27	0.26	0.25	0.24	0.23	0.22	0.21	0.2	0.19	0.18	0.17	0.16	0.15	0.14	0.13	0.12	0.11	0.1	0.09	0.08	0.07	0.06	0.05	0.04	0.03	0.02	0.01	0.0	-0.01	-0.02	-0.03	-0.04	-0.05	-0.06	-0.07	-0.08	-0.09	-0.1	-0.11	-0.12	-0.13	-0.14	-0.15	-0.16	-0.17	-0.18	-0.19	-0.2	-0.21	-0.22	-0.23	-0.24	-0.25	-0.26	-0.27	-0.28	-0.29	-0.3	-0.31	-0.32	-0.33	-0.34	-0.35	-0.36	-0.37	-0.38	-0.39	-0.4	-0.41	-0.42	-0.43	-0.44	-0.45	-0.46	-0.47	-0.48	-0.49	-0.5	-0.51	-0.52	-0.53	-0.54	-0.55	-0.56	-0.57	-0.58	-0.59	-0.6	-0.61	-0.62	-0.63	-0.64	-0.65	-0.66	-0.67	-0.68	-0.69	-0.7	-0.71	-0.72	-0.73	-0.74	-0.75	-0.76	-0.77	-0.78	-0.79	-0.8	-0.81	-0.82	-0.83	-0.84	-0.85	-0.86	-0.87	-0.88	-0.89	-0.9	-0.91	-0.92	-0.93	-0.94	-0.95	-0.96	-0.97	-0.98	-0.99	-1.0	-1.01	-1.02	-1.03	-1.04	-1.05	-1.06	-1.07	-1.08	-1.09	-1.1	-1.11	-1.12	-1.13	-1.14	-1.15	-1.16	-1.17	-1.18	-1.19	-1.2	-0.0002057	-0.0001992	-0.0001927	-0.0001864	-0.0001802	-0.0001741	-0.0001681	-0.0001623	-0.0001565	-0.0001509	-0.0001454	-0.00014	-0.0001347	-0.0001296	-0.0001245	-0.0001196	-0.0001148	-0.0001101	-0.0001055	-0.0001011	-9.672E-5	-9.249E-5	-8.838E-5	-8.439E-5	-8.051E-5	-7.683E-5	-7.328E-5	-6.984E-5	-6.653E-5	-6.333E-5	-6.024E-5	-5.727E-5	-5.44E-5	-5.164E-5	-4.898E-5	-4.643E-5	-4.396E-5	-4.159E-5	-3.931E-5	-3.711E-5	-3.5E-5	-3.295E-5	-3.098E-5	-2.908E-5	-2.724E-5	-2.546E-5	-2.373E-5	-2.206E-5	-2.043E-5	-1.884E-5	-1.729E-5	-1.579E-5	-1.431E-5	-1.288E-5	-1.147E-5	-1.01E-5	-8.75E-6	-7.428E-6	-6.13E-6	-4.856E-6	-3.604E-6	-2.372E-6	-1.161E-6	3.051E-8	1.204E-6	2.358E-6	3.495E-6	4.614E-6	5.716E-6	6.801E-6	7.87E-6	8.922E-6	9.957E-6	1.098E-5	1.198E-5	1.297E-5	1.395E-5	1.491E-5	1.585E-5	1.678E-5	1.77E-5	1.861E-5	1.951E-5	2.039E-5	2.127E-5	2.213E-5	2.299E-5	2.384E-5	2.468E-5	2.552E-5	2.635E-5	2.718E-5	2.8E-5	2.883E-5	2.965E-5	3.048E-5	3.13E-5	3.213E-5	3.296E-5	3.38E-5	3.464E-5	3.549E-5	3.634E-5	3.72E-5	3.807E-5	3.895E-5	3.983E-5	4.072E-5	4.163E-5	4.254E-5	4.346E-5	4.439E-5	4.532E-5	4.627E-5	4.722E-5	4.818E-5	4.915E-5	5.013E-5	5.111E-5	5.209E-5	5.308E-5	5.407E-5	5.506E-5	5.606E-5	5.705E-5	5.805E-5	5.904E-5	6.003E-5	6.102E-5	6.201E-5	6.299E-5	6.397E-5	6.494E-5	6.591E-5	6.688E-5	6.783E-5	6.878E-5	6.973E-5	7.066E-5	7.16E-5	7.252E-5	7.344E-5	7.436E-5	7.527E-5	7.617E-5	7.707E-5	7.796E-5	7.886E-5	7.975E-5	8.063E-5	8.152E-5	8.24E-5	8.328E-5	8.417E-5	8.505E-5	8.59300000000001E-5	8.682E-5	8.77E-5	8.85900000000002E-5	8.948E-5	9.037E-5	9.126E-5	9.21600000000001E-5	9.305E-5	9.395E-5	9.485E-5	9.576E-5	9.66700000000001E-5	9.758E-5	9.849E-5	9.94100000000001E-5	0.0001003	0.0001013	0.0001022	0.0001031	0.0001041	0.000105	0.000106	0.0001069	0.0001079	0.0001089	0.0001099	0.0001109	0.0001119	0.000113	0.0001141	0.0001152	0.0001163	0.0001174	0.0001186	0.0001198	0.000121	0.0001223	0.0001236	0.0001249	0.0001262	0.0001276	0.000129	0.0001305	0.000132	0.0001335	0.000135	0.0001366	0.0001381	0.0001397	0.0001413	0.0001429	0.0001445	0.0001461	0.0001477	0.0001493	0.0001509	0.0001524	0.0001539	0.0001554	0.0001568	0.0001582	0.0001595	0.0001608	0.0001621	0.0001633	0.0001645	0.0001656	0.0001667	0.0001679	0.000169	0.0001701	0.0001712	0.0001724	0.0001737	0.0001751	0.0001765	0.0001782	0.00018	0.0001821	0.0001844	0.000187	0.00019	0.0001934	0.0001972	0.0002016	0.0002064	0.0002119	0.000218	0.0002249	0.0002324	0.0002409	0.0002502	0.0002604	0.0002716	0.0002838	0.0002972	0.0003117	0.0003273	0.0003443	0.0003625	0.000382	0.0004029	0.0004251	0.0004488	0.000474	0.0005007	0.0005289	0.0005586	0.0005899	0.0006227	0.0006571	0.0006932	0.0007308	0.00077	0.0008109	0.0008534	0.0008974	0.0009431	0.0009904	0.001039	0.00109	0.001142	0.001196	0.001251	0.001308	0.001366	0.001426	0.001488	0.001551	0.001616	0.001682	0.00175	0.00182	0.001891	0.001964	0.002038	0.002114	0.002192	0.002271	0.002351	0.002434	0.002518	0.002604	0.002691	0.00278	0.002871	0.002964	0.003058	0.003154	0.003252	0.003351	0.003452	0.003555	0.00366	0.003766	0.003875	0.003985	0.004096	0.00421	0.004325	0.004442	0.00456	0.004681	0.004803	0.004926	0.005052	0.005179	0.005307	0.005437	0.005569	0.005702	0.005837	0.005973	0.006111	0.00625	0.00639	0.006532	0.006675	0.00682	0.006966	0.007113	0.007261	0.007411	0.007562	0.007714	0.007867	0.008022	0.008177	0.008334	0.008492	0.008651	0.008811	0.008973	0.009135	0.009299	0.009464	0.00963	0.009797	0.009966	0.01014	0.01031	0.01048	0.01065	0.01083	0.011	0.01118	0.01136	0.01154	0.01172	0.0119	0.01208	0.01227	0.01245	0.01264	0.01251	0.01228	0.01205	0.01182	0.01159	0.01137	0.01115	0.01093	0.01071	0.0105	0.01028	0.01007	0.009862	0.009655	0.009449	0.009245	0.009044	0.008844	0.008646	0.00845	0.008256	0.008064	0.007874	0.007686	0.0075	0.007316	0.007134	0.006953	0.006774	0.006598	0.006423	0.00625	0.00608	0.005911	0.005744	0.005579	0.005417	0.005256	0.005097	0.004941	0.004787	0.004634	0.004485	0.004337	0.004192	0.004049	0.003908	0.00377	0.003634	0.003501	0.003371	0.003243	0.003117	0.002995	0.002875	0.002758	0.002643	0.002532	0.002423	0.002318	0.002215	0.002115	0.002018	0.001924	0.001833	0.001745	0.00166	0.001578	0.001499	0.001423	0.00135	0.001279	0.001212	0.001147	0.001085	0.001025	0.0009685	0.0009143	0.0008625	0.0008133	0.0007664	0.0007218	0.0006795	0.0006393	0.0006013	0.0005652	0.0005312	0.0004989	0.0004685	0.0004398	0.0004128	0.0003873	0.0003633	0.0003408	0.0003196	0.0002998	0.0002812	0.0002638	0.0002474	0.0002322	0.000218	0.0002047	0.0001923	0.0001808	0.0001701	0.0001601	0.0001509	0.0001424	0.0001346	0.0001273	0.0001206	0.0001145	0.0001089	0.0001038	9.917E-5	9.495E-5	9.115E-5	8.773E-5	8.467E-5	8.195E-5	7.954E-5	7.743E-5	7.559E-5	7.4E-5	7.265E-5	7.151E-5	7.057E-5	6.98E-5	6.92E-5	6.874E-5	6.841E-5	6.819E-5	6.808E-5	6.804E-5	6.808E-5	6.817E-5	6.832E-5	6.849E-5	6.869E-5	6.89E-5	6.911E-5	6.931E-5	6.951E-5	6.968E-5	6.982E-5	6.993E-5	7.0E-5	7.002E-5	7.0E-5	6.993E-5	6.98E-5	6.962E-5	6.939E-5	6.91E-5	6.875E-5	6.835E-5	6.789E-5	6.739E-5	6.683E-5	6.623E-5	6.558E-5	6.489E-5	6.417E-5	6.341E-5	6.262E-5	6.18E-5	6.097E-5	6.012E-5	5.925E-5	5.837E-5	5.749E-5	5.661E-5	5.573E-5	5.485E-5	5.398E-5	5.312E-5	5.227E-5	5.144E-5	5.063E-5	4.983E-5	4.906E-5	4.83E-5	4.756E-5	4.685E-5	4.616E-5	4.548E-5	4.483E-5	4.419E-5	4.357E-5	4.296E-5	4.237E-5	4.179E-5	4.123E-5	4.066E-5	4.011E-5	3.956E-5	3.901E-5	3.846E-5	3.791E-5	3.735E-5	3.679E-5	3.622E-5	3.565E-5	3.506E-5	3.446E-5	3.385E-5	3.323E-5	3.26E-5	3.195E-5	3.13E-5	3.062E-5	2.994E-5	2.925E-5	2.854E-5	2.783E-5	2.71E-5	2.637E-5	2.562E-5	2.487E-5	2.412E-5	2.336E-5	2.26E-5	2.183E-5	2.106E-5	2.029E-5	1.951E-5	1.874E-5	1.796E-5	1.719E-5	1.641E-5	1.563E-5	1.484E-5	1.406E-5	1.327E-5	1.248E-5	1.168E-5	1.087E-5	1.006E-5	9.23E-6	8.394E-6	7.545E-6	6.682E-6	5.803E-6	4.906E-6	3.991E-6	3.056E-6	2.099E-6	1.119E-6	1.152E-7	-9.13E-7	-1.967E-6	-3.046E-6	-4.152E-6	-5.284E-6	-6.443E-6	-7.627E-6	-8.838E-6	-1.007E-5	-1.133E-5	-1.262E-5	-1.392E-5	-1.525E-5	-1.659E-5	-1.795E-5	-1.933E-5	-2.072E-5	-2.213E-5	-2.354E-5	-2.496E-5	-2.639E-5	-2.782E-5	-2.925E-5	-3.068E-5	-3.211E-5	-3.354E-5	-3.496E-5	-3.638E-5	-3.779E-5	-3.918E-5	-4.057E-5	-4.195E-5	-4.332E-5	-4.467E-5	-4.602E-5	-4.735E-5	-4.868E-5	-4.999E-5	-5.129E-5	-5.258E-5	-5.387E-5	-5.515E-5	-5.642E-5	-5.769E-5	-5.896E-5	-6.023E-5	-6.15E-5	-6.277E-5	-6.405E-5	-6.533E-5	-6.663E-5	-6.793E-5	-6.924E-5	-7.057E-5	-7.192E-5	-7.328E-5	-7.466E-5	-7.606E-5	-7.748E-5	-7.892E-5	-8.039E-5	-8.188E-5	-8.34E-5	-8.49400000000001E-5	-8.65100000000001E-5	-8.811E-5	-8.974E-5	-9.14000000000001E-5	-9.309E-5	-9.48100000000001E-5	-9.65600000000001E-5	-9.834E-5	-0.0001002	-0.000102	-0.0001039	-0.0001058	-0.0001078	-0.0001097	-0.0001118	-0.0001138	-0.0001159	-0.0001181	-0.0001202	-0.0001225	-0.0001247	-0.000127	-0.0001294	-0.0001318	-0.0001342	-0.0001367	-0.0001393	-0.0001418	-0.0001445	-0.0001472	-0.0001499	-0.0001527	-0.0001555	-0.0001585	-0.0001614	-0.0001644	-0.0001675	-0.0001706	-0.0001738	-0.000177	-0.0001803	-0.0001836	-0.000187	-0.0001904	-0.0001939	-0.0001974	-0.000201	-0.0002046	-0.0002083	-0.0002121	-0.0002158	-0.0002197	-0.0002235	-0.0002275	-0.0002315	-0.0002355	-0.0002396	-0.0002075	BDD/SS Atz	-1.19	-1.18	-1.17	-1.16	-1.15	-1.14	-1.13	-1.12	-1.11	-1.1	-1.09	-1.08	-1.07	-1.06	-1.05	-1.04	-1.03	-1.02	-1.01	-1.0	-0.99	-0.98	-0.97	-0.96	-0.95	-0.94	-0.93	-0.92	-0.91	-0.9	-0.89	-0.88	-0.87	-0.86	-0.85	-0.84	-0.83	-0.82	-0.81	-0.8	-0.79	-0.78	-0.77	-0.76	-0.75	-0.74	-0.73	-0.72	-0.71	-0.7	-0.69	-0.68	-0.67	-0.66	-0.65	-0.64	-0.63	-0.62	-0.61	-0.6	-0.59	-0.58	-0.57	-0.56	-0.55	-0.54	-0.53	-0.52	-0.51	-0.5	-0.49	-0.48	-0.47	-0.46	-0.45	-0.44	-0.43	-0.42	-0.41	-0.4	-0.39	-0.38	-0.37	-0.36	-0.35	-0.34	-0.33	-0.32	-0.31	-0.3	-0.29	-0.28	-0.27	-0.26	-0.25	-0.24	-0.23	-0.22	-0.21	-0.2	-0.19	-0.18	-0.17	-0.16	-0.15	-0.14	-0.13	-0.12	-0.11	-0.1	-0.09	-0.08	-0.07	-0.06	-0.05	-0.04	-0.03	-0.02	-0.01	0.0	0.01	0.02	0.03	0.04	0.05	0.06	0.07	0.08	0.09	0.1	0.11	0.12	0.13	0.14	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28	0.29	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55	0.56	0.57	0.58	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1.0	1.01	1.02	1.03	1.04	1.05	1.06	1.07	1.08	1.09	1.1	1.11	1.12	1.13	1.14	1.15	1.16	1.17	1.18	1.19	1.2	1.21	1.22	1.23	1.24	1.25	1.26	1.27	1.28	1.29	1.3	1.31	1.32	1.33	1.34	1.35	1.36	1.37	1.38	1.39	1.4	1.41	1.42	1.43	1.44	1.45	1.46	1.47	1.48	1.49	1.5	1.51	1.52	1.53	1.54	1.55	1.56	1.57	1.58	1.59	1.6	1.61	1.62	1.63	1.64	1.65	1.66	1.67	1.68	1.69	1.7	1.71	1.72	1.73	1.74	1.75	1.76	1.77	1.78	1.79	1.8	1.81	1.82	1.83	1.84	1.85	1.86	1.87	1.88	1.89	1.9	1.91	1.92	1.93	1.94	1.95	1.96	1.97	1.98	1.99	2.0	2.01	2.02	2.03	2.04	2.05	2.06	2.07	2.08	2.09	2.1	2.11	2.12	2.13	2.14	2.15	2.16	2.17	2.18	2.19	2.2	2.21	2.22	2.23	2.24	2.25	2.26	2.27	2.28	2.29	2.3	2.31	2.319999999999998	2.33	2.34	2.35	2.36	2.37	2.38	2.39	2.4	2.41	2.42	2.43	2.44	2.45	2.46	2.47	2.48	2.49	2.5	2.49	2.48	2.47	2.46	2.45	2.44	2.43	2.42	2.41	2.4	2.39	2.38	2.37	2.36	2.35	2.34	2.33	2.319999999999998	2.31	2.3	2.29	2.28	2.27	2.26	2.25	2.24	2.23	2.22	2.21	2.2	2.19	2.18	2.17	2.16	2.15	2.14	2.13	2.12	2.11	2.1	2.09	2.08	2.07	2.06	2.05	2.04	2.03	2.02	2.01	2.0	1.99	1.98	1.97	1.96	1.95	1.94	1.93	1.92	1.91	1.9	1.89	1.88	1.87	1.86	1.85	1.84	1.83	1.82	1.81	1.8	1.79	1.78	1.77	1.76	1.75	1.74	1.73	1.72	1.71	1.7	1.69	1.68	1.67	1.66	1.65	1.64	1.63	1.62	1.61	1.6	1.59	1.58	1.57	1.56	1.55	1.54	1.53	1.52	1.51	1.5	1.49	1.48	1.47	1.46	1.45	1.44	1.43	1.42	1.41	1.4	1.39	1.38	1.37	1.36	1.35	1.34	1.33	1.32	1.31	1.3	1.29	1.28	1.27	1.26	1.25	1.24	1.23	1.22	1.21	1.2	1.19	1.18	1.17	1.16	1.15	1.14	1.13	1.12	1.11	1.1	1.09	1.08	1.07	1.06	1.05	1.04	1.03	1.02	1.01	1.0	0.99	0.98	0.97	0.96	0.95	0.94	0.93	0.92	0.91	0.9	0.89	0.88	0.87	0.86	0.85	0.84	0.83	0.82	0.81	0.8	0.79	0.78	0.77	0.76	0.75	0.74	0.73	0.72	0.71	0.7	0.69	0.68	0.67	0.66	0.65	0.64	0.63	0.62	0.61	0.6	0.59	0.58	0.57	0.56	0.55	0.54	0.53	0.52	0.51	0.5	0.49	0.48	0.47	0.46	0.45	0.44	0.43	0.42	0.41	0.4	0.39	0.38	0.37	0.36	0.35	0.34	0.33	0.32	0.31	0.3	0.29	0.28	0.27	0.26	0.25	0.24	0.23	0.22	0.21	0.2	0.19	0.18	0.17	0.16	0.15	0.14	0.13	0.12	0.11	0.1	0.09	0.08	0.07	0.06	0.05	0.04	0.03	0.02	0.01	0.0	-0.01	-0.02	-0.03	-0.04	-0.05	-0.06	-0.07	-0.08	-0.09	-0.1	-0.11	-0.12	-0.13	-0.14	-0.15	-0.16	-0.17	-0.18	-0.19	-0.2	-0.21	-0.22	-0.23	-0.24	-0.25	-0.26	-0.27	-0.28	-0.29	-0.3	-0.31	-0.32	-0.33	-0.34	-0.35	-0.36	-0.37	-0.38	-0.39	-0.4	-0.41	-0.42	-0.43	-0.44	-0.45	-0.46	-0.47	-0.48	-0.49	-0.5	-0.51	-0.52	-0.53	-0.54	-0.55	-0.56	-0.57	-0.58	-0.59	-0.6	-0.61	-0.62	-0.63	-0.64	-0.65	-0.66	-0.67	-0.68	-0.69	-0.7	-0.71	-0.72	-0.73	-0.74	-0.75	-0.76	-0.77	-0.78	-0.79	-0.8	-0.81	-0.82	-0.83	-0.84	-0.85	-0.86	-0.87	-0.88	-0.89	-0.9	-0.91	-0.92	-0.93	-0.94	-0.95	-0.96	-0.97	-0.98	-0.99	-1.0	-1.01	-1.02	-1.03	-1.04	-1.05	-1.06	-1.07	-1.08	-1.09	-1.1	-1.11	-1.12	-1.13	-1.14	-1.15	-1.16	-1.17	-1.18	-1.19	-1.2	-0.0002563	-0.0002521	-0.0002479	-0.0002438	-0.0002396	-0.0002355	-0.0002313	-0.0002272	-0.0002231	-0.000219	-0.0002149	-0.0002108	-0.0002067	-0.0002026	-0.0001986	-0.0001945	-0.0001905	-0.0001864	-0.0001824	-0.0001783	-0.0001743	-0.0001703	-0.0001663	-0.0001623	-0.0001583	-0.0001544	-0.0001504	-0.0001465	-0.0001425	-0.0001386	-0.0001346	-0.0001307	-0.0001267	-0.0001227	-0.0001188	-0.0001148	-0.0001109	-0.0001069	-0.000103	-9.91000000000001E-5	-9.519E-5	-9.131E-5	-8.744E-5	-8.36000000000001E-5	-7.979E-5	-7.602E-5	-7.227E-5	-6.858E-5	-6.492E-5	-6.134E-5	-5.784E-5	-5.441E-5	-5.106E-5	-4.78E-5	-4.463E-5	-4.155E-5	-3.855E-5	-3.565E-5	-3.285E-5	-3.013E-5	-2.751E-5	-2.499E-5	-2.256E-5	-2.022E-5	-1.798E-5	-1.583E-5	-1.378E-5	-1.181E-5	-9.928E-6	-8.132E-6	-6.423E-6	-4.796E-6	-3.247E-6	-1.772E-6	-3.703E-7	9.637E-7	2.231E-6	3.437E-6	4.583E-6	5.674E-6	6.713E-6	7.705E-6	8.653E-6	9.56000000000001E-6	1.043E-5	1.126E-5	1.207E-5	1.284E-5	1.359E-5	1.431E-5	1.501E-5	1.569E-5	1.635E-5	1.699E-5	1.762E-5	1.823E-5	1.883E-5	1.941E-5	1.997E-5	2.052E-5	2.105E-5	2.157E-5	2.208E-5	2.256E-5	2.303E-5	2.348E-5	2.391E-5	2.432E-5	2.472E-5	2.509E-5	2.543E-5	2.576E-5	2.606E-5	2.634E-5	2.659E-5	2.682E-5	2.702E-5	2.719E-5	2.734E-5	2.746E-5	2.756E-5	2.763E-5	2.768E-5	2.771E-5	2.771E-5	2.769E-5	2.765E-5	2.76E-5	2.753E-5	2.744E-5	2.734E-5	2.722E-5	2.71E-5	2.697E-5	2.684E-5	2.67E-5	2.656E-5	2.641E-5	2.627E-5	2.613E-5	2.599E-5	2.586E-5	2.574E-5	2.562E-5	2.551E-5	2.541E-5	2.532E-5	2.525E-5	2.518E-5	2.513E-5	2.509E-5	2.506E-5	2.505E-5	2.505E-5	2.506E-5	2.509E-5	2.513E-5	2.518E-5	2.524E-5	2.531E-5	2.54E-5	2.55E-5	2.561E-5	2.573E-5	2.587E-5	2.603E-5	2.619E-5	2.637E-5	2.657E-5	2.678E-5	2.7E-5	2.724E-5	2.75E-5	2.777E-5	2.806E-5	2.837E-5	2.869E-5	2.903E-5	2.939E-5	2.976E-5	3.016E-5	3.057E-5	3.1E-5	3.145E-5	3.191E-5	3.24E-5	3.29E-5	3.342E-5	3.397E-5	3.453E-5	3.511E-5	3.571E-5	3.632E-5	3.696E-5	3.761E-5	3.828E-5	3.896E-5	3.966E-5	4.038E-5	4.111E-5	4.186E-5	4.262E-5	4.34E-5	4.42E-5	4.501E-5	4.584E-5	4.668E-5	4.753E-5	4.839E-5	4.926E-5	5.013E-5	5.101E-5	5.188E-5	5.275E-5	5.361E-5	5.446E-5	5.53E-5	5.613E-5	5.694E-5	5.774E-5	5.854E-5	5.933E-5	6.012E-5	6.093E-5	6.175E-5	6.26E-5	6.349E-5	6.444E-5	6.546E-5	6.658E-5	6.78E-5	6.916E-5	7.067E-5	7.236E-5	7.426E-5	7.639E-5	7.878E-5	8.144E-5	8.442E-5	8.775E-5	9.144E-5	9.55400000000001E-5	0.0001001	0.000105	0.0001105	0.0001164	0.0001229	0.0001299	0.0001375	0.0001457	0.0001544	0.0001638	0.0001737	0.0001843	0.0001954	0.0002071	0.0002194	0.0002322	0.0002456	0.0002595	0.0002739	0.0002888	0.0003041	0.0003199	0.0003361	0.0003527	0.0003696	0.0003869	0.0004045	0.0004223	0.0004405	0.0004588	0.0004774	0.0004962	0.0005152	0.0005343	0.0005536	0.000573	0.0005926	0.0006122	0.000632	0.0006518	0.0006717	0.0006917	0.0007118	0.000732	0.0007523	0.0007726	0.0007931	0.0008136	0.0008342	0.0008549	0.0008757	0.0008966	0.0009176	0.0009387	0.0009599	0.0009813	0.001003	0.001024	0.001046	0.001068	0.00109	0.001112	0.001134	0.001157	0.001179	0.001202	0.001224	0.001247	0.00127	0.001293	0.001317	0.00134	0.001364	0.001387	0.001411	0.001435	0.001459	0.001483	0.001507	0.001532	0.001556	0.001581	0.001606	0.001631	0.001656	0.001681	0.001706	0.001732	0.001757	0.001783	0.001809	0.001835	0.001862	0.001888	0.001915	0.001942	0.001969	0.001996	0.002023	0.002051	0.002078	0.002106	0.002134	0.002163	0.002191	0.00222	0.002249	0.002278	0.002307	0.002336	0.002366	0.002396	0.002426	0.002456	0.002486	0.002517	0.002547	0.002578	0.002609	0.00264	0.002672	0.002703	0.002735	0.002767	0.002799	0.002832	0.002864	0.002855	0.002821	0.002787	0.002753	0.00272	0.002686	0.002653	0.00262	0.002587	0.002554	0.002522	0.002489	0.002457	0.002425	0.002394	0.002362	0.002331	0.0023	0.002269	0.002238	0.002207	0.002177	0.002147	0.002117	0.002087	0.002058	0.002028	0.001999	0.00197	0.001941	0.001913	0.001884	0.001856	0.001828	0.0018	0.001773	0.001745	0.001718	0.001691	0.001664	0.001637	0.001611	0.001584	0.001558	0.001532	0.001506	0.001481	0.001455	0.00143	0.001405	0.00138	0.001355	0.001331	0.001306	0.001282	0.001258	0.001234	0.00121	0.001187	0.001163	0.00114	0.001117	0.001094	0.001071	0.001048	0.001025	0.001003	0.0009807	0.0009585	0.0009365	0.0009146	0.0008929	0.0008712	0.0008498	0.0008284	0.0008072	0.000786	0.0007651	0.0007442	0.0007234	0.0007028	0.0006823	0.0006619	0.0006416	0.0006215	0.0006014	0.0005815	0.0005617	0.000542	0.0005224	0.000503	0.0004837	0.0004645	0.0004455	0.0004266	0.0004079	0.0003894	0.000371	0.0003529	0.0003349	0.0003172	0.0002998	0.0002826	0.0002657	0.0002491	0.0002328	0.000217	0.0002014	0.0001863	0.0001716	0.0001574	0.0001436	0.0001303	0.0001174	0.0001051	9.338E-5	8.215E-5	7.149E-5	6.139E-5	5.186E-5	4.29E-5	3.453E-5	2.672E-5	1.948E-5	1.281E-5	6.689E-6	1.11E-6	-3.946E-6	-8.496E-6	-1.256E-5	-1.616E-5	-1.933E-5	-2.207E-5	-2.443E-5	-2.643E-5	-2.808E-5	-2.943E-5	-3.049E-5	-3.131E-5	-3.189E-5	-3.228E-5	-3.25E-5	-3.256E-5	-3.25E-5	-3.233E-5	-3.207E-5	-3.175E-5	-3.137E-5	-3.096E-5	-3.053E-5	-3.008E-5	-2.964E-5	-2.921E-5	-2.879E-5	-2.84E-5	-2.804E-5	-2.771E-5	-2.741E-5	-2.714E-5	-2.691E-5	-2.671E-5	-2.654E-5	-2.64E-5	-2.63E-5	-2.621E-5	-2.616E-5	-2.612E-5	-2.611E-5	-2.611E-5	-2.612E-5	-2.615E-5	-2.62E-5	-2.625E-5	-2.632E-5	-2.639E-5	-2.647E-5	-2.655E-5	-2.664E-5	-2.673E-5	-2.683E-5	-2.693E-5	-2.703E-5	-2.713E-5	-2.724E-5	-2.735E-5	-2.746E-5	-2.757E-5	-2.768E-5	-2.78E-5	-2.791E-5	-2.803E-5	-2.814E-5	-2.826E-5	-2.838E-5	-2.85E-5	-2.862E-5	-2.874E-5	-2.886E-5	-2.898E-5	-2.911E-5	-2.924E-5	-2.936E-5	-2.95E-5	-2.963E-5	-2.977E-5	-2.991E-5	-3.005E-5	-3.02E-5	-3.035E-5	-3.051E-5	-3.067E-5	-3.084E-5	-3.101E-5	-3.119E-5	-3.137E-5	-3.156E-5	-3.175E-5	-3.195E-5	-3.216E-5	-3.237E-5	-3.258E-5	-3.28E-5	-3.302E-5	-3.325E-5	-3.348E-5	-3.372E-5	-3.396E-5	-3.421E-5	-3.446E-5	-3.472E-5	-3.498E-5	-3.525E-5	-3.552E-5	-3.58E-5	-3.609E-5	-3.638E-5	-3.667E-5	-3.698E-5	-3.729E-5	-3.761E-5	-3.794E-5	-3.828E-5	-3.863E-5	-3.899E-5	-3.937E-5	-3.975E-5	-4.015E-5	-4.056E-5	-4.099E-5	-4.142E-5	-4.187E-5	-4.234E-5	-4.282E-5	-4.331E-5	-4.381E-5	-4.432E-5	-4.485E-5	-4.538E-5	-4.593E-5	-4.648E-5	-4.703E-5	-4.759E-5	-4.816E-5	-4.873E-5	-4.93E-5	-4.987E-5	-5.044E-5	-5.101E-5	-5.158E-5	-5.214E-5	-5.27E-5	-5.326E-5	-5.381E-5	-5.436E-5	-5.49E-5	-5.544E-5	-5.597E-5	-5.65E-5	-5.702E-5	-5.753E-5	-5.805E-5	-5.856E-5	-5.906E-5	-5.957E-5	-6.007E-5	-6.058E-5	-6.109E-5	-6.161E-5	-6.213E-5	-6.266E-5	-6.321E-5	-6.376E-5	-6.433E-5	-6.491E-5	-6.551E-5	-6.613E-5	-6.677E-5	-6.743E-5	-6.811E-5	-6.882E-5	-6.954E-5	-7.029E-5	-7.106E-5	-7.185E-5	-7.267E-5	-7.352E-5	-7.438E-5	-7.527E-5	-7.619E-5	-7.713E-5	-7.81E-5	-7.908E-5	-8.01000000000001E-5	-8.113E-5	-8.219E-5	-8.327E-5	-8.437E-5	-8.55E-5	-8.666E-5	-8.783E-5	-8.903E-5	-9.026E-5	-9.15E-5	-9.275E-5	-9.402E-5	-9.532E-5	-9.664E-5	-9.799E-5	-9.937E-5	-0.0001008	-0.0001023	-0.0001038	-0.0001054	-0.000107	-0.0001087	-0.0001104	-0.0001123	-0.0001142	-0.0001162	-0.0001183	-0.0001205	-0.0001228	-0.0001252	-0.0001277	-0.0001303	-0.000133	-0.000136	-0.0001391	-0.0001423	-0.0001456	-0.0001491	-0.0001526	-0.0001563	-0.0001601	-0.0001639	-0.0001679	-0.000172	-0.0001762	-0.0001805	-0.000185	-0.0001895	-0.0001942	-0.0001989	-0.0002038	-0.0002088	-0.0002139	-0.0002191	-0.0002244	-0.0002298	-0.0002353	-0.0002196	Voltage (V)

Current (A)/BDD
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