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With the continuous deployment of renewable energy sources (i.e., wind, and solar power), demand for long duration grid energy storage systems has increased to cater the intermittent power generation problem of these sources. Among various energy storage technologies, those based on electrochemical conversion have received tremendous attention in the past decades. Organic redox flow batteries (RFBs) are promising candidates for large-scale energy storage. ORFBs Advantages are flexibility, wide voltage window, high energy density, sustainability of materials, and low cost. Although recent development on ORFBs is promising, their future implementation requires further investigations, especially to understand their electrochemical performance and alleviate system’s inefficiencies. Most of ORFBs performance loss comes from low power density caused by low ionic conductivity of organic solvents, high kinetic loss due to sluggish reactions and highly resistive membranes/separators used in them. 
The first step to improve ORFBs electrochemical performance is to quantitively investigate sources of voltage loss. Biphenyl (Bp)|sodium polysulfide (Na2Sx) is the system to be studies in this work since it is an emerging chemistry of organic batteries with encouraging potentials. Various in-situ and ex-situ electrochemical diagnostic tools was used, such as polarization curves, electrochemical impedance spectroscopy (EIS), and cyclic voltammetry. These tools were combined with the following experimental setups: 3-electrode cell, symmetric cell, and a single electrode flow cell with an in-situ sodium/sodium ion reference electrode. Results from experimental methods mentioned above showed that in Bp|Na2Sx ORFBs, Bp contributes more to cell’s voltage loss compared to Na2Sx. Deeper investigation for both Bp and Na2Sx followed, revealing kinetic overpotential as the dominant source of voltage loss. Ohmic and mass transport overpotentials had smaller, yet notable impact relative to kinetic loss. Methods demonstrated in this investigation are non-destructive, relatively simple, and applicable to various electrochemical systems. 
After understanding Bp|Na2Sx ORFB performance limitation, the second step is to alleviate dominant source of voltage loss of Na2Sx by synthesizing a tailored carbon-based electrode. Graphene aerogels (GA) are used as electrodes in various electrochemical applications due to their unique properties (i.e., high surface area, high electric conductivity, lightweight, and high porosity). 
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[bookmark: _Toc133308709]Introduction
1.1 [bookmark: _Toc127388377][bookmark: _Toc133308710]Motivation

[bookmark: _heading=h.umxg9ph8t2dz][bookmark: _Toc127388378]Global warming is one of the grand challenges of the twenty-first century, caused by carbon emission from fossil fuel combustion [1]. One of the solutions to alleviate the negative effect of carbon emissions on human life is to shift to renewable energy sources [2], such as wind, geothermal and solar systems. While sustainable and environmentally friendly energy generation systems reduce carbon emission, they have variable power output and uncontrollable energy production. These disadvantages of renewable energy sources cause instability of electricity grids. Energy storage systems can be an excellent solution to achieve a more stable electricity grid, in addition to load-balancing it. 
Electrochemical (EC) energy storage systems (i.e., conventional, and redox flow batteries) are becoming a more popular choice because of their flexibility, efficiency, and scalability. Aqueous redox flow batteries (RFBs) are favored for medium to large scale energy storage, given their charge/discharge cycles durability, long cycle life, fast response to demand or input, relatively high efficiency, and low cost [3]. On the other hand, materials used in such systems are unsustainable and have low energy density, which is keeping them from taking a larger share of the market. 
This limitation can be alleviated by using organic materials in RFBs with higher energy density and abundant sources. In this body of work, we focus on better understanding limitations of organic redox flow batteries (ORFBs) by using various EC diagnostic tools, such as cyclic voltammetry, polarization curves, In-situ reference electrode and electrochemical impedance spectroscopy (EIS). Then, we synthesize an electrode (cathode) material to decrease voltage loss caused by mass transfer and kinetic overpotentials. 


1.2 [bookmark: _Toc133308711]Overview on batteries

A battery is an electrochemical device that converts chemical energy into electrical energy. Fundamentally, electrochemical reduction-oxidation (redox) reactions of active materials take place inside a battery, which produces electrons that can power an electric load connected to the battery. There are two major classifications of batteries based on whether they can be reused (recharged) or not; primary and secondary [4, 5]. Primary batteries are non-rechargeable because of their irreversible redox reaction after being consumed (discharged) once. On the other hand, secondary batteries are capable of being recharged after discharge by reversing the redox reaction taking place in the cell by supplying the battery with electrical current. Secondary batteries can be charged to their original status and discharged for several cycles. For that reason, secondary batteries can be used as a form of energy storage system, where the electrical energy can be converted and stored as chemical energy inside batteries.

In the past decade, researchers have been working on developing and proving various forms of secondary batteries which can be used in many applications, such as electrical vehicles [3], renewable energy, electrical grid stabilization and security, and electronic devices. Batteries come in different configuration, size, and chemistry depending on their intended application. They can be as small as a coin battery used in a vehicle remote key or as large as a building to power/support a small electrical grid. In the next section, the difference between two common batteries configurations will be discussed. 
1.2.1 [bookmark: _Toc127388379][bookmark: _Toc133308712]Conventional (Closed) battery vs. Redox Flow Battery

Regardless of a battery size or shape, its basic repetitive unit is called a cell. Traditionally, any battery cell is divided into two half cells, the negative and positive halves; these are conventionally called the anode and cathode, respectively. The main components of a secondary battery cell (illustrated in Figure ‎1.1) are two solid electrodes, electrolyte, and a separator or an ion-exchange membrane. During cell discharge cycle, active molecule in 
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[bookmark: _Ref131587481][bookmark: _Toc133308842]Figure ‎1.1: Illustrations of (Left) a conventional (closed) battery and (Right) redox flow battery during charge/discharge cycling.


the anode half-cell goes through oxidation reaction (Equation ‎1.1), which releases electrons that flow through the anode to the other half-cell electrode (cathode), powering an electric load. When electrons reach the cathode, active molecules in it get reduced (Equation ‎1.2). At the same time, charge-carrying ions (positively or negatively charged) pass through the electrolyte then separator/membrane towards either the cathode or anode to balance the cell’s charge. This process (cell discharge) is driven by chemical potential difference between an anode and a cathode. On the contrary, during cell charging, electrons are forced in the opposite direction by externally applied electric current, which result in reduction reaction on the anode and oxidation reaction on cathode. 
Another promising and a more complicated battery configuration is a RFB. Typically, it consists of two solid electrodes, liquid electrolytes, a separator or membrane, external reservoirs, and pumps. One distinguishable characteristic of RFB compared to a secondary battery is that it uses a liquid electrolyte. This electrolyte consists of electrochemically active molecules (metal base or organic) dissolved in a solvent (aqueous or organic) along with a supporting salt (to improve ionic conductivity). The electrolyte on the anode side in RFBs is referred to as anolyte and on the cathode side as catholyte. A major advantage for a RFB is the storage of liquid electrolyte with active molecules in external reservoir, separated from the cell, which decouples the cell power and energy output [6, 7]. The power output of RFB depends on the cell size (electrode’s active surface area and number of cell stacks), while its energy depends on the concentration of active molecules stored in electrolyte reservoir. This feature makes RFBs prime candidates for flexible modular design, stationary energy storage systems for long discharge and storage times. 
During discharge of a RFB, charged active species dissolved in liquid anolyte are pumped from the analyte tank through a porous electrode, where an oxidation reaction takes place on the electrode’s surface. This reaction, just like in secondary batteries, releases electrons that flow through an electric load until it reaches the cathode, where a reduction reaction takes place. In parallel to electron transport, charged ions will migrate through the electrolyte and the membrane to balance the cell charge. Below are general reactions in batteries during charge and discharge cycles, where A and B represent active molecules in anode/anolyte and cathode/catholyte, respectively:
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	[bookmark: _Ref131278268]Equation ‎1.1
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	[bookmark: _Ref131278298]Equation ‎1.2
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	Equation ‎1.3



A separator is a permeable, thin layer (usually tens of micrometers in thickness) placed between both half-cells. It allows ion exchange between both half-cells and in some cases active species to cross-over too, which result in cell self-discharge. A membrane will only allow the passage of specific ions with specific charge. When a membrane is used in a battery, cross-over (self-discharge) is lower than if a separator is used. In RFB configuration, membranes play a more important role than in a secondary battery. Because in a secondary battery, its purpose is to prevent short-circuiting the two electrodes, while allowing charge-carrying ions to transport. While in a RFB, it has another critical role of preventing liquid electrolytes carrying charged active molecules (oxidized or reduced) from mixing and neutralizing. Depending on the battery chemistry and configuration, either a separator or a membrane is used. Another critical component of a RFB are electrodes. An electrode’s main purpose is to support the electrochemical redox reaction of active molecules (charge transport) and maximize mass transfer of charged ions and electrolyte through it. 
The next sections will explain the difference between aqueous and organic battery chemistries, followed by a literature review on recent publications on ORFBs.
1.2.2 [bookmark: _Toc127388380][bookmark: _Toc133308713]Organic Redox Flow Battery

[bookmark: _Toc127388381]RFB chemistries can be categorized to either aqueous or nonaqueous (organic). Aqueous systems are the most advanced and widespread, despite their low voltage limited by water electrolysis (around 1.5 V). Examples of aqueous batteries are vanadium [8-11], and Zinc-cerium [12] batteries. Vanadium RFB is the most mature and advanced aqueous system, leading to its commercialization. The disadvantage of an aqueous system (such as vanadium) is its high cost, low energy density, and unsustainability of its chemical components [7]. 
Organic redox flow batteries (ORFBs) utilize different combinations of organic or aqueous solvent with organic or metal-based charge carrier and active species. Such chemistry emerged as a potential solution to limitations of aqueous systems. Examples of ORFBs are Bp| Sodium polysulfides (Na2Sx) [13, 14], and Bp|octafluoronaphthalene [15]. These batteries can reach voltages ranging between 2 – 5 V, increasing their energy density. Chemical components used in these systems are sustainable and low-cost., reducing the system cost.  In addition, ORFBs utilizing organic solvent can achieve higher concentration of active species because of the high solubility of organic molecules over metallic ones, increasing the battery capacity. These advantages were the driving force for the advance of lithium-ion and sodium-ion batteries in the past two decades [16-19]. Nevertheless, ORFBs have limitations like low power output, low ionic conductivity, high operational cost, and limited literature support. 
For ORFBs to compete with other mature energy storage technologies, further research is needed to pin-point sources of inefficiency on cell level and quantify their effect on system electrochemical performance. Chapter 2 of this dissertation demonstrates electrochemical diagnostic tools that can be used to investigate ORFBs, specify sources of voltage-loss, and ultimately alleviate these losses. 
1.2.3 [bookmark: _Toc133308714]Bp|Na2Sx rechargeable batteries

In 2015, Gong al. [15] investigated multiple organic redox pair, such as biphenyl (Bp), which is an aromatic component with low redox voltage (0.1 V vs. Na/Na+). They demonstrated a micro-scale coin cell with Bp as the anode and proved the reversibility of Bp redox reaction and its electrochemical stability. Yu al. [14] followed by testing the longevity of a lab scale Bp|Na2Sx conventional (closed) cylindrical cell. They measured the long-term EC performance by cycling the cell for 3500 cycles. Also, they tested a proof-of-concept Bp|Na2Sx ORFB, with limited performance data. Self al. [13] extended work on Bp|Na2Sx ORFB. They focused on the Na2Sx side by studying the effect of insoluble reaction products (NaS8, Na2S4, Na2S2, Na2S) and soluble reaction products (Na2S8, Na2S7, Na2S6, Na2S5) on the system’s EC performance (specifically capacity fade). They demonstrated the ability to use electrochemical diagnostic tools, such as in-situ reference electrode (RE) with electrochemical impedance spectroscopy to investigate half-cell voltage loss. These publications have proven Bp|Na2Sx ORFBs to be low cost and sustainable applications for long energy storage. 
1.3 [bookmark: _Toc127388382][bookmark: _Toc133308715]Synthesis of Graphene Aerogel

Graphene, as a two-dimensional (2D) single layer of carbon atoms, has drawn huge attention in many fields since its separation from graphite because of its unique properties, such as high thermal conductivity [20, 21], high electron conductivity [22], large specific surface area (SSA) [23], excellent mechanical properties [24], and very low density.  To put it in perspective, a single sheet of graphene weighting a fraction of a gram can cover an entire American football field [25]. Also, researchers have successfully synthesized graphene structures with densities close to air density (1.225 mg/cm3) with decent mechanical durability and electronic conductivity [26]. These properties made graphene an excellent material for many applications, such as energy production (solar panels), energy storage (supercapacitors and batteries), electronics (faster computer chips and flexible touch screens), chemical sensing, and composites. Moreover, recent development of three-dimensional (3D) graphene structures, with the same remarkable properties as 2D graphene, has expanded its utilization in more applications. Some examples of 3D graphene structures are graphene foams, graphene aerogel, and graphene composites. The most popular methods of graphene synthesis into 3D structures are self-assembly using graphene oxide (GO), template-assisted preparation, and chemical vapor deposition (CVD) [27].
For this research project, graphene with directional pores will be synthesized via self-assembly utilizing mass produced GO flakes. This method is used because it is simple, can be expanded to large production scale, requires fewer hazardous chemicals, and low preparation temperatures. More details can be found on the synthesis process in under task 1 section.
1.3.1 [bookmark: _Toc127388383][bookmark: _Toc133308716]Ice-templated Porous Material

For the past few years, the use of ice as a sacrificial template to synthesize a porous structure became a popular method to produce various types of porous materials, such as graphene aerogel [27, 28], porous alumina [29], porous ceramics [30], and graphene polymers [31] to be used in different applications. This method uses the formation of regular patterns during ice solidification to cast materials with uniformed microstructure driven by ice formation physics.  
As demonstrated in Figure 1.2, when a graphene hydrogel (GH) sample’s bottom side is subjected to cold temperatures (lower than water freezing temperature), ice crystals prefer to grow along the vertical direction of the sample. The top side of the sample is subjected to higher temperatures to accomplish a unidirectional temperature gradience along the vertical axis of the sample. This directional growth of ice crystals causes the reduced GO (rGO) sheets to be pushed to the sides, forming parallel columns of ice crystals through the material. After freeze drying the directionally frozen GH sample, the ice will sublimate, leaving graphene sheets filled with air (graphene aerogel). The benefit of freeze drying over conventional drying methods is preventing the pores of the sample from collapsing by ensuring the sublimation of water rather than melting and evaporation. Directional freezing is applicable for different suspension of nanoparticles (aqueous or nonaqueous). 
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[bookmark: _Toc133308843]Figure ‎1.2: (a) A schematic showing steps of directionally freezing graphene hydrogel sample, then freeze drying it to achieve directional pores. (b) top-view and (c) side-view of the directional GA [18].




The microstructure of the directionally frozen GA can be tailored by varying the following freezing conditions: freezing temperature, freezing rate, type of suspension (aqueous or nonaqueous), and particles size (in this case GO flakes). As an example of the effect of various freezing temperatures on resulting materials microstructure, Figure 1.3 shows four D-GA samples directionally frozen at different freezing temperatures (-170 OC, -40 OC, -20OC, and -10OC) [22]. The lower the freezing temperature is, the smaller the pore size gets. Also, different suspension fluids form different ice crystal shapes; either a lamellar porous structure (aqueous) or dendric porous structure (nonaqueous). Understanding how freezing conditions affect the resulted GA is essential to synthesis a material that is tailored to serve efficiently in a specific application. 
[bookmark: _Toc127388384][bookmark: _Toc133308717]1.4 Objectives

This dissertation consists of three main chapters. Below are the objectives of each chapter:
Chapter 2 Understand the electrochemical performance of a coulombically balanced Bp|Na2Sx ORFBs under various operating conditions using commercial carbon felt cathode material. 
Chapter 3 Synthesize graphene aerogel cathode material with directional pores using facile hydrothermal processes and understand how different synthesis parameters affect the aerogel physical properties.
Chapter 4 Demonstrate a Bp|Na2Sx ORFBs operating with graphene aerogel-based electrode in the cathode and its impact on the electrochemical performance. Also, a zero-dimensional model for a Bp|Na2Sx ORFBs will be presented.
Chapter 5 Summarize findings of this work and recommend future studies.
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[bookmark: _Toc133308844]Figure ‎1.3: Scanning electron microscopy (SEM) images of the microstructure for four D-GA sample’s directionally frozen at different temperatures (a) -170 OC (b) -40 OC (c) -20 OC (d) -10 OC. (e) High-magnification SEM image of D-GA. (f) A schematic of the experimental setup to directionally freeze GH samples [13].



1. [bookmark: _Toc133308718][bookmark: _Hlk125638183][bookmark: _Hlk125638171]Studying Voltage Losses During Discharge for Biphenyl-Sodium Polysulfide Organic Redox Flow Batteries 
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[bookmark: _Toc133308719]Abstract 

Voltage losses during discharge have been quantitatively investigated for a coulombically balanced biphenyl (Bp)|sodium-polysulfide (Na2Sx) organic redox flow battery. Individual half-cell electrochemical impedance spectroscopy (EIS) response was studied using a flow cell with an in-situ sodium/sodium-ion reference electrode. The anode, consisting of Bp/Bp- couple, contributed approximately 58% of the total cell overpotential during discharge. Further investigation revealed kinetic overpotential dominating both anode and cathode voltage losses during discharge. The EIS response for the sodium-polysulfide half-cell exhibits two semicircles at high and low frequencies. Since there is limited literature relating the high-frequency semicircle to a physical process, this work extends the investigation of cathode high-frequency EIS features using in-situ and ex-situ electrochemical diagnostic tools. The Bp Nyquist plot consisted of a single semi-circle due to its simpler redox reaction relative to the more complicated Na2Sx. Tafel analysis was used to calculate exchange current density values, with Bp having a lower exchange current density than Na2Sx. This finding explains the relatively higher Bp kinetic voltage loss as compared to Na2Sx.
[bookmark: _Toc133308720]2.1 Introduction

Due to the widespread implementation of intermittent renewable energy, demand for large-scale energy storage systems has increased. Redox flow batteries (RFBs) are promising candidates for large-scale energy storage applications, supporting a wide range of renewable energy sources and improving grid stability [4, 7, 32, 33]. One of their main advantages is decoupling energy (electrolyte volume) and power (cell size), making them scalable and suitable for long-duration storage. RFBs can be sorted into two main classifications depending on the type of electrolyte and/or charge carriers used: aqueous and organic [15, 34, 35]. 
Aqueous RFBs use water-based electrolytes, typically consisting of a combination of metal ions and acids, such as vanadium, iron, and sulfuric acid. Despite the development of aqueous RFBs over the years, their large-scale implementation for utility energy storage has still not been fully realized, mainly because of their low voltage, low energy densities, and relatively low sustainability of materials [36]. For instance, vanadium redox flow batteries (VRFBs), which represent the most mature in aqueous RFBs class, have been demonstrated in several projects [37]. But their low energy density (<25Wh/L) is the main hindrance in their widespread commercialization. Other than VRFBs, numerous aqueous RFBs configurations have also been investigated. These include zinc/bromine [38], all iron [39], and iron/chromium [40]. However, to achieve the goals for RFBs in terms of cost, energy density, and to enable their broad market penetration, extensive research in new electroactive materials is required.
Organic redox flow batteries (ORFBs) have been proposed as an alternative to aqueous systems due to their wider voltage window, high energy density, abundant materials sources, and low cost [41]. These attributes of ORFBs make them attractive for overcoming challenges in grid energy storage. ORFBs utilize organic materials as electrolytes and/or charge carriers; they include organic charge carriers in aqueous electrolytes [42] or inorganic charge carriers in organic electrolytes [43] or can be in total organic combination, normally termed as all-organic RFBs [44]. The disadvantage of ORFBs is low power output due to their low ionic conductivity and mass transport limitations, especially in organic electrolyte system. 
Sodium (Na)-based ORFBs are promising due to sodium’s high solubility in organic solvents, improving their ionic conductivity [13, 14, 41]. One example of Na-based batteries is Na-sulfur (S) batteries, which have been investigated extensively in past decades [16, 45, 46]. On the other hand, Na-S battery technology is hindered by low cycle life, high corrosion, and safety concerns because of dendrite formation from Na anode to S cathode, shorting both half cells. To solve these issues, Na metal anodes have been replaced by a liquid electrolyte consisting of biphenyl (Bp) dissolved in organic solvents, such as tetraethylene glycol dimethyl ether (TEGDME), Diglyme, or dimethyl ether (DME) [13, 14]. In 2017, Yu et al. tested a Bp|Na2S8 battery in a closed cylindrical cell achieving energy density as high as 300 mAh/gNa2S8 (353 mAh/gs) and stable performance for over 700 cycles with limited data on flow cell. Self et al. [13] followed by focusing on Bp|Na2S8 in a flow cell configuration. Their tests resulted in 200 mAh/gs capacity with 97% coulombic efficiency. Self et al. [13] achieved lower specific capacity since the polymerization states in that study were limited to soluble states compared to inclusion of insoluble states by Yu et al [14]. They also showed that kinetic overpotential is a dominant source of overpotential in cathode with no information on anode.
Although recent efforts to explore the electrochemical performance of Bp|Na2S8 ORFB are promising, limited information was presented on Bp’s in-situ performance compared to sodium-polysulfide (Na2Sx). Therefore, this work extends the research on Bp|Na2Sx ORFBs in the following ways: (a) quantifying both half-cell overpotentials for a coulombically-balanced Bp|Na2Sx ORFB using an in-situ reference electrode (RE) along with polarization curves, (b) utilizing electrochemical impedance spectroscopy (EIS) to specify the dominant source of overpotential in both anode and cathode, and (c) understanding the high-frequency process of Na2Sx. 
The anode showed higher voltage loss contribution to full cell total loss, with kinetic overpotential dominating both half-cells. Cathode EIS investigation revealed a high frequency interfacial resistance between the organic liquid electrolyte and ceramic sodium-beta-alumina solid electrolyte (BASE). To the best of our knowledge, this report is the first to study the rate limiting loss of Bp as anode and calculate the relevant kinetic parameters using polarization and EIS as in-situ diagnostic tools. In addition, it contributes to a deeper understanding for processes taking place in the Na2Sx half-cell.
[bookmark: _Toc133308721]2.2 Materials and Methods
[bookmark: _Toc133308722]2.2.1 Electrolyte Preparation

The solvent used in this study was TEGDME (99%, Sigma Aldrich), which was dried using sodium metal flakes and stored over 4 Å zeolite for several days before use [6]. The base electrolyte consisted of 1 molal (m) sodium triflate (NaOTf, 98%, Sigma Aldrich) dissolved in TEGDME. To prepare sodium polysulfide catholyte, sodium sulfide (Na2S) and sulfur (S) were mixed at 1:7 molar ratio then dissolved in base electrolyte get charged Na2S8 catholyte with dark red color. The anolyte was prepared by dissolving Bp (99.5%, Sigma Aldrich) in base electrolyte and adding excess Na metal flakes to reduce Bp to anion radical, resulting in a dark blue solution. Anolyte was stirred for several days to ensure complete reduction of Bp, then Na metal flakes were removed before adding anolyte to the cell’s reservoir. All solutions were stored and prepared in an argon-filled glovebox where oxygen and water concentration were kept below 0.1 ppm.
[bookmark: _Toc133308723]2.2.2 Cell Setup

A bench scale single cell redox flow battery (shown in Figure ‎2.1a-c) was assembled and cycled in an argon-filled glovebox. Two stainless-steel (304, McMaster-Carr) flow plates were machined in house with serpentine flow field (9 channels, 21 mm long, 1 mm wide, and 1 mm deep). Nickel foam (1.6 mm thick, MTI Corp) was used as the electrode for the anode half-cell and carbon felt (CF, SGL Carbon) for the cathode. Both electrodes were compressed by approximately 23% to reduce electronic contact resistance. BASE (40x40x1 mm, Ionotec Ltd.) was used as a separator with butyl rubber gaskets (1.45 mm thick, McMaster-Carr) to seal the cell along with a 1 mm polytetrafluoroethylene (PTFE) gasket around the BASE separator as a support against clamping pressure. Cell bolts were torqued down to 1.5 N-m. Electrodes and BASE geometric surface area were both 4.8 cm2. Both electrolytes were pumped into the cell using a single peristaltic pump head (Cole-Parmer) that accepted two lines. Chem-Durance (Cole-Parmer) tubing was used in the 
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	A: Aluminum backing plate.
B: Gold-plated aluminum as current collector to connect cell
     to potentiostat (insulated from the backing plate).
C: Stainless steel flow plate with flow by channels.
D: Bolt.
E: Electrode.
F: Butyl rubber gasket (1.45 mm thick).
G: Incompressible PTFE gasket (1 mm thick).
H: BASE (1 mm thick).
I: Reference electrode insertion cavity.

	
	


[bookmark: _Ref131278447][bookmark: _Ref131278441][bookmark: _Toc133308845]Figure ‎2.1: (a) Photograph of the redox flow cell system consisting of two electrolyte reservoirs kept in a 3D printed holder, peristaltic pump, and cell stack all assembled in a PTFE containment tray. (b) Cell illustration. (c) Exploded view of the cell’s 3D model showing main components. 


pump head along with Teflon perfluoroalkoxy alkane (PFA) tubing (McMaster) with polypropylene fittings. Note that for biphenyl, the PFA tubing used to connect the cell to the pump head tubing was stable for short testing periods. PFA tubing is not recommended for sensitive and long tests because biphenyl anion radical reacts with PFA; polypropylene tubing is more stable [13]. A photograph of the complete system is shown in Figure ‎2.1c.
To add an in-situ RE, a single cell design was modified to accept a sodium/sodium ion reference electrode (Na/Na+ RE) at the Na-beta-alumina separator (see Figure ‎2.1b). This addition is critical to measure the potential of each half-cell; without this RE, investigation is limited to two-electrode measurements that offer relatively little information regarding processes in each half-cell. Another RE (master) can be added to the catholyte or anolyte reservoirs to verify the potential stability of the separator RE. Measurements collected using this 3-electrode setup were stable and reliable, enabling measurement of full-cell performance along with each half-cell performance. Also, EIS can be conducted on the anode and cathode to study their processes separately.
To further study cathode EIS, a symmetric cell was tested with identical CF electrodes separated by Celgard (25 m thick, Celgard© 2325). Both halves were supplied with Na2Sx electrolyte from a single reservoir. Other components (flow plate, rubber gaskets, and tubing) for the symmetric cell are identical to the redox flow cell.  
[bookmark: _Toc133308724]2.2.3 Defining State of Charge (SOC)

The theoretical capacity of sodium polysulfide is 1,675 mAh/gs for the reduction of S to Na2S. At room temperature, S and Na2S4 are insoluble in TEGDME [13, 16]. Since all experiments in this work were done at low temperature (26OC on average), only soluble sodium polysulfide (Na2Sx, where 5 ≤ x ≤ 8) was studied. Na2S8 was thus specified as 100% SOC and Na2S5 as 0% SOC, with 125 mAh/gs theoretical capacity. The redox reactions at the anode and cathode are:
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	Equation ‎2.2



[bookmark: _Toc133308725]2.2.4 Electrochemical Characterization

Electrochemical measurements were conducted using a Bio-Logic VSP (BioLogic, France). A 3-electrode cell was used to conduct cyclic voltammetry (CV). The setup consisted of a 30 mL glass vial with a 3D printed lid to seal and hold 3 electrodes. Platinum wire (0.5 mm diameter) was used as working electrode, nickel strip as counter electrode and Na/Na+ RE. This method was used to measure background current, the reversibility of Bp redox reactions and Bp half-wave potential (E1/2). The average measured cell temperature during CV tests was 26 OC.
Discharge polarization curves were performed at 50% state of charge (SOC) by discharging the cell at constant current for 30 seconds followed by charging at the same current and for the same period to keep the SOC at 50%. The last 15 seconds of each potential were averaged, constituting one point on the polarization curve. The same process was repeated at various discharge current values. To monitor the cell SOC, open circuit voltage (OCV) was recorded before and after each run. To perform Tafel analysis, both charge and discharge polarization curves were measured using the same method. 
Electrochemical impedance spectroscopy (EIS) tests were conducted on the same full cell with in-situ RE over a frequency range from 5 kHz to 1 Hz. The cell was polarized under constant DC current for 30 seconds to reach a steady state. Then EIS was measured using 20 mV sinusoidal perturbation amplitude superimposed onto the DC current. This step was repeated several times for different current values to measure EIS for the cell under different polarization conditions. To validate EIS data, Kramer-Kronig was used with an acceptable fit. The BioLogic potentiostat enabled simultaneous collection of both half-cell impedance spectra (i.e., cathode vs. RE, and anode vs. RE). 
EIS tests were conducted on a Na2Sx symmetric cell. Symmetric cell impedance data were collected between two identical electrodes (cathode vs. anode) with frequency ranging between 5 kHz to 0.1 Hz. Tests for a polarized symmetric cell were conducted using the same process for the full cell.
[bookmark: _Toc133308726]2.3 Results and Discussion
[bookmark: _Toc133308727]2.3.1 Cyclic Voltammetry

CV experiments were conducted using a 3-electrode cell with base electrolyte to measure the background current resulting from impurities in the solution (shown in Figure ‎2.2a). Following a satisfactorily low background activity, 0.1 m Bp anion radical dissolved in base electrolyte (shown in Figure ‎2.2b) was studied. The measured current was normalized by the geometric area of the working electrode (platinum wire) for Figure ‎2.2a-b. When both voltammograms (base electrolyte and Bp anion radical dissolved in base electrolyte) were plotted on the same scale (Figure ‎2.2b), it was apparent that the background current was negligible compared to the current generated by Bp redox reaction. 
These CV results confirm that electrolyte drying, storage, and preparation processes were effective since background current is negligible compared to the current generated by active species. In addition, the half-wave potential for Bp (E1/2= 0.22 V vs. Na/Na+ RE) was calculated from the Bp voltammogram by averaging the anodic (0.266 V) and cathodic (0.175 V) peaks, using equation 4 [5, 35, 47, 48]. Half-wave potential of Bp calculated in this study is consistent with the literature [41] because it was crucial for studies in the following sections. 
	
	Equation ‎2.3


[bookmark: _Toc133308728]2.3.2 Bp|Na2Sx ORFB Polarization Curve

Prior to conducting polarization studies, the cell was cycled for 22 cycles to ensure the stability and reversibility of electrochemical performance (shown in Figure S1a-b). 








	[image: ]
	[image: ]


[bookmark: _Ref131286815][bookmark: _Toc133308846]Figure ‎2.2: (a) IR-corrected CV for base electrolyte only. (b) IR-corrected cyclic voltammetry results for 0.1 m Bp anion radical dissolved in base electrolyte and plain base electrolyte plotted on same scale. Platinum wire (0.5 mm diameter) was used as working electrode, nickel strip as counter electrode, and Na/Na+ RE. All tests were conducted in argon-filled glovebox where H2O and O2 concentration were kept below 0.1 ppm.



Galvanostatic charge/discharge resulted in high average columbic efficiency of 99.2%, which is comparable to the literature [13, 14], indicating the reversibility of redox reactions taking place in the cell. Although durability was not a main target as prior research [13] demonstrated it, we can confirm the durability of the examined cell.
To generate the discharge polarization curve for Bp|Na2Sx ORFB shown in Figure ‎2.3b, the Potentiostat was set up to collect the full-cell voltage (cathode vs. anode) and both half-cell potentials against the Na/Na+ RE. To verify the RE reading, full-cell voltage was calculated by subtracting the anode potential from the cathode, then comparing to full cell voltage (Figure ‎2.3a). Values agreed to within 8.1 mV (2.2%), confirming the accuracy of half-cell potential readings against RE. Refer to Figure S2 in the appendix for polarization curve with error bars. Total overpotential () for each curve was calculated by subtracting the operation voltage or potential () from OCV (Equation ‎2.4 and Equation ‎2.5) [5, 35].

	
	[bookmark: _Ref131287152]Equation ‎2.4



	
	[bookmark: _Ref131287154]Equation ‎2.5




Knowing the overall overpotential of the full cell and for each half-cell, each half cell contribution to the full cell loss (shown in Figure ‎2.3b) was quantified. Over the current density range (0.1 to 9.3 mA/cm2) the anode contributed more strongly to the cell overpotential than the cathode; the anode averaged 58% of the overpotential while the cathode contributed an average of 42%. At low current density (around 70% voltage efficiency), the anode loss accounted for 64% and the cathode 36%, thus the distribution of overpotentials varied slightly over the current density range. As current density increased, the cathode loss increased relative to the anode, reaching 42% at 9.3 mA/cm2 (which is at the edge of the safe potential window for the electrolyte). Note that current 
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[bookmark: _Ref131286859][bookmark: _Ref131287247][bookmark: _Toc133308847]Figure ‎2.3: Experimental polarization curves for Bp|Na2S8 ORFB at 50% state of charge (SOC). Condition: average operating temperature of the cell was 26OC, area specific resistance (ASR) was ~70 Ohm.cm2, flow rate 6 mL/min, 0.13 m Bp, 0.12 m Na2Sx. (a) Comparison between IR-corrected full-cell potential obtained from 2-electrode versus 3-electrode measurements against in-situ Na/Na+ RE. (b) IR-Corrected polarization curves. (c) Polarization curve with losses isolated from each half-cell using Na/Na+ RE. Losses included ohmic, kinetic, and mass transport losses, red: voltage losses of anode, green: voltage losses from cathode. The maximum error measured for all polarization curves (full cell and half-cells) is 20 mV (1.5%). 





density was calculated by normalizing current by the geometric surface area of electrodes (4.8 cm2). A possible explanation for Bp causing higher voltage loss is the nickel foam electrode being less efficient than carbon felt; it might have lower wettability or electrochemical surface area compared to carbon felt. For deeper insight, relevant kinetic parameters will be calculated using Tafel analysis in section 3.4.
[bookmark: _Toc133308729]2.3.3 Electrochemical Impedance Spectroscopy (EIS) Tests

To break down each half-cell total overpotential into ohmic (), kinetic (), and mass transport () overpotentials, EIS was conducted under negative DC bias (i.e., discharging the cell) [49, 50]. Nyquist plots for each-half cell are shown in Figure ‎2.4a-b. To deconvolute half-cell impedances, their EIS data was fitted to an equivalent circuit model using EC-Lab software. 
The anode redox reaction is simpler than that of the cathode; it is a single step, one electron reaction (Equation ‎2.1). Thus, its Nyquist plot shows a single semi-circle attributed to charge transfer impedance. A simple Randles equivalent circuit model (shown as inset in Figure 2.4a) was used to fit anode EIS data. It consists of a high frequency resistance (Rhf) in series with a faradaic charge transfer resistance (Rct) and a constant phase element (Q) in parallel. Rhf represents the total cell resistance (i.e., contact, liquid ionic, electrode, and separator resistances). The Q circuit element models a non-ideal double layer capacitance at an electrode surface.
The cathode impedance response shows two semi-circles. The first one has previously been attributed to interfacial resistance between solid ceramic separator (BASE) and organic liquid electrolyte [51-53]. The second, lower frequency semi-circle is then related to charge transfer resistance. To account for this extra process, an additional, parallel RintQ1 element was added to Randles equivalent circuit model (shown as insert in Figure 2.4b) and fitted to find resistances values. 
To better understand the high-frequency process at the cathode, EIS tests were conduc-
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[bookmark: _Ref131287799][bookmark: _Toc133308848]Figure ‎2.4: Nyquist plots for (a) anode and (b) cathode at different cell polarization (discharge current density) between 5 kHz to 1 Hz. Equivalent circuit models shown as insert. (c) Comparison between Na2Sx half-cell (cathode versus RE) and a Na2Sx symmetric cell (no RE) at OCV. (d) Na2Sx symmetric cell at OCV and under different discharge current densities.


-cted on a symmetric Na2Sx cell with Celgaurd porous separator (shown in Figure 2.4c). Symmetric cell EIS between 5 kHz to 45 Hz exhibits a linear region affiliated with distributed ohmic resistance of the porous carbon felt electrodes [11, 54-56]. The low frequencies semicircle (<45 Hz) is associated with charge transfer process. To confirm this interpretation, symmetric cell EIS tests were conducted under different cell polarization (shown in Figure 2.4d). The high-frequency distributed resistance did not change, whereas the diameter of the semicircle decreased (Rct) as discharge current density increased. Thus, Na2Sx with Celgard separator has three dominant processes: Rhf, distributed ohmic resistance, and Rct. On the other hand, Na2Sx with BASE (blue curve in Figure 2.4c) has an additional semicircle, caused by interfacial resistance between liquid electrolyte and ceramic solid electrolyte. This comparison supports the equivalent circuit model used to fit Na2Sx data.
Another equivalent circuit model validation tests were caried out; EIS tests were done at different flow rates (0, 6, and 50 mL/min); these tests determine whether the low frequency semicircle might be attributed to mass transport. Nyquist plots at different flow rates are shown in the appendix Figure S3. These results imply that half-cell impedance between 5 KHz – 1 Hz is mainly caused by reaction-related processes with negligible mass transport effect, further supporting the interfacial and charge transfer resistances assignment. 
After fitting EIS data to equivalent circuit models, resistance values were collected. Using equations 3-5 [5, 49], both ohmic and kinetic overpotentials at each current density were calculated. The residual overpotential was calculated from subtracting ( + ) from total half-cell overpotential; the residual was assumed to be associated to mass transport.
Total, ohmic, kinetic, and residual overpotentials were plotted against discharge current density (Figure 2.5a-b). For both half-cells, kinetic overpotential had the largest contribution to cell voltage drop at low to medium current densities; mass transfer (residual) dominated at higher current densities, due to active species concentration dep-
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[bookmark: _Toc133308849]Figure ‎2.5: Breakdown of overpotentials of (a) anode (b) cathode using EIS data.



-letion at electrode surface. Ohmic overpotential contributed the least for both half cells and increased linearly with current density. On the anode side, residual losses attributed to mass transport were higher than the cathode at low current density, indicating that anode performance might be more sensitive to parameters affecting mass transport overpotentials (e.g., flow rate, concentration, and/or electrode porous structure). Findings on cathode losses from this study are consistent with to another study [13], where kinetic losses dominated in Na2Sx, whereas Bp losses were not investigated. 


	
	Equation ‎2.6
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	Equation ‎2.8




Thus, these results provide a deeper understanding of Bp|Na2Sx ORFB electrochemical performance.
Ohmic voltage loss on the Bp half-cell is more than double Na2Sx. To understand the reason behind this discrepancy, electrical conductivity of both nickel foam and carbon felt electrodes was measured, along with ionic conductivity of 1 m Bp and Na2Sx dissolved in base electrolyte (shown in Table 1). Both half-cell electrodes and their respective electrolytes have comparable conductivity; thus, high ohmic resistance for the Bp half-cell is not caused by electronic or liquid ionic resistance. The hypothesis, then, is that contact resistance on the anode half-cell could cause its higher ohmic resistance. In addition, the presence of active species seems to affect the ionic conductivity of base electrolyte; base electrolyte ionic conductivity decreased when charged Bp and Na2Sx were dissolved in it. Further investigation needed to understand the higher ohmic on Bp 
















[bookmark: _Toc133308822]Table ‎2.1: Electronic and ionic conductivities measured using custom 4 electrode cell. Note: ionic conductivity of base electrolyte is consistent with literature [57].
	Item
	Conductivity (S/cm)

	TEGDME + 0.5 m NaOTf 
	1.4 x 10-3

	Base electrolyte (1 m) + Na2S8 (1 m)
	0.90 x 10-3

	Base electrolyte (1 m) + Bp (1 m)
	0.81 x 10-3

	Carbon felt (70% compression)
	1.52

	Nickel foam (77% compression)
	1.82 





side.  
[bookmark: _Toc133308730]2.3.4 Tafel analysis

Tafel analysis is an electrochemical tool used to extrapolate exchange current density (jo) from Tafel plot and calculate reactions transfer coefficients. Data from the polarization curve at low current density (where kinetic overpotential dominates) were used to generate a Tafel plots (Figure 2.6a-b) for both Bp and Na2Sx. From Tafel plots, exchange current densities (jo) were extrapolated by fitting a line on the data with linear increase. Then data were fitted to the Butler-Volmer equation (Equation ‎2.9) [5] to calculate transfer coefficients (i.e., ). For completely ideal reversible reaction, the sum of transfer coefficients adds up to 1. 
Exchange current density of cathode (0.15 mA/cm2) was higher than the anode (0.09 mA/cm2), which explains the greater kinetic losses in the anode. Similar analysis was performed on Na2Sx cathode by Self et al [13], where they found jo to be lower (0.059 mA/cm2). This can be due to many reasons: (i) different electrode material (graphite felt) with different catalytic behavior than carbon felt used in this study, (ii) different solvent used in both studies, which might affect the solvent access to the electrode electrochemical active area, (iii) thinner electrodes, reducing the available area to support reactions. In addition, both half-cell transfer coefficients add up to less than 1 (0.92 for cathode and 0.9 for anode), which can be a result of complex reactions, error associated with EIS data modeling, and measurement error.

	
	[bookmark: _Ref131288146]Equation ‎2.9


[bookmark: _Toc133308731]2.4 Conclusions

This work demonstrates a technique to quantify voltage loss for each half cell of Bp|Na2Sx ORFB during discharge and break down voltage loss into ohmic, charge transfer, and mass transport overpotentials. On average, the anode contributed 58% of the cell overpotenti-
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[bookmark: _Toc133308850]Figure ‎2.6: Tafel plots for (a) biphenyl and (b) sodium polysulfide with kinetic overpotentials during charge and discharge. 


-al over the current density range tested (0.01 to 9.3 mA/cm2). The dominant source of voltage loss in both the anode and cathode is kinetic overpotential followed by mass transport. Cathode EIS exhibited a high-frequency process, related to interfacial resistance between the solid BASE and liquid electrolyte. Exchange current density for anode was lower than cathode, explaining the higher voltage loss for Bp relative to Na2Sx.  
Current density was calculated by normalizing the current by geometric area of the electrode. This approach is convenient and common in the literature, but it is not an adequate representation since the electrochemical surface area (ECSA) is different than the geometric. For a more accurate representation of electrode performance and ease of comparison to literature, current density should be normalized using ECSA. 
Another limiting factor of this study was Na-beta-alumina solid separator. Because of its fragile nature, only lower compression can be applied to the cell components, leading to high ohmic overpotential. A more durable, thinner, and less expensive separator can improve the performance and practicality of this chemistry of RFBs.
This study’s final observation on cathode was that when it’s charged pass Na2S8 polymerization state (2.25 V OCV), solid sulfur will form and precipitate on carbon felt electrode surface. This phenomenon will cause electrode pores and flow plate channels to clog, raising the pressure between the half-cell inlet and outlet. It is recommended to further investigate the cell pressure drop as cathode polymerization state changes. Higher pressure drops results in higher pump power consumption, which will affect the overall system efficiency. Such a study has not been done by researchers in the field. 
We believe this investigation expands the knowledge base on this chemistry of flow batteries. Nonetheless, research and development are still needed for Bp|Na2Sx ORFB to compete with other mature energy storage systems. Recommended research areas are:
1. Techniques to alleviate kinetic overpotential (i.e., increasing electrode surface area or its catalytic activity) for Bp and Na2Sx, since it is the dominant source of voltage loss on for both half-cells. Anode should be prioritized since it has higher impact on the system performance.
2. Reduce mass transport overpotential by optimizing flow plate field design, study the effect of flow rate, and synthesizing electrodes with tunned microstructure to reduce diffusion path length.
3. Optimize the cell structure to improve its electrochemical performance (i.e., electrode thickness).
4. Increase battery current density by reducing ohmic voltage loss through more conductivity separator and reducing contact resistance between cell elements.
5. Study the effect of cell state of charge effect on catholyte and anolyte flow properties (i.e., pressure drop, viscosity).
6. Solvents effect on electrochemical performance of Bp|Na2Sx ORFB.
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[bookmark: _Toc128301363][bookmark: _Toc133308733]Abstract

This study investigates the use of hydrothermal process to synthesize directional graphene aerogel (D-GA) electrodes to address performance limitations of organic redox flow batteries (ORFBs). The hypothesis is that D-GA with unidirectional pore would create low resistance channels for efficient ionic charge transport in ORFBs. To fabricate a D-GA with tailored microstructure, directional freezing is integrated with hydrothermal, self-assembly synthesis process, resulting in a simple and tunable fabrication technique. However, microstructures produced from directional freezing are difficult to control due to the large number of synthesis parameters. This work presents a parametric study on the effect of different synthesis parameters on D-GA’s physical and electrochemical properties. Findings showed the impact of directional freezing temperatures (between -20 and -110 OC) on pores size distribution. Physical properties of D-GA were evaluated using tools like Raman spectroscopy, scanning electron microscope (SEM) along with image analysis, and Brunauer-Emmett-Teller (BET). Electrical conductivity was measured for D-GAs with varied graphene oxide loading and reduction level. Samples synthesized exhibited densities as low as 3.2 mg/cm3, with electrical conductivity as high as 15 S/cm. A unique finding of this work is the understanding of freeze casting mold dimensions on ice growth and ultimately D-GA pore morphology. The effect of mold dimensions was investigated experimentally and theoretically using computational fluid dynamics. Both methods showed similar behaviors of ice growth. Overall, this chapter contributed to the understanding of D-GA synthesis to achieve tailored microstructure and electrochemical properties.

[bookmark: _Toc113533516][bookmark: _Toc128301364][bookmark: _Toc133308734]3.1 Introduction

[bookmark: _Toc113533517][bookmark: _Toc128301365]Graphene, as a two-dimensional (2D) single layer of carbon atoms, has drawn huge attention in many fields since its separation from graphite because of its unique properties, such as high thermal conductivity [20, 21], high electron conductivity [22], large specific surface area (SSA) [23], excellent mechanical properties [24], and very low density.  To put it in perspective, a single sheet of graphene weighting a fraction of a gram can cover an entire American football field [25]. Also, researchers have successfully synthesized graphene structures with densities close to air density (1.225 mg/cm3) with decent mechanical durability and electronic conductivity [26]. These properties made graphene an excellent material for many applications, such as energy production (solar panels), energy storage (supercapacitors and batteries), electronics (faster computer chips and flexible touch screens), chemical sensing, and composites. Moreover, recent development of three-dimensional (3D) graphene structures, with the same remarkable properties as 2D graphene, has expanded its utilization in more applications. Some examples of 3D graphene structures are graphene foams, graphene aerogel, and graphene composites. The most popular methods of graphene synthesis into 3D structures are self-assembly using graphene oxide (GO), template-assisted preparation, and chemical vapor deposition (CVD) [27].
For the past few years, the use of ice as a sacrificial template to synthesize a porous structure became a popular method to produce various types of porous materials, such as graphene aerogel [27, 28], porous alumina [29], porous ceramics [30], and graphene polymers [31] to be used in different applications. This method uses the formation of regular patterns during ice solidification to cast materials with isotropic or anisotropic microstructure driven by ice formation physics.  
The approach to fabricate materials with anisotropic microstructure is to subject synthesized samples to one directional temperature gradience, which will cause ice to grow in one direction. Such an approach will lead to anisotropic/directional pores. Researchers have used directional freezing to produce graphene aerogel with directional pores. The microstructure of the directionally frozen GA can be tailored by varying the following freezing conditions: freezing temperature, freezing rate, type of suspension (aqueous or nonaqueous), and particles size. As an example, Deville et al., [58] investigated directional freezing of different suspension fluids forming various ice crystal shape: either a lamellar porous structure (aqueous) or dendric porous structure (nonaqueous). Understanding how freezing conditions affect the resulted product is essential to synthesis a material that is tailored to serve efficiently in a specific application. 
In this work, graphene with directional pores will be synthesized via self-assembly utilizing mass produced GO flakes. The following are main goals of this study: (i) intergrade directional freezing with the hydrothermal synthesis process to produce directional graphene aerogel (D-GA), (ii) quantify the impact of graphene oxide loading and reduction level on D-GA’s physical and electrochemical properties (i.e., density, and electronic conductivity), (iii) understand the effect of freezing temperature on pore size distribution., (iv) impact of cast mold dimensions on microstructure uniformity using experimental and theoretical approaches. This synthesis process is favorable because of its simplicity, scalability, and high safety (i.e., requires fewer hazardous chemicals, and low preparation temperatures). 
[bookmark: _Toc131158354][bookmark: _Toc133308735]3.2 Materials and Methods
[bookmark: _Toc128301366][bookmark: _Toc131158355][bookmark: _Toc133308736]3.2.1 Synthesis of Directional Graphene Aerogel

The synthesis process (shown in Figure ‎3.1) starts with graphene oxide (GO) flakes (4 mg/mL concentration) purchased from Graphenea (MA, USA) [59]. There are many methods to produce GO from bulk graphite, and Hummer’s exfoliation is the most popular one [60]. First, the graphene hydrogel (GH) is synthesized by mixing GO with a reduction agent (L-ascorbic acid) with 1:1 weight ratio, then heated up to 78OC for one hour. The main reason behind using L-ascorbic acid as a reduction agent instead of other agents (such as hydrazine, NaBH4, LiAlH4), is because it does not produce gaseous products during reduction process, which help in producing a uniformed GH [28]. Also, L-ascorbic 
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[bookmark: _Ref128059661][bookmark: _Toc133308851]Figure ‎3.1: The hydrothermal process to synthesize directional graphene aerogel (D-GA) from mass produced GO flakes.

acid is safer and can react at lower temperatures compared to other reduction agents. After the sample is reduced, the resulting GH goes through directional freezing as a form of ice casting.
The directionally freezing apparatus (shown in Figure ‎3.2) is a homemade setup used to achieve a one directional temperature gradience between the bottom and top side of the sample (along the sample’s axial direction). The GH is kept in a glass vial and placed on top of carbo-steel cylinder, which is half submerged in liquid nitrogen and wrapped with a heating coil. A type K-type thermocouple is attached to the top surface of the cylinder, where the sample will be placed to cool down its base. Temperature readings from the thermocouple are constantly monitored by the operator to manually adjust for the heating coil power to achieve the desired freezing temperature.  
When the graphene hydrogel (GH) sample’s bottom side is subjected to cold temperatures (lower than water freezing temperature), ice crystals prefer to grow along the axial direction of the cylindrical sample. The top side of the sample is subjected to air at room temperature to accomplish a one directional temperature gradience along the axial direction of the sample. This directional growth of ice crystals causes the reduced GO (rGO) sheets to be pushed to the sides, forming parallel columns of ice crystals through the material. After the graphene hydrogel is completely frozen, it remains at room temperature until the ice thaws, and it reached equilibrium to be prepared for the second step of reduction at 78OC for 48 hours. Then the sample is rinsed with deionized water to get rid of the reduction agent. 
The final step is to freeze dry the sample for 48 hours. The benefit of freeze drying over conventional drying methods is to prevent the pores from collapsing by ensuring the sublimation of water rather than melting and evaporation. Directional freezing is applicable for different suspension of nanoparticles (aqueous or nonaqueous). More details and recommendations on synthesis process can be found in the appendix Figure S4.
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[bookmark: _Ref128408863][bookmark: _Toc133308852]Figure ‎3.2: (on the left) A photograph of our homemade setup that utilize liquid nitrogen to directionally freeze graphene hydrogel. (On the right) A close-up of graphene hydrogel sample going through directional freezing.

[bookmark: _Toc128301368][bookmark: _Toc131158356]

[bookmark: _Toc133308737]3.2.2 Physical Properties Characterization

GO suspension was modified to make GA with different chemical and physical properties. To understand GA’s chemical properties, Raman spectroscopy was utilized to evaluate how the microstructure, layer of graphene, and extend of reduction of graphene oxide compared to graphene aerogel. Raman spectroscopy was conducted using an instrument from planarTECH with a 532 nm laser. Different D-GA samples morphology and microstructure (i.e., pores size, and orientation) will be characterized by scanning electron microscopy (SEM). Pore size distribution was measured using image processing software ImageJ. In addition, Brunauer-Emmett-Teller (BET) surface area analysis was used to measure the surface area during nitrogen gas absorption.  
To evaluate the electronic conductivity of D-GA, a sample will be compressed to 80% of its original thickness between two aluminum plates coated with gold. A Potentiostat (VSP, Biologic Inc, France) will be connected to the aluminum plates to pass current through the sample. The use of gold-coated aluminum is due to gold’s high electronic conductivity and low contact resistance, reducing roughness and minimizing measurement uncertainty (Figure 3.3). Note that the aluminum plates are insulated from the backing plates to ensure that current passes through the sample. The bulk electrical conductivity () in S/m unit was calculated using the following equation:

	
	Equation ‎3.1



Where V is the measured potential across the sample resulted from applying a constant current I using the Potentiostat, A is the geometric surface area of the sample in cm2, and t is the sample’s thickness in cm. Sample dimensions were measured with 7% uncertainty. 
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[bookmark: _Ref130053593][bookmark: _Ref130053552][bookmark: _Toc133308853]Figure ‎3.3: A three-dimensional exploded model of the cell used to measure electrical conductivity of graphene aerogel. Note that both current plates are insulated from the backing plates and bolts, so current would flow through the sample only. Also, the incompressible PTFE gasket thickness can be altered to achieve the required sample compression, and it can be modified to the tested samples with different dimensions. For scale, the D-GA sample in the 3D model is cylindrical with 9 mm diameter. 
[bookmark: _Toc113533518][bookmark: _Toc128301369][bookmark: _Toc131158357]

[bookmark: _Toc128301370][bookmark: _Toc131158358][bookmark: _Toc133308739][bookmark: _Toc133308738]3.3 Results and Discussion
3.3.1 Physical Characterization of D-GA

Since the uniqueness of GA lies in graphene like properties of its 3D RGO framework, it is important to ensure that with the reduction of GO, similar properties in GA are restored to a certain extent. This was characterized with Raman spectroscopy (Figure ‎3.4) which is a useful technique to identify materials based on their chemical structures. Carbonaceous materials display two well-known peaks in their Raman spectrum, the D peak, related to the disorder, and the G peak, assigned to in plane vibrations of the sp2 carbon domains. D/G peak height ratios or area integrated intensity ratios are normally considered to be inversely correlated with the size of sp2 graphitic regions [61, 62]. The D and G peaks for GO appeared at 1356 cm-1 and 1584 cm-1, respectively, with peak height intensities ratio of 0.88. RGO also displayed a similar Raman spectrum with D and G peaks at 1342 cm-1 and 1576 cm-1 but with a peak height ratio of 1.16. The greater D/G in RGO indicated that defects (atomic irregularities) were introduced in GO sheets during reduction possibly from the removal of oxygen functional groups. This caused the restoration of numerous small but defective sp2 regions  [63, 64], producing prominent D peak. Both D and G peak in RGO become less broadened which is further indicative that the structure amorphousness is reduced and has graphene like properties [65].
Surface area of a D-GA sample with 4 mg/mL GO loading, 2 hours of 1st reduction, and 72 hours of 2nd reduction were measured using BET analysis (Figure ‎3.5). The sample was degassed under vacuum at 150OC for 5 hours prior to analysis and mass loss was measured. The resulted surface area measurement is 115 m2/g.
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[bookmark: _Ref128126973][bookmark: _Ref128126965][bookmark: _Toc133308854]Figure ‎3.4: The Raman spectrum of GO and RGO with distinctive D and G peaks.


[bookmark: _Ref130568782][bookmark: _Toc133308855]Figure ‎3.5: BET analysis data for D-GA sample using nitrogen gas. 





[bookmark: _Toc128301371][bookmark: _Toc131158359][bookmark: _Toc133308740]3.3.2 GO Loading and Reduction Duration Impact on D-GA Density
In this section, the impact of GO loading and first reduction duration on D-GA density will be investigated. During synthesis, GO reduction level can be controlled by the following parameters: reduction agent (L-ascorbic acid) concentration, reduction temperature, and 
duration. For simplification purposes, reduction agent concentration (1:1 weight ratio) and temperature (78OC) were kept constant. Only the reduction duration was varied between 1 to 23 hours for samples with 2 mg/mL GO loading. Density of D-GA samples were calculated by measuring the sample’s volume and mass. Density as a function of reduction time is plotted in Figure ‎3.6.
The first conclusion drawn from varying the reduction time is that the longer reduction time results in higher graphene hydrogel sample shrinkage (Figure ‎3.7), consequently, the density of the sample increases. Note how samples with short reduction time have cavities and ununiformed structure. The physical reason behind this phenomenon is GO flakes aggregation, which reduces distances between reduced GO (rGO) flakes resulting in denser material. In addition, graphene hydrogel with a longer reduction time will be less affected by directional freezing, because of densely packed rGO flakes resisting the directional growth of ice crystals. On the other hand, lower reduction durations resulted in weaker Van Der Waals force between rGO flakes, leading to fragile graphene aerogel. 
For more information on the relationship between of GA density and its mechanical properties refer to the following articles [66, 67].
Another set of experiments were conducted to study the effect of higher GO loading on density. Graphene aerogels were synthesized with GO loading ranging between 1 to 8 
 volume of synthesis solution increases the final product’s density and reduces its porosity [68, 69]. mg/mL. Results were plotted as function of sample’s density in Figure ‎3.6. GO loading of D-GA samples is proportional with its density; increasing GO flakes concentration per

[bookmark: _Toc133308741]3.3.3 Directional Graphene Aerogel Electrical Conductivity

The investigation of D-GA ‘s electrical conductivity is crucial for electrochemical systems, as it significantly impacts the performance of the application. To understand D-GA’s electrical conductivity, measurements from this work were plotted as function of density (shown in Figure ‎3.8) and compared to literature. As evident from the presented data, higher density D-GA has higher electrical conductivity; D-GA with 3.2 mg/cm3 has conductivity of 1.4 S/m, whereas the 14.8 mg/cm3 sample has 15 S/m. Such behavior is also explained by tightly packed rGO flakes [70]. 
In addition, synthesis process parameters (such as drying method, reduction agent type, and thermal annealing) can have noticeable impact too. Differences in the synthesis process for graphene aerogel were noted in Table ‎3.1. From this comparison, the following can be concluded:
1. Higher reduction level increases density, which elevates electrical conductivity on the cost of lower porosity.
2. Using supercritical CO2 drying instead of freeze drying alleviates damage to GA microstructure caused by water freezing, improving electrical conductivity by preserving connections between reduced GO sheets.
3. Second reduction step increases electrical conductivity with minimal impact on sample density. 
4. Thermal treatment at high temperatures can improve conductivity because it reduces oxygen functional groups. 



[bookmark: _Ref128122313][bookmark: _Toc133308856]Figure ‎3.6: D-GA density as a function of different reduction duration and GO loading. Density measurement uncertainty is 7%. 
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[bookmark: _Ref128123051][bookmark: _Ref130129612][bookmark: _Toc133308857]Figure ‎3.7: A photograph of three D-GA samples subjected to different 1st reduction durations (all samples have GO concentration of 2 mg/mL). Note: for scale, 1 hour sample has 9 mm diameter. 








[bookmark: _Ref128128972][bookmark: _Toc133308858]Figure ‎3.8: Comparison between this works D-GA electrical conductivity and graphene aerogels from the literature.


Note that when measuring graphene aerogel electrical conductivity, compression applied on the sample is important to note because higher compression will increase conductivity [71].
[bookmark: _Toc128301373][bookmark: _Toc131158361][bookmark: _Toc133308742]3.3.4 Directional Freezing Temperature Impact on Pore Size

GO suspensions were placed in cylindrical vials during synthesis process, resulting in a standalone, cylindrical D-GA samples with diameter ranging between 9 to 40 mm (Figure ‎3.7). Dimension of produced sample depends on vial diameter and reduction level as explained in previous sections. The internal structure of produced samples consists of long, microscopic channels that are oriented in the sample direction as the growth of ice (Figure ‎3.9). The process of directional freeze casting is influenced by intricate and ever-changing interactions between liquid-particle and particle-particle components. Directional Freezing conditions (such as freezing temperature) governs the kinetics of water-ice growth [58, 74-78]. In other words, lower freezing temperature increases ice growth speed, leading to smaller ice columns forming and smaller microchannels. Whereas in case of a slower freezing, ice would nucleate in larger columns, increasing pores size.
To quantify this phenomenon and understand the influence of directional freezing temperature on D-GA microstructure, five D-GA samples were synthesized under directional freezing temperatures of -20, -50, -60, -90, -115 OC. Then, samples were cut axially (Figure ‎3.9) and radially (Figure ‎3.10) to inspect their microstructure using SEM. Pore size were measured using image analysis by image processing software ImageJ. Data from Image processing were plotted in Figure ‎3.11. Axial cuts SEM images for a D-GA sample directionally dozen at -50OC (Figure ‎3.9) show aligned microchannels in the directional of ice growth, which is driven by the one-dimensional temperature gradience between the sample’s base and top. This indicates freeze casting method used in this study is effective in creating directional pores looking like microchannel, which could be 

[bookmark: _Ref128420634][bookmark: _Toc133308823]Table ‎3.1: Graphene oxide loading effect on electrical conductivity.
	Reference
	Note on synthesis process

	Our work
	Standard D-GA samples with 4 mg/mL GO loading and samples with higher GO loading

	Ref. A [72]
	Sodium bisulfite reduction agent was used

	Ref. B [66]
	Reductant is NaHSO3 and drying was done through supercritical CO2 drying. Extra step of post-processing treatment, which is thermal annealing at 1,500 OC

	Ref. C [73]
	Graphene hydrogel was dried with CO2 supercritical drying

	Ref. D [72]
	Thermally annealed GA

	Ref. E [68]
	Single reduction step with supercritical CO2 drying















	- 50 °C

	- 50 °C



[bookmark: _Ref130130155][bookmark: _Ref130208587][bookmark: _Toc133308859]Figure ‎3.9: SEM images for a D-GA sample cut along its axial direction and images taken with cross section parallel to the directional freezing. (On the left) image of the directional microstructure showing parallel pores structured as channels. (On the right) inspection of pore wall thickness. 


used in electrochemical applications to decrease diffusion path length or other applications that can benefit from such characteristics. It is evident that D-GA morphology is highly affected by directional freezing temperatures. At the highest directional freezing temperature (-20OC), resulted average pore size was 120 m. While the lowest freezing temperature (-115OC) resulted in 18 m average pore size. Pore size decreases at higher rate between -20 to -90 OC compared to lower temperatures. These results can be explained as following: the freezing process of graphene hydrogel within a confined vial is influenced by both nucleation and crystal growth at different temperatures. At lower freezing temperatures, nucleation has a greater impact while growth is limited, resulting in a higher nucleation rate and the formation of numerous smaller ice crystals that generate small pores. However, as the temperature increases, steady ice growth is encouraged, resulting in the formation of large ice crystals and fewer, but larger, pores. 
[bookmark: _Toc128301374][bookmark: _Toc131158362][bookmark: _Toc133308743]3.3.5 Aspect ratio impact on D-GA microstructure

A distinctive observation during this investigation is the effect of casting mold (glass vial) aspect ratio () on microstructure uniformity. The aspect ratio is defined as the vial diameter divided by height. Three D-GA samples were synthesized with aspect ratios of 2, 1, and 0.67. To change the aspect ratio of D-GA, sample height was fixed, and diameter varied. The final product was cut axially using a sharp blade and imaged using high resolution digital microscope to inspect the microstructure (shown in Figure ‎3.12a). 
From close microstructure inspection, the impact of aspect ratio can be observed. Higher aspect ratio causes less directional pores. In Figure ‎3.12a, a close inspection of a D-GA sample with aspect ratio of 2 reveals two spiral looking microstructures. The development of such microstructure cases pores directionality to deviate from imposed direction of growth under high aspect ratio. On the contrary, the sample with low aspect ratio (0.67) has pores that are more directional. Although lower aspect ratio still has a small spiral microstructure close to its center, the directionality is better and more uniformed than higher aspect ratio sample. 
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[bookmark: _Ref130209955][bookmark: _Toc133308860]Figure ‎3.10: SEM images for D-GA microstructures directionally frozen at various temperatures.
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[bookmark: _Ref128428859][bookmark: _Toc133308861]Figure ‎3.11: Pore size distribution for D-GA electrodes directionally frozen at various temperatures (-20, -50, -70, -90, -115OC). At least 200 pores were measured and averaged.


To better understand the reason behind the formation of spiral microstructures, computational fluid dynamics (CFD) were conducted to simulate experimental directional freezing conditions. During freeze drying, the graphene hydrogel will be surrounded by deionized water with dissolved L-ascorbic acid. As discussed previously, ice will grow as the vial base is cooled to sub-zero temperatures, forming columns of ices that penetrates GH and change its microstructure. To simulate this process using CFD, we are assuming that the resistance of GH is negligible. Thus, no GH was included in CFD simulation; pure water freezing was studied only. 
In Figure ‎3.12b, results for three CFD simulations for directional freezing of water in vials with the aspect ratios matching D-GA samples shown in Figure ‎3.12a. The following can be observed: the presence of one directional temperature gradient creates temperature difference between the liquid’s top surface (which is exposed to room temperature) and bottom (water-ice interface).  This leads to non-uniform solution temperature and density distribution. As a result, natural convection in the water occurs, altering the heat transfer properties and effects freezing kinetics. This convection results in a single or mutable vortexes, which alter the microstructure of graphene hydrogel, followed by gradual water freezing. 

In addition, from the CFD simulation it was observed that as the aspect ratio increases, the velocity of the water-ice interface decreases. The Nusselt number was used to characterize this influence, which increases with an increasing aspect ratio. The unrestricted convection in large ratios improves the convective heat transfer to the water-ice surfaces, which in turn slows down their phase change process and results in reduced velocities. This reduction in velocity could potentially disrupt the directionality of the water-ice interfaces, causing them to diverge from their original direction.
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[bookmark: _Ref128475507][bookmark: _Ref128475500][bookmark: _Toc133308862]Figure ‎3.12: (a) Observed departure of ice crystals from imposed direction of growth under various aspect ratios, denoted as Γ and (b) corresponding convection flow development obtained with CFD analysis.


[bookmark: _Toc113533519][bookmark: _Toc128301375][bookmark: _Toc131158363][bookmark: _Toc133308744]3.4 Conclusions

In summary, we employed a hydrothermal synthesis of graphene aerogel with directional freezing to achieve directional pores. The effect of different synthesis parameters (i.e., GO loading, reduction level, sample’s aspect ratio, and directional freezing temperature) on the final product properties (i.e., density, electrical conductivity, pore size, and directionality) were studied. Experimental and theoretical studies indicated that the speed at which ice propagates, and the shape of the water-ice interface can be controlled effectively by adjusting the freeze casting temperature and geometric confinement of the GO suspension. These finding are expected to be useful in improving the applications of water-ice phase change, including freeze casting. 
The results of this work can be used as a guide to effectively regulate ice growth mechanisms and lead to the creation of graphene aerogels with tuned pore size and morphologies. This could maximize the utilization of active materials and promote directional pore connectivity, ultimately making them suitable for applications that require materials with superior mass transport capabilities. Further research will involve examining the performance of D-GA electrode in organic redox flow battery to test the effect of microstructure on electrochemical performance.
Lastly, the following recommendations are proposed for the industrial-scale production of D-GA:
1. To ensure the best consistence of final product, it is recommended to minimize vibrations and achieve uniformed heating during the reduction of GO. 
2. Achieving uniform cooling at the base of the graphene hydrogel during directional freezing is crucial to attain uniform ice growth and, consequently, a regulated microstructure. 
3. D-GA physical strength need to be improved for practicality, because samples produced in this study are fragile, making them hard to cut and handle. There is good literature which investigates strength of D-GA [79]. 
4. Research a practical method that can produce a clean cut for D-GA to prepare the sample for various imaging, testing, and applications. During this study, a simple sharp blade was used. The downside to such method is inconsistent dimensions due inconsistent human cutting.



[bookmark: _Toc133308745]D-GA electrode electrochemical performance 
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[bookmark: _Toc133308746]Abstract

Sodium-ion batteries offer a potential alternative to lithium-ion batteries for extensive energy storage usage, as they provide a compelling combination of high capacity and economic feasibility. Despite the commercialization of high-temperature sodium-sulfur batteries, which operate at temperatures of 300-350°C, they have not been successful due to their high operational cost and safety issues. However, room temperature sodium-ion batteries that use organic solvents, such as biphenyl-sodium polysulfide (Bp-Na2Sx) batteries, are a promising alternative because they are durable, safer, less expensive to operate, and can be configured as static (no-flow) or flowing cells. Nevertheless, this type of battery chemistry faces challenges such as low power output due to cell-level high voltage loss. This research aims to evaluate methods for alleviating cell-level voltage loss by synthesizing a graphene aerogel-based electrode. Copper nanoparticles were used to increase the catalytic activity of the graphene aerogel electrodes, with promising results. Finally, a zero-dimensional model will be developed for Bp-Na2Sx batteries to predict open circuit voltage of the cell as function of state of charge, model overpotential using Butler-Volmer and empirical relationships. This model with contribute to better understanding of the cell's sensitivity to various physical and electrochemical parameters. The model will be validated against experimental data for a single cell, lab scale Bp-Na2Sx redox flow battery. 
4.1 [bookmark: _Toc131339435][bookmark: _Toc133308747]Introduction
As intermittent renewable energy becomes more widespread, there is a greater demand for large-scale energy storage systems. Electrochemical energy storage technologies have become increasingly popular, with a particular focus on lithium-ion (Li-ion) batteries due to their high energy density and compact designs [80]. Li-ion batteries are widely used in electronics, electric vehicles, and grid energy storage [81]. However, with the increasing utilization of renewable energy, there is a growing need for alternative battery technologies that can provide long-duration power, be cost-effective, and safe. Therefore, the development of such technologies needs to be accelerated.
Redox flow batteries (RFBs) are a highly promising option for large-scale energy storage [7, 32]. One significant advantage that RFBs have over solid-state compact batteries is that their energy and power capacities are decoupled - that is, the electrolyte volume and cell size are independent. This means that RFBs can be designed to meet the requirements of long-duration energy storage by controlling the amount of electrolyte, while also delivering high power capacities through manipulation of the flow cell design. RFBs can be classified as either aqueous or organic depending on the type of electrolyte and active materials utilized.
Despite the development of aqueous RFBs over the years, their large-scale implementation for utility energy storage has still not been fully realized, mainly because of low energy densities. For instance, Vanadium Redox Flow Batteries (VRFBs) representing the ideal choice in aqueous RFBs class have been demonstrated in several projects, but its low energy density (<25Wh/L) is the main hindrance in its widespread commercialization [8-11, 36]. Moreover, vanadium is expensive and have shown high price volatility in recent times. Other than VRFBs, numerous aqueous RFBs configurations have also been investigated. These include zinc/bromine [38], all iron [39],  iron/chromium [40], zinc-cerium [12], and aqueous sodium-based batteries [13, 14, 41]. However, to achieve the goals for RFBs in terms of cost and to enable their broad market penetration, extensive research in new electroactive materials is required [36].
Organic redox flow batteries (ORFBs), such as Sodium (Na)-based, are promising due to their low cost, high specific capacity, and sustainability of materials [13, 14, 41]. One example of Na-based batteries is Na-sulfur (S) batteries, which have been investigated extensively in past decades [16, 45, 46]. High temperature Na-S batteries operating at 300 – 350OC were successfully commercialized by NGK Insulators [82, 83], a Japanese company, in the early 2000s. The first sodium-sulfur battery was developed by NGK in 1985, and after several years of research and development, the company began mass production and commercialization in 2002. Although this type of batteries has high energy density (1,675 mAh/gs) and long cycle life, they haven’t been widely adopted due to several reasons. One of the main reasons is their high operational temperature, which makes them difficult to maintain and poses safety risks [16, 46, 82]. 
In order to make use of the high energy density of Na-S batteries and decrease their operational cost, researchers replaced Na metal anode with a liquid electrolyte consisting of biphenyl (Bp) dissolved in organic solvents, such as tetraethylene glycol dimethyl ether (TEGDME), Diglyme, or dimethyl ether (DME) [13, 14]. This resulted in a Bp-sodium polysulfide (Na2Sx) battery that operates at room temperature (RT). In 2017, Yu et al. [14] studied Bp-Na2Sx battery in a closed cylindrical cell achieving energy density as high as 300 mAh/gNa2S8 (353 mAh/gs) and stable performance for over 700 cycles with limited data on flow cell. Self et al. [13] followed by focusing on Bp-Na2Sx in a flow cell configuration. Their tests resulted in 200 mAh/gs capacity with 97% coulombic efficiency. The major disadvantage of Bp-Na2Sx batteries is their low power density. This is caused by the inherently high overpotentials (kinetic, ohmic, and mass transport) of this chemistry at room temperature. 
As per findings of chapter 2 in this work and Self et al. [13], kinetic overpotential is the dominant source of voltage loss for Na2Sx half-cell. To alleviate Na2Sx kinetic overpotential, copper has been used as a catalyst to facilitate the conversion between polysulfide intermediate states [84-88]. In addition, maximizing the electrode’s electrochemical active area (ECAA) is another effective approach to lowering kinetic voltage loss. 
In this work, we are investigating graphene-based materials as electrode for Na2Sx cathode. Graphene aerogel is a promising material for battery application since it has high surface area, can host different nanoparticles, and can be synthesized with tailored characteristics. The following list show the main areas of investigation: 
(a) Evaluate the electrochemical performance of graphene aerogel-based electrode in sodium-polysulfide (Na2Sx) half-cell with in-situ sodium-sodium ion reference electrode (Na/Na+ RE).
(b) Study the effect of electrode’s ECAA and copper catalyst on Na2Sx redox reaction. 
(c) Impact of directional microstructure on electrochemical performance of Na2Sx half-cell.
(d) Develop a zero-dimensional model of Bp|Na2Sx ORFBs to predict cell performance under different parameters.
[bookmark: _Toc131339436]To the best of our knowledge, this report is the first to study graphene aerogel-based electrodes for Na2Sx cathode and systematically study methods to improve the electrode’s electrochemical performance. Also, the zero-dimensional model presented her can predict a real cell performance under real load with minimal computational power. The model will be validated against experimental data.
[bookmark: _Toc133308748]4.2 Materials and Methods
[bookmark: _Toc131339437][bookmark: _Toc133308749]4.2.1 Synthesis of Directional Graphene Aerogel Electrode

Directional graphene aerogel (DGA) synthesis process starts with graphene oxide (GO) suspension (4 mg/mL concentration) purchased from Graphenea (MA, USA) [83]. There are many methods to produce GO from bulk graphite, and Hummer’s exfoliation is the most popular one [60]. First, the graphene hydrogel (GH) is synthesized by mixing GO with a reduction agent (L-ascorbic acid) with 1:1 weight ratio, then heated up to 78OC for one hour. L-ascorbic acid is safe and can react at lower temperatures compared to other reduction agents. After the sample is reduced, the resulting GH goes through directional freezing as a form of ice casting.
The directionally freezing apparatus is a homemade setup used to achieve a one directional temperature gradience between the bottom and top side of the sample (along the sample’s axial direction). The GH is kept in a glass vial and placed on top of carbo-steel cylinder, which is half submerged in liquid nitrogen and wrapped with a heating coil. A type K-type thermocouple is attached to the top surface of the cylinder, where the sample will be placed to cool down its base. Temperature readings from the thermocouple are constantly monitored by the operator to manually adjust for the heating coil power to achieve the desired freezing temperature.  
When the graphene hydrogel (GH) sample’s bottom side is subjected to cold temperatures (lower than water freezing temperature), ice crystals prefer to grow along the axial direction of the cylindrical sample. The top side of the sample is subjected to air at room temperature to accomplish a one directional temperature gradience along the axial direction of the sample. This directional growth of ice crystals causes the reduced GO (rGO) sheets to be pushed to the sides, forming parallel columns of ice crystals through the material. After the graphene hydrogel is completely frozen, it remains at room temperature until the ice melts and it reached equilibrium to be prepared for the second step of reduction at 78OC for 48 hours. Then the sample is rinsed with deionized water to get rid of the reduction agent. The final step is to freeze dry the sample for 48 hours. The benefit of freeze drying over conventional drying methods is to prevent the pores from collapsing by ensuring the sublimation of water rather than melting and evaporation. 
[bookmark: _Toc131339438][bookmark: _Toc133308750]4.2.2 Synthesis of Copper-Directional Graphene Aerogel Electrode

In a typical experimental procedure, 2 mL of GO having initial concentration of 10 mg/mL was ultrasonicated for 30 min. Then 1 mL of CuCl2.2H2O (0.04 M) was added to this GO under magnetic stirring and ultrasonicated again for 30 min to allow sufficient time for electrostatic ionic interactions between Cu+2 and GO. This solution was then kept under magnetic stirring and 0.6 mL of NaOH (1 M) was added dropwise. Finally, 1 mL of L-ascorbic acid (0.5 M) was added, to act as a reducing agent. The PH of this solution was 6.8. Based on the total aqueous quantity of solution, the final concentration of GO was 4mg/mL which is reasonable to maintain the directional porous characteristics of the final product. Afterwards, the thermochemical reduction reaction was carried out in 2 steps, first, the solution was reduced at 78°C for 90 min, allowed to cool down to room temperature and then hydrogel was directionally frozen at -30 °C. Second, it was thawed to room temperature and was reduced again at 78 °C for 72 hrs. It was washed with DI water several times to remove any unwanted residual contents and directionally frozen at -30 °C. Freeze drying of the frozen hydrogel was carried out for 48 hrs to obtain final porous copper-directional graphene aerogel (Cu-DGA).
[bookmark: _Toc131339439][bookmark: _Toc133308751]4.2.3 Electrolyte Preparation

The solvent used in this study was TEGDME (99%, Sigma Aldrich), which was dried using sodium metal flakes and stored over 4  zeolite for several days before use [34]. The base electrolyte consisted of 1 molal (m) sodium triflate (NaOTf, 98%, Sigma Aldrich) dissolved in TEGDME. To prepare sodium polysulfide catholyte, sodium sulfide (Na2S) and sulfur (S) were mixed at 1:7 molar ratio then dissolved in base electrolyte get charged Na2S8 catholyte with dark red color. The anolyte was prepared by dissolving Bp (99.5%, Sigma Aldrich) in base electrolyte and adding excess Na metal flakes to reduce Bp to anion radical, resulting in a dark blue solution. Anolyte was stirred for several days to ensure complete reduction of Bp, then Na metal flakes were removed before adding anolyte to the cell’s reservoir. All solutions were stored and prepared in an argon-filled glovebox where oxygen and water concentration were kept below 0.1 ppm.
[bookmark: _Toc131339440][bookmark: _Toc133308752]4.2.4 Test Cells Setup

A bench scale single cell redox flow battery (shown in Figure ‎4.1a-c) was assembled and cycled in an argon-filled glovebox. Two stainless-steel (304, McMaster-Carr) flow plates were machined in house with serpentine flow field (9 channels, 21 mm long, 1 mm wide, and 1 mm deep). Nickel foam (1.6 mm thick, MTI Corp) was used as the electrode for the anode and different carbon electrodes as electrode for the cathode. Both electrodes were compressed by approximately 23% to reduce electronic contact resistance. BASE (40x40x1 mm, Ionotec Ltd.) was used as a separator with butyl rubber gaskets (1.45 mm 
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	A: Aluminum backing plate.
B: Gold-plated aluminum as current collector to connect cell
     to potentiostat (insulated from the backing plate).
C: Stainless steel flow plate with flow by channels.
D: Bolt.
E: Electrode.
F: Butyl rubber gasket (1.45 mm thick).
G: Incompressible PTFE gasket (1 mm thick).
H: BASE (1 mm thick).
I: Reference electrode insertion cavity.

	
	


[bookmark: _Ref131157919][bookmark: _Toc133308863]Figure ‎4.1: (a) Photograph of the redox flow cell system consisting of two electrolyte reservoirs kept in a 3D printed holder, peristaltic pump, and cell stack all assembled in a PTFE containment tray. (b) Cell illustration. (c) Exploded view of the cell’s 3D model showing main components.

thick, McMaster-Carr) to seal the cell along with a 1 mm polytetrafluoroethylene (PTFE) gasket around the BASE separator as a support against clamping pressure. Cell bolts were torqued down to 1.5 N-m. Electrodes and BASE geometric surface area were both 4.8 cm2. Both electrolytes were pumped into the cell using a single peristaltic pump head (Cole-Parmer) that accepted two lines. Chem-Durance (Cole-Parmer) tubing was used in the pump head along with Teflon perfluoroalkoxy alkane (PFA) tubing (McMaster) with polypropylene fittings. Note that for biphenyl, the PFA tubing used to connect the cell to the pump head tubing was stable for short testing periods. PFA tubing is not recommended for sensitive and long tests because biphenyl anion radical reacts with PFA; polypropylene tubing is more stable [13]. A photograph of the complete system is shown in Figure 4.1c.
To add an in-situ RE, a single cell design was modified to accept a sodium/sodium ion reference electrode (Na/Na+ RE) at the Na-beta-alumina separator (see Figure ‎4.1b). This addition is critical to measure the potential of each half-cell; without this RE, investigation is limited to two-electrode measurements that offer relatively little information regarding processes in each half-cell. Another RE (master) can be added to the catholyte or anolyte reservoirs to verify the potential stability of the separator RE. Measurements collected using this 3-electrode setup were stable and reliable, enabling measurement of full-cell performance along with each half-cell performance. Also, EIS can be conducted on the anode and cathode to study their processes separately.
To measure the capacitance of electrodes, a symmetric flow cell was assembled consisting of two identical electrodes with 3.8 cm3 geometric surface area.  Electrodes were separated by Celgard separator (25 um thick, Celgard 2325). Butyl rubber gaskets (1.6 mm nominal thickness, McMaster-Carr) were used to seal each half-cell. Base electrolyte (1 molal NaOTf salt dissolved in TEGDME) was pumped through the cell using a peristaltic pump to fill it with electrolyte. Figure 4.2 illustrates the cell setup. The Pump was turned off as soon as gas bubbles blood out of the cell. After soaking the electrodes for 30 minutes, EIS tests were conducted at open circuit voltage (OCV) between 5 kHz to 0.1 Hz 
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[bookmark: _Toc133308864]Figure ‎4.2: Illustration of the symmetric cell assembled to measure capacitance of two identical electrodes.


with 10 mV AC perturbation. Equivalent circuit models used to fit EIS data will be discussed in the results section.
[bookmark: _Toc131339441][bookmark: _Toc133308753]4.2.5 Defining State of Charge (SOC)

The theoretical capacity of sodium polysulfide is 1,675 mAh/gs for the reduction of S to Na2S. At room temperature, S and Na2S4 are insoluble in TEGDME [13, 16]. Since all experiments in this work were done at low temperature (26OC on average), only soluble sodium polysulfide (Na2Sx, where 5 ≤ x ≤ 8) was studied. Na2S8 was thus specified as 100% SOC and Na2S5 as 0% SOC, with 125 mAh/gs theoretical capacity. The redox reactions at the anode and cathode are:
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	[bookmark: _Ref131325749]Equation ‎4.1
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	Equation ‎4.2



[bookmark: _Toc131339442][bookmark: _Toc133308754]4.2.6 Characterization of Electrodes Physical and Electrochemical Properties 

Brunauer-Emmett-Teller (BET) analysis was performed using Autosorb IQ instrument to measure the specific surface area of Cu-GA and Cu-DGA electrodes using nitrogen gas absorption. Prior to BET absorption analysis, samples were degassed for 5 and half hours at 150OC to get rid of moister mass and increase analysis accuracy. A mass of 20 mg of each sample were added to the test tube. 
Electrochemical measurements were conducted using a Bio-Logic VSP (BioLogic, France). Discharge polarization curves were performed at 50% state of charge (SOC) by discharging the cell at constant current for 30 seconds followed by charging at the same current and for the same period to keep the SOC at 50%. The last 15 seconds of each potential were averaged, constituting one point on the polarization curve. The same process was repeat-
-ed at various discharge current values. To monitor the cell SOC, open circuit voltage (OCV) was recorded before and after each run. To perform Tafel analysis, both charge and discharge polarization curves were measured using the same method. 
Electrochemical impedance spectroscopy (EIS) tests were conducted on the same full cell with in-situ RE over a frequency range from 5 kHz to 1 Hz. The cell was polarized under constant DC current for 30 seconds to reach a steady state. Then EIS was measured using 20 mV sinusoidal perturbation amplitude superimposed onto the DC current. This step was repeated several times for different current values to measure EIS for the cell under different polarization conditions. To validate EIS data, Kramer-Kronig was used with an acceptable fit. The BioLogic Potentiostat enabled simultaneous collection of both half-cell impedance spectra (i.e., cathode vs. RE, and anode vs. RE). 
[bookmark: _Toc131339443][bookmark: _Toc133308755]4.3 Results and Discussion
[bookmark: _Toc131339444][bookmark: _Toc133308756]4.3.1 Surface Area and Electrochemical Active Area of Electrodes

Figure ‎4.3 displays the BET surface area analysis obtained for GA and Cu-GA (15 wt. % Cu). The BET surface area of Cu-GA electrode was found to be 25% higher than that of simple GA. This increase can be attributed to the incorporation of copper nanoparticles into the GA framework. To gain a better understanding of the impact of copper nanoparticles on the electrode properties, the electrochemical active area (ECAA) of Cu-DGA and DGA were investigated using a symmetric cell, and the results are presented in Table ‎4.1. 
This assessment can help to determine whether the copper nanoparticles are enhancing the electrode's surface area or the ECAA. The ECAA can be calculated using the formula given below:

	
	Equation ‎4.3


[bookmark: _Ref131097431]



[bookmark: _Ref131587802][bookmark: _Ref131587796][bookmark: _Toc133308865]Figure ‎4.3: Nitrogen adsorption isotherms of samples DGA and Cu-DGA. 






[bookmark: _Ref131255003][bookmark: _Toc133308824]Table ‎4.1: Results for BET analysis to measure surface area along with carbon felt electrode. Note that carbon felt BET surface area value in the table is reported by the manufacturer. Also, the capacitance measured for three different electrodes in base electrolyte (1m NaOTf salt + TEGDME solvent). 

	Sample
	Density (mg/cm3)
	Capacitance (𝝁F)
	BET Surface Area (m2/g)

	GA
	6.5
	0.58
	115

	Cu-GA 
(20 wt. % Cu)
	8.3
	0.61
	144

	Carbon Felt [89]
	63
	12.4
	0.4





Where Cdl is the double layer capacitance of the electrode in Farad, and Cs is the specific capacitance of the electrode in Farad/m2. Since the specific capacitance of graphene aerogel-based electrodes can’t be obtained in trivial manner, Cdl will be used to compare GA and Cu-GA ECAA. 
Comparing GA and CuGA electrode’s double layer capacitance, both electrodes have close values. Such finding indicates that copper is not increasing the ECAA of the electrode, but influence BET surface area only. This could be because of the ability of nitrogen gas to access smaller pores compared to liquid electrolyte (TEGDME), which have larger molecules than nitrogen gas.
[bookmark: _Toc131339445][bookmark: _Toc133308757]4.3.2 Experimental Evaluation of Graphene Aerogel-Based Electrodes for Sodium-Polysulfide
[bookmark: _Toc133308758]4.3.2.1 D-GA and Cu-DGA Electrochemical Performance

Four different graphene aerogel-based electrodes were tested along with a commercial carbon felt electrode (listed in Table ‎4.2) in a lab scale single flow cell with in-situ reference electrode. Polarization curves for the cathode were generated and plotted in Figure 4.4 with current density normalized by the geometric area of each electrode (3.8 cm2).
Carbon felt (CF) electrode is used as the baseline to compare our homemade GA-based electrodes to.  CF had an average of 230 mV voltage loss between 0.01 – 0.35 mA/cm2. After that, the first graphene aerogel-based electrode was tested is D-GA 1 sample, which had 12 mg/cm3 compressed density. D-GA 1 had 647 mV average voltage loss, higher than the CF electrode by 417 mV. To reduce the voltage loss of D-GA, its density was increased by compressing the sample down to 30% of its original thickness. Increasing D-GA’s density in this case will results in higher surface area available to support reactions. This is because electrode porosity will still be high enough to allow liquid electrolyte to access the electrochemically active surface area of D-GA. As a result, D-GA 2 sample with 49 mg/cm3 compressed density had lower average voltage loss of 188 mV (29% lower than 

[bookmark: _Toc133308825]Table ‎4.2: List of electrodes tested in full-cell Bp|Na2Sx ORFBs with in-situ Na/Na+ RE.
	Electrode
	Description

	Carbon felt (SGL Carbon)
	Baseline

	DGA 1 (21 mg/cm3) 
	Simple GA

	D-GA 2 (49 mg/cm3) 
	higher density

	Cu-DGA 1 (26 mg/cm3)
	Cu nanoparticle 

	Cu-DGA 2 (33 mg/cm3)
	GO and Cu Loading
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[bookmark: _Ref132974467][bookmark: _Ref132974449][bookmark: _Toc133308866]Figure ‎4.4: Polarization curve for different electrodes in the cathode with current density normalized by geometric area of electrodes.



DGA 1).
The third sample tested was Cu-DGA 1 with density close to DGA 1, but the average voltage loss is lower by 38% compared to simple DGA. Improvement in Cu-DGA electrode performance resulted from lower charge transfer resistance since copper is proven to be a catalyst for Na2Sx redox reaction [84-88]. Last graphene aerogel-based sample tested is Cu-DGA 2 sample with higher graphene oxide and copper loading. Cu-DGA 2 had the best electrochemical performance between graphene aerogel-based electrodes. Reason being that increased graphene oxide and copper loading resulted in higher electrochemical active area [68].
[bookmark: _Ref131255262]This section's significant finding is that CF outperforms GA-based electrodes, likely due to its higher ECAA resulting from its increased wettability. This observation is further supported by the BET surface area and capacitance measurements in Table 1. The lower BET surface area of CF, coupled with its higher ECAA, implies that the liquid electrolyte can penetrate a larger surface area of the CF. Consequently, further research is recommended on enhancing the ECAA of GA-based electrodes by exploring techniques such as thermal treatment or tuning the chemical composition of GA electrodes to adjust its wettability. By doing so, GA electrode would have better performance and might compete or even exceed commercial electrodes, since its BET surface area is way higher. 
Figure ‎4.5 depicts an alternative method of presenting polarization curves, aimed at comprehending the impact of electrode weight on their efficacy. The current density in this approach is normalized by the electrode’s mass (in mg) of the electrode. By using this plotting technique, it becomes apparent that the voltage loss of Cu-DGA electrodes is lower compared to CF electrodes, as revealed in the by-mass comparison. 
[bookmark: _Toc133308759]4.3.2.2 Effect of Directional Pore on Mass Transport Voltage loss

The aim of this section is to investigate whether an DGA electrode with pores aligned in the direction of electrolyte flow can reduce mass transport overpotential. The directional pores are expected to shorten the diffusion path length of dissolved molecules in the liqu-
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[bookmark: _Ref131256431][bookmark: _Ref131256413][bookmark: _Toc133308867]Figure ‎4.5: Polarization curve for different electrodes in the cathode with current density normalized by electrode’s mass.



-id electrolyte, enabling more effective delivery of active species to the electrode surface, resulting in lower mass transport voltage loss.
To test this hypothesis, two electrodes were tested in a Bp|Na2Sx flow cell configuration. The first electrode, Cu-GA, had an isotropic microstructure, while the second electrode, Cu-DGA, had directional pores. To ensure a fair comparison, other electrode characteristics such as density, compression, loading, and geometric surface area were kept constant. 
In Figure ‎4.6, the polarization curves for the cathode are shown, comparing the Cu-GA and Cu-DGA electrodes. These curves were obtained under flow cell conditions of 0 and 6 mL/min for both electrodes. The results indicate that both isotropic and directional GA-based electrodes perform similarly between current densities of 0.01 and 3 mA/cm2. Therefore, it appears that directional pores do not have any impact on reducing mass transport overpotential. This finding can be attributed to the fact that the dominant source of voltage loss in the Na2Sx half-cell is kinetic overpotential, which limits the maximum discharge current density to a range where mass transport has a less significant effect.
To investigate the impact of directionality on mass transport, it is necessary to minimize kinetic overpotential to enable the cell to discharge at higher current densities where the voltage loss due to mass transport can be significant. Subsequently, it is important to quantify the voltage loss caused by mass transport for both DGA and GA electrodes and compare the results.
[bookmark: _Toc133308760]4.3.2.3 Durability of Copper-Graphene Aerogel Electrode 

At a current density of 0.4 mA/cm2, a Bp|Na2Sx ORFB underwent galvanostatic charge/discharge with Cu-GA in the Na2Sx side to test the electrode’s electrochemical stability and durability. The test resulted in an average coulombic efficiency of 100% (with a 2% error) over 35 cycles, with an average specific capacity of 65 mAh/gs, as depicted in Figure ‎4.7. This high coulombic efficiency suggests that the electrode is stable and redox 
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[bookmark: _Ref131097128][bookmark: _Toc133308868]Figure ‎4.6: Cathode polarization curves for four runs of Cu-DGA and Cu-GA at two different electrolyte flow rates (0 and 6mL/min).

	
	


[bookmark: _Ref131123005][bookmark: _Ref131122995][bookmark: _Toc133308869]Figure ‎4.7: (a) Charge/discharge cycling of Bp-Na2Sx ORFB with Cu-GA electrode. (b) Coulombic efficiency for 35 cycles. 

reaction taking place is reversable. Note that the average specific capacity achieved was lower than the theoretical specific capacity for the soluble range of sodium polysulfide due to Bp's lower practical capacity compared to sodium polysulfides. The cell reached mass transport limitation during discharge because the concentration of the Bp anion radical depleted prior to the cathode, as evidenced by the discharge curve of Bp against RE.
[bookmark: _Toc131339446][bookmark: _Toc133308761]4.3.3 Zero-Dimensional Model of Biphenyl-Sodium Polysulfide Organic Redox Flow Battery

The primary objective of this section is to introduce a zero-dimensional model that describes the performance of a real Bp|Na2Sx ORFBs. By utilizing minimal computational resources and fundamental parameters, this model can produce polarization curves for various operational scenarios. Its computational efficiency and accuracy make it suitable for conducting parametric studies, which can aid in comprehending the behavior of a real cell when subjected to a load. However, the primary challenge for this model is to replicate the intricate multi-step redox reaction of sodium polysulfide.
[bookmark: _Toc133308762]4.3.3.1 Predicting State of Charge as function of Open Circuit Voltage 

An essential piece of information for batteries is their open circuit potential (OCV) as function of state of charge (SOC). Such parameters can be calculated using the following Nernst equation [5]:

	
	Equation ‎4.4



Where  is the half-cell potential,  half-cell standard potential, R is the universal gas constant, T is temperature in Kelvin, n is number of electrons involved in the reaction, F is Faraday constant, and [oxidated] and [reductant] are concentration of oxidated and reduced species in the cell. 
Bp redox reaction is presented in Equation ‎4.1, which is a simple single electron, single step reaction. So, the Nernst equation to calculate Bp half-cell open circuit voltage at different state of charge is as per Equation ‎4.5. Bp standard potential value used is 0.22 V vs. Na/Na+, which is measured using 3-electrodes cell and cyclic voltammetry in chapter 2 of this report.
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	[bookmark: _Ref131325990]Equation ‎4.5


For the Na2Sx half-cell, the redox reaction is more complicated. In this work, Na2S8 is defined as 100% SOC, as explained in previous sections. Whereas Na2S8, highest soluble state at room temperature, can be further oxidized into S8 (insoluble at room temperature). Na2S5 (lowest soluble state) is defined as 0% SOC, but it can be reduced further to Na2S4, Na2S3, Na2S2, and Na2S (all are insoluble at room temperature). The reason why S8 and Na2S4 state are avoided in this study is their insolubility in TEGDME at room temperature. The following equations show the total (Equation ‎4.6) and intermediate reactions at Na2Sx half-cell:
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	[bookmark: _Ref131328202]Equation ‎4.6



Intermediate reactions in Na2Sx half-cell:
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	Equation ‎4.7
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	Equation ‎4.8



	[image: ]
	Equation ‎4.9



For Na2Sx, the total reaction equation was used with the nersnt equation. Such approach is common in the literautre for multistep reachtions [89, 90]. The Nernst eqution will look like the following:
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	Equation ‎4.10


Where the standard redox potential for Na2Sx is 2.205 V vs. Na/Na+ [13].

Figure ‎4.8a-b presents model results for OCV as function of SOC along with experimental data. Experimental data for OCV vs. SOC were collected by means of electrochemical titration and coulomb counting. In a typical titration experiment, our Bp|Na2Sx flow battery starts with fully charge liquid electrolytes (catholyte and anolyte at 100% SOC). Total capacity of each half-cell is known. The experiment would start with OCV measurement for 10 minutes followed by constant current discharge for specific duration followed by 10 minutes of rest (OCV recording). This process it repeated several times in both discharge and charge mode, then data are averaged. Knowing the number of coulombs during cycling, SOC can be calculated and related to the cell OCV. 
For Bp, the model uncertainty compared to experimental data is lower than 10% for SOC between 10 and 90%. This is caused by the fact that Bp is unstable while fully charged, making it hard to hold on to its 100% SOC potential. On the Na2Sx half-cell, both the model and experimental data are in good agreement. Maximum uncertainty is 6%.
4.3.3.2 Model to Generate Polarization Curves
The total overpotential for Na2Sx consisted of 4 main components (i.e., ohmic, interfacial resistance, kinetic, and mass transport). Whereas the Bp half-cell only has 3 overpotential
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[bookmark: _Ref131339497][bookmark: _Toc133308870]Figure ‎4.8: (a) Prediction of state of charge as function of open circuit voltage for Bp half-cell and (b) sodium-polysulfide.



 (i.e., ohmic, kinetic, and mass transport). The ohmic and interfacial resistances were measured using electrochemical impedance spectroscopy. These two resistances are constant and can be simply calculated by multiplying the resistance value by the current. Below are equations used:

	
	Equation ‎4.11



	
	Equation ‎4.12




The kinetic overpotential was calculated using charge transport resistance (Rct) measured using EIS and an in-situ RE, which aids in separating the Na2Sx and Bp EIS response. EIS data were fitted and used to predict Rct, which can be used to model kinetic overpotential (Equation ‎4.13). The residual overpotential after subtracting other overpotentials is assumed to be mass transport.

	
	[bookmark: _Ref131345183]Equation ‎4.13



	
	Equation ‎4.14
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	Equation ‎4.15
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	Equation ‎4.16




	
	Equation ‎4.17




Using OCV model to predict each half-cell potential and imperial equations to calculate overpotential, polarization curves can be generated. This model was used to conduct a sensitivity study for Bp and Na2Sx for changes in charge transfer resistance. Three cases were modeled, one with Rct value at 100%, 75% and 50%. Polarization curves for both halves are plotted in
Figure ‎4.9 and 4.10. It is evident that Bp is more sensitive to changes in charge transfer resistance, since kinetic have higher impact on Bp side (69% of total Bp voltage loss) compared to Na2Sx (59% of total Na2Sx voltage loss). 
[bookmark: _Toc133308763]4.3.3.3 Prediction of Mass Transport Overpotential 

Equation 4.14 was employed to model mass transport overpotential for Na2Sx half-cell. Specifically, the equation was fitted to the mass transport overpotential calculated from the EIS study, resulting in an iL value of 17 mA/cm2. The incorporation of the equation into the model facilitated the simulation of cell discharge currents exceeding those observed experimentally. The actual cell's highest current density observed during discharge was 9.5 mA/cm2, limited by high voltage loss from Bp that drove the cell potential outside of its safe operating range. The developed model enabled the investigation of the impact of mass transport overpotential on cell performance during Na2Sx discharge at higher current densities.
As depicted in Figure 4.11, increasing the cell's discharge current density results in a rapid drop in the cell potential, attributable to mass transport overpotential. This is where active species concentration depletion accrues on the electrode surface as the discharge current density approaches iL. This observation affirms that the actual cell polarization curve lies within the kinetic and ohmic regions. To investigate the impact of mass transport, it is necessary to discharge the cell to regions where mass transport is significant. To accomplish this, it is crucial to reduce Bp overpotentials, allowing the Na2Sx half-cell to discharge at current densities approaching 17 mA/cm2. Additionally, it is important to note that directionality may potentially impact cell performance in such situations.
Researchers can utilize this model to investigate additional parameters to facilitate a com-
[bookmark: _Ref131349351]
[bookmark: _Toc133308871]Figure ‎4.9: Results for study examining the sensitivity of Rct in Bp half-cell.




[bookmark: _Toc133308872]Figure ‎4.10: Results for study examining the sensitivity of Rct in Na2Sx half-cell.
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[bookmark: _Toc133308873]Figure ‎4.11: Polarization curves generated from the zero-dimensional model against experimental data. The model predicts the mass transport overpotential of sodium polysulfide.


-prehensive understanding of Bp|Na2Sx flow battery behavior. Furthermore, the model can serve as a foundation for developing a 1 or 2-dimensional model that incorporates more variables.
[bookmark: _Toc131339447][bookmark: _Toc133308764]4.4 Conclusions

The successful fabrication of a self-supporting electrode composed of GA-based materials using the hydrothermal synthesis approach exhibited the capability to govern the microstructure of GA-based materials, as well as their macroscopic designs. Additionally, the incorporation of copper nanoparticles to serve as a catalyst was effectively demonstrated. Based on physical and electrochemical characterization of CF and GA electrodes, it was observed that CF outperformed GA, specifically at high current densities, due to its higher ECAA and density. To enable GA-based electrodes to compete with commercially available electrodes like CF, it is crucial to maximize the ECAA by enhancing surface wettability through modifications in surface chemistry and/or roughness. This would further improve the electrochemical performance of GA-based electrodes.
Below are some recommended research topics: 
1. Study of surface chemistry of Cu-GA and its wettability.
2. GA high temperature thermal treatments to modify surface chemistry and roughness.
3. Methods to increase graphene oxide and copper nanoparticles loading during Cu-GA electrode synthesis to maximize ECAA and catalytic performance while keeping electrode’s surface integrity. 



[bookmark: _Toc133308765]Conclusions and Recommendations
[bookmark: _Toc133308766]5.1 Summary

This study presents a method to measure the voltage loss in each half cell of Bp|Na2Sx ORFBs during discharge and categorize the voltage loss into three types: ohmic, charge transfer, and mass transport overpotentials. The anode was found to contribute to 58% of the cell average overpotential across the range of current densities tested (0.01 to 9.3 mA/cm2). The main cause of voltage loss in both the anode and cathode was determined to be kinetic overpotential, followed by mass transport. The cathode’s electrochemical impedance spectroscopy (EIS) indicated a high-frequency process linked to interfacial resistance between the solid sodium-beta-alumina (BASE) and liquid electrolyte. The exchange current density for the anode was lower than that of the cathode, leading to higher voltage loss for Bp compared to sodium polysulfide.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]The current density was determined by dividing the current by the geometric area of the electrode, a method commonly used in the literature. However, this approach does not provide an accurate representation of the electrode performance since the ECAA differs from the geometric area. To achieve a more precise comparison with literature and improve the accuracy of electrode performance representation, current density should be normalized by the ECAA. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]One of the constraints of this study was the use of a sodium-beta-alumina solid separator. Its fragility restricted the amount of compression that could be applied to the cell components, resulting in high ohmic overpotential. The performance and practicality of this redox flow battery could be enhanced by using thinner, more durable and cost-effective separator.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]The concluding remark of this study regarding the cathode was that solid sulfur would precipitate on the surface of the carbon felt electrode once it passes the potential of forming Na2S8 (2.25 V OCV). This occurrence would obstruct the electrode pores and flow plate channels, leading to an increase in pressure between the half-cell inlet and outlet. Therefore, it is suggested to conduct further research on the pressure drop of the cell as the cathode polymerization state changes. The increase in pressure drop results in higher pump power consumption, which would negatively impact the overall system efficiency in an application. To the best of our knowledge, such study has not yet been carried out by researchers in this field. 
This study contributes to the current understanding of Bp|Na2Sx ORFB chemistry. However, further research is required for this technology to mature and compete with established energy storage systems. Recommendations for future studies are listed in the recommendations section.
[bookmark: _Toc113533537][bookmark: _Toc128301376][bookmark: _Toc113533520]Findings of this study hold promise in efficiently regulating ice growth mechanisms, thereby enabling the production of graphene aerogels with ideal pore size and morphologies. This, in turn, could enhance the utilization of active materials and facilitate directional pore connectivity, resulting in materials that possess exceptional mass transport capabilities suitable for various applications. Subsequent research will focus on evaluating the electrochemical performance of the D-GA electrode in organic redox flow batteries to investigate the impact of microstructure on performance.
The following are Recommendations for large/industrial scale production of DGA:
5. During GO reduction, vibration need to minimize, and heating uniformed for best consistency. 
6. Uniformed cooling at the base of the graphene hydrogel is key to achieve a uniformed ice growth and ultimately regulated microstructure.
7. D-GA physical strength need to be improved for practicality, because samples produced in this study are fragile, making them hard to cut and handle. There is good literature which investigates strength of D-GA [79]. 
8. One of the challenges we faced is the ability to produce clean cuts to prepare the sample for various imaging and testing. Practical research on methods to cut GAs would help.
The successful fabrication of a self-supporting electrode composed of GA-based materials using the hydrothermal synthesis approach exhibited the capability to govern the microstructure of GA-based materials, as well as their macroscopic designs. Additionally, the incorporation of copper nanoparticles to serve as a catalyst was effectively demonstrated. Based on physical and electrochemical characterization of CF and GA electrodes, it was observed that CF outperformed GA, specifically at high current densities, due to its higher ECAA and density. To enable GA-based electrodes to compete with commercially available electrodes like CF, it is crucial to maximize the ECAA by enhancing surface wettability through modifications in surface chemistry and/or roughness. This would further improve the electrochemical performance of GA-based electrodes.
[bookmark: _Toc133308767]5.2 Broader Impact

In 2021, the United States Department of Energy (DOE) launched the earthshots initiative with the aim of expediting the progress of energy efficiency technologies, such as long-duration energy storage systems [91, 92]. ORFBs, which discharge for minutes or hours and have a power rating ranging from tens to hundreds of MW, qualify as long-duration storage systems. This characteristic renders them appropriate for medium-scale applications, such as hospitals and office buildings, and large-scale applications, including renewable energy sources and power plants. This research aligns with the DOE's vision, as it enhances comprehension of the technology and its limitations, prompting researchers to concentrate on critical areas where ORFBs can outperform other energy storage systems.
Although ORFBs are currently considered technically immature, many research institutes and startup companies have demonstrated promising progress [15, 42, 93, 94]. ORFBs possess attractive characteristics such as high energy density, high operating potential, low raw material cost, and superior safety, which position them as a promising alternative to battery technologies that rely on limited resources like vanadium and lithium. However, for ORFBs to effectively compete with other battery technologies, their practical energy density must be increased by optimizing the utilization of their theoretical density. One of the weak points of ORFBs is their low power density, which is caused by high cell-level voltage loss. This study provides a comprehensive guide to reduce cell voltage loss by improving the kinetic overpotential, which is the primary cause of overpotential. Additionally, enhancing the electric conductivity of the battery components and increasing the effective diffusivity could improve the ohmic and mass transport losses, respectively. The next section will provide more detailed recommendations for future studies.
Finally, ORFBs can help mitigate the climate crisis in several ways. They can store excess renewable energy, made from abundant and environmentally friendly materials, have a longer lifespan, and high recycling potential. This can reduce reliance on fossil fuels, decrease greenhouse gas emissions, and minimize environmental damage associated with battery production and disposal.
[bookmark: _Toc133308768]5.3 Recommendation for Future Studies

To gain a deeper understanding of Bp|Na2Sx organic redox flow electrochemical performance and limitations, the following recommendations are suggested for future research:
7. [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Techniques to reduce kinetic overpotential for Bp and Na2Sx half-cells since it is the dominant source of voltage loss. Possible methods include increasing the electrode surface area or enhancing it catalytic activity. Given its higher impact on system performance, the anode should be given priority in this regard. 
8. Minimize mass transport overpotential by optimizing the flow plate channels design to enhance convection through the electrode microstructure, investigate electrolyte flow dynamics and methods to decrease the effective diffusion through the electrode. 
9. Enhance the electrochemical performance of the cell by optimizing its structure, such as electrode thickness. 
10. [bookmark: OLE_LINK20][bookmark: OLE_LINK21]Increase battery current density by reducing ohmic voltage loss through more conductivity separator and reducing contact resistance between cell elements.
11. Study the effect of cell state of charge effect on catholyte and anolyte flow properties (i.e., pressure drop, viscosity).
12. Solvents effect on electrochemical performance of Bp|Na2Sx ORFB.
13. Investigation of effective diffusivities for DGA and GA using rotating disk electrode (RDE) to evaluate the effect of directional pores on mass transport.
Finally, to enhance battery performance by investigating the synthesis of graphene aerogel-based electrodes, further research is recommended on the following topics:
1. Study of surface chemistry of Cu-GA and its wettability.
2. GA high temperature thermal treatments to modify surface chemistry and roughness.
3. Methods to increase graphene oxide and copper nanoparticles loading during Cu-GA electrode synthesis to maximize ECAA and catalytic performance while keeping electrode’s surface integrity.
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[bookmark: _Toc133308770]APPENDIX

Galvanostatic Charge/Discharge Cycling 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Galvanostatic charge/discharge of Bp|Na2Sx ORFB was performed at 0.42 mA/cm2 current density. This test demonstrates the electrochemical stability and reversibility of the RFB used in this work. The electrolyte in both half-cells have matching theoretical capacities of 12 mAh. As shown in Figure S1, the coulombic efficiency averaged 99.2% after 22 cycles with specific capacity of 90 mAh/gs. High columbic efficiency is an indication for negligible cross-over due to the thick ceramic Na-beta-alumina separator used, matching values measured in the literature [13, 14]. The average specific capacity achieved was lower than the theoretical specific capacity for the soluble range of sodium polysulfide (Na2S8 to Na2S5, 125 mAh/gs). The reason behind this low specific capacity of this cell is Bp practical capacity is lower than sodium polysulfides. During discharge, the cell reached mass transport limitation due to Bp anion radical concentration depleting prior to cathode (as evident from discharge curve of Bp against RE). In other words, the cell practical capacity was limited by Bp actual capacity (which is lower than its theoretical capacity by 28%). Other researchers [13, 14] where able to achieve specific capacities as high as 96% of the theoretical capacity by adding excess Bp on anode, making the cell capacity limited by Na-polysulfide half-cell (125 mAh/gs). Such approach would be acceptable since Bp is economical with higher solubility in organic solvents such as TEGDME. 
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Figure S1: (a) Galvanostatic charge/discharge curves at 0.42 mA/cm2. (b) cycling performance over 22 cycles.



Experimental validation

Maximum error is 20 mV (1.5%) on Bp side at high current density (8.4 mA/cm2).
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Figure S2: Polarization curve showing error bar calculated from at least 4 different tests. Maximum error is 20 mV (1.5%) on Bp side at high current density (8.4 mA/cm2). Note that these polarization data are not IR-corrected.
 




EIS Experimental Data and Model Validation

Mass transport has negligible effect on EIS data for flowing cases (see Figure below); thus, impedance between 5 KHz and 1 Hz is mostly caused by reaction-related and interfacial processes.


[bookmark: _Toc289175845]Figure S3: Nyquist plot for Na2Sx half-cell polarized at different electrolyte flow rates rate.
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Figure S4: Details and tips on the hydrothermal synthesis of DGA.
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Cycle 1	1.8447638666666666E-5	9.2613641121333343E-2	0.18520876431966665	0.27780384837083333	0.37039912725866669	0.46299478672716671	0.55559056333483336	0.64818632248050001	0.74078192335533322	0.83337767129149998	0.92597299105033337	1.0185687869225	1.1111643136055001	1.2037602430868333	1.2963561587068333	1.3889520072678334	1.4815473961658334	1.5741425904151667	1.6667381692606666	1.7593337998098333	1.8519293926656666	1.9445247768748333	2.0371202358746667	2.1297152093036664	2.2223099197501668	2.31490543504	2.4075012094289998	2.5000966006721668	2.5926921333880002	2.6852872439644999	2.7778820374354996	2.870477473282667	2.9630733804034999	3.0556692878708334	3.1482647656086669	3.2408598980709997	3.3334552750664996	3.4260512034495001	3.5186472625213332	3.6112430752531663	3.7038389369238334	3.7964348755456667	3.8890308720635001	3.981626913415667	4.0742230505606667	4.1668191248073336	4.2594152029376664	4.3520112230716661	4.4446073751283333	4.5372033966166665	4.629799647994	4.7223959758176663	4.8149921223498335	4.9075883405043337	5.0001846473409994	5.0927809897456662	5.1853771957903332	5.2779734262548326	5.3705698534519994	5.4631662828988334	5.5557626028193337	5.648358447132833	5.740954169488667	5.8335498649108333	5.9261455967266663	6.0187414481059998	6.1113376014050003	6.2039336976343327	6.2965299441461662	6.3891262577143335	6.4817224564088329	6.5743187634238334	6.666915064976167	6.759511364952334	6.8521076134734997	6.9447038556343328	7.0373001548156671	7.1298963996883336	7.222492620313	7.3150889054293327	7.4076851061125	7.5002813968388331	7.5928777331963335	7.6854740144301665	7.7780704202596667	7.8706667928424991	7.9632632250173323	8.0558596373779991	8.1484559700323338	8.2410522365951664	8.3336486974711672	8.426245023701	8.5188414825239995	8.6114379244594996	8.7040344667385003	8.7966308369321666	8.8892269174654999	8.9818226026026657	9.0744188577455009	9.1670151371061657	9.2596114302894996	9.3522078423528328	9.4448043134908328	9.5374004615721653	9.6299964856361662	9.7225924314078327	9.8151884649865	9.9077844910710002	10.000380568981166	10.092976619201167	10.185572542303666	10.278168118696501	10.370763872006499	10.463360075286166	10.555956443274502	10.648552637711667	10.741148432080999	10.833743684561666	10.926339595821668	11.018935817683666	11.111532036875168	11.204127884587166	11.296723331440333	11.389319031766668	11.481915372245833	11.574511600332666	11.667107461855833	11.759703366280167	11.852299396947	11.944895619172167	12.037491619016832	12.130088042642166	12.222684434407833	12.3152806550265	12.407876912795333	12.500473087001165	12.593069336846501	12.685665659403833	12.778261980471166	12.870858300051166	12.963454642776	13.056050947316333	13.148647332423334	13.241243953030333	13.333840544366668	13.426437135700834	13.519033675033667	13.611630036730999	13.704226411691334	13.796822834826665	13.8894194215	13.982015997510334	14.074612559467001	14.167209216482668	14.259805791895165	14.352402354823832	14.444998941255333	14.537595508501999	14.630191702075001	14.722788178202666	14.815384714617167	14.907981351171999	15.000577928703166	15.093174556525833	15.185771271702333	15.278367896688167	15.370964387176834	15.463560993876168	15.556157714486165	15.648754506282167	15.741351332011666	15.833948306201167	15.926545228162833	16.019142088971165	16.111738890623666	16.204335640724665	16.296932504461832	16.389529160811335	16.482125601107334	16.574722397495666	16.667319012202668	16.7599156777285	16.852512368946169	16.945109209328333	17.037705987695666	17.130302734827001	17.222899491551335	17.315496431284998	17.408093338391332	17.500690020948664	17.593286550648834	17.685883057198666	17.778479572961665	17.871076048598834	17.963672427405331	18.056268829858997	18.148865265634832	18.241461355591834	18.334057410836166	18.426654069388334	18.519250979366667	18.611847652282499	18.704443930085667	18.797039579563666	18.889635779395167	18.982232561185999	19.074829347870335	19.167425878652832	19.260022027468835	19.352618285719998	19.445215157681666	19.537812168971332	19.630409054127	19.723005898705832	19.815602789155331	19.908199645711331	20.000796406365168	20.093393112573832	20.185989858911	20.278586616290333	20.371183489863	20.463780202110001	20.556376932088998	20.648973685976497	20.741570460175002	20.834167245101668	20.926763941547996	21.019360648404163	21.111957211946496	21.204553824207334	21.297150538300503	21.389747242786331	21.482343988782333	21.574940801592334	21.66753756440233	21.760134400032165	21.852731003665333	21.945327854952332	22.037924564175498	22.130521276000501	22.223117882711502	22.315714580836165	22.408311037259001	22.500907387588832	22.593504061983168	22.686100852883499	22.778697521151162	22.871294287702501	22.963891174921333	23.056487830726169	23.14908456590117	23.241681383885165	23.334278233881836	23.426874926877169	23.519471598275832	23.612068172087834	23.704664781123334	23.797261188608665	23.889857695247333	23.982454267587997	24.075050983655167	24.167647552697666	24.260244155351167	24.352840727019668	24.445437352320667	24.538033984269333	24.630630499376664	24.723226952387829	24.815823428689836	24.908419970114	25.001016542994336	25.093613035003834	25.186209478834169	25.278806081023497	25.371402503589831	25.463998932978001	25.556595267281001	25.649191631926499	25.741788109495165	25.834384536391664	25.9269811041145	26.019577603802166	26.112173783753168	26.204769960344333	26.297366646185502	26.389963518601835	26.482560059516999	26.575156463560166	26.667752422290835	26.760348821227833	26.852945588079834	26.945542443773331	27.038139161017163	27.130735380987833	27.223331816443665	27.315928708785169	27.408525639364001	27.501122500527835	27.593719457838834	27.686316465276334	27.778913522789331	27.871510410837001	27.964107552460501	28.056704693604331	28.149301855437667	28.241898950800334	28.334495994061832	28.427093014160167	28.519690054076666	28.612287298822331	28.704884580146999	28.797481583562664	28.890078523257333	28.9826753739395	29.07527226512083	29.167869178314501	29.260466205572669	29.353063254338664	29.445660371054167	29.538257304353831	29.630854278669329	29.723451247794834	29.81604835785533	29.908645687098332	30.001242819118335	30.093839986882333	30.186437129469333	30.2790342542005	30.371631264697001	30.464228398724831	30.556825412229834	30.649422419216332	30.74201941200533	30.834616436442332	30.927213636290666	31.019810832152164	31.112407957745329	31.205004758462831	31.297601400240669	31.390198480386498	31.482795657966999	31.575392695595333	31.667989825458498	31.760587090969665	31.853184192726999	31.945781222616166	32.038378253444002	32.130975226872501	32.223572336649504	32.3161690522195	32.408766019365331	32.501362856641997	32.593959544876668	32.686556351689838	32.7791532762255	32.871750114500998	32.964347129488502	33.056943997400168	33.1495408776915	33.242137704669332	33.33473417608667	33.427330713082171	33.519927000351004	33.612522995008334	33.705119186858333	33.797715689562501	33.890311814861164	33.982907734789165	34.075504358709331	34.168101262551836	34.260698038937328	34.353294477826495	34.445890393155004	34.538486723307166	34.631083578859169	34.723680446058495	34.816277089314333	34.908873276041	35.001469682515165	35.094066558893665	35.186662961234163	35.279259252611666	35.371855634318997	35.464452146157001	35.557049005948834	35.649645849920496	35.742242671614498	35.834839516975833	35.927436475952	36.020033248628664	36.112629988392833	36.205226683261166	36.297823395316335	36.390420043099333	36.483016224742002	36.575612486482164	36.668208782788163	36.76080533092717	36.853401880645166	36.94599854842383	37.038595347520335	37.131192068610495	37.223788661272501	37.316385322654668	37.408981754677164	37.501578452130666	37.594175090599329	37.686771732799997	37.779368467795663	37.871965265351832	37.964562209609497	38.057159172789333	38.149756111827166	38.242352992053334	38.334949912064666	38.427546929214834	38.520143941929497	38.612740727085168	38.705337560002995	38.797934477911497	38.890531532858333	38.98312851434067	39.0757254021565	39.168322389242832	39.260919395630502	39.353516001051169	39.446112711605664	39.538709566298998	39.63130632307567	39.723903155562496	39.816499930311167	39.909096632243333	40.001693426567165	40.09429022473433	40.186886948300163	40.279483602010501	40.372080259440665	40.464676928170832	40.557273776366166	40.649870569238999	40.742467536515662	40.835064431009002	40.927661145952001	41.02025787340483	41.112854392659337	41.205450908389835	41.29804752303933	41.390644094988666	41.483240614478831	41.5758370617175	41.668433152628666	41.761029325429504	41.85362606028	41.946222949729005	42.038819558114334	42.131415450198169	42.224011212572499	42.316607588537835	42.409203767717997	42.5018002575205	42.594396319792835	42.686992231184668	42.779588810583995	42.872185643407498	42.964782393570829	43.057379078891003	43.149975668833662	43.242572214721498	43.3351687917935	43.427765448713167	43.520361896858667	43.612958377407665	43.705554885154505	43.798151506043666	43.890748175862164	43.983344797337502	44.075941301009671	44.168537850441169	44.261134449648665	44.353730934496333	44.4463275243955	44.538924075051	44.631520556929999	44.724117003387335	44.816713457787998	44.909309829197497	45.001906242457828	45.094502742963165	45.187099292787664	45.279695876778334	45.372292478370497	45.464888909290167	45.557485379696494	45.650081971053162	45.742678594852499	45.835275130466165	45.927871787987996	46.020468467898993	46.113065130441832	46.205661693296506	46.298258151900498	46.390854680406335	46.483451130827326	46.576047511136167	46.6686440727225	46.761240565387162	46.853837014760167	46.946433464805835	47.039030052384334	47.131626160025668	47.224222477545837	47.316818946933331	47.409415490229328	47.502011950360497	47.594608396960666	47.687205035443668	47.779801492005667	47.872397819720497	47.96499408662266	48.057590154598671	48.150186614697162	48.242783010162171	48.335379437573501	48.427975809648167	48.520572062275498	48.613168270093993	48.705764454898997	48.798360612800835	48.890956801168826	48.983553045824664	49.076149276004337	49.168745252544667	49.261341045050663	49.353937363572669	49.446533854569005	49.539130261617167	49.631726206797168	49.724321730265501	49.816917680825327	49.909514062069668	50.002110300573996	50.094706069975494	50.187301694904832	50.279897905699663	50.372494426428837	50.465090809365165	50.557686917665329	50.650283313565332	50.742879744938165	50.835476040172338	50.928072372285833	51.020668759941998	51.113265286270661	51.205861641947827	51.298457900554503	51.391054096454837	51.483650361001999	51.576246692331331	51.668842981745833	51.761439211231163	51.85403529065016	51.94663136995166	52.039227475139839	52.131823547646498	52.224419705663671	52.317015922310169	52.409612232522328	52.502208508943504	52.594804734098666	52.687400989666664	52.779997167257832	52.872593467035827	52.965189827290502	53.057785986059329	53.150382216406662	53.242978449097997	53.335574572216004	53.428170807058166	53.520767206301834	53.613363589857499	53.70595967379333	53.79855568701533	53.891151786427329	53.983748173825163	54.076344508274836	54.168940755058827	54.261536968209668	54.35413321802416	54.446729554461172	54.539325925650999	54.631922124097166	54.724518232744664	54.817114267894503	54.909710472442001	55.002306691764161	55.094902888301995	55.187499215082497	55.280095558364671	55.372691967194832	55.465288435780998	55.557884912761828	55.650481435371333	55.743077737844168	55.835673867366332	55.928269817964335	56.020865739178831	56.113461581480827	56.206057491831828	56.298653470362837	56.391249219763665	56.483844245763827	56.576439393358669	56.669035094619339	56.76163112021267	56.854227154271001	56.946822644028991	57.039418217086158	57.132014537160003	57.224610714249664	57.317206615585498	57.409802034257162	57.50239787920767	57.594994150146327	57.687590165772995	57.780186181104838	57.872782099983162	57.965378103279996	58.057974030064166	58.150569958180832	58.243165819877333	58.335761709422997	58.428357746099501	58.520953331973836	58.613549378317337	58.706145472968167	58.798741497747827	58.891337509507331	58.983933525325	59.076529490648667	59.169125494657827	59.26172132932367	59.35431710220216	59.446912920950169	59.539508785913497	59.632104646217996	59.724700518147827	59.817296271375497	59.909891784134331	60.002487457816834	60.095083139835161	60.187679019189495	60.28027470305117	60.372870366825666	60.465466239924837	60.558062101503829	60.65065793392283	60.743253746241336	60.835849460175162	60.928445191460668	61.021040846367669	61.113636506054668	61.206232069373165	61.298827749902003	61.391423576163994	61.484019373492998	61.576615218700667	61.669210584011829	61.761805793163497	61.854400974241663	61.946996534705661	62.039592411069499	62.132188195527661	62.224783427294831	62.317378835884995	62.409974619720337	62.50257023740317	62.595165962750663	62.687761547595827	62.78035689371	62.872952246218333	62.965547397796165	63.058142512171337	63.150737725027668	63.243332917841002	63.335928002226666	63.428523168379002	63.52111831391467	63.613712834267162	63.706307874597833	63.798903490632163	63.891499089052829	63.984094289921501	64.076688979816666	64.169284047801156	64.261879628188154	64.354475082786507	64.447070229875834	64.539665117477995	64.632260739456171	64.724856698458993	64.817452442177995	64.910048075688664	65.002643677991841	65.095239191016162	65.187834600588829	65.280430071998495	65.373025428036826	65.465620830374661	65.558216286535668	65.650811773452503	65.743407110539323	65.836002509436156	65.928597971236343	66.021193422637666	66.113788764191497	66.20638412772017	66.298979636018501	66.391574975133494	66.484170420870157	66.576765428557493	66.669360598129828	66.761955990620166	66.854551417820502	66.947146792463158	67.03974215800234	67.132337542437327	67.224932897509831	67.317528223337334	67.410123637911838	67.502719006582495	67.595314411666664	67.687909642558992	67.780504615107674	67.873099903764	67.965694922696159	68.058289865898331	68.150885013989324	68.243480377093505	68.336075780418668	68.428671186075164	68.521266565513841	68.61386192465433	68.706457168941668	68.799052313560665	68.891647441182997	68.98424241924566	69.076837126446506	69.16943173551617	69.262026291584505	69.354621126970173	69.447216287887159	69.53981116071283	69.632406023506164	69.725001186010502	69.817596478541674	69.910191600657669	70.002786571529668	70.095381465218168	70.18797644370467	70.280571326164164	70.373166150480998	70.465760931806997	70.558355488466489	70.650949613403995	70.743544733382009	70.836139738645826	70.928734201111169	71.02132831346816	71.113922570135827	71.20651735951283	71.299112139089829	71.391706737673331	71.484301289440836	71.576896335462664	71.669491551726495	71.762086674250327	71.854681790534002	71.947276869877001	72.039872042591838	72.132467145500826	72.225061912484165	72.317657006090499	72.410252341332836	72.502847622295832	72.595442728051992	72.68803760859366	72.780632300474494	72.873227315741502	72.965822508420672	73.05841763265984	73.151012773763341	73.24360789044583	73.336203008993337	73.42879810303333	73.521393166045328	73.613988109998161	73.706583129524162	73.799178069097493	73.891772958731821	73.984367879090996	74.076962749421668	74.16955760261466	74.262152443321824	74.354747102377672	74.447341568460004	74.539936415970331	74.632531358486503	74.72512600459433	74.817720694783674	74.910315486467496	75.002910392346664	75.095504933639162	75.188099418172158	75.280693856963339	75.373288341852827	75.465882801634834	75.558477578542337	75.651072561045495	75.661387668293997	75.661396927028335	1.8445351000000001E-5	9.2593809696833326E-2	0.18516965549799999	0.2777457998815	0.37032183085266668	0.46289772300483334	0.55547372074650003	0.64805016458533338	0.74062635107233343	0.83320236388399993	0.92577844584699998	1.0183544802671667	1.110930526772	1.2035066771131666	1.2960827774013333	1.3886589363405	1.4812351014061667	1.5738112156776665	1.666387229575	1.7589634371493335	1.8515398257964999	1.9441162294045	2.0366925624796668	2.1292690411310002	2.2218454188031664	2.3144218262521665	2.4069986608326666	2.4995754368608329	2.5921518724368333	2.6847281169908332	2.7773044625741665	2.8698810829806667	2.9624576694043334	3.0550337110464998	3.1476097058956669	3.240185980328333	3.3327629499816669	3.425339444393833	3.5179153850078335	3.6104916855985003	3.7030679232401669	3.7956439859713331	3.888219907156333	3.9807957642486667	4.0733717458859999	4.1659478651235	4.258524297947667	4.3511003887658335	4.4436763477905004	4.536252396958333	4.6288283892869995	4.7214044637739994	4.8139804373240001	4.9065564672676665	4.9991324725934998	5.0917085846061667	5.1842846562768337	5.2768608609641667	5.3694374088645	5.4620139922323334	5.5545904864591664	5.6471670110766663	5.7397429955673331	5.8323189460171667	5.9248954327526659	6.0174717256034995	6.110047850920167	6.2026240498958334	6.2952001947053331	6.3877761985724995	6.4803521488964995	6.5729283221551666	6.665504413880166	6.758080421232	6.8506568856519996	6.943233441805333	7.0358100910854997	7.1283865668458333	7.2209626601278325	7.3135386935864997	7.4061147822163331	7.4986907691288334	7.5912667919099999	7.6838428360726665	7.7764188810619999	7.8689948847558329	7.9615710122425005	8.054147185991166	8.1467234075504997	8.2392996155415013	8.3318762753941673	8.4244528654736666	8.5170289437339992	8.6096049347044996	8.7021812975898332	8.7947579018401658	8.8873345019448333	8.9799111848826669	9.0724881416531655	9.1650650588053324	9.2576418450634996	9.3502188867623328	9.4427960085190001	9.5353733283396664	9.6279508587899993	9.7205274714849992	9.8131040083864995	9.9056804643598326	9.9982574389841652	10.090834718898499	10.183411341357001	10.275987826092333	10.368564432230333	10.461141574055	10.553718863406667	10.646295791335666	10.738872713367666	10.831449718619332	10.924026648678668	11.016603489433168	11.109180610768831	11.201757737987	11.294334751407833	11.386911622582835	11.479488059330832	11.572064573179832	11.664641205211998	11.757217848060833	11.8497945223755	11.942371185907666	12.034948010819999	12.127524971786499	12.220101616847334	12.312678225953832	12.405254844486665	12.497831562479332	12.590408208024167	12.682984716399332	12.775561255115667	12.868137945901999	12.960714941872	13.053291624958334	13.145868321281831	13.238445250086832	13.331022214996	13.423598793622501	13.516175808471166	13.608752936570667	13.701330125302	13.7939067858055	13.886483566624666	13.9790603660235	14.071637132952667	14.164213946565498	14.256790778230666	14.349367685419001	14.441944748535168	14.534521760691666	14.627098461503833	14.719675016903834	14.812251500225667	14.904828515220499	14.997405380812999	15.089982259809332	15.182558857769832	15.275135444037835	15.367712309710333	15.460289094315	15.552865992143166	15.645442790855332	15.738019709232168	15.830596533600332	15.9231733967225	16.015750330588332	16.108327598138001	16.200904766724666	16.293481926746335	16.386059442634334	16.478636610639832	16.571213746619499	16.663791264918164	16.756368739948833	16.848945799791164	16.941522703227001	17.0340997971185	17.12667723988433	17.219254271175	17.311831012937166	17.404407796609167	17.496984866934167	17.589562357039835	17.6821396859145	17.774716388553998	17.867293091553833	17.959869777167832	18.052446448544668	18.145023104200167	18.237600006996001	18.330176773403	18.422753606173167	18.515330467582832	18.607907790809332	18.700484860058168	18.793061631217	18.885638314456834	18.978214904091999	19.070791627283999	19.163368396643168	19.255945296606001	19.348522195070331	19.441099039548501	19.533675977440833	19.626253058362334	19.718830542733333	19.811407967333999	19.903985236240167	19.996562100442997	20.089138987367331	20.181715862452499	20.274292927188498	20.366869998617332	20.459446973701333	20.552024125075501	20.644601156154167	20.737178157978502	20.829755043242333	20.922331950890165	21.014908858082336	21.107485914515166	21.200062942476666	21.292639997252166	21.385217045580834	21.477793930381999	21.570370773436334	21.662948006741331	21.7555251454115	21.848102250652165	21.940679114377499	22.0332561608205	22.125833094186831	22.218410544596832	22.310987830265834	22.403564813014498	22.496141814522669	22.588718870797667	22.681296245590335	22.773873178760667	22.866450511700496	22.95902756345383	23.051604953473834	23.1441824749195	23.236759977798165	23.329337293238499	23.421915024582997	23.514492736383666	23.607070364947667	23.69964790558867	23.792225605476833	23.884802684148664	23.977379519871999	24.069956577708332	24.162534342372833	24.255112584505831	24.347690097915333	24.440267354386165	24.532844762767333	24.625422874618501	24.718000716818668	24.810578008749335	24.903155252121167	24.995732666369832	25.088309621642001	25.180886570694835	25.273463844439	25.366041113171832	25.458618081470831	25.551195030477832	25.643772023718	25.736349006636164	25.828925815221833	25.921502730257	26.014079707953002	26.10665664842783	26.199233513176331	26.291810455541334	26.384387451455499	26.476964220869334	26.569540998156334	26.662117903721999	26.7546948175385	26.847271658185996	26.939848425712832	27.032425199822665	27.125001928244998	27.217578713440663	27.310155486730999	27.402732430881333	27.495309325050332	27.587886295554163	27.680463222105665	27.773040418212499	27.865617638450502	27.958194684377332	28.050771941539335	28.143349358264999	28.235926804155667	28.32850425697367	28.421081844404835	28.513659314230665	28.606236769908499	28.698814327566666	28.791391850079666	28.883969043973334	28.976546155602833	29.069123732802503	29.161701209620666	29.254278568269498	29.346855611338665	29.439432595266165	29.532009604768003	29.624586585528832	29.717163720215332	29.809740720851501	29.902317743949833	29.994894800053665	30.087471968254498	30.180049662021499	30.272627141061168	30.365204561427166	30.457781946224667	30.550359792677835	30.642937705888833	30.735515530665165	30.828093312231999	30.920671043351831	31.013248225793834	31.105825276110998	31.198402416457164	31.29098022434933	31.383557680753668	31.476134616059834	31.568711925482834	31.661289488590334	31.753867281967832	31.846444956394162	31.939022173655832	32.031599091662834	32.124176106888832	32.216753227614667	32.309330314068831	32.40190778793167	32.494484997286328	32.587061981056003	32.679639069028504	32.772216400097335	32.864793729841168	32.95737124176317	33.049948217427328	33.142525278663669	33.235102275350002	33.327679388349829	33.420256468282837	33.512833637046	33.605410869896332	33.697988126509166	33.790565439650337	33.883142905256832	33.975720243305503	34.068297206685997	34.160874220252502	34.25345134253417	34.346028242731499	34.438605165948999	34.531181989300499	34.623758960507502	34.716336318527667	34.80891379251733	34.901491349183829	34.994068765013331	35.086646059635498	35.179223508424165	35.271801121792329	35.364378640174834	35.456955777604165	35.549532902373663	35.642110283418837	35.734687637844502	35.827265365674002	35.919842543984331	36.012419582728995	36.104996818425498	36.197573844036	36.290150904445163	36.382728161035331	36.4753056483545	36.567883079702668	36.660460606734503	36.753038089715666	36.845615540902834	36.938192938630664	37.030770596235335	37.123347889403497	37.215925099364	37.30850244504267	37.40107988722233	37.493657281246328	37.586234747977663	37.678812265078165	37.771389798914335	37.863967481450828	37.956545454402665	38.049122850703334	38.141700013800829	38.234277285777331	38.326855152119663	38.4194332160315	38.512010969156499	38.60458848724867	38.697165831947167	38.789743682101332	38.882321503199329	38.974898530289003	39.067475654014167	39.160052819993666	39.252630065933332	39.345207247123668	39.437784543381831	39.530361863344332	39.622939233478498	39.715516427400999	39.808093672441665	39.900671330230665	39.993248936602335	40.085826528748996	40.178404055169828	40.270981628552661	40.363559123477998	40.456136284441833	40.548713597963165	40.641290729465332	40.733868012956997	40.826445414822331	40.9190228729165	41.011600490333336	41.104178021837164	41.196755527335164	41.289333151681497	41.381910624813166	41.474488258772332	41.567065658605166	41.659642912024168	41.752220567862167	41.844798350936834	41.937376121251667	42.029953884935502	42.122531637461663	42.215109058265334	42.307686191828665	42.400263513580498	42.492840792096338	42.585418252295838	42.677995916634828	42.77057338946166	42.863150523011832	42.955727757148168	43.048305293283995	43.14088258489133	43.233459885641828	43.326037240387663	43.418614874290668	43.511192493111331	43.60376985274916	43.696347104779498	43.788924424187329	43.881501637964838	43.974079157016831	44.066656446001502	44.159233745119671	44.251810983447001	44.344388879358164	44.436967125574661	44.52954495806167	44.622122989910665	44.714700964307831	44.807279202476671	44.899857235710833	44.99243529787816	45.085013143217168	45.177590411603497	45.270167652562172	45.362745231597501	45.455323330583326	45.547901251691336	45.640478556127334	45.733055942844999	45.825633875787169	45.91821208150683	46.010789691297994	46.103367365943001	46.195944950823332	46.288522358346832	46.381099648906002	46.473676995222661	46.566254171325667	46.658831365819829	46.751408839615337	46.843986645257999	46.936564524049501	47.029142325141834	47.121720251251162	47.214298207117992	47.306875865553167	47.39945338052167	47.492031146732664	47.584608897507671	47.677186454958331	47.769763935673502	47.862341505063334	47.954919058463659	48.047496652730672	48.140074114408165	48.232651691287664	48.325229441869503	48.417807045238327	48.510384553573168	48.602962213366666	48.695539880808333	48.788117878344835	48.880695711921661	48.973273222998337	49.065850624532501	49.158427967560499	49.251005423855332	49.343582811101165	49.436160451849332	49.528738543576665	49.621316590094331	49.713894308570332	49.806471974693999	49.899049619966661	49.9916276278175	50.084205684744006	50.176783664344001	50.269361618465169	50.36193919434033	50.454516693994826	50.547094210009831	50.639671710248827	50.732249548139833	50.824827130048831	50.917404769189829	51.009982462073829	51.102560079346667	51.19513772405567	51.287715656215333	51.380293663750003	51.472871576997335	51.565449244071999	51.658026882552996	51.750604618209827	51.843182372339832	51.935760106729667	52.028338093076997	52.120916158140162	52.213493700724996	52.306071253913331	52.398649342617496	52.491227935072999	52.583806389690999	52.67638431151267	52.768962397858999	52.861540613529833	52.954118925450494	53.046696939075332	53.139274892549167	53.231852919914665	53.324430856232162	53.417008824631999	53.50958674364567	53.602164280479663	53.694741872677668	53.787319809982499	53.879897610823335	53.972475542645171	54.065053571183334	54.157631656694164	54.250209290571661	54.342787005839497	54.435364727677495	54.527942483662336	54.620520204047828	54.713097877173993	54.805675492994162	54.898252995067665	54.990830655939497	55.083408205970997	55.175985980687827	55.268564073736499	55.361142047629336	55.453719724266499	55.546297134709995	55.638874581664666	55.731451969380664	55.824029484134499	55.916607324174166	56.009185203599664	56.10176303458217	56.194340873610663	56.286918709126333	56.379496659735828	56.472074697397836	56.564652700321993	56.657230432918169	56.749808133010504	56.842385718417326	56.934963211380165	57.027540890407671	57.120118603496664	57.212696342771167	57.305273857924668	57.397851542636666	57.490429554076663	57.58300748513917	57.67558526602933	57.768162695462493	57.86074044328366	57.953318515292999	58.045896669451828	58.138474719892997	58.231052367038664	58.323630154663668	58.41620824432583	58.508786448173993	58.601364946352	58.693943450285332	58.786521744687825	58.879099816221832	58.971677806540164	59.064255964657171	59.156834896747164	59.249413075222328	59.341990810903667	59.434568697653333	59.527147143108998	59.619726112567172	59.712304327655666	59.804881807994995	59.897459577077001	59.990037795857162	60.082616150453163	60.175194024913168	60.267771722805662	60.360349519586002	60.452927266742329	60.545505163075163	60.638083270052498	60.7306614867245	60.823239545751498	60.91581770917383	61.008395523714164	61.100973125818165	61.193550699860992	61.286128167434327	61.378705729633495	61.471283346495163	61.563861023610833	61.656438928501991	61.74901675678133	61.841594452639995	61.934172216324825	62.026749741847333	62.119327232518664	62.211904759896001	62.304482170509999	62.397059695446998	62.489637338151503	62.582214995636498	62.674792685965173	62.767370364922662	62.859947941179001	62.952525543926498	63.045103240024666	63.137681056750665	63.230258852806834	63.322836990345998	63.415414806133661	63.507992600337829	63.600570372904329	63.693148263164161	63.78572599838067	63.878303838505836	63.970881605761505	64.063459452002661	64.156037613794823	64.248615464967671	64.341193291556493	64.433771153474837	64.526349091468006	64.618927137982496	64.711504808826504	64.804082562570841	64.896660382095334	64.989238043040672	65.081815838055505	65.174393696792663	65.266971517093836	65.359549278986663	65.452127107160507	65.544704998854158	65.637283072143831	65.729861255694829	65.822439630516669	65.915017750454169	66.007595890206332	66.100174075279995	66.192752757954992	66.285331500096504	66.37790958140134	66.470487735585507	66.563066294043665	66.655645394920825	66.748224287885833	66.840802563624834	66.933380628796669	67.025958813060839	67.118537523347996	67.211115677654831	67.303693401947001	67.396271599732003	67.488849752852829	67.581427908879164	67.674005633139501	67.766583542358504	67.859161678423504	67.951739921004659	68.044318144000158	68.136896391234998	68.229474618159003	68.322052861802007	68.41463059194767	68.507208463834999	68.599786372075002	68.692364478049498	68.784942687540664	68.877520762918664	68.970098694876327	69.06267688888866	69.155255165654836	69.233011620341003	2.0449528694152801	2.0937352180480899	2.09806823730468	2.1017711162567099	2.1049778461456299	2.1078028678893999	2.1107041835784899	2.11331915855407	2.1157815456390301	2.1179957389831499	2.1202862262725799	2.1224813461303702	2.1246192455291699	2.12654709815979	2.1286656856536799	2.1305744647979701	2.1325213909149099	2.1342394351959202	2.1359381675720202	2.1377897262573198	2.1394121646881099	2.1410727500915501	2.1427142620086599	2.1442604064941402	2.1459400653839098	2.1475434303283598	2.1491277217864901	2.1506357192993102	2.1519718170165998	2.1536324024200399	2.1551022529602002	2.1563811302185001	2.1578507423400799	2.1592252254486	2.1606566905975302	2.1620118618011399	2.1633481979370099	2.1646077632903999	2.1658294200897199	2.1671845912933301	2.1685209274291899	2.1699333190917902	2.17092585563659	2.17228102684021	2.1736364364624001	2.1746861934661799	2.1759650707244802	2.1771101951599099	2.1783699989318799	2.1795725822448699	2.1805460453033398	2.1818439960479701	2.18281745910644	2.1839628219604399	2.1850888729095401	2.1862723827361998	2.1873986721038801	2.1885247230529701	2.18957448005676	2.1905670166015598	2.1916360855102499	2.1926858425140301	2.1937546730041499	2.19482374191284	2.1958925724029501	2.19669413566589	2.19778227806091	2.1988511085510201	2.1997101306915199	2.20085525512695	2.2017905712127601	2.20272588729858	2.2036230564117401	2.2046728134155198	2.2055318355560298	2.2065434455871502	2.2073261737823402	2.2082996368408199	2.2094256877899099	2.2101509571075399	2.2109909057617099	2.2119262218475302	2.21274709701538	2.2139112949371298	2.2145030498504599	2.2155337333679199	2.2160873413085902	2.21707987785339	2.2177860736846902	2.2187404632568302	2.2197139263153001	2.2205538749694802	2.2212219238281201	2.2221381664276101	2.2228252887725799	2.2238178253173801	2.2244095802307098	2.2251920700073198	2.2260892391204798	2.2270054817199698	2.2277307510375901	2.22853255271911	2.2292006015777499	2.2299067974090501	2.23065114021301	2.2313957214355402	2.23221635818481	2.2330753803253098	2.2335333824157702	2.23439240455627	2.2352705001831001	2.23576664924621	2.2366638183593701	2.23729372024536	2.2380380630493102	2.23872542381286	2.2393553256988499	2.24006152153015	2.2406914234161301	2.2415120601653999	2.2421228885650599	2.2427527904510498	2.2433826923370299	2.2442035675048801	2.2448525428771902	2.2455015182495099	2.2461123466491699	2.24674224853515	2.2472765445709202	2.2480211257934499	2.24874639511108	2.2492043972015301	2.2498724460601802	2.2504069805145201	2.2511131763458199	2.25187683105468	2.2524111270904501	2.2529647350311199	2.2536709308624201	2.2542245388031001	2.25494980812072	2.2555415630340501	2.25611424446106	2.2566103935241699	2.2573168277740399	2.2577939033508301	2.2585382461547798	2.2591490745544398	2.2596263885497998	2.26016068458557	2.2606189250946001	2.2613060474395699	2.2617831230163499	2.2624320983886701	2.2630813121795601	2.26344394683837	2.2642073631286599	2.2647037506103498	2.2650663852691602	2.2657725811004599	2.2663261890411301	2.2668223381042401	2.26739501953125	2.2679486274719198	2.26848292350769	2.2689030170440598	2.2695519924163801	2.26991462707519	2.2705063819885201	2.2710406780242902	2.27155613899231	2.2720522880554199	2.27264404296875	2.2729303836822501	2.2735793590545601	2.2740566730499201	2.2745337486267001	2.2750492095947199	2.2756791114807098	2.27607989311218	2.27672886848449	2.27720618247985	2.2776451110839799	2.2782177925109801	2.2784657478332502	2.2791340351104701	2.2795920372009202	2.27997374534606	2.2805082798004102	2.2810044288635201	2.2814817428588801	2.28197789192199	2.2823407649993901	2.2828559875488201	2.2834668159484801	2.2838866710662802	2.2842111587524401	2.28474569320678	2.2851464748382502	2.2857000827789302	2.2860627174377401	2.2864825725555402	2.2870171070098801	2.28747534751892	2.2879142761230402	2.2883532047271702	2.2887923717498699	2.2893075942993102	2.2897276878356898	2.29026198387146	2.2904529571533199	2.2909874916076598	2.2915408611297599	2.2918272018432599	2.2923808097839302	2.2928006649017298	2.2932207584381099	2.2936215400695801	2.2939651012420601	2.2944993972778298	2.2947857379913299	2.29520583152771	2.2957019805908199	2.29610276222229	2.29646563529968	2.2969236373901301	2.29736256599426	2.29766798019409	2.2981071472167902	2.2985079288482599	2.29892778396606	2.29936695098877	2.2996723651885902	2.3001303672790501	2.3005883693695002	2.3010084629058798	2.3013901710510201	2.3016955852508501	2.3021154403686501	2.30247807502746	2.30284094810485	2.30326080322265	2.3036425113677899	2.3039479255676198	2.3043868541717498	2.3048450946807799	2.30526494979858	2.30560851097106	2.3060858249664302	2.30646753311157	2.3068110942840501	2.3071928024291899	2.30738377571106	2.3078989982604901	2.30816626548767	2.3086626529693599	2.3090252876281698	2.3093116283416699	2.3097124099731401	2.3100941181182799	2.3102660179138099	2.3106095790863002	2.3110866546630802	2.3115830421447701	2.31177377700805	2.3123464584350502	2.3127090930938698	2.3129000663757302	2.3133580684661799	2.3136634826660099	2.3139498233795099	2.3144843578338601	2.3147706985473602	2.3150761127471902	2.3154768943786599	2.3158395290374698	2.3159923553466801	2.3163931369781401	2.3167557716369598	2.31715655326843	2.31750011444091	2.3176910877227699	2.3181490898132302	2.3184926509857098	2.3189318180084202	2.31914162635803	2.3195617198943999	2.3198096752166699	2.3201341629028298	2.3204395771026598	2.32084059715271	2.32101225852966	2.3215467929839999	2.3218712806701598	2.3224058151245099	2.3224630355834899	2.32274937629699	2.3231120109558101	2.3233602046966499	2.3236272335052401	2.3241045475006099	2.3244099617004301	2.3246772289276101	2.3249826431274401	2.32547879219055	2.3256697654724099	2.3258795738220202	2.32629966735839	2.3266432285308798	2.3270249366760201	2.3272731304168701	2.32752108573913	2.32794117927551	2.3283228874206499	2.32855200767517	2.328857421875	2.32908630371093	2.3293917179107599	2.3297736644744802	2.3300597667693999	2.33046078681945	2.3307087421417201	2.33103322982788	2.33124327659606	2.3315868377685498	2.3319494724273602	2.3320832252502401	2.3324840068817099	2.3326940536499001	2.3329229354858398	2.3333239555358798	2.3336293697357098	2.33383917808532	2.3341636657714799	2.3345263004302899	2.3347744941711399	2.3350036144256499	2.3353090286254798	2.3357670307159402	2.33597707748413	2.3363015651702801	2.33649230003356	2.3369123935699401	2.3372368812561	2.33735132217407	2.3376948833465501	2.3379049301147399	2.3383247852325399	2.3386301994323699	2.3389356136321999	2.3391647338867099	2.33935546875	2.3397183418273899	2.34000444412231	2.3402335643768302	2.3407108783721902	2.3408253192901598	2.34095883369445	2.3413598537445002	2.3414933681488002	2.3418941497802699	2.34200882911682	2.3423523902893	2.3427531719207701	2.3429250717163002	2.34338307380676	2.3436694145202601	2.3439366817474299	2.3440701961517298	2.3443374633789	2.3447382450103702	2.3449101448059002	2.3451008796691801	2.3454062938690101	2.3458073139190598	2.346036195755	2.3462843894958501	2.3465707302093501	2.3469333648681601	2.3471052646636901	2.34729599952697	2.3476967811584402	2.3478305339813201	2.3480212688446001	2.3484032154083199	2.3487467765808101	2.3489184379577601	2.3493385314941402	2.3495674133300701	2.34972023963928	2.3499875068664502	2.3502926826477002	2.3505980968475302	2.3508272171020499	2.3509991168975799	2.3513998985290501	2.3514952659606898	2.3519535064697199	2.3521442413329998	2.3524687290191602	2.3525643348693799	2.3528504371643	2.3531367778778001	2.3534231185913002	2.35357594490051	2.3539958000183101	2.3542821407318102	2.3545494079589799	2.35472106933593	2.3549120426177899	2.35527467727661	2.3555991649627601	2.3555610179901101	2.3560764789581299	2.3561909198760902	2.3565726280212398	2.3567826747894198	2.3570880889892498	2.3573553562164302	2.3575270175933798	2.3576989173889098	2.35792779922485	2.3581759929656898	2.3585004806518501	2.3588631153106601	2.3590731620788499	2.35930228233337	2.3596839904785099	2.3598937988281201	2.35991287231445	2.36021828651428	2.3606002330779998	2.3607337474822998	2.3610200881957999	2.3612873554229701	2.3616690635681099	2.3618025779724099	2.3619935512542698	2.3622989654540998	2.3624134063720699	2.3627760410308798	2.3631389141082701	2.3632724285125701	2.3634250164031898	2.3637495040893501	2.3641123771667401	2.3644940853118901	2.36472296714782	2.3647994995117099	2.3650476932525599	2.3652575016021702	2.3655438423156698	2.3658492565154998	2.3660402297973602	2.3662309646606401	2.3666126728057799	2.3667082786560001	2.36703276634216	2.3672807216644198	2.3675670623779301	2.3675670623779301	2.3679296970367401	2.36829257011413	2.36842608451843	2.36859798431396	2.3689987659454301	2.3692278861999498	2.3694567680358798	2.3697240352630602	2.3698384761810298	2.3702013492584202	2.3704683780670099	2.37058305740356	2.3708693981170601	2.3710029125213601	2.3714036941528298	2.3715183734893799	2.3719191551208501	2.3721864223480198	2.3723771572113002	2.3725490570068302	2.3727397918701101	2.37300705909729	2.37340807914733	2.37354159355163	2.3737325668334899	2.37396144866943	2.3742477893829301	2.37449598312377	2.3748395442962602	2.3748586177825901	2.37518310546875	2.3756413459777801	2.3755838871002202	2.37600398063659	2.37627124786377	2.3765192031860298	2.3765192031860298	2.3768818378448402	2.3771300315856898	2.3772828578948899	2.3775498867034899	2.3778936862945499	2.37817978858947	2.3782753944396902	2.3785808086395201	2.3788480758666899	2.37903881072998	2.3791341781616202	2.3794970512390101	2.37974500656127	2.3798978328704798	2.3802413940429599	2.3805658817291202	2.3808522224426198	2.3810048103332502	2.3810048103332502	2.3814058303832999	2.3817684650421098	2.38186383247375	2.3819782733917201	2.3822836875915501	2.3825509548187198	2.3827228546142498	2.3830091953277499	2.3832380771636901	2.3835434913635201	2.3836963176727202	2.3838298320770201	2.3841924667358398	2.3843643665313698	2.3846125602722101	2.3848032951354901	2.3851277828216499	2.3852231502532901	2.3854904174804599	2.3857767581939702	2.38602495193481	2.3860058784484801	2.3863875865936199	2.38663578033447	2.3869602680206299	2.3871319293975799	2.3871893882751398	2.3874948024749698	2.38776183128356	2.38806724548339	2.3884108066558798	2.3885445594787602	2.38867807388305	2.3888690471649099	2.3891172409057599	2.3894417285919101	2.3896133899688698	2.3899569511413499	2.3901288509368901	2.3903768062591499	2.390625	2.3908541202545099	2.3909876346588099	2.3911595344543399	2.39144587516784	2.3916175365447998	2.3919610977172798	2.3921902179718	2.3922092914581299	2.3926293849945002	2.39283919334411	2.3929920196533199	2.39327836036682	2.3936219215393	2.3938317298889098	2.3939845561981201	2.3941943645477202	2.3945953845977699	2.3946716785430899	2.3949389457702601	2.39512968063354	2.3953588008880602	2.3955116271972599	2.3957405090332	2.39591240882873	2.3962368965148899	2.3964657783508301	2.3967330455779998	2.3969240188598602	2.3971912860870299	2.3972294330596902	2.39761114120483	2.3977639675140301	2.3981075286865199	2.39826011657714	2.3985083103179901	2.3986608982086102	2.3989090919494598	2.39917635917663	2.3993864059448198	2.39959621429443	2.3998634815215998	2.4001688957214302	2.40037894248962	2.40068435668945	2.4008560180664	2.40102791786193	2.4012567996978702	2.40133333206176	2.4016959667205802	2.4018104076385498	2.4021348953246999	2.40238308906555	2.4026312828063898	2.4028220176696702	2.4030892848968501	2.4032611846923801	2.4035665988922101	2.40364289283752	2.4041008949279701	2.4041774272918701	2.4043872356414702	2.4046354293823198	2.4047689437866202	2.4050362110137899	2.4053416252136199	2.4054369926452601	2.4058189392089799	2.4060287475585902	2.4061434268951398	2.4063341617584202	2.4066014289855899	2.4069640636443999	2.4070787429809499	2.4072885513305602	2.4076130390167201	2.4077467918396001	2.4079566001892001	2.40828108787536	2.40841484069824	2.4087011814117401	2.4089491367339999	2.4090447425842201	2.4093501567840501	2.4095599651336599	2.4096364974975502	2.4099991321563698	2.4101898670196502	2.4104952812194802	2.4106671810150102	2.4108579158782901	2.4111633300781201	2.41135430335998	2.4114687442779501	2.4116978645324698	2.4120032787322998	2.4123468399047798	2.41244220733642	2.41274762153625	2.41288137435913	2.41318678855896	2.4133393764495801	2.4135494232177699	2.4137976169586102	2.41400742530822	2.4141983985900799	2.4143891334533598	2.41479015350341	2.4150571823120099	2.4151909351348801	2.4154772758483798	2.4158589839935298	2.41587805747985	2.4161071777343701	2.4162788391113201	2.4163935184478702	2.4168515205383301	2.4169468879699698	2.4172332286834699	2.4174242019653298	2.4176533222198402	2.4179012775421098	2.4181494712829501	2.4185121059417698	2.4187412261962802	2.4188365936279301	2.4190657138824401	2.4192948341369598	2.4196383953094398	2.4197909832000701	2.4199628829956001	2.4201917648315399	2.4204971790313698	2.4205737113952601	2.4209172725677401	2.4210317134857098	2.42141342163085	2.4215853214263898	2.42185258865356	2.4220433235168399	2.4221961498260498	2.4224441051483101	2.4227879047393799	2.4229595661163299	2.4231696128845202	2.4235131740570002	2.42358946800231	2.4238376617431601	2.42397117614746	2.42433381080627	2.4246010780334402	2.4246773719787602	2.4250018596649099	2.4252119064331001	2.4253456592559801	2.4257273674011199	2.4259371757507302	2.4260900020599299	2.42637634277343	2.4267008304595898	2.4268915653228702	2.4270634651184002	2.4274833202361998	2.4275214672088601	2.4278268814086901	2.4279606342315598	2.4281704425811701	2.4283423423767001	2.4287812709808301	2.4288575649261399	2.4292013645172101	2.4294874668121298	2.4295449256896902	2.4298119544982901	2.4300220012664702	2.4302892684936501	2.4305565357208199	2.4307472705840998	2.4309191703796298	2.4313008785247798	2.43143463134765	2.4316444396972599	2.4318354129791202	2.4321217536926198	2.4323124885559002	2.4326369762420601	2.4327135086059499	2.43313336372375	2.4333431720733598	2.4334578514099099	2.43374419212341	2.4339923858642498	2.4342403411865199	2.4342784881591801	2.4346604347228999	2.4349658489227202	2.4351565837860099	2.4354429244995099	2.4356720447540199	2.4356911182403498	2.43609189987182	2.43637824058532	2.4366264343261701	2.4367218017578098	2.4370462894439702	2.4372563362121502	2.4375236034393302	2.4378097057342498	2.4378862380981401	2.43803882598877	2.43851613998413	2.4385352134704501	2.43885970115661	2.4390504360198899	2.43941307067871	2.4395849704742401	2.4397566318511901	2.4398713111877401	2.4402148723602202	2.4404630661010698	2.4407110214233398	2.4408829212188698	2.4412264823913499	2.44128370285034	2.4417228698730402	2.44181823730468	2.4419708251953098	2.4422953128814702	2.4425625801086399	2.44271540641784	2.4429061412811199	2.4430780410766602	2.44349789619445	2.4436507225036599	2.44380331039428	2.4440515041351301	2.44435691833496	2.44466233253479	2.4448149204254102	2.4450249671936	2.44513940811157	2.4455211162567099	2.44580745697021	2.4459602832794101	2.4462466239929199	2.4464182853698699	2.4465520381927401	2.4468574523925701	2.4471628665924001	2.4472010135650599	2.4475445747375399	2.44779276847839	2.4480597972869802	2.4482126235961901	2.4484989643096902	2.4487662315368599	2.4490332603454501	2.44922423362731	2.4494342803954998	2.4497013092040998	2.4498732089996298	2.4499495029449401	2.4501023292541499	2.27369856834411	2.2292387485504102	2.22515392303466	2.2217564582824698	2.21877861022949	2.2157247066497798	2.2132432460784899	2.2107808589935298	2.2083377838134699	2.2060854434967001	2.2040047645568799	2.2017333507537802	2.1997864246368399	2.1977059841156001	2.1958353519439702	2.1938502788543701	2.1920368671417201	2.1900136470794598	2.1882956027984601	2.1865587234496999	2.1846499443054199	2.18312287330627	2.1813287734985298	2.1796298027038499	2.17804551124572	2.1764039993286102	2.1747052669525102	2.1730256080627401	2.1714794635772701	2.1699905395507799	2.1683490276336599	2.1668601036071702	2.1652760505676198	2.1637489795684801	2.16229820251464	2.1607711315154998	2.15930151939392	2.1577744483947701	2.1562855243682799	2.1546821594238201	2.15349888801574	2.1518955230712802	2.15050196647644	2.1490705013275102	2.1477344036102202	2.14634084701538	2.14498567581176	2.1435923576354901	2.1420271396636901	2.1409010887146001	2.1395456790924001	2.1383240222930899	2.1368544101714999	2.1356327533721902	2.1341629028320299	2.1329414844512899	2.1317389011382999	2.1302309036254798	2.1290857791900599	2.12794041633606	2.1266233921050999	2.1254208087921098	2.12412285804748	2.1230540275573699	2.1216797828674299	2.1205344200134202	2.11948466300964	2.11826300621032	2.1171557903289702	2.11597251892089	2.1147699356079102	2.1137773990631099	2.1125748157501198	2.1113913059234601	2.1103415489196702	2.1093871593475302	2.1082420349121	2.1073257923126198	2.1061422824859601	2.1050925254821702	2.1041381359100302	2.1029736995696999	2.10217213630676	2.1009886264800999	2.10001516342163	2.0991370677947998	2.0982208251953098	2.0972092151641801	2.0963504314422599	2.0954723358154301	2.09432697296142	2.0935254096984801	2.09245634078979	2.0916357040405198	2.09064316749572	2.0899369716644198	2.0888869762420601	2.08816170692443	2.0873026847839302	2.0864057540893501	2.0856802463531401	2.0846877098083501	2.0837714672088601	2.0831224918365399	2.0822255611419598	2.0813283920288002	2.0806221961975102	2.0797822475433301	2.0789041519164999	2.0782551765441801	2.0774154663085902	2.0766899585723801	2.0759074687957701	2.0752394199371298	2.0742659568786599	2.0736169815063401	2.07298707962036	2.0721852779388401	2.0714790821075399	2.0705819129943799	2.06995201110839	2.0693411827087398	2.0686349868774401	2.0679287910461399	2.06716537475585	2.06651639938354	2.0657718181610099	2.0650465488433798	2.0644166469573899	2.06357669830322	2.0631186962127601	2.0623934268951398	2.0615534782409601	2.0610764026641801	2.0603508949279701	2.0596446990966801	2.0590147972106898	2.05819416046142	2.0576214790344198	2.05699157714843	2.05632352828979	2.0556173324584899	2.0549683570861799	2.0543956756591801	2.0538039207458501	2.05307865142822	2.0524487495422301	2.0518760681152299	2.0511889457702601	2.0505399703979399	2.0500817298889098	2.0494136810302699	2.04878377914428	2.0482304096221902	2.0474858283996502	2.0469322204589799	2.0461115837097101	2.04582524299621	2.0452716350555402	2.0446035861968901	2.0440692901611301	2.0434203147888099	2.0428667068481401	2.0422940254211399	2.0416831970214799	2.0409770011901802	2.0404996871948198	2.03998446464538	2.03944993019104	2.0388009548187198	2.0383048057556099	2.0376558303832999	2.0371403694152801	2.0365867614746	2.0361287593841499	2.0354988574981601	2.03490710258483	2.0342199802398602	2.03381919860839	2.0332655906677202	2.0325403213500901	2.0322349071502601	2.0316812992095898	2.0310895442962602	2.0305550098419101	2.0299060344696001	2.0294861793518	2.0287990570068302	2.0283792018890301	2.0279018878936701	2.0273482799529998	2.0268521308898899	2.0262031555175701	2.0256876945495601	2.02509593963623	2.0247523784637398	2.02406525611877	2.02362632751464	2.0230154991149898	2.0227673053741402	2.0221564769744802	2.0215265750885001	2.0210304260253902	2.0205149650573699	2.0201141834259002	2.0196750164031898	2.0191788673400799	2.01851081848144	2.01803350448608	2.0175373554229701	2.0171747207641602	2.0166020393371502	2.01616311073303	2.0157048702239901	2.0150558948516801	2.01465511322021	2.0141015052795401	2.0136625766754102	2.0133380889892498	2.0126891136169398	2.01213550567627	2.01169657707214	2.0112764835357599	2.01097106933593	2.0103986263275102	2.00982594490051	2.0095586776733398	2.0088715553283598	2.0084133148193302	2.0079934597015301	2.00753545761108	2.00705814361572	2.0065429210662802	2.0060846805572501	2.0058174133300701	2.0052256584167401	2.00474858283996	2.0042521953582701	2.00379419326782	2.00354599952697	2.0029160976409899	2.0026106834411599	2.0021336078643799	2.0016181468963601	2.0011792182922301	2.0009119510650599	2.00024390220642	1.9999192953109699	1.9993658065795901	1.9989267587661701	1.99864041805267	1.99812507629394	1.9976669549942001	1.99730432033538	1.9967507123947099	1.99634993076324	1.99591088294982	1.99547183513641	1.9950710535049401	1.9945747852325399	1.9941929578781099	1.9937158823013299	1.9932768344879099	1.99300956726074	1.9924942255020099	1.9920742511749201	1.99161612987518	1.99127256870269	1.99083364009857	1.9904327392578101	1.99001276493072	1.9896882772445601	1.98905837535858	1.98875308036804	1.9883903264999301	1.98787498474121	1.9875123500823899	1.98714971542358	1.9866533279418901	1.9863480329513501	1.9860426187515201	1.9855271577835001	1.98510730266571	1.9847446680068901	1.9842482805252	1.9839237928390501	1.98350393772125	1.9830839633941599	1.9827022552490201	1.9824349880218499	1.9819577932357699	1.98149967193603	1.9810415506362899	1.98064076900482	1.98025906085968	1.9801063537597601	1.97955274581909	1.9791901111602701	1.97869384288787	1.9784265756607	1.9779684543609599	1.97751033306121	1.97726225852966	1.9768613576889	1.9764033555984499	1.97607886791229	1.9756588935852	1.9754680395126301	1.9749908447265601	1.97460901737213	1.9740936756134	1.97382640838623	1.97340655326843	1.97296750545501	1.97262394428253	1.97222304344177	1.9718222618103001	1.9714787006378101	1.9711160659789999	1.9708297252655	1.9704670906066799	1.97006618976593	1.96970355510711	1.9693026542663501	1.96884453296661	1.96857738494873	1.9682910442352199	1.96785199642181	1.9676420688629099	1.96714580059051	1.9668594598770099	1.9663822650909399	1.96598148345947	1.9656951427459699	1.96529424190521	1.96498882770538	1.9647216796875	1.9643589258193901	1.9641299247741699	1.9634809494018499	1.96325194835662	1.9628319740295399	1.9624119997024501	1.9621829986572199	1.9617058038711499	1.96147668361663	1.9610949754714899	1.9607514142990099	1.9604841470718299	1.95994973182678	1.9597588777542101	1.95933890342712	1.9589381217956501	1.9587663412094101	1.95851814746856	1.95783102512359	1.95760190486908	1.95731556415557	1.95687663555145	1.9565521478652901	1.95622766017913	1.9558458328246999	1.9555022716522199	1.9551968574523899	1.9548914432525599	1.9545860290527299	1.95426154136657	1.9538989067077599	1.9534981250762899	1.95319271087646	1.9529445171356199	1.9525628089904701	1.9522192478179901	1.9518756866455	1.9514366388320901	1.9511312246322601	1.95088303089141	1.95063495635986	1.9502149820327701	1.9499095678329399	1.9493942260742101	1.9493370056152299	1.94893610477447	1.94849705696106	1.94828712940216	1.9479244947433401	1.9475427865982	1.9472182989120399	1.94698917865753	1.9466837644577	1.9461874961853001	1.9458820819854701	1.9456530809402399	1.94525218009948	1.9449276924133301	1.9445650577545099	1.94425964355468	1.9440497159957799	1.9437824487686099	1.94347703456878	1.9429235458373999	1.94277083873748	1.94225549697876	1.9420263767242401	1.9417973756790099	1.94139647483825	1.9410529136657699	1.9407665729522701	1.9404611587524401	1.9400603771209699	1.9398504495620701	1.9396213293075499	1.93922054767608	1.9389723539352399	1.9386287927627499	1.9383805990219101	1.9379798173904399	1.9376362562179501	1.93738806247711	1.9370635747909499	1.93673908710479	1.93635737895965	1.93618559837341	1.93578469753265	1.9354983568191499	1.9352502822875901	1.93496394157409	1.9345058202743499	1.9342958927154501	1.93393325805664	1.93362784385681	1.9334369897842401	1.93315064907074	1.93274974822998	1.9324252605438199	1.93213891983032	1.9318336248397801	1.93141365051269	1.9312227964401201	1.93097460269928	1.93063104152679	1.9302684068679801	1.9299248456954901	1.92963850498199	1.9294857978820801	1.92937123775482	1.92885589599609	1.9287031888961701	1.92820692062377	1.9279205799102701	1.92767250537872	1.9274052381515501	1.92711889743804	1.9266607761382999	1.9264508485794001	1.92603087425231	1.9258781671523999	1.9256110191345199	1.92511475086212	1.92498111724853	1.92463755607605	1.92429399490356	1.9240648746490401	1.9238740205764699	1.9235876798629701	1.92312955856323	1.92295777797699	1.92251873016357	1.9223661422729399	1.9219843149185101	1.9216789007186801	1.9213734865188601	1.9212017059326101	1.92074358463287	1.92061007022857	1.9203428030014	1.9200564622878999	1.9196364879608101	1.9194265604019101	1.9190257787704399	1.91873943805694	1.91860580444335	1.91822409629821	1.9179377555847099	1.91774690151214	1.9175560474395701	1.9171169996261599	1.91675436496734	1.91644895076751	1.9163343906402499	1.9160099029541	1.9157807826995801	1.91549456119537	1.9152463674545199	1.9149982929229701	1.9145210981369001	1.9142919778823799	1.9140439033508301	1.9137766361236499	1.91337573528289	1.9132039546966499	1.9129558801651001	1.9126123189926101	1.91232597827911	1.9120777845382599	1.91171514987945	1.91158151626586	1.91123795509338	1.91079890727996	1.9107035398483201	1.91037905216217	1.9102263450622501	1.90984451770782	1.90955829620361	1.90925288200378	1.9089665412902801	1.90864205360412	1.9085274934768599	1.90810763835907	1.90789759159088	1.90755403041839	1.90728676319122	1.90694320201873	1.90677142143249	1.9065424203872601	1.90638971328735	1.9058934450149501	1.90568339824676	1.9054162502288801	1.9050917625427199	1.9048435688018801	1.9044427871704099	1.9042327404022199	1.90400373935699	1.90373647212982	1.9034883975982599	1.9032783508300699	1.9029347896575901	1.9026676416396999	1.90240037441253	1.90213310718536	1.9018468856811499	1.9016368389129601	1.90135049819946	1.9010642766952499	1.90079700946807	1.90056800842285	1.9002816677093499	1.8999381065368599	1.899747133255	1.89940357208252	1.8991936445236199	1.89892637729644	1.8985637426376301	1.89831566810607	1.89814376831054	1.8977620601653999	1.8976093530654901	1.8973803520202599	1.89688408374786	1.8968076705932599	1.8964831829071001	1.8961205482482899	1.8959106206893901	1.8957387208938601	1.8954906463623	1.89514708518981	1.8949179649353001	1.8945171833038299	1.8943835496902399	1.89415454864502	1.8937727212905799	1.8936581611633301	1.8932573795318599	1.8930474519729601	1.89289474487304	1.8925702571868901	1.8923602104187001	1.8920547962188701	1.89180672168731	1.8915776014328001	1.8913104534149101	1.8909286260604801	1.89064240455627	1.8905278444290099	1.89020335674285	1.88999342918396	1.8897452354431099	1.8894779682159399	1.88903903961181	1.88894355297088	1.88856184482574	1.88842821121215	1.8881418704986499	1.88785552978515	1.8876646757125799	1.8872447013854901	1.88703477382659	1.8868057727813701	1.8865766525268499	1.88629043102264	1.8860613107681199	1.88577497005462	1.88556504249572	1.88525962829589	1.8849351406097401	1.88478243350982	1.88451516628265	1.88413345813751	1.8840571641921999	1.88373267650604	1.88348448276519	1.8831981420516899	1.8829691410064699	1.8827209472656199	1.88239645957946	1.8822820186614899	1.8819383382797199	1.88170933723449	1.88144207000732	1.8812512159347501	1.88092672824859	1.88058316707611	1.88039231300354	1.88014411926269	1.87987697124481	1.8796097040176301	1.87939977645874	1.8792088031768801	1.8789033889770499	1.87854075431823	1.8783308267593299	1.8781208992004299	1.8778727054595901	1.8776437044143599	1.8772428035736	1.87710916996002	1.87688016891479	1.8765556812286299	1.87632656097412	1.8761166334152199	1.8759067058563199	1.8756585121154701	1.87533402442932	1.87506687641143	1.87485682964325	1.8746087551116899	1.87441778182983	1.87411248683929	1.8738261461257899	1.8736160993576001	1.8733489513397199	1.8729671239852901	1.8728336095809901	1.8724327087402299	1.8723372220993	1.8721272945403999	1.87186014652252	1.8715738058090201	1.8714401721954299	1.8710966110229399	1.8708293437957699	1.87067663669586	1.8704285621643	1.87016129493713	1.8700085878372099	1.8697603940963701	1.86937868595123	1.8692259788513099	1.8689205646514799	1.86859607696533	1.8684433698654099	1.86821436882019	1.8678517341613701	1.8675844669342001	1.8674889802932699	1.86725997924804	1.8670117855071999	1.86664915084838	1.86638188362121	1.8661910295486399	1.86590468883514	1.8657711744308401	1.8654466867446899	1.86517941951751	1.86500763893127	1.86477851867675	1.86443495750427	1.86430132389068	1.8639768362045199	1.8638433218002299	1.86357605457305	1.8631751537323	1.8631179332733101	1.86283159255981	1.86265981197357	1.86235439777374	1.8621826171875	1.86180090904235	1.86161005496978	1.8614573478698699	1.86122822761535	1.8608274459838801	1.86057925224304	1.8602929115295399	1.8600829839706401	1.8599493503570499	1.8597394227981501	1.8593767881393399	1.8591667413711499	1.8590713739395099	1.8588231801986601	1.85849869251251	1.85828876495361	1.8580024242401101	1.85788786411285	1.8575633764266899	1.8572962284088099	1.85720074176788	1.8569144010543801	1.8566854000091499	1.85637998580932	1.85615098476409	1.85580730438232	1.85559737682342	1.85536837577819	1.8551774024963299	1.8549674749374301	1.8547384738922099	1.85447120666503	1.85433757305145	1.8539749383926301	1.8538413047790501	1.8534405231475799	1.85328781604766	1.85311603546142	1.8527532815933201	1.8526579141616799	1.8523143529891899	1.85202801227569	1.85185623168945	1.8516080379486	1.8514362573623599	1.85103547573089	1.85103547573089	1.85076820850372	1.8504055738449099	1.85021471977233	1.84981381893158	Cycle 1 0	1.8446930499999998E-5	9.2611352065166658E-2	0.18520409764516665	0.27779693078933332	0.37038969332416666	0.46298238855216667	0.55557528980466664	0.64816818842399992	0.74076099178133326	0.83335412200949999	0.92594697812316662	1.0185397801383334	1.1111327819569998	1.203725591133	1.2963184781404999	1.3889114056511667	1.4815041573554999	1.5740966665485001	1.6666896995455001	1.7592824761338333	1.8518754258580001	1.9444686310886667	2.0370618086656664	2.1296550136733332	2.2222482181915	2.3148411707524996	2.4074340754825001	2.5000270187160001	2.5926198603511668	2.6852127112928335	2.7778055643913335	2.8703980964686666	2.9629906237709998	3.0555833533903334	3.1481761584381664	3.2407683635789999	3.3333609146823333	3.4259537608115003	3.5185468689401667	3.6111391525224996	3.7037318065090004	3.7963249697011667	3.8889178745018329	3.9815104415946663	4.0741026601985002	4.1666953094429999	4.2592888791024999	4.3518823539681666	4.4444756539745001	4.5370690577609993	4.6296624420676666	4.7222553803335003	4.8148486839268338	4.9074416111061661	5.0000345892818334	5.0926274909779998	5.1852203408513331	5.2778136391131669	5.3704069088459994	5.4630002146174999	5.5555934032471672	5.6481865992506668	5.7407797850033333	5.8333729342724991	5.9259658007129996	6.0185587014848334	6.111152134617166	6.2037456812091669	6.296339047738333	6.3889324963086667	6.4815258228033326	6.5741190956455	6.6667123765448331	6.7593057125243332	6.8518990381658327	6.9444923243318328	7.0370856299074998	7.129679085366166	7.2222724982256663	7.3148658139749996	7.4074591034219992	7.5000523921461664	7.5926456986588331	7.6852385727956669	7.7778313605469993	7.870424249348333	7.9630171691531659	8.0556104104420001	8.148203853208166	8.240797280013	8.3333907156464999	8.4259840705108324	8.5185774533914991	8.6111708894538328	8.7037642711461665	8.7963576479538332	8.8889510417116657	8.9815444112143332	9.0741377179015004	9.1667311310746662	9.2593244561178345	9.3519175868844986	9.4445104968498335	9.5371031732796663	9.6296957852249996	9.7222883152658337	9.8148810711739998	9.9074741026853328	10.000066851855999	10.092659728432666	10.185252144159	10.277844423615834	10.370437577088667	10.463030383383165	10.555623135248833	10.648215722019501	10.740808282251166	10.833401106654499	10.925993848236665	11.018586174605002	11.111178317674332	11.203771416602333	11.296364783251665	11.388958047298335	11.481551145895834	11.574144150781333	11.666737254385	11.759329991577999	11.851922680441501	11.944515478165666	12.037108413516332	12.129701031477333	12.222294051712332	12.314887019335167	12.407479986163832	12.500073235603999	12.592666468100999	12.6852597823635	12.777853097248999	12.870446179824834	12.963038955334666	13.055631668113501	13.148224424194332	13.240817603053832	13.333410469356499	13.426003219355	13.518596062486333	13.611189072628834	13.703781653600666	13.796374493580167	13.888967574851998	13.981560093679334	14.074153213139001	14.166746377737999	14.259339571315333	14.351932789751833	14.444525866813667	14.537118756618833	14.629711404422332	14.722304087222165	14.8148968625925	14.907489540669667	15.000082339231	15.092675102527499	15.185268063311835	15.277861134941332	15.370453653967999	15.463046300434334	15.555639336560001	15.648232093940665	15.740824804552666	15.833418081060668	15.926011290199167	16.018604492845999	16.111197585707998	16.2037905796745	16.296383656230166	16.388976628999501	16.481569315091335	16.574162037586166	16.6667549757505	16.759347563124333	16.851939992074666	16.944532590817001	17.037125239030001	17.129717868964999	17.222310202807666	17.3149029783965	17.407495784709333	17.500088555706334	17.592680749391999	17.685273201089835	17.777866171511167	17.870459327546001	17.963052377257167	18.055645127152999	18.148238308125666	18.240831849597168	18.333424939814499	18.426017927943501	18.518610851216668	18.611203863431498	18.703796902412666	18.796390220044998	18.888983294575834	18.981576251267334	19.074169176718666	19.1667618736465	19.259355054174833	19.351948242410998	19.444541274397501	19.537134062459	19.629726799514501	19.722319556458665	19.814912409693502	19.907505238736665	20.000098445773165	20.092691454790334	20.185284201124833	20.277876976910498	20.370470142383333	20.4630632616425	20.555656426494831	20.648249734360835	20.740843091801331	20.833436255101336	20.926029221992835	21.018622104676165	21.111214981547665	21.203807808886999	21.296400516803665	21.388993237916502	21.481585930477163	21.574178664085498	21.666771808694833	21.759364868991835	21.851957823718003	21.944550768224168	22.03714375507333	22.129736714271999	22.222329661157332	22.314922673043334	22.407515865097501	22.500109059851997	22.592702013454499	22.685294840854002	22.777887705788498	22.870480215926335	22.963072707702167	23.055665197162163	23.148257983749165	23.240850735283498	23.333443813907333	23.426036830769167	23.51862969155383	23.611222276565666	23.703814797992997	23.796407006334999	23.888999162557496	23.981591400991501	24.074183264401167	24.166775528588833	24.259368276837833	24.351961325214997	24.444554235048336	24.537146493228498	24.629739020865333	24.722331881248834	24.814924711136833	24.907517314316998	25.00010939766133	25.092701928072998	25.185294508473167	25.277886956619501	25.370479819432997	25.463072903936663	25.555665973463	25.648258930122498	25.740852030268499	25.833445080258834	25.926038157451	26.018631328391834	26.111224530614166	26.203817598609998	26.296410744685833	26.389003927826831	26.481597187318165	26.574190526202834	26.666783705879165	26.759376845390165	26.851969940042668	26.944563158072331	27.037156377845331	27.129749312155166	27.222342220493001	27.314935321444665	27.407528485122164	27.500121487628999	27.592714751084166	27.685308001555835	27.777900840879663	27.870493680964497	27.96308699381683	28.0556802833615	28.148273201399334	28.240866364268832	28.333459687188835	28.426053099590334	28.518646056737666	28.611239011472001	28.703831995435834	28.7964249221925	28.889017969528833	28.981611390142501	29.074204292707996	29.166797215177997	29.259390238182331	29.351983354406833	29.444576478365999	29.537169908009663	29.629763320660167	29.722356596794999	29.814949637566503	29.907542676443832	30.0001355630645	30.092728352994833	30.185321300282499	30.27791481856233	30.370508140593167	30.463101247982834	30.555693798201499	30.648286402232166	30.740879069778668	30.833471911071669	30.926064677124163	31.01865705004283	31.111249130515667	31.203842093890501	31.296435297489666	31.389028547544665	31.481621284802163	31.574213419131169	31.666806470233002	31.7593997655555	31.851992536771665	31.944584808684667	32.037177665326332	32.129771212229002	32.222364696585998	32.314958207138169	32.407551235951836	32.500144038735669	32.592736842875162	32.685329594137499	32.777922753334671	32.870515770720168	32.963109064023165	33.055701879301502	33.148294537773332	33.2408875252125	33.333480590548838	33.426073655881837	33.518666748104337	33.611259915431333	33.7038526038125	33.796445595826832	33.889038640471497	33.981631652120164	34.074224474055832	34.166817235010662	34.25941011246217	34.352002996365165	34.444595861434998	34.537188670292501	34.629782071363664	34.722375419125498	34.81496823674216	34.907561480038666	35.000154561328664	35.092747783290001	35.185341003779996	35.277934176877167	35.370527309705331	35.463120562153833	35.555713763808832	35.648307012740162	35.740900276303833	35.833493372827832	35.926086142791171	36.018678832043669	36.111271443714166	36.203864445517496	36.29645772137183	36.389050535468002	36.481643421255335	36.574236138172665	36.666828802395834	36.759421507929169	36.852014226311333	36.944606970151831	37.037199896555329	37.129792686105333	37.222385691257003	37.314978909357336	37.407571561945829	37.500164070677499	37.592756581940002	37.685349150717336	37.777941796421494	37.870534781102165	37.963127199921836	38.055719669064999	38.148312730546834	38.240905403729336	38.333497966067164	38.426089993592164	38.518682435648337	38.611275271646335	38.703867986515668	38.796460173160334	38.889052229561671	38.981644751047163	39.074237817706837	39.166830465889163	39.259423252829833	39.352015911561004	39.444608741808331	39.537201471882334	39.62979412007833	39.7223867617355	39.814979320001832	39.907572118538333	40.000165280299001	40.092758364786164	40.185351393118999	40.277944284873996	40.370537319358831	40.463129904858995	40.555722475689329	40.648315037953665	40.740907676029501	40.833500600864497	40.926093539113332	41.018686451474331	41.111279304834497	41.203872251703828	41.296464812362167	41.389057227107671	41.481650055795335	41.574242773858494	41.666835170877832	41.759428003371838	41.852020536737328	41.944612829172996	42.037205339696662	42.129797740410332	42.222390108439164	42.314982659870836	42.407575581911004	42.500167989323501	42.592760631526495	42.685353564370502	42.777946510960163	42.870539027204167	42.963131656471838	43.05572419085884	43.148316773028334	43.240909511980661	43.333502340981333	43.426095277904338	43.518688197182335	43.611281153096165	43.703874044533165	43.796467035795835	43.889060133146003	43.981653029413167	44.074245573358333	44.166838246520001	44.259430720448506	44.352022776351504	44.444615369456159	44.537208085986833	44.62980055507083	44.722393055069837	44.814985236871664	44.907577187000001	45.000169678107504	45.092762762151999	45.185355622980836	45.277947904544831	45.370539713401001	45.463132382822835	45.555725480881499	45.648318305527667	45.740910721025003	45.833503326862996	45.926096063479832	46.018688833418835	46.111281568241338	46.203874699543	46.296467914407003	46.389060911235504	46.481653772573829	46.574246483005332	46.666839228240995	46.759432304232831	46.852025320745831	46.944617906683668	47.037211033760499	47.129803846148498	47.222396565110671	47.314989543979998	47.407582771620838	47.50017592442817	47.592769095168663	47.685362282782336	47.777954984520839	47.870547687664669	47.963140563898165	48.055733556476504	48.148326535260338	48.240919591495334	48.333512643669501	48.426105369346672	48.518698124717837	48.611290745928329	48.703883570468498	48.796476107042665	48.889068961347668	48.981662011156004	49.074255065175166	49.166847628781667	49.259440320646831	49.352033471497663	49.444626521804828	49.537219405794666	49.629812154095497	49.72240474992666	49.814997418042665	49.907590009617003	50.000182798995006	50.092775872028	50.1853689344195	50.277962201233336	50.37055539600933	50.463148164284995	50.555741027690836	50.648333762358163	50.74092672433067	50.833519661472998	50.926112689652328	51.018705641903331	51.11129860209266	51.203891000022502	51.29648344842817	51.389076185379835	51.481668863194493	51.574261275079493	51.666853448418003	51.759445685473828	51.852037609179334	51.944629902442337	52.037222569260834	52.129815417268837	52.2224078942875	52.314999719313995	52.407592224771335	52.500184942010335	52.592777678750828	52.685370369927831	52.777963086920167	52.870556391181161	52.963149768395503	53.055743004974332	53.148335907522664	53.240928860830003	53.333521715462162	53.426114861131332	53.518708324793828	53.611301669735667	53.703895033181325	53.79648825232033	53.889081270252667	53.98167470570467	54.074268202853503	54.166861570945493	54.259454856747332	54.352048292197665	54.444641738349667	54.537234932224003	54.629828245365495	54.722421541561665	54.815014714734495	54.907607901116165	55.000201236572501	55.092794465714668	55.185387647864495	55.277980731900662	55.370573978850665	55.463167263717501	55.555760642563335	55.648353836513166	55.740947110795332	55.833540387999662	55.926133644185164	56.018726566160161	56.111319413346827	56.203912226237165	56.296504973934169	56.389097795494166	56.481690580906168	56.574283260628	56.666876042288166	56.759468831317335	56.852061744090001	56.944654438601667	57.037247176493828	57.129839998911997	57.222432675455991	57.315025892929995	57.407619247781	57.500212585040337	57.592805847114995	57.685399014398499	57.777992334945331	57.870585073796164	57.963177774823329	58.055770629147666	58.148363384682334	58.2409560383635	58.333549084776003	58.426142111808169	58.51873504064983	58.611328032270663	58.703920839359334	58.796512989102666	58.88910537026883	58.981698509928826	59.07429174071833	59.166884831742664	59.259477374338502	59.352069671075661	59.444662415286501	59.537255194477503	59.629847918324501	59.722440509086503	59.815033246860004	59.907626681689337	60.000219500412001	60.092812521966501	60.185405434070333	60.277998217988326	60.370591044317834	60.463183854408335	60.555776700434336	60.648370040092836	60.740963460561829	60.833556782662832	60.926149718251494	61.018742637054331	61.111335887292498	61.20392872628517	61.296521889512832	61.389115337581501	61.48170850159066	61.574301925753495	61.666895222234494	61.759488441695161	61.852081619967493	61.944674453201664	62.037267409994165	62.129860686385506	62.22245408240633	62.315047520888669	62.407640502180165	62.500233770636498	62.592827120014995	62.685420258000001	62.778013234225668	62.870606186758003	62.963199594621827	63.055793142165832	63.148386228962167	63.240979736691827	63.333573081531	63.426166301281995	63.518759118156837	63.611351973440996	63.703944839339663	63.796537786149834	63.889130691334159	63.981723660948163	64.074316874038828	64.166910376454993	64.259503880345164	64.352097377374832	64.444690539536666	64.537283784836504	64.629876850289833	64.722470073794341	64.815063587843838	64.907657170433666	65.000250261218994	65.092843240288175	65.1854361774365	65.278029029801999	65.370621894570505	65.463214656420831	65.555807548693494	65.608446677305167	1.8446412833333334E-5	9.2596176013333337E-2	0.18517430470116664	0.27775278853149998	0.37033145495366665	0.46291069485966668	0.55548938525333325	0.64806757875333332	0.74064613290466663	0.8332246679901667	0.92580391850300003	1.0183828604983334	1.1109612744781665	1.2035393440823334	1.2961177037955001	1.3886963547384998	1.4812743885693331	1.5738522002785	1.6664300722683334	1.7590080215208335	1.8515859612365	1.9441638649746666	2.0367419554111668	2.1293204054169999	2.2218989521159997	2.3144774368421666	2.4070557982210001	2.4996338600218331	2.5922118839385	2.6847900248815	2.777368265591833	2.8699467303001667	2.9625251978729996	3.0551033184191665	3.1476813599521662	3.2402595459713335	3.3328382075103336	3.4254165184486665	3.5179950026659998	3.6105733891433331	3.7031520388826666	3.7957306840181668	3.8883092746778329	3.9808873656331665	4.0734658890770001	4.1660439106683329	4.2586220652549995	4.3512004298441669	4.4437788835433336	4.5363571499090005	4.6289349921963332	4.7215127855146664	4.814090947065166	4.9066688661668332	4.9992468009673336	5.0918248175223333	5.1844027962845001	5.2769809653046664	5.3695593574769998	5.4621373675018337	5.5547151962110002	5.6472934956941661	5.7398714982624996	5.8324495082801668	5.9250274947401671	6.0176054948518329	6.1101837746284993	6.2027619518029997	6.2953400691500008	6.3879186310541662	6.4804972532993332	6.5730754071441666	6.6656536289089994	6.7582319942928333	6.8508106990748336	6.9433895318534997	7.0359684317846671	7.128547412463333	7.2211263477961669	7.3137048104178328	7.4062831063960006	7.4988618391763326	7.5914408850515001	7.6840196035001664	7.7765982926426664	7.8691772366888335	7.9617566065430001	8.0543356650084998	8.1469142706250004	8.2394929039378333	8.3320718420490003	8.4246512087903334	8.5172299478611659	8.6098082671700009	8.7023869064500001	8.7949650470641672	8.8875430905134998	8.9801211165101673	9.0726990425051657	9.1652769844746658	9.2578548616424996	9.3504328135809995	9.4430111754906676	9.5355895380774989	9.6281674397703334	9.7207453329486668	9.8133232165304989	9.9059012514745	9.9984791225421663	10.091057028028168	10.183635311877334	10.276213173078167	10.368791343238666	10.4613695932825	10.553947855325834	10.646526232680834	10.739104137282666	10.831681909972334	10.924259731843	11.016837440021	11.109415057928999	11.2019927454895	11.294570514840666	11.387148320644	11.479725983447	11.5723036158995	11.664881484670167	11.757459692633832	11.850037472364999	11.942615216163	12.035192999087499	12.127770820224168	12.220348540200165	12.312926353010333	12.405504167855833	12.498082372572668	12.590660394160832	12.683238104355	12.775815958465166	12.868393783962834	12.960972013227332	13.053549945462667	13.1461279319375	13.238706299658167	13.331284310877834	13.423862340444833	13.516440397715666	13.609018515330165	13.701597041354166	13.794175690170167	13.886754339101167	13.979332858124332	14.071911248057999	14.164489503885333	14.257067741661665	14.349646083200501	14.442224658341333	14.534803585918333	14.627381988404499	14.7199604933455	14.812539092308334	14.905118203820999	14.997697089913332	15.090275234320666	15.1828533516035	15.275431764523665	15.368010710676501	15.460589643418833	15.55316812219	15.645746569204167	15.738325028044832	15.830903540671502	15.9234820456075	16.016060597513	16.108639070355832	16.2012173247265	16.293795819870834	16.386374124276333	16.478952271665666	16.571530921492332	16.664109475553666	16.756688011878666	16.849266556133333	16.941845238593501	17.034423694388167	17.127002301381168	17.219580948141999	17.312159575260832	17.404738278300165	17.497316968904666	17.589895544658166	17.682474191129167	17.775052876351666	17.867631519768999	17.960209732953668	18.052787975793667	18.145366255198834	18.237945007194	18.330523492362165	18.423102051150501	18.515680657872498	18.608259221400331	18.700837749305165	18.793416119772001	18.885994007650833	18.978571975866334	19.071149923900165	19.163728066728666	19.256306358875001	19.348884681440666	19.441462995278002	19.534041336157831	19.626619214624668	19.719197220192999	19.811775120136833	19.904353092325	19.996931107470335	20.089508941129999	20.182086805524666	20.274664704197001	20.367243059550667	20.459821488629835	20.552399845537167	20.644978214557	20.737556525993668	20.830135035925501	20.922713328805834	21.015291883121499	21.107870314878998	21.200448678097167	21.293026998371996	21.385605769831834	21.478184930285998	21.570763371591166	21.663341945689002	21.755920476576833	21.848499563065999	21.941077879903002	22.033655669298998	22.126233476023497	22.218812039600998	22.311390971723498	22.403969402638335	22.496547171986833	22.589124895797831	22.681703075964666	22.774281404245169	22.866859536881332	22.959437330017998	23.052015186227667	23.144593033606331	23.237170937306836	23.329748809477834	23.422326695569666	23.514905099788166	23.6074832652255	23.700061535910834	23.792639659662999	23.885217539204501	23.977795770056336	24.070373594391167	24.162951434774499	24.255529545548836	24.348107945952165	24.440686385900332	24.533264775295496	24.625843257245666	24.718421713841664	24.810999808829166	24.903578276247334	24.996156438157001	25.088734480739166	25.181312520155167	25.273890656453666	25.366468731608165	25.459046823136163	25.551625010683001	25.644203058482333	25.736781299571163	25.829359953256667	25.921938039925333	26.014516042740834	26.107094095175498	26.199672370309166	26.292250714689001	26.384828933647334	26.477407483705832	26.569986116850835	26.662564812973166	26.755143459246668	26.847721634344996	26.940300028692835	27.032878550996998	27.125457073488665	27.218035671298665	27.310613725201332	27.403191643816996	27.49576962310967	27.588347426208166	27.680925460249167	27.773504004224002	27.866082724939332	27.958661185981498	28.051239639981997	28.143817924832334	28.236396550851332	28.328975554767666	28.421554444523832	28.514132924014834	28.606711154399168	28.699289619807331	28.791868591651831	28.884447053643832	28.977025156576833	29.069603013244503	29.162180995090168	29.254759422968331	29.347337450717834	29.439915072617669	29.532492867102164	29.625070727511666	29.717648617427667	29.810226830836335	29.902805292564501	29.995383682658833	30.087961867910831	30.180539665825997	30.273117829525333	30.365696127858499	30.458274373255332	30.550852391675168	30.643430548022167	30.736008296334166	30.828586012788335	30.921164025184165	31.013742055299662	31.106319883032	31.198898067009665	31.291476057916331	31.384053819065834	31.476631486182502	31.569209185343166	31.661786826141999	31.7543644328995	31.846942078129501	31.939519685747999	32.032097416053837	32.124675032803836	32.217252596118996	32.309830211204002	32.402407984670667	32.494985917296169	32.587564073213329	32.680142097253999	32.772720007431168	32.8652980511945	32.957875565748502	33.050453358849495	33.143031391132169	33.235609525484669	33.328187679094334	33.420765720643331	33.513343693703497	33.605921487018001	33.698499042893999	33.791076635698005	33.883654316997166	33.976232201287665	34.068809763418336	34.161387278536999	34.25396489140833	34.346542948945832	34.439121115189998	34.531698851143837	34.624276998924501	34.716855137103664	34.809433494081162	34.902011484058995	34.994589360915498	35.087167373209162	35.179745537772831	35.272323374123502	35.364901659269002	35.457479732734164	35.550057235519667	35.642634587189661	35.735212743584171	35.827791149319829	35.920369265060167	36.012947147447164	36.105525150071664	36.198103107267002	36.290681329073166	36.383259445811333	36.475837219151664	36.56841515885133	36.660993103368504	36.753571097866832	36.846149121544997	36.938726671523497	37.031303990484332	37.12388132812417	37.216459170125667	37.309037057758502	37.401614776622338	37.494192579607166	37.58677045828	37.679348397164503	37.771926236886166	37.864504106866498	37.957081739296001	38.049659354344499	38.142236708024669	38.234814095307335	38.327391817304331	38.4199693448085	38.512546891605503	38.605124465946332	38.697702107198836	38.790280085384836	38.882858078432832	38.975435826490333	39.068014044203167	39.160592175805	39.253169895093166	39.345747548108832	39.438325177726334	39.530902815701829	39.623480451567332	39.716057867563997	39.808635246732166	39.901212592981999	39.993789908416836	40.08636725991083	40.178944645969999	40.271522149002664	40.364099708508	40.456677415075163	40.5492553144285	40.641833212350335	40.734411117239667	40.826988773144002	40.919566159774831	41.012143535361332	41.104721046483164	41.19729853412683	41.289875932971164	41.382453300490496	41.475030627149167	41.567607917217828	41.660185236244828	41.752762668291673	41.845340571552498	41.937918746152498	42.030496736147327	42.123074751702163	42.215652914574335	42.308231087172004	42.400809168979002	42.493387495132005	42.58596507762983	42.678542871337832	42.7711210903515	42.863699786169661	42.956278211784671	43.04885609692883	43.14143395764183	43.234012284867831	43.326590915438167	43.419168777916667	43.511746028014329	43.604323375177664	43.696901080415167	43.789478804670495	43.882056422896497	43.974633727081496	44.067211395170503	44.159789169364998	44.252367025083998	44.344944854973164	44.437522635325166	44.530100122120665	44.622677561377998	44.715255069457839	44.807832819172667	44.90041045235867	44.992987863738833	45.085565655435161	45.178143474539667	45.270721224369829	45.363298882631831	45.455876551157331	45.548454065771494	45.641031887342002	45.733609678635496	45.826187278925836	45.918764588867667	46.011341992217673	46.103919355312506	46.196496725096658	46.289073957125837	46.381651194043663	46.474228279257837	46.56680547397	46.659382600062997	46.751959773893162	46.844537342677	46.937114845879663	47.029692438938497	47.122269638245328	47.214846739832993	47.307423891207669	47.400001066306672	47.492578373866003	47.585155403942998	47.677732563458171	47.770309875702502	47.86288727541934	47.955464757415506	48.048041910905006	48.140619366846167	48.233196901233669	48.325774681840166	48.418352436310172	48.510930129020331	48.603507911688169	48.696085528735829	48.788662889477834	48.881240347326838	48.973817929666836	49.066395534589326	49.158973209814832	49.251550688879327	49.344128538656491	49.436706912334834	49.529284728524829	49.621862348898169	49.714440270982337	49.807018493198164	49.899596452566833	49.992174305327502	50.0847518849775	50.177329804473999	50.269908141765335	50.362485784141498	50.455062805599667	50.547640000455836	50.64021720196466	50.73279440119633	50.825371573954335	50.917948645113164	51.01052582658717	51.103103537974	51.195681275347326	51.288258477964327	51.380835780793831	51.473413404288664	51.565991112797334	51.65856871586216	51.751145848101004	51.843722951892332	51.936300547069997	52.028878198667165	52.121455277427998	52.214032415997664	52.306610031950164	52.399187578382339	52.491765135570169	52.584342706967334	52.676920070057172	52.769497663042664	52.862075346801504	52.954652642244497	53.047229925962505	53.139807209316167	53.23238507268816	53.324962725616665	53.417540007501337	53.510117110841165	53.602694341370835	53.695271593820664	53.787848733187332	53.880426179170669	53.973003964590831	54.065581477021667	54.158158842591831	54.25073611714383	54.343313785874166	54.435891410675332	54.528468599229996	54.621046065178163	54.713623885096169	54.806201682580834	54.898779560162495	54.991357435609999	55.083935313938994	55.176513210741994	55.269090921349999	55.361668297514328	55.454245633526	55.546823024766333	55.639400487588503	55.731978094375172	55.82455591907766	55.917133501212327	56.009711282043995	56.102289393306833	56.194867295026839	56.287445134686003	56.380023326187171	56.472601492474496	56.56517924038517	56.657757262922502	56.750335797804837	56.842914188391667	56.935491889397326	57.028069908441168	57.120648107170496	57.213226338502501	57.305804105932999	57.398381477046335	57.490959170653831	57.583536973439493	57.676114798086658	57.768692515135832	57.861270080628827	57.953847601551665	58.046425114293335	58.139002738114336	58.231580731410169	58.324158435851331	58.416735945825828	58.509313763352999	58.601891650015006	58.694469264176668	58.787046663323494	58.879624074805164	58.972201510065169	59.064778973346996	59.157356491898497	59.2499338394205	59.342511246844502	59.435088990909001	59.527667113167333	59.620245176728169	59.712823176079333	59.805401219803997	59.897979204406333	59.990557114920165	60.083134947313162	60.175712561463833	60.268290168687663	60.360868021391667	60.453445761399671	60.546023397572	60.638601223536668	60.731178915804669	60.823756659982998	60.916334039291833	61.00891151306466	61.101488834799994	61.194066192453661	61.286643871682664	61.379221227606664	61.471799032481165	61.564376879556825	61.656954766102999	61.749532447012498	61.842109692031002	61.934687185121334	62.027264943228339	62.119842546407831	62.212420184081829	62.304997500535499	62.397574772629994	62.490152320081499	62.58273035281016	62.675308464364839	62.767886421080497	62.860464492413669	62.953042528707662	63.045620258512336	63.138197908662001	63.230775661448661	63.323353801794667	63.415931451327332	63.508508836595496	63.60108642906566	63.693664557484496	63.786242633164505	63.878820656716329	63.971398525678502	64.063976641452996	64.156555184327331	64.249133439390164	64.341711176946831	64.434288925735501	64.52686703811483	64.619445061243837	64.712022782717	64.804600521536329	64.897178268068998	64.989755786558504	65.082333312385003	65.174911147263828	65.267489132208993	65.360067167163493	65.452645274564674	65.545222807798169	65.637800622692325	65.730378131609825	65.757188605282664	65.757197863198002	2.05681920051574	2.1116967201232901	2.11604881286621	2.1199045181274401	2.1231303215026802	2.1262035369872998	2.1288757324218701	2.1315860748290998	2.1341629028320299	2.1365299224853498	2.1387059688568102	2.1411108970642001	2.14313411712646	2.1451766490936199	2.1473145484924299	2.14931869506835	2.1513609886169398	2.1531171798706001	2.1547968387603702	2.1566865444183301	2.1584806442260698	2.1602177619934002	2.1619164943695002	2.1635389328002899	2.1652567386627202	2.1668219566345202	2.1683681011199898	2.1698951721191402	2.1713840961456299	2.17304468154907	2.17449522018432	2.1759269237518302	2.1773011684417698	2.1787519454956001	2.1803169250488201	2.1815767288207999	2.1829130649566602	2.1843445301055899	2.18575692176818	2.1868832111358598	2.1884293556213299	2.1895935535430899	2.1909489631652801	2.1921703815460201	2.1934301853179901	2.1945564746856601	2.1958353519439702	2.1971333026885902	2.1982784271240199	2.1995382308959899	2.2006645202636701	2.20180964469909	2.20289778709411	2.2042338848114	2.2053408622741699	2.2065243721008301	2.2075932025909402	2.2086431980132999	2.2096738815307599	2.2108192443847599	2.2118499279022199	2.2128806114196702	2.2140641212463299	2.2149419784545898	2.21604919433593	2.2171943187713601	2.2181105613708501	2.2191796302795401	2.2200574874877899	2.2211837768554599	2.2221000194549498	2.2230925559997501	2.2239897251129102	2.2250013351440399	2.2259938716888401	2.22683358192443	2.2278072834014799	2.22866606712341	2.2295060157775799	2.2306129932403498	2.23130011558532	2.2322545051574698	2.2331326007843	2.23395347595214	2.23486971855163	2.2356331348419101	2.2366638183593701	2.2373127937316801	2.2382481098175	2.2391262054443302	2.2398705482482901	2.24071049690246	2.2415311336517298	2.2424664497375399	2.24305820465087	2.24384093284606	2.2446424961089999	2.2454442977905198	2.24632215499877	2.2470283508300701	2.2477347850799498	2.2486317157745299	2.2493381500244101	2.2499871253967201	2.2507505416870099	2.25157141685485	2.2522203922271702	2.2530028820037802	2.2537472248077299	2.2544345855712802	2.25502610206604	2.2557897567749001	2.2566103935241699	2.2573549747467001	2.2578701972961399	2.2585573196411102	2.2593209743499698	2.25985527038574	2.2605426311492902	2.2613251209259002	2.26187872886657	2.2626993656158398	2.2632148265838601	2.2639591693878098	2.2645509243011399	2.2652380466461102	2.26588702201843	2.26653599739074	2.2671468257903999	2.2677958011627202	2.2683303356170601	2.2690174579620299	2.26960921287536	2.2702772617339999	2.2707736492156898	2.2713270187377899	2.2721669673919598	2.2726058959960902	2.2732357978820801	2.27390384674072	2.27438116073608	2.2748773097991899	2.2756028175353999	2.27625179290771	2.27680516242981	2.2773778438568102	2.27793145179748	2.2785041332244802	2.27898120880127	2.27963018417358	2.2802219390869101	2.28088998794555	2.2812716960906898	2.2818825244903498	2.2823789119720401	2.2829322814941402	2.2833905220031698	2.2838675975799498	2.28457403182983	2.2851274013519198	2.2858145236968901	2.2861964702606201	2.2867307662963801	2.2872080802917401	2.2877233028411799	2.2882196903228702	2.2886967658996502	2.2891168594360298	2.2896511554718	2.2903192043304399	2.2909681797027499	2.2912926673889098	2.2919991016387899	2.2923617362975999	2.29289603233337	2.2933542728424001	2.2937359809875399	2.2944421768188401	2.2949194908142001	2.2953393459320002	2.2959120273589999	2.2964465618133501	2.2967901229858398	2.29736256599426	2.2977254390716499	2.2983553409576398	2.2987179756164502	2.2992141246795601	2.2996723651885902	2.3000922203063898	2.30062675476074	2.30110383033752	2.30140924453735	2.30200099945068	2.30243992805481	2.3028600215911799	2.3033370971679599	2.3038525581359801	2.3042533397674498	2.30461597442627	2.3052840232849099	2.3057229518890301	2.30591392517089	2.30646753311157	2.3069255352020201	2.3072118759155198	2.3077082633972101	2.3083000183105402	2.3086626529693599	2.3091778755187899	2.3095788955688401	2.3099606037139799	2.3106286525726301	2.3110103607177699	2.3113157749175999	2.3117547035217201	2.3120410442352202	2.3124227523803702	2.31303358078002	2.31333899497985	2.31375908851623	2.31419801712036	2.31471347808837	2.3149614334106401	2.31559133529663	2.3157823085784899	2.3162975311279301	2.3165647983550999	2.3171374797821001	2.3175382614135698	2.31797742843627	2.3183019161224299	2.3188552856445299	2.3191225528717001	2.3195807933807302	2.3197715282440101	2.3202869892120299	2.32053518295288	2.32118415832519	2.3214704990386901	2.3218331336975102	2.32213854789733	2.32252025604248	2.3230738639831499	2.3233602046966499	2.3237609863281201	2.3242762088775599	2.3246581554412802	2.3249442577361998	2.3253643512725799	2.3255360126495299	2.32612776756286	2.3264522552490199	2.3268148899078298	2.3271965980529701	2.32763576507568	2.3279602527618399	2.3283801078796298	2.3286092281341499	2.32902908325195	2.3295254707336399	2.32967805862426	2.33011722564697	2.3304417133331299	2.3309569358825599	2.3311860561370801	2.3313577175140301	2.3319494724273602	2.3322167396545401	2.33259844779968	2.33288478851318	2.3333430290222101	2.3336100578308101	2.3339345455169598	2.3344309329986501	2.3346028327941801	2.3350417613983101	2.3353281021118102	2.3358817100524898	2.33618712425231	2.33649230003356	2.3367404937744101	2.3370268344879102	2.33740854263305	2.3378667831420898	2.33819127082824	2.3385920524597101	2.33897376060485	2.3392982482910099	2.33956551551818	2.3398518562316801	2.3402717113494802	2.3405008316039999	2.3408825397491402	2.3412451744079501	2.3415887355804399	2.3417797088622998	2.3421995639800999	2.3424668312072701	2.3428676128387398	2.3430967330932599	2.3435740470886199	2.34374570846557	2.3441464900970401	2.34450912475585	2.34481453895568	2.3450055122375399	2.34542536735534	2.3458073139190598	2.3460171222686701	2.3464179039001398	2.3467614650726301	2.3470478057861301	2.34729599952697	2.3474869728088299	2.34784960746765	2.3482885360717698	2.3486130237579301	2.34893751144409	2.34924292564392	2.3497011661529501	2.3498156070709202	2.3502926826477002	2.3504455089568999	2.3507890701293901	2.3512470722198402	2.35141897201538	2.35162901878356	2.35206794738769	2.3523352146148602	2.3526024818420401	2.3529078960418701	2.3531177043914702	2.3536713123321502	2.3539958000183101	2.35422492027282	2.3545494079589799	2.3547976016998202	2.3552937507629301	2.3554081916809002	2.35575199127197	2.3559617996215798	2.3563244342803902	2.3564963340759202	2.3568017482757502	2.3571643829345699	2.35745072364807	2.3576798439025799	2.35809969902038	2.3583669662475502	2.3587105274200399	2.3587868213653498	2.3591494560241699	2.3596076965332	2.3598747253417902	2.3601610660552899	2.36052370071411	2.36069560050964	2.3609819412231401	2.3613636493682799	2.3615546226501398	2.3619363307952801	2.3621654510497998	2.3624899387359601	2.3628907203674299	2.3628716468811	2.36334872245788	2.36346340179443	2.3638832569122301	2.3643221855163499	2.3644750118255602	2.3646466732025102	2.3651239871978702	2.36533379554748	2.3655438423156698	2.3658874034881499	2.3661546707153298	2.3665363788604701	2.3668417930603001	2.3670899868011399	2.36737632751464	2.3675289154052699	2.3681015968322701	2.3682544231414702	2.3684833049774099	2.3687505722045898	2.3691704273223801	2.3693041801452601	2.3697812557220401	2.3698384761810298	2.37027764320373	2.37044930458068	2.3706784248352002	2.3710029125213601	2.3711173534393302	2.3717091083526598	2.37184286117553	2.3721673488616899	2.3724727630615199	2.37258720397949	2.37306451797485	2.37317895889282	2.3735606670379599	2.3737516403198198	2.37409520149231	2.3743431568145699	2.3745532035827601	2.3749349117278999	2.3750686645507799	2.3754312992095898	2.3758511543273899	2.37613749504089	2.3763284683227499	2.3766529560089098	2.3768436908721902	2.37709188461303	2.3774163722991899	2.3775882720947199	2.37795090675354	2.37817978858947	2.3783707618713299	2.3787143230438201	2.3790006637573198	2.3792297840118399	2.3794779777526802	2.37985968589782	2.3800504207611	2.3803939819335902	2.3805658817291202	2.3808140754699698	2.3811385631561199	2.3814821243286102	2.3816537857055602	2.3819019794464098	2.3823218345642001	2.3824174404144198	2.3827419281005802	2.38308548927307	2.38319993019104	2.38356256484985	2.3837726116180402	2.3841352462768501	2.3843643665313698	2.3846125602722101	2.3848032951354901	2.3852231502532901	2.3852615356445299	2.3855285644531201	2.3859105110168399	2.3861393928527801	2.38633036613464	2.3867311477661102	2.3869984149932799	2.3872656822204501	2.3874948024749698	2.38776183128356	2.3880863189697199	2.3882772922515798	2.3884873390197701	2.3887162208557098	2.3888881206512398	2.3892698287963801	2.3897278308868399	2.3898615837097101	2.3901288509368901	2.3903386592864901	2.3904914855957	2.3908731937408398	2.39110231399536	2.3913505077361998	2.3915221691131499	2.3917894363403298	2.3920567035675	2.3924002647399898	2.3926100730896001	2.3928582668304399	2.3931827545165998	2.3932974338531401	2.3936791419982901	2.3940227031707701	2.39409899711608	2.39440441131591	2.3946716785430899	2.3950724601745601	2.39512968063354	2.39543509483337	2.3958933353424001	2.39591240882873	2.3962559700012198	2.3964276313781698	2.3966186046600302	2.3969240188598602	2.3972485065460201	2.3975729942321702	2.39774465560913	2.3979737758636399	2.3982982635497998	2.3984892368316602	2.3987374305725102	2.3989281654357901	2.3993289470672599	2.3996152877807599	2.3997871875762899	2.4000163078308101	2.4003217220306401	2.40055060386657	2.4007797241210902	2.40098977088928	2.40133333206176	2.4014096260070801	2.4017150402068999	2.4020204544067298	2.40224957466125	2.4024021625518799	2.4027457237243599	2.4029557704925502	2.40316557884216	2.40350914001464	2.4037573337554901	2.4039673805236799	2.40429186820983	2.4044063091278001	2.4047689437866202	2.4050362110137899	2.4052653312683101	2.4055135250091499	2.4058189392089799	2.4059715270996	2.4062960147857599	2.4065060615539502	2.4067542552947998	2.4069831371307302	2.4072504043579102	2.4074223041534402	2.4075558185577299	2.4080712795257502	2.4082047939300502	2.4085102081298801	2.4087965488433798	2.40906381607055	2.4092545509338299	2.40950274467468	2.4098081588745099	2.4099800586700399	2.4103426933288499	2.4104762077331499	2.4106671810150102	2.4109535217285099	2.4113733768463099	2.4114305973052899	2.41165971755981	2.4118888378143302	2.4122514724731401	2.4124231338500901	2.41274762153625	2.41288137435913	2.4130721092224099	2.4135112762451101	2.4134922027587802	2.4138739109039302	2.4139311313629102	2.4143319129943799	2.4146373271942099	2.4148283004760698	2.4149999618530198	2.4152672290802002	2.4156107902526802	2.4158971309661799	2.41599249839782	2.4163553714752202	2.4165270328521702	2.4166798591613698	2.4170997142791699	2.41738605499267	2.4175004959106401	2.41786313056945	2.4180731773376398	2.41830229759216	2.4185693264007502	2.4188556671142498	2.41908478736877	2.4191229343414302	2.4193520545959402	2.41969561576843	2.41986727714538	2.4201917648315399	2.4205162525177002	2.4207262992858798	2.4208600521087602	2.4210507869720401	2.42154717445373	2.4217569828033398	2.4219098091125399	2.4222342967986998	2.4224441051483101	2.4225587844848602	2.4229023456573402	2.4229786396026598	2.4234368801116899	2.4234941005706698	2.4237995147704998	2.4241430759429901	2.42433381080627	2.4246201515197701	2.4248492717742902	2.42511653900146	2.4252691268920898	2.4256126880645699	2.4257464408874498	2.4260900020599299	2.4262425899505602	2.4264907836914	2.42666268348693	2.4268915653228702	2.42727351188659	2.4275979995727499	2.4276552200317298	2.4279034137725799	2.4282469749450599	2.4283995628356898	2.42862868309021	2.4289531707763601	2.4293158054351802	2.4293920993804901	2.42958307266235	2.4298312664031898	2.4300792217254599	2.4303846359252899	2.4305183887481601	2.4308238029479901	2.43109083175659	2.4311673641204798	2.43139624595642	2.4319307804107599	2.43204522132873	2.4323890209197998	2.4326179027557302	2.4327707290649401	2.4328660964965798	2.43343877792358	2.4335532188415501	2.43374419212341	2.43404960632324	2.4342403411865199	2.4345076084136901	2.4346795082092201	2.4349658489227202	2.4352138042449898	2.4355192184448198	2.4356338977813698	2.43578648567199	2.4362828731536799	2.43637824058532	2.4366264343261701	2.43687438964843	2.4370081424713099	2.43746614456176	2.4375617504119802	2.4378287792205802	2.4380006790161102	2.4382870197296098	2.43868780136108	2.4387640953063898	2.4392223358154301	2.4392795562744101	2.4397375583648602	2.4399094581603999	2.4401004314422599	2.4403293132781898	2.4404821395874001	2.4406156539916899	2.4409019947052002	2.4412264823913499	2.4414365291595401	2.4416081905364901	2.4420282840728702	2.4421808719635001	2.4425053596496502	2.4425816535949698	2.4430017471313401	2.4430971145629798	2.4434216022491402	2.4436125755310001	2.4437842369079501	2.44410872459411	2.4443378448486301	2.4446241855621298	2.4448721408843901	2.4450440406799299	2.44533038139343	2.4455404281616202	2.44567394256591	2.4461894035339302	2.4462656974792401	2.4465520381927401	2.44670462608337	2.4470100402832	2.4471437931060702	2.4474489688873202	2.4476971626281698	2.4478499889373699	2.44813632965087	2.4482889175414999	2.4485561847686701	2.4488615989685001	2.4491479396820002	2.4493961334228498	2.44931960105896	2.44991135597229	2.4500067234039302	2.2675249576568599	2.2198667526245099	2.2151520252227699	2.2114872932434002	2.2077460289001398	2.2043673992156898	2.2014279365539502	2.1986029148101802	2.19594979286193	2.1933348178863499	2.1906054019927899	2.1881430149078298	2.18589067459106	2.1835236549377401	2.1813287734985298	2.1789999008178702	2.1768622398376398	2.17474341392517	2.1727201938629102	2.1705632209777801	2.1686544418334899	2.1666312217712398	2.1646461486816402	2.1627755165100102	2.1608285903930602	2.1589579582214302	2.1571445465087802	2.1552548408508301	2.1535179615020699	2.1517236232757502	2.1500058174133301	2.1480588912963801	2.14637923240661	2.1447184085845898	2.1431725025177002	2.1413590908050502	2.13973665237426	2.1382668018340998	2.13662528991699	2.1349456310272199	2.13341856002807	2.1319105625152499	2.1305363178253098	2.1289138793945299	2.12755870819091	2.1260125637054399	2.12460017204284	2.1232640743255602	2.1217179298400799	2.1203243732452299	2.1190836429595898	2.1176521778106601	2.11635422706604	2.11501812934875	2.1138536930084202	2.1124794483184801	2.1114106178283598	2.1099407672882	2.1086618900299001	2.10742115974426	2.1064476966857901	2.1052069664001398	2.1041381359100302	2.10282111167907	2.1017904281616202	2.10060691833496	2.0995187759399401	2.09835457801818	2.09740018844604	2.0963120460510201	2.0952050685882502	2.09415531158447	2.0931818485260001	2.0921893119811998	2.0913493633270201	2.09016585350036	2.0893261432647701	2.08842897415161	2.0874745845794598	2.0865392684936501	2.08547043800354	2.0846686363220202	2.08382892608642	2.0827598571777299	2.0819010734558101	2.0810420513153001	2.0800685882568302	2.0793814659118599	2.0784461498260498	2.0777590274810702	2.07670903205871	2.0760028362274099	2.0750865936279301	2.07424688339233	2.0734260082244802	2.0726435184478702	2.0719180107116699	2.0709254741668701	2.07021927833557	2.0695321559906001	2.0687496662139799	2.0679287910461399	2.0672225952148402	2.0663635730743399	2.0656573772430402	2.0649321079254102	2.0642447471618599	2.0634813308715798	2.0626988410949698	2.06201148033142	2.0612480640411301	2.0606372356414702	2.0597975254058798	2.05914855003356	2.0583086013793901	2.05754518508911	2.05693435668945	2.0561897754669101	2.0555026531219398	2.0548536777496298	2.0541474819183301	2.0535366535186701	2.0527541637420601	2.0520861148834202	2.0513415336608798	2.0507497787475502	2.0498719215393	2.0495092868804901	2.0487074851989702	2.04813480377197	2.0476005077361998	2.0469322204589799	2.04613065719604	2.04553890228271	2.04492807388305	2.0442218780517498	2.0436873435974099	2.0430002212524401	2.0423703193664502	2.0416831970214799	2.0411105155944802	2.0403852462768501	2.0399272441864	2.03914451599121	2.0386674404144198	2.0380566120147701	2.0375220775604199	2.0369303226470898	2.0364341735839799	2.0355751514434801	2.03515529632568	2.03456354141235	2.0338382720947199	2.0333609580993599	2.03269290924072	2.0319867134094198	2.0315859317779501	2.03099417686462	2.0303070545196502	2.0298297405242902	2.0294098854064901	2.02870368957519	2.02822637557983	2.02748203277587	2.0269474983215301	2.02641296386718	2.02574491500854	2.02540135383606	2.0247714519500701	2.0241224765777499	2.02370262145996	2.0232255458831698	2.0226719379425	2.0220420360565101	2.0214312076568599	2.0210494995117099	2.0204386711120601	2.0199232101440399	2.0193889141082701	2.0187971591949401	2.0181863307952801	2.0179190635681099	2.0173082351684499	2.0168883800506499	2.0162966251373202	2.01568579673767	2.01524686813354	2.0147504806518501	2.0142159461975102	2.0136625766754102	2.0131852626800502	2.01261258125305	2.0120210647582999	2.0117156505584699	2.0113146305084202	2.01060843467712	2.0102458000183101	2.00965404510498	2.0092532634735099	2.0087759494781401	2.0082988739013601	2.0077834129333501	2.00723004341125	2.0066573619842498	2.0062947273254301	2.0057411193847599	2.0053975582122798	2.0047867298126198	2.0044240951538002	2.0038132667541499	2.0034315586089999	2.0030498504638601	2.00241994857788	2.00194263458252	2.0015609264373699	2.0011792182922301	2.0005302429199201	2.0001676082611	1.9996712207794101	1.9991557598114	1.9987931251525799	1.99833500385284	1.99778151512146	1.9974379539489699	1.9970179796218801	1.9963308572769101	1.9960635900497401	1.9954910278320299	1.9950519800186099	1.9946320056915201	1.9942502975463801	1.99369668960571	1.99308598041534	1.99295234680175	1.99239873886108	1.9919788837432799	1.9914634227752599	1.99104356765747	1.9907763004302901	1.9903372526168801	1.9897837638854901	1.9894592761993399	1.9890393018722501	1.9883903264999301	1.9880849123001101	1.98776042461395	1.9870923757553101	1.9867869615554801	1.98632884025573	1.9859089851379299	1.98554635047912	1.98514544963836	1.9846491813659599	1.9841338396072301	1.9839237928390501	1.9836184978485101	1.9831413030624301	1.98272132873535	1.98233962059021	1.98180508613586	1.9814805984496999	1.98094618320465	1.9806598424911499	1.98012542724609	1.9797818660736	1.9793618917465201	1.9790183305740301	1.9786365032196001	1.9781402349471999	1.9777966737747099	1.9774531126022299	1.9770140647888099	1.9765368700027399	1.97625064849853	1.97583067417144	1.9754489660262999	1.9750671386718699	1.9745899438857999	1.9744181632995601	1.9737310409545901	1.9735401868820099	1.9730629920959399	1.97262394428253	1.9723376035690301	1.9719368219375599	1.9715549945831301	1.97096335887908	1.9706960916519101	1.97031438350677	1.9698562622070299	1.9696462154388401	1.9692454338073699	1.9688637256622299	1.96844375133514	1.9681192636489799	1.9676420688629099	1.96741294860839	1.96689760684967	1.96659219264984	1.9662677049636801	1.96577143669128	1.96537065505981	1.96516060829162	1.9647789001464799	1.96433985233306	1.9642254114151001	1.9636718034744201	1.9634428024291899	1.96285104751586	1.96254563331604	1.9622211456298799	1.96185851097106	1.9614385366439799	1.9610568284988401	1.96082770824432	1.96042692661285	1.95987331867218	1.95964431762695	1.9592816829681401	1.9589381217956501	1.95851814746856	1.9582318067550599	1.95769739151001	1.9573729038238501	1.95718204975128	1.9568002223968499	1.95630395412445	1.95605587959289	1.9558458328246999	1.95544505119323	1.95500600337982	1.9547196626663199	1.9543379545211701	1.9540706872939999	1.9538035392761199	1.95323085784912	1.9529063701629601	1.95262002944946	1.95218098163604	1.9518947601318299	1.9516084194183301	1.9512075185775699	1.9509594440460201	1.9505585432052599	1.9502149820327701	1.94985234737396	1.9494514465332	1.9492224454879701	1.94884073734283	1.9484779834747299	1.9481344223022401	1.9479244947433401	1.9476000070571899	1.94723737239837	1.9469128847122099	1.94655013084411	1.9462639093398999	1.9458439350128101	1.9455194473266599	1.9452140331268299	1.94477498531341	1.9445269107818599	1.9442214965820299	1.9438396692276001	1.9434579610824501	1.9433243274688701	1.9429235458373999	1.94256079196929	1.94225549697876	1.94187366962432	1.94160652160644	1.9413583278655999	1.94095742702484	1.94061386585235	1.94044208526611	1.94000315666198	1.93960225582122	1.93935406208038	1.93899142742157	1.93870508670806	1.9383805990219101	1.93805611133575	1.93765532970428	1.93752169609069	1.9370826482772801	1.9367772340774501	1.9364145994186399	1.9360710382461499	1.93595647811889	1.9355938434600799	1.9352121353149401	1.9347730875015201	1.93462038040161	1.9342386722564699	1.93387591838836	1.93362784385681	1.93336057662963	1.93292152881622	1.93257796764373	1.9324826002120901	1.93202447891235	1.9318336248397801	1.93145179748535	1.9310319423675499	1.93084096908569	1.93045926094055	1.9301347732543901	1.9299629926681501	1.9296575784683201	1.92927587032318	1.92902767658233	1.9287031888961701	1.92855048179626	1.92803514003753	1.9277869462966899	1.9275197982787999	1.9272334575653001	1.92677533626556	1.92643177509307	1.92637455463409	1.92585909366607	1.92564916610717	1.9252674579620299	1.92507648468017	1.9247519969940099	1.9243130683898899	1.9242366552352901	1.9238740205764699	1.9234923124313299	1.9232250452041599	1.9230151176452599	1.9226332902908301	1.92238521575927	1.9219652414321899	1.9216789007186801	1.92146897315979	1.92122077941894	1.9208962917327801	1.92064821720123	1.9202473163604701	1.9199037551879801	1.9195983409881501	1.9194265604019101	1.91908299922943	1.9188539981842001	1.9185867309570299	1.91831946372985	1.9178996086120601	1.9174605607986399	1.91717422008514	1.9171551465988099	1.9167734384536701	1.9165633916854801	1.91627717018127	1.9160289764404299	1.91566634178161	1.9153800010681099	1.9150364398956301	1.91480731964111	1.91454017162323	1.9143301248550399	1.9138721227645801	1.9136430025100699	1.91337573528289	1.91297495365142	1.9126886129379199	1.91232597827911	1.9122114181518499	1.9120014905929501	1.9116960763931199	1.9114670753478999	1.9111807346343901	1.91076076030731	1.91041719913482	1.9102263450622501	1.90994000434875	1.9096536636352499	1.9094055891036901	1.9091001749038701	1.90885198116302	1.9086229801177901	1.9082794189453101	1.9080502986907899	1.9077067375183101	1.9074394702911299	1.90728676319122	1.9067523479461601	1.9067523479461601	1.90629422664642	1.9061415195464999	1.9056643247604299	1.9054925441741899	1.90507268905639	1.9049390554428101	1.9047099351882899	1.9041945934295601	1.9040609598159699	1.9037173986434901	1.9035456180572501	1.9033738374710001	1.9027630090713501	1.9026676416396999	1.9024575948715201	1.90203773975372	1.9018468856811499	1.9016368389129601	1.9012932777404701	1.90100693702697	1.90077793598175	1.9005297422409	1.9001480340957599	1.8999381065368599	1.8995944261550901	1.89944183826446	1.89909815788269	1.8987355232238701	1.89865922927856	1.89827740192413	1.8979529142379701	1.8977811336517301	1.89745664596557	1.8973420858383101	1.8969603776931701	1.8966931104660001	1.8964259624481199	1.8961586952209399	1.89579606056213	1.8956815004348699	1.89545249938964	1.89514708518981	1.89487981796264	1.8944981098175	1.89423084259033	1.8940399885177599	1.89388728141784	1.8934863805770801	1.8933910131454399	1.8929328918457	1.89245569705963	1.8923411369323699	1.8922266960144001	1.8919212818145701	1.8915203809738099	1.8913676738739	1.8912340402603101	1.8906996250152499	1.8905659914016699	1.8903560638427701	1.89003157615661	1.88976430892944	1.8896116018295199	1.8891917467117301	1.88894355297088	1.88867628574371	1.88850450515747	1.8882755041122401	1.88802731037139	1.8876646757125799	1.8873974084854099	1.88716840744018	1.88703477382659	1.8867102861404399	1.88648128509521	1.88625216484069	1.88594675064086	1.8856605291366499	1.88535511493682	1.885049700737	1.8848015069961499	1.8845343589782699	1.8843243122100799	1.8841525316238401	1.88378989696502	1.88348448276519	1.8833317756652801	1.8831027746200499	1.8828164339065501	1.8826255798339799	1.8822056055068901	1.8819956779479901	1.8817665576934799	1.8815566301345801	1.8812893629074099	1.88109850883483	1.8808121681213299	1.8805450201034499	1.8800678253173799	1.87997233867645	1.87987697124481	1.8794188499450599	1.8791134357452299	1.87878894805908	1.8785980939865099	1.87840712070465	1.8782544136047301	1.8778727054595901	1.87779641151428	1.8773764371871899	1.87718558311462	1.87697553634643	1.87663197517395	1.87657475471496	1.87619304656982	1.8760784864425599	1.8756966590881301	1.8753913640975901	1.87514317035675	1.8749713897705	1.87458968162536	1.8743987083435001	1.87424600124359	1.87380707263946	1.87363529205322	1.8734443187713601	1.8730816841125399	1.8728717565536499	1.8726044893264699	1.8724327087402299	1.8720510005950901	1.87189829349517	1.8716119527816699	1.8714973926544101	1.8713065385818399	1.8709629774093599	1.8707530498504601	1.87050485610961	1.8702375888824401	1.87008488178253	1.8695695400237999	1.8696459531784	1.86920690536499	1.8689396381378101	1.86869156360626	1.8685007095336901	1.8682715892791699	1.8679661750793399	1.86769902706146	1.86752712726593	1.86739361286163	1.8670691251754701	1.8668018579482999	1.86657285690307	1.8662483692169101	1.86603832244873	1.8658856153488099	1.8654466867446899	1.8653321266174301	1.86514127254486	1.8647212982177701	1.8645304441452	1.8642822504043499	1.8640723228454501	1.8638050556182799	1.8636332750320399	1.86327064037323	1.8629842996597199	1.8628125190734801	1.86248803138732	1.8621826171875	1.86214447021484	1.86183905601501	1.8617244958877499	1.8614573478698699	1.8612091541290201	1.86092281341552	1.8606747388839699	1.8604838848114	1.8602547645568801	1.85996842384338	1.85975849628448	1.8596057891845701	1.8593958616256701	1.85918581485748	1.8588613271713199	1.8586513996124201	1.8584223985671999	1.85802149772644	1.85784971714019	1.8576970100402801	1.8573915958404501	1.85731530189514	1.8569908142089799	1.85658991336822	1.8565326929092401	1.8563418388366699	1.8560936450958201	1.85563552379608	1.85563552379608	1.8552728891372601	1.8551392555236801	1.85485291481018	1.8545284271240201	1.8543566465377801	1.8541848659515301	1.85376501083374	1.8536123037338199	1.8533831834793	1.8532687425613401	1.8528678417205799	1.8527151346206601	1.8525433540344201	1.85216164588928	1.85202801227569	1.85168445110321	1.85164618492126	1.85134088993072	1.8511881828308101	1.8508445024490301	1.8505773544311499	1.8503673076629601	1.85017645359039	1.8499665260314899	1.8499665260314899	Cycle 20	1.8446931166666664E-5	9.261280075266666E-2	0.18520727492433331	0.27780168346733336	0.37039605387383334	0.4629902893183333	0.55558435779749993	0.64817831898949996	0.74077255856433333	0.83336680503900007	0.92596095599683326	1.0185550545940001	1.111149194335	1.20374338381	1.2963374590145	1.3889316223788335	1.4815256861696666	1.5741199113323334	1.6667139318519999	1.7593079705436667	1.8519018314596665	1.9444958314978333	2.0370897233789997	2.1296835802611667	2.2222769662378332	2.3148707239969997	2.4074649738249998	2.5000591736198334	2.5926530822216667	2.6852460350505001	2.7778394042248329	2.8704333989184998	2.9630275074116663	3.0556214246771662	3.1482148428631667	3.2408087743013332	3.333403166982833	3.4259973955324998	3.5185916011609999	3.6111857859498335	3.7037800399065	3.7963742425264999	3.888968528974333	3.9815629247818332	4.0741572407058335	4.1667515332549998	4.2593457084375004	4.3519400014651666	4.4445343604656662	4.5371286298511668	4.629722713823166	4.722317096036833	4.8149114260231665	4.9075056706456666	5.0001000728231668	5.0926945831631665	5.1852891190968329	5.2778835932580002	5.3704780768911657	5.4630725078958333	5.5556670390925005	5.6482614862526672	5.7408557376066662	5.8334501260076665	5.9260445761994998	6.0186390822468336	6.1112337364030003	6.2038280711323326	6.2964225420146667	6.3890168304359998	6.4816111835826664	6.574205471649833	6.6667997247984996	6.7593941281663339	6.8519885907901665	6.9445830186186663	7.0371772950004994	7.1297717166808328	7.2223660817240001	7.3149599979321662	7.4075539863131663	7.5001479026741666	7.5927420292711671	7.6853363867231668	7.7779308504284996	7.8705252864770001	7.9631195725958328	8.0557140163684995	8.1483082723441669	8.2409025665588338	8.3334968588286671	8.4260911427438323	8.5186849495354995	8.6112791123594992	8.703873310792833	8.7964674782851677	8.8890614237718335	8.9816554711101659	9.0742494040308337	9.166842979507333	9.259436996431333	9.3520307804500007	9.4446242412378325	9.5372180717880006	9.6298119775570008	9.7224060362411659	9.8149999194620001	9.9075935140996663	10.000187710663166	10.092782085636166	10.185376189825666	10.277970079723833	10.370563974114999	10.463158401410332	10.555752827555001	10.648347104139834	10.740941632707834	10.833536045231666	10.926130517024667	11.018725116967667	11.111319812083165	11.203914437912667	11.2965089719345	11.389103511155833	11.481698185511833	11.574292822413501	11.666887451913	11.759482201788666	11.852076927007833	11.944671558685833	12.037266200375834	12.129860815668	12.222455476563333	12.315050005682666	12.407644454714832	12.500238994248001	12.592833653969333	12.685428088086001	12.778022271527666	12.870616879982499	12.9632115642075	13.055806159672334	13.148400807428166	13.240995485120333	13.3335901306155	13.426184798578999	13.518779442623833	13.611374079221999	13.703968545984333	13.796562759810499	13.889157004269167	13.981751236269334	14.074345884400332	14.166940665337833	14.259535521366001	14.352130439628001	14.444725166636999	14.537320077156501	14.629915089784999	14.722510172885833	14.815105125297499	14.907700087562166	15.0002945863445	15.092889295267833	15.185484010004334	15.278078789962667	15.370673638178166	15.463268623184833	15.555863547926668	15.648458362014834	15.741053154139665	15.833647494669831	15.926241641775333	16.018835707966332	16.111429774006833	16.204024309601998	16.296618827410832	16.389213058306169	16.481807289592666	16.574401355160667	16.666995835831333	16.759590585567832	16.852185252993166	16.944779166903832	17.037373114554999	17.129967628615834	17.222562249587167	17.315156658191999	17.407750649663669	17.500344823258331	17.592939546775501	17.685534153605499	17.7781288013955	17.870723383140167	17.963318061329169	18.055912526632333	18.148507221871998	18.241101934962835	18.33369660344783	18.426291343398166	18.518886123529168	18.611480870165831	18.704075630896	18.796670505611999	18.889265397157999	18.981860131172667	19.0744548563775	19.167049451020667	19.259644164776333	19.352238867079834	19.444833774476667	19.537428592274665	19.630023457203833	19.722618384854666	19.815213367396002	19.907808276935835	20.000403110500333	20.092997810574001	20.185592558360835	20.278187282640001	20.370782129321334	20.463377013635334	20.555971859682	20.648566214693332	20.741160595829832	20.833755422764831	20.926350247243999	21.018945161650667	21.111540065440831	21.204134917942998	21.296729754416003	21.389324479376832	21.481919211515667	21.574514044290833	21.667108938298831	21.759703878122835	21.852298880465	21.944893729635499	22.037488132042	22.130082469435834	22.222676856596166	22.315271139540002	22.407865684983332	22.500460427210331	22.593054877180833	22.685649559620998	22.778244251963166	22.870838720311667	22.963433229404	23.056027770104834	23.14862236094033	23.241216939188831	23.333811581980832	23.426405655781998	23.518999346340166	23.611592811769999	23.704187194380999	23.796782037455166	23.889376523189501	23.981970352039834	24.0745638850895	24.167158360099332	24.259753179295167	24.352347865780832	24.444941855574164	24.537535525159665	24.630130002783499	24.722724779956831	24.815319457661165	24.907914213697165	25.000509055353497	25.093103919889167	25.185698717158168	25.278293516683998	25.370888134021502	25.463482779825668	25.556077547686499	25.648672383931498	25.741267198973166	25.833861957724999	25.926456632193002	26.019051166663498	26.1116455183565	26.204240195043166	26.296834797699166	26.389429535319998	26.482024245718499	26.574618962912165	26.667213726193332	26.759808580836832	26.852403447889667	26.944998292160335	27.037593274055332	27.130188230376501	27.222783174661664	27.315377939703833	27.407972735217832	27.500567652822166	27.593162500477501	27.685757282440836	27.77835211404	27.870947003411999	27.963541566134666	28.056135914737997	28.148730857567166	28.241325688177831	28.333920547368333	28.426515199144166	28.519110021549331	28.611704819624666	28.704299505098497	28.796893883404334	28.889488402297665	28.982083205167331	29.074677817672999	29.167272472316998	29.259867098916498	29.352461786946165	29.445056527811666	29.5376512974915	29.630246029756666	29.722840811412667	29.815435068366664	29.908029232669165	30.0006232026705	30.093216996499834	30.185811200983	30.278405469307831	30.370999758909665	30.4635940531785	30.556187997449832	30.648782013159668	30.741376520032166	30.833971127120499	30.926565445047835	31.01915935414867	31.111753610152832	31.204348207077999	31.296942827275501	31.389537106446664	31.482131074858501	31.574725521106497	31.667320334195498	31.759914908119999	31.852509484094	31.945104125682999	32.037698608152333	32.130292861911499	32.222886909591999	32.315480985788334	32.408075226513837	32.500669462822167	32.593263665844503	32.685857912379831	32.778452616945998	32.871047328882831	32.963642056874669	33.056236814847161	33.148831123018169	33.241425331008664	33.334019923640163	33.426614611782504	33.519209217359666	33.611803708509669	33.704398311034502	33.796992842221663	33.889586836858498	33.982180733951665	34.074774813732667	34.167369049136333	34.259963503762499	34.352557979558334	34.445152525132997	34.537746934502835	34.630341212446503	34.722935495366663	34.815529749236163	34.908124096568002	35.000718630546835	35.093313247767334	35.185907716774828	35.27850221360783	35.371096622301501	35.463690961703165	35.556285291826335	35.648879717302499	35.741474315307833	35.834068450945502	35.926662826418337	36.019257300554166	36.111851766662497	36.204445954652833	36.297040443038505	36.389634842023831	36.482229213757662	36.574823660359336	36.667418084538163	36.760012439660002	36.852606638259331	36.945200726902662	37.037794645300167	37.130388577600833	37.222982538210665	37.315576560826834	37.408170658507828	37.500764541840162	37.593358198940166	37.685951681064836	37.778545508906831	37.871139084174168	37.96373229789733	38.056325182391504	38.148919108080669	38.241513431303503	38.334107533360502	38.426701172589667	38.519294809959661	38.611888929711995	38.70448292088183	38.797077036489497	38.889671317581829	38.982265612618335	39.074859881904999	39.167454158001	39.260048462081834	39.352642556793661	39.445236217137833	39.537830325252997	39.630424451873829	39.723018173515833	39.815612339102003	39.908206517543	40.000800751172328	40.093394809285336	40.18598864959683	40.278582751504835	40.371176863804997	40.463771001366496	40.556365172942002	40.648959372462997	40.741553677405001	40.834148121808497	40.926742622961662	41.019337164797662	41.111931556895335	41.204525716011169	41.297119748420165	41.389713884661667	41.482308088248004	41.574902204365664	41.667496395781662	41.760090635743502	41.852684819187331	41.945278620587501	42.03787281163266	42.130466972931664	42.223061249235663	42.315655558689997	42.408249839844501	42.500843986963332	42.593438248755163	42.68603248202033	42.778626735378168	42.871220849483663	42.963814967391663	43.056409002893496	43.149003053077493	43.241597256666495	43.334191542607165	43.426785873822666	43.519380199804338	43.611974639509661	43.704569059770499	43.797163427956669	43.889757686355168	43.982351842150663	44.074945785579338	44.167539748530665	44.260133746332002	44.352727678097501	44.44532128382167	44.537914950293505	44.630508383854661	44.723101865738663	44.815696015932005	44.908290303576997	45.000884007562661	45.09347725477766	45.18607138091884	45.278665714710996	45.371259883368992	45.463853490804667	45.556447135369005	45.649041129030664	45.741635075019502	45.834229126983331	45.926823371982664	46.019417670176502	46.112012093730002	46.204606443153502	46.297200264559329	46.389794615704666	46.482388976627497	46.574982825752834	46.667577130876332	46.760171154354502	46.852765497281169	46.945359945009166	47.037954234503502	47.130548645781161	47.223142943126831	47.315737186766327	47.408331585703166	47.500925869589167	47.593520109803663	47.686114473861664	47.77870896867033	47.871303393938497	47.963897621669666	48.056491701946833	48.1490858371005	48.241680052093997	48.334274295513339	48.426868609621003	48.519462855810332	48.612057169610161	48.704651618827327	48.797246021395502	48.889840305676167	48.982434566886333	49.075028741860834	49.167622882419835	49.260216716491499	49.352810701994493	49.445404360866171	49.537998443606838	49.630592679201499	49.723187078091833	49.815781214296337	49.908375174673168	50.00096890564317	50.093562740954496	50.186156595781995	50.278750393210167	50.371344618556165	50.463938893028995	50.556533109846995	50.649127177905669	50.74172114926683	50.834315347664834	50.926908978287329	51.019503027571005	51.112097091270329	51.20469111285783	51.297285021836672	51.389878617411497	51.482472199180165	51.575065602055837	51.667658766314332	51.760252556558001	51.852847031694331	51.945441325956004	52.038035330949668	52.130629095553836	52.223223252870994	52.315817553930835	52.408411529298832	52.501005231568669	52.593599036902162	52.686193363149499	52.778787888563336	52.871382254054168	52.963976657726164	53.056571071031001	53.149165493847001	53.241759839139	53.334354091904338	53.426948102474171	53.519542458947669	53.612136635037501	53.704730548067324	53.797324480338332	53.889918800417	53.982513222797671	54.075107200569001	54.167701139485999	54.260295014786003	54.352888979682163	54.445483498290166	54.538077998106672	54.630672448512662	54.72326696293166	54.815861363643826	54.908455899585171	55.001050622254667	55.09364523346283	55.186239436994001	55.278833584285501	55.371428112355161	55.464022674228332	55.556617231124498	55.649211753362827	55.741806280134504	55.834400783854996	55.926995247020173	56.019589223588	56.112183602844659	56.20477794302667	56.297372429470165	56.389966837457493	56.482561413746829	56.575155831081496	56.667750252120996	56.760344624821165	56.852939046648999	56.945533458939835	57.038127938563164	57.130722480778836	57.223316993532336	57.315911497438336	57.408506052534335	57.501100550544997	57.593695147773161	57.686289696671331	57.778883927476166	57.871477746429328	57.964071860154498	58.056665876219668	58.149259540636166	58.241853262001165	58.334447075591001	58.427040865010667	58.519634774942162	58.612228587277002	58.704822275523163	58.797416271558497	58.890010712011495	58.982605007541331	59.075198864769	59.167792528318664	59.26038677667583	59.352981283626001	59.44557562409183	59.538169412847495	59.630762944445493	59.723357362130663	59.815951738587167	59.908546046436335	60.00114036230633	60.093734724118661	60.186328844402169	60.27892266214883	60.371516582396829	60.464110385359497	60.55670417159083	60.649297927650004	60.741892114282166	60.763170188932506	1.8444701500000001E-5	9.2593426233666662E-2	0.18516876202716664	0.27774480319083333	0.37032041890083328	0.46289611612199999	0.55547186489399991	0.64804760480150003	0.74062317909583331	0.83319919387783337	0.92577542725650008	1.0183512746250001	1.1109270631858332	1.2035029813835001	1.2960787889030001	1.3886546950841665	1.4812305659188332	1.5738065311538332	1.6663824893119998	1.7589588095981665	1.8515352243896668	1.9441110091601665	2.0366868199143333	2.1292628384911665	2.2218389449874998	2.3144152554759998	2.4069913311511666	2.4995674163235	2.5921437037586665	2.6847200973238334	2.7772959473143333	2.8698718675651667	2.9624478550464999	3.0550236443121666	3.1475995768193332	3.2401754832151664	3.3327513259191668	3.4253271957288334	3.5179031015451669	3.6104790052705003	3.7030548408335	3.7956307367015003	3.8882066409924998	3.9807827339558335	4.0733591779309997	4.1659355054844998	4.2585116706805	4.3510875368051671	4.4436634384266664	4.5362392875028332	4.6288150393206671	4.7213908795598334	4.8139666699021664	4.9065425838176662	4.9991187912286668	5.0916950840441668	5.1842716772671666	5.2768484771516668	5.3694251091198328	5.4620014413286668	5.5545777349665002	5.6471543730789993	5.7397309581278337	5.8323071108306666	5.9248833623931665	6.0174599623414995	6.1100365069768339	6.2026129029381671	6.2951890521513336	6.3877648824773337	6.4803413040864992	6.5729177518188324	6.6654935766033336	6.7580691621916671	6.850644879310833	6.9432207110451669	7.0357964999603331	7.1283726716863338	7.2209489383481662	7.3135248183056669	7.4061007823441658	7.498676964615167	7.5912531895051663	7.6838295364401663	7.776405826735834	7.8689820213798329	7.9615579600709996	8.0541337835738336	8.1467096039718321	8.2392854900995012	8.3318613820550009	8.4244374805810001	8.517013633795333	8.6095897021006671	8.7021656068071671	8.7947413923121669	8.8873171796313333	8.9798930547281675	9.072468878343166	9.1650446450721663	9.2576203673934998	9.3501966248226669	9.442772721742001	9.5353486857143341	9.6279246719689997	9.7205008652591669	9.8130771865104993	9.9056529204789996	9.9982286555678321	10.090804466254166	10.183380684443167	10.275956676846834	10.368532528818832	10.461108450772	10.553684872216667	10.646260821670333	10.7388368957655	10.8314131341715	10.9239893517345	11.016565641007	11.109141993579	11.201718058567833	11.294293849628835	11.386869710161166	11.4794455314925	11.572021153959334	11.664596847592167	11.757172509924166	11.849748439590668	11.9423242089445	12.034900033157667	12.127475982631832	12.220051943153667	12.312627852776499	12.405203731076	12.497779547336501	12.590355364444166	12.682931514685333	12.775508371134	12.868084704790334	12.960660564641167	13.053236370279832	13.145812444743667	13.238388937885	13.330965180560998	13.423540860838832	13.516116507397834	13.608692496964167	13.7012688337835	13.793844613793333	13.886420041028	13.978995624418665	14.071571194581333	14.164146793223667	14.256722352102333	14.3492980384655	14.441874222261498	14.534450246180665	14.627026338690333	14.719602445228833	14.812178161839167	14.904753795365499	14.997329641377501	15.089905810480333	15.182481957463832	15.275058148556333	15.36763406677	15.460209844338166	15.552785859770832	15.645362174142333	15.737938410403499	15.830514277125999	15.923090399169332	16.015666226342834	16.108242142885331	16.200818482523665	16.293394736827999	16.385970736552167	16.478546574871835	16.571122536867332	16.663698365631998	16.756274373600334	16.848850222754834	16.941426006649333	17.034001784514498	17.126577619680166	17.219153333875333	17.311729065294667	17.404304872499502	17.496880557899665	17.589456574660169	17.682032651957499	17.774608835718166	17.867184787125002	17.959760661238334	18.052336953765831	18.144913340410167	18.237489764443666	18.330066023555666	18.422641941726834	18.515218008961998	18.607794034066497	18.700369941040332	18.792945880806002	18.885521933135667	18.978097897687999	19.070673816125666	19.163249890105668	19.255825927741498	19.348402109744331	19.440978571967999	19.533555167728501	19.626131353670832	19.718707476351501	19.811283669228832	19.903860249845501	19.996436227559002	20.0890117807945	20.181587618388999	20.274164080885832	20.366741017274332	20.459316962773666	20.5518927189725	20.644468839203334	20.737045690355998	20.8296223530145	20.922198639653335	21.014774378735169	21.107350062561331	21.199925760156002	21.292501476775666	21.385077192036665	21.4776528435995	21.5702285657995	21.662804205080501	21.755380085461166	21.847956453733502	21.940532835523832	22.033108724507002	22.125684858405002	22.218260811874167	22.310836824651666	22.403412808950833	22.495989102004334	22.588565544030168	22.68114188719683	22.7737181984605	22.866294372045832	22.958870536694334	23.051446482767666	23.144022570601834	23.236598411197999	23.329174246124666	23.421750115482332	23.514326015802499	23.606901858955666	23.699477624234831	23.792053537332833	23.884629348324331	23.977205191633836	24.069781051755502	24.162356816769165	24.254932496244169	24.347508243645169	24.440084390846664	24.532660333413165	24.625236045127664	24.717811758056833	24.810387398789334	24.902963250471	24.995539170536166	25.088115092654	25.180690993800166	25.273267193435998	25.365843573227	25.458420007950668	25.550996364932331	25.6435727515215	25.736148969204333	25.828724885788834	25.921301206039665	26.013877295096165	26.106453046733666	26.199029234415331	26.291605159546002	26.384181244750831	26.476757403089501	26.569333784879333	26.661909867040499	26.7544859907815	26.8470622252485	26.939638928703168	27.032215965513835	27.124792458443665	27.217368285261333	27.309944273113164	27.402521155844664	27.495098111280665	27.587673952566334	27.680249731073836	27.772825987672999	27.865402667221669	27.957978871676666	28.050554671238999	28.143130931225667	28.235706909807167	28.328282744989835	28.420858567818996	28.513434366403331	28.606010311498665	28.698586336056334	28.791162377004834	28.883738414060165	28.976314361612502	29.0688902963925	29.161466666127335	29.254042831250331	29.346618953125834	29.439195014206998	29.531770892058834	29.624346982393	29.716923178531999	29.809499485697998	29.9020759846	29.994652545360498	30.087228948903832	30.179805451656332	30.272381812403669	30.364958249746167	30.457534380313501	30.550110414924497	30.6426869186615	30.735262767511998	30.827838608932165	30.920414558856667	31.01299053552583	31.105566428781668	31.198142500934168	31.290718686645832	31.383294789680164	31.475870883019496	31.568446728866498	31.661022483325667	31.753598287409165	31.846174233810832	31.9387506006195	32.031326956208169	32.123903219371499	32.216479486772329	32.309055803935834	32.401632067402829	32.494208215290833	32.586783922667337	32.679360059890001	32.771936169819661	32.864512332814165	32.957088112990668	33.049663919264496	33.142239750325665	33.234815492191338	33.327391329405501	33.419967579591663	33.512543741360332	33.605120405700497	33.69769722466333	33.790273606275001	33.882849942364665	33.975426780808831	34.068003260751496	34.160579324133998	34.253155242941496	34.345731491928838	34.438308533876665	34.530884970536334	34.623461065433666	34.716037156139336	34.808613713831335	34.901190453608336	34.993766710374665	35.086342553060334	35.178918605794998	35.271494674100332	35.3640705993325	35.45664649276933	35.549222552909832	35.641799069320165	35.734375497189333	35.826951532319164	35.919527579750167	36.012103758250163	36.104679839679001	36.197255899569996	36.289832000972496	36.382408174323835	36.474984354338666	36.567560348779502	36.660136304506501	36.752712411924669	36.845288464591498	36.937864546097501	37.0304406756715	37.123016888496494	37.215593192206498	37.308169377323168	37.400745546082668	37.493321864082333	37.5858981067665	37.678474537554166	37.771051244887495	37.863627880720664	37.956204339510833	38.048780506769333	38.141357048119168	38.233934003985667	38.326510850603995	38.419087619187671	38.511664363076832	38.604240978534001	38.696817533131501	38.789394058227003	38.881970601090167	38.9745470857995	39.067123638489669	39.159700013893001	39.252276540902002	39.34485344288133	39.437430175121669	39.5300070669105	39.622584047390333	39.715161143341497	39.807738208011834	39.900314924162828	39.992891421225337	40.085467966867832	40.178044188588338	40.270620428126662	40.36319691337367	40.455773536059667	40.548350120655336	40.640926803757168	40.733503275223832	40.826079776050832	40.918656270795331	41.011233178974834	41.103810255070002	41.196386632434162	41.288962854527831	41.381539390154501	41.474116347286497	41.566693155889162	41.659269330767501	41.75184554552483	41.844422022827835	41.936999093240004	42.029575858417999	42.122152105669663	42.214728726767831	42.307305504039505	42.399881717980996	42.492458471213162	42.585035315554499	42.677611696295166	42.770188070458993	42.862764419249835	42.955340825352998	43.047917181355494	43.140493561958834	43.2330698700735	43.325646227351506	43.418222578164006	43.510798757629338	43.603375002712497	43.695951264651832	43.78852754944667	43.881103851416661	43.973680321267835	44.066256917464003	44.158833496344336	44.251409757359163	44.343985908306827	44.4365620416525	44.529138096676995	44.621714527973495	44.714291127811499	44.806867329413663	44.899443493965663	44.992019696525333	45.084595768315999	45.177171881729834	45.269748194112836	45.362324206452669	45.454900197397833	45.547476250569666	45.640052360659993	45.732628465060827	45.825204611424503	45.917780670487829	46.010356731121831	46.102932719593333	46.195508535188665	46.288084346265663	46.380660291754502	46.473236208246838	46.565812476830338	46.658389005947498	46.750965427615668	46.843541884568502	46.936118216366161	47.028694733820664	47.121271345029328	47.213847998404333	47.306424341350834	47.399000347724169	47.49157652809167	47.584152780013497	47.676729189286	47.769305448533167	47.861882059661831	47.954458299187003	48.047034318597831	48.139610757421501	48.232187269752828	48.324763527357	48.417339827886337	48.509916467153992	48.602493504998833	48.695070342007668	48.787646829946667	48.880223225302665	48.972799884352497	49.065377048896501	49.157953794980997	49.250529589634837	49.343105508625001	49.43568139988183	49.528257285063503	49.620833199066666	49.713409384087832	49.80598541606517	49.898561863649171	49.991138181040661	50.083714464880828	50.17629078717416	50.268867123983	50.361443415534168	50.454019698213166	50.546595576795667	50.639171496101504	50.731747520933503	50.824323561001663	50.916900024594995	51.009476349860499	51.102052621486003	51.194628753070496	51.287204859189998	51.379780878085164	51.4723568859525	51.564933186827496	51.657509441293499	51.750085643158002	51.842661760702669	51.935237875593501	52.027813993497006	52.120389988948837	52.212966017630997	52.305541980716995	52.398117942034169	52.490693889685829	52.583269926392326	52.675846052777501	52.76842230314017	52.860998439940005	52.953574969944	53.046151487565169	53.138727997279332	53.231304511895331	53.323880909030166	53.416456865450328	53.509032728233336	53.601608625422998	53.694184491710004	53.786760421799336	53.879336519464331	53.971912990711829	54.064489437678333	54.157065625061662	54.2496417486485	54.342217878660172	54.434794053036832	54.527370149951331	54.619946302689328	54.712522637234834	54.805099196570332	54.897675530637834	54.990251762126832	55.082828004845339	55.175404262508501	55.267981325141832	55.360558146481665	55.453134467552168	55.545710621057331	55.638286655853165	55.730863177865167	55.823439404687996	55.916015232119832	56.008591066028167	56.101167172866326	56.193743799437499	56.286320093978837	56.378895818006164	56.471471551290328	56.564047406915662	56.656623324640996	56.74919921850833	56.841775365934829	56.934351221664159	57.026927042925337	57.119503249686666	57.212079583073162	57.304655679051002	57.397231385815005	57.489807284363501	57.582382906931997	57.674958541007996	57.76753417140683	57.860109826502999	57.952685545029496	58.045261238450827	58.137837140603168	58.230412899615004	58.322988616137671	58.415564347265999	58.508140031620833	58.600715838187334	58.693291504504003	58.785867160772831	58.878443406693329	58.971019260064836	59.063595443222333	59.156171166774833	59.24874697908934	59.341322817237831	59.43389883235983	59.52647457860683	59.619050283689162	59.711625937737828	59.804201755703666	59.896777864269168	59.989353551090836	60.081929351034503	60.174505115884337	60.267080874074331	60.359656830433337	60.452233158692167	60.544809109818004	60.6373849253335	60.729960609874837	60.822536729214328	60.897708621297163	2.0637145042419398	2.1225194931030198	2.1269860267639098	2.1307845115661599	2.1340675354003902	2.1369497776031401	2.1396222114562899	2.1425426006317099	2.1450812816619802	2.1475052833557098	2.1498148441314702	2.15210533142089	2.1541669368743901	2.1562473773956299	2.1583280563354399	2.1602177619934002	2.1624128818511901	2.1642260551452601	2.1660776138305602	2.16781449317932	2.1695134639739901	2.1712884902954102	2.1731400489807098	2.17466711997985	2.1762704849243102	2.17800736427307	2.1794772148132302	2.1810996532440101	2.1825311183929399	2.1841726303100502	2.1856997013092001	2.1872458457946702	2.1886391639709402	2.1900899410247798	2.1915023326873699	2.19283843040466	2.1942892074584899	2.1957206726074201	2.1969804763793901	2.1982784271240199	2.1995382308959899	2.2009508609771702	2.2023632526397701	2.2035849094390798	2.2048637866973801	2.2062571048736501	2.2070970535278298	2.2086622714996298	2.2097692489624001	2.2110290527343701	2.2120406627654998	2.2133386135101301	2.2145411968231201	2.2156674861907901	2.2167363166809002	2.21786260604858	2.2189123630523602	2.2201721668243399	2.2211456298828098	2.2222526073455802	2.2233407497406001	2.2243523597717201	2.2254974842071502	2.22652840614318	2.22761631011962	2.22836065292358	2.2296776771545401	2.2305939197540199	2.2315101623535099	2.2325599193572998	2.2336862087249698	2.2344686985015798	2.2354421615600502	2.2362630367278999	2.23729372024536	2.2382099628448402	2.2392406463622998	2.2401378154754599	2.2410349845886199	2.2418174743652299	2.24258112907409	2.2435545921325599	2.24445152282714	2.2453868389129599	2.2462077140808101	2.2469711303710902	2.2479255199432302	2.2486126422882	2.2495861053466801	2.2503688335418701	2.2512850761413499	2.251953125	2.2528312206268302	2.25355648994445	2.2543962001800502	2.2552361488342201	2.2559232711791899	2.2568395137786799	2.25741219520568	2.2583093643188401	2.2589774131774898	2.2597026824951101	2.2604660987853999	2.2611916065215998	2.26201224327087	2.26262307167053	2.2633674144744802	2.2639782428741402	2.2647800445556601	2.2654862403869598	2.2663643360137899	2.26695609092712	2.2674713134765598	2.2682540416717498	2.26896023750305	2.26957106590271	2.2703344821929901	2.27094531059265	2.2716896533965998	2.2722814083099299	2.27298760414123	2.2735221385955802	2.2742283344268799	2.27485823631286	2.2757554054260201	2.27619433403015	2.2768242359161301	2.2774922847747798	2.27823686599731	2.2788667678832999	2.2792866230010902	2.2800309658050502	2.2804701328277499	2.2811381816864	2.28161525726318	2.2824170589446999	2.28287506103515	2.2836005687713601	2.2841920852661102	2.2848219871521001	2.2854709625244101	2.2858719825744598	2.2865781784057599	2.2870743274688698	2.2877423763275102	2.2881433963775599	2.2887732982635498	2.2894604206085201	2.2898421287536599	2.29043388366699	2.2910637855529701	2.2915408611297599	2.29217076301574	2.2927052974700901	2.2932207584381099	2.2936978340148899	2.29432773590087	2.2947857379913299	2.2953584194183301	2.2960073947906401	2.2963509559631299	2.2968473434448198	2.2974581718444802	2.2979352474212602	2.29848885536193	2.2990043163299498	2.29953861236572	2.2999393939971902	2.30049300193786	2.30104660987854	2.3015620708465501	2.30200099945068	2.3027071952819802	2.3031079769134499	2.3035280704498202	2.3039860725402801	2.3045778274536102	2.3050549030303902	2.30543684959411	2.3060858249664302	2.3064103126525799	2.3068873882293701	2.30755543708801	2.3079755306243901	2.3084907531738201	2.30898714065551	2.30942606925964	2.30986499786377	2.3103613853454501	2.3107812404632502	2.3112776279449401	2.31171655654907	2.3121366500854399	2.31263279914856	2.3132627010345401	2.3135299682617099	2.3141026496887198	2.3143506050109801	2.3148660659789999	2.3154768943786599	2.3157441616058301	2.31624031066894	2.3167939186096098	2.3170611858367902	2.3175382614135698	2.3181300163268999	2.3185691833496	2.3190271854400599	2.3193516731262198	2.3197333812713601	2.3201725482940598	2.3206305503845202	2.3210885524749698	2.3215467929839999	2.32190942764282	2.3221576213836599	2.3227684497833199	2.3232455253600999	2.3235509395599299	2.3239898681640598	2.32439088821411	2.3249251842498699	2.3253643512725799	2.3254978656768799	2.3259177207946702	2.32637596130371	2.3269486427307098	2.32721590995788	2.3276548385620099	2.3282275199890101	2.3284947872161799	2.3287999629974299	2.3292391300201398	2.3295636177062899	2.3300597667693999	2.3304798603057799	2.33089971542358	2.3313195705413801	2.3316440582275302	2.3320450782775799	2.3323311805725102	2.3328657150268501	2.3330757617950399	2.33349561691284	2.3339538574218701	2.33427834510803	2.3347744941711399	2.3350226879119802	2.33553791046142	2.3359007835388099	2.3362252712249698	2.33662605285644	2.3370077610015798	2.3373894691467201	2.3377521038055402	2.3380765914916899	2.3383820056915199	2.3388593196868901	2.3392219543457	2.3394320011138898	2.3399662971496502	2.34030985832214	2.3405961990356401	2.3409016132354701	2.3414170742034899	2.3416843414306601	2.3419513702392498	2.3424286842346098	2.3428103923797599	2.3430585861206001	2.3435356616973801	2.3437647819518999	2.34422302246093	2.34464287757873	2.3447573184967001	2.3451390266418399	2.34559726715087	2.3459217548370299	2.34634160995483	2.3465325832366899	2.3468570709228498	2.3472387790679901	2.34777331352233	2.34790682792663	2.34832668304443	2.3486511707305899	2.3488802909850999	2.3492238521575901	2.3496055603027299	2.3499681949615399	2.35036921501159	2.3507127761840798	2.3510181903839098	2.3511707782745299	2.3515143394470202	2.3519725799560498	2.3521633148193302	2.3525643348693799	2.3529460430145201	2.3533086776733398	2.3537285327911301	2.3539958000183101	2.3542630672454798	2.3545112609863201	2.3549883365631099	2.35527467727661	2.3556373119354199	2.35588550567627	2.3563435077667201	2.3565917015075599	2.35683989524841	2.3572025299072199	2.3576414585113499	2.3578133583068799	2.3581950664520201	2.3584241867065399	2.3587105274200399	2.3590922355651802	2.35935950279235	2.3597412109375	2.36008477210998	2.3604283332824698	2.3607146739959699	2.3610963821411102	2.36134457588195	2.36164999008178	2.3619935512542698	2.3621845245361301	2.3625471591949401	2.3628716468811	2.3632533550262398	2.3634250164031898	2.36390233039856	2.3639786243438698	2.36441779136657	2.3647038936614901	2.36502838134765	2.3652575016021702	2.3655819892883301	2.3659636974334699	2.3661737442016602	2.3665173053741402	2.3669371604919398	2.3671472072601301	2.3673572540283199	2.3677771091461102	2.3680825233459402	2.3686170578002899	2.36871242523193	2.3689415454864502	2.36932325363159	2.3696095943450901	2.36993408203125	2.3703348636627202	2.3704874515533398	2.3707928657531698	2.3710410594940101	2.3713464736938401	2.3716518878936701	2.3719000816345202	2.3721864223480198	2.37262535095214	2.3729879856109601	2.3732552528381299	2.3736178874969398	2.37378978729248	2.3738851547241202	2.3743624687194802	2.3747060298919598	2.3748586177825901	2.3752784729003902	2.3755648136138898	2.3758702278137198	2.3760612010955802	2.3763856887817298	2.3766911029815598	2.3770155906677202	2.3771491050720202	2.3775498867034899	2.3779127597808798	2.3779890537261901	2.3785235881805402	2.3786761760711599	2.3789243698120099	2.3793251514434801	2.37957334518432	2.3797259330749498	2.3801076412200901	2.38047051429748	2.3807184696197501	2.3810238838195801	2.3813292980193999	2.3815393447875901	2.3817875385284402	2.3821310997009202	2.3823218345642001	2.3825509548187198	2.3829898834228498	2.3831045627593901	2.38356256484985	2.3838870525360099	2.38415431976318	2.3843452930450399	2.38459324836731	2.38499426841735	2.38524222373962	2.3855094909667902	2.3857386112213099	2.3859295845031698	2.3862922191619802	2.3865211009979199	2.3867311477661102	2.3871510028839098	2.3874948024749698	2.38772368431091	2.3879528045654301	2.3882963657379102	2.38862085342407	2.3888881206512398	2.3890216350555402	2.3893461227416899	2.3896133899688698	2.38976621627807	2.3899569511413499	2.3904724121093701	2.3906822204589799	2.3910260200500399	2.3913505077361998	2.39144587516784	2.3918657302856401	2.3920757770538299	2.3923430442810001	2.3925719261169398	2.3929154872894198	2.39314460754394	2.3933546543121298	2.3937172889709402	2.3941371440887398	2.39434719085693	2.3944425582885698	2.3948433399200399	2.3949961662292401	2.3952825069427401	2.3956069946289	2.3958551883697501	2.3962368965148899	2.3963322639465301	2.3967902660369802	2.39686679840087	2.3971722126007	2.3974585533142001	2.3978021144866899	2.3977639675140301	2.39826011657714	2.3985846042632999	2.3988709449768	2.39911913871765	2.39930987358093	2.3996725082397399	2.3998253345489502	2.40013074874877	2.4003407955169598	2.4006078243255602	2.4011232852935702	2.4012186527252202	2.4014477729797301	2.4016959667205802	2.40190577507019	2.4025356769561701	2.4025740623474099	2.4027647972106898	2.4031083583831698	2.40328025817871	2.4036047458648602	2.4038720130920401	2.4041008949279701	2.40436816215515	2.40467357635498	2.4048645496368399	2.40515089035034	2.40545630455017	2.4056661128997798	2.40593338012695	2.4062578678131099	2.4063341617584202	2.4068686962127601	2.4070787429809499	2.40719318389892	2.4076130390167201	2.4077658653259202	2.40797567367553	2.40828108787536	2.4085483551025302	2.4087774753570499	2.4089682102203298	2.4093883037567099	2.4097318649291899	2.40984630584716	2.4099991321563698	2.4105143547058101	2.41057157516479	2.4110298156738201	2.4112014770507799	2.41148781776428	2.41179323196411	2.4117550849914502	2.4121942520141602	2.4124231338500901	2.4125950336456299	2.41305303573608	2.41318678855896	2.41347312927246	2.4136066436767498	2.41383576393127	2.41425561904907	2.41444659233093	2.4147520065307599	2.4149045944213801	2.4152672290802002	2.4154772758483798	2.4158017635345401	2.4160690307617099	2.41629791259765	2.4166605472564702	2.4166798591613698	2.4170615673065101	2.4173095226287802	2.4175767898559499	2.4178059101104701	2.4181876182556099	2.4182448387146001	2.4186649322509699	2.41891288757324	2.4191420078277499	2.4194092750549299	2.41969561576843	2.4198865890502899	2.4202492237090998	2.4203636646270699	2.42059278488159	2.4208791255950901	2.4211080074310298	2.4215281009674001	2.4217569828033398	2.4220051765441801	2.4221770763397199	2.42246341705322	2.4225778579711901	2.4229595661163299	2.4231505393981898	2.4234559535980198	2.4236276149749698	2.42397117614746	2.4242384433746298	2.4244866371154701	2.4247729778289702	2.4248301982879599	2.4251928329467698	2.4254601001739502	2.4256126880645699	2.4259562492370601	2.4262044429778999	2.42645263671875	2.4267580509185702	2.42710161209106	2.42723512649536	2.4275023937225302	2.4276361465454102	2.42801785469055	2.4282085895538299	2.4285330772399898	2.42880034446716	2.4290866851806601	2.4292013645172101	2.4295449256896902	2.4298119544982901	2.4299838542938201	2.4302701950073198	2.4304418563842698	2.43084287643432	2.4310336112975999	2.4312818050384499	2.4316062927246	2.4317781925201398	2.4321408271789502	2.4321408271789502	2.4325606822967498	2.43278980255127	2.4329423904418901	2.4332859516143799	2.4336485862731898	2.4338967800140301	2.4339730739593501	2.43422126770019	2.4344313144683798	2.43464136123657	2.4351947307586599	2.4352138042449898	2.4354619979858398	2.4357483386993399	2.4361300468444802	2.4362447261810298	2.4364163875579798	2.4369127750396702	2.4370653629302899	2.4372754096984801	2.43746614456176	2.43773341178894	2.4380197525024401	2.4382679462432799	2.4384396076202299	2.4387450218200599	2.4390504360198899	2.43933677673339	2.4394896030425999	2.4398140907287602	2.4400238990783598	2.4403102397918701	2.4406538009643501	2.4407684803009002	2.4410929679870601	2.4412455558776802	2.44151282310485	2.4417800903320299	2.4420282840728702	2.4422571659088099	2.4424862861633301	2.4426963329315101	2.4430780410766602	2.44315433502197	2.4434597492218	2.4435551166534402	2.4439942836761399	2.4442040920257502	2.4444332122802699	2.44466233253479	2.4448721408843901	2.4451584815978999	2.4454066753387398	2.44567394256591	2.4457693099975502	2.4461510181427002	2.4463801383972101	2.44670462608337	2.4468955993652299	2.4471628665924001	2.4473917484283398	2.44762086868286	2.4478881359100302	2.4481172561645499	2.4484417438507	2.4487662315368599	2.4487662315368599	2.4490716457366899	2.4493386745452801	2.44966316223144	2.44979691505432	2.4501023292541499	2.2619926929473801	2.2103610038757302	2.2051692008972101	2.20089364051818	2.1970760822296098	2.1936402320861799	2.1903762817382799	2.1870932579040501	2.18415355682373	2.1812903881072998	2.1785609722137398	2.1759841442108101	2.1733310222625701	2.17088770866394	2.16846346855163	2.1661729812621999	2.1636533737182599	2.1613056659698402	2.15916776657104	2.1569919586181601	2.1547586917877202	2.1527736186981201	2.1505212783813401	2.1485741138458199	2.14651274681091	2.1445467472076398	2.1424469947814901	2.14048099517822	2.1388204097747798	2.1368734836578298	2.13509821891784	2.1332468986511199	2.1314716339111301	2.1296200752258301	2.1281313896179199	2.1262607574462802	2.1246383190154998	2.1230540275573699	2.1213359832763601	2.1198091506957999	2.1181676387786799	2.1167550086975102	2.11515164375305	2.11358642578125	2.11225032806396	2.11085700988769	2.10942530632019	2.10803198814392	2.10669589042663	2.1053216457366899	2.1038899421691801	2.1027448177337602	2.1014084815978999	2.10018706321716	2.09892725944519	2.0975527763366699	2.0965983867645201	2.0953576564788801	2.0940406322479199	2.0928955078125	2.09180736541748	2.0907957553863499	2.0894787311553902	2.0884861946105899	2.0874745845794598	2.0865011215209899	2.0854322910308798	2.0843632221221902	2.0833134651184002	2.08226370811462	2.0812518596649099	2.0802402496337802	2.0794196128845202	2.0782551765441801	2.07737708091735	2.0764992237090998	2.0755829811096098	2.0746285915374698	2.0737314224243102	2.0729489326477002	2.0720899105071999	2.07128810882568	2.07021927833557	2.0694558620452801	2.0687112808227499	2.0677952766418399	2.0670125484466499	2.06603908538818	2.06531381607055	2.06439757347106	2.0636723041534402	2.0629277229309002	2.0622215270996	2.0614390373229901	2.06054186820983	2.0596256256103498	2.0588812828063898	2.0580604076385498	2.0573542118072501	2.05662894248962	2.0559608936309801	2.0552163124084402	2.0544147491454998	2.0536701679229701	2.0528686046600302	2.05204772949218	2.0514371395111	2.0507116317749001	2.0500435829162602	2.0492801666259699	2.0485930442810001	2.0479249954223602	2.0471422672271702	2.0464742183685298	2.04578709602356	2.0451953411102202	2.0443363189697199	2.0437448024749698	2.0430958271026598	2.0423893928527801	2.04179763793945	2.04107236862182	2.0403470993041899	2.0397171974182098	2.03903007507324	2.0384001731872501	2.0377511978149401	2.0370831489562899	2.0364913940429599	2.0358042716979901	2.03515529632568	2.0345253944396902	2.0339717864990199	2.0332846641540501	2.0327119827270499	2.03194856643676	2.0313949584960902	2.0309178829193102	2.03026890754699	2.0294671058654701	2.0289900302886901	2.0283792018890301	2.0279018878936701	2.0272529125213601	2.0265467166900599	2.02591681480407	2.0253059864044101	2.0247333049774099	2.0241606235504102	2.0237216949462802	2.02311086654663	2.02250003814697	2.0220420360565101	2.0213739871978702	2.0206868648528999	2.0202667713165199	2.0196559429168701	2.0190834999084402	2.0185489654540998	2.0178046226501398	2.0173273086547798	2.0167927742004301	2.0161247253417902	2.01589584350585	2.0150558948516801	2.0145597457885698	2.01404428482055	2.01343345642089	2.0128607749938898	2.0124218463897701	2.0119063854217498	2.0112764835357599	2.01078033447265	2.0101504325866699	2.00982594490051	2.0091578960418701	2.0086805820464999	2.00826072692871	2.00770711898803	2.0070009231567298	2.00661921501159	2.00614190101623	2.0054357051849299	2.0052065849304199	2.0044431686401301	2.0040042400360099	2.0036032199859601	2.00306892395019	2.0023818016052202	2.0018854141235298	2.00136995315551	2.0010454654693599	2.0005302429199201	1.9999192953109699	1.9995185136795	1.9989458322525	1.99850678443908	1.9980105161666799	1.99747610092163	1.99703705310821	1.99652171134948	1.99600636959075	1.9955863952636701	1.99509012699127	1.9945366382598799	1.99421215057373	1.9936203956603999	1.9932768344879099	1.99270415306091	1.9921506643295199	1.9918071031570399	1.9914634227752599	1.99083364009857	1.99045181274414	1.9898219108581501	1.98944020271301	1.98896300792694	1.9885048866271899	1.98814225196838	1.9875123500823899	1.98718786239624	1.9867297410964899	1.98623347282409	1.985813498497	1.9854699373245199	1.9848781824111901	1.9844774007797199	1.98401927947998	1.98363757133483	1.9831030368804901	1.98258769512176	1.9822250604629501	1.9818241596221899	1.98146152496337	1.9809652566909699	1.9804499149322501	1.9799345731735201	1.9796100854873599	1.9791519641876201	1.97877013683319	1.9784075021743699	1.9778540134429901	1.97751033306121	1.977224111557	1.9766323566436701	1.97613608837127	1.97573518753051	1.97518169879913	1.9749908447265601	1.97447550296783	1.974170088768	1.9737691879272401	1.97340655326843	1.97287213802337	1.9724140167236299	1.9720321893692001	1.9716123342514	1.97113513946533	1.9708297252655	1.9703906774520801	1.96993255615234	1.96962714195251	1.9692645072937001	1.96871101856231	1.9684628248214699	1.9679093360900799	1.9675656557083101	1.9671839475631701	1.9666495323181099	1.96645867824554	1.96584784984588	1.96537065505981	1.9651798009872401	1.9647407531738199	1.96441626548767	1.9640536308288501	1.9635381698608401	1.9632327556610101	1.9627174139022801	1.9624119997024501	1.96203029155731	1.96147668361663	1.96120953559875	1.9608850479125901	1.96046507358551	1.96004521846771	1.9596824645996	1.95930075645446	1.9588807821273799	1.9584990739822301	1.9581555128097501	1.95783102512359	1.95735383033752	1.9570293426513601	1.95660936832428	1.9562085866928101	1.9558458328246999	1.9556740522384599	1.9551968574523899	1.9547579288482599	1.9544334411621	1.95401346683502	1.9536508321762001	1.9533263444900499	1.9531545639037999	1.95252466201782	1.95218098163604	1.9518564939498899	1.9514366388320901	1.95105481147766	1.95053946971893	1.95040583610534	1.95006227493286	1.9496041536331099	1.9492605924606301	1.94884073734283	1.9485734701156601	1.9481725692748999	1.9478290081024101	1.9475618600845299	1.9470463991165099	1.94685554504394	1.9465310573577801	1.94611120223999	1.9457484483718801	1.94529032707214	1.9448895454406701	1.94473683834075	1.94424057006835	1.9439351558685301	1.94359159469604	1.9431906938552801	1.94273269176483	1.9425417184829701	1.9422363042831401	1.9417591094970701	1.94151103496551	1.9410147666931099	1.9407093524932799	1.94038486480712	1.9401175975799501	1.93977403640747	1.9395831823348999	1.9390678405761701	1.93864786624908	1.93826615810394	1.9379798173904399	1.9378080368041899	1.93731176853179	1.9369872808456401	1.9365482330322199	1.9362428188323899	1.9359374046325599	1.93567013740539	1.93530750274658	1.9349448680877599	1.9347349405288701	1.9344295263290401	1.9340476989746	1.93357050418853	1.93336057662963	1.9329979419708201	1.9325970411300599	1.93223440647125	1.9319480657577499	1.9316809177398599	1.93131816387176	1.9309936761855999	1.9307456016540501	1.9302874803543	1.9300011396407999	1.9295620918273899	1.9295048713684	1.9290848970413199	1.92868411540985	1.9284359216689999	1.9281878471374501	1.9277297258377	1.92732882499694	1.9270235300064	1.9268708229064899	1.9264889955520601	1.925954580307	1.9258781671523999	1.9254964590072601	1.92500019073486	1.9247902631759599	1.9245802164077701	1.9241794347762999	1.9240076541900599	1.92354953289032	1.9234158992767301	1.92295777797699	1.9224615097045901	1.9223661422729399	1.9219652414321899	1.9218506813049301	1.9213162660598699	1.9210299253463701	1.9207245111465401	1.9205336570739699	1.9200755357742301	1.9198846817016599	1.91952204704284	1.9191211462020801	1.9187775850296001	1.9185485839843699	1.91831946372985	1.9179377555847099	1.9176704883575399	1.9174605607986399	1.91709792613983	1.91675436496734	1.9165443181991499	1.9161626100540099	1.9157426357269201	1.9155517816543499	1.91515100002288	1.9149028062820399	1.9144637584686199	1.9141583442687899	1.91402471065521	1.91358578205108	1.9132994413375799	1.91307044029235	1.9125740528106601	1.91236412525177	1.91205871105194	1.91184878349304	1.91167700290679	1.9113143682479801	1.91079890727996	1.9107798337936399	1.9103981256484901	1.9100545644760101	1.90984451770782	1.90942466259002	1.90902376174926	1.90877568721771	1.90854656696319	1.90824115276336	1.9079740047454801	1.90764951705932	1.9073059558868399	1.9070005416870099	1.9067142009735101	1.9065805673599201	1.90625607967376	1.9060078859329199	1.9056452512741	1.90530169010162	1.9050536155700599	1.90451908111572	1.90451908111572	1.90421366691589	1.9038701057434	1.9035837650298999	1.9031448364257799	1.9030684232711701	1.9026293754577599	1.9022285938262899	1.90213310718536	1.9017513990402199	1.9015796184539699	1.9012360572814899	1.9009497165679901	1.9006443023681601	1.90035796165466	1.9001098871230999	1.8995944261550901	1.8994990587234499	1.89913642406463	1.89892637729644	1.8984110355377199	1.8983728885650599	1.8981246948242101	1.8977620601653999	1.89736127853393	1.8970558643341	1.89692223072052	1.8965595960617001	1.8962732553482	1.89606320858001	1.8958151340484599	1.89558601379394	1.8952997922897299	1.89493703842163	1.8947080373764	1.8943835496902399	1.89402091503143	1.8938682079315099	1.8933145999908401	1.8931237459182699	1.8929328918457	1.8926465511321999	1.89237928390502	1.8920930624008101	1.89184486865997	1.89167308807373	1.89111959934234	1.8909478187561	1.89077591896057	1.8906233310699401	1.8900887966155999	1.88993608951568	1.8895925283432	1.8893061876296999	1.88911533355712	1.8887908458709699	1.8883708715438801	1.88833272457122	1.8878937959671001	1.8876074552536	1.8872829675674401	1.88720655441284	1.88686299324035	1.8866149187087999	1.8864048719406099	1.88604223728179	1.88581323623657	1.8854887485504099	1.8852024078369101	1.8850115537643399	1.8848015069961499	1.8843243122100799	1.88417160511016	1.88390445709228	1.88365626335144	1.8832745552062899	1.8831027746200499	1.88270187377929	1.88247287273407	1.88226282596588	1.88191926479339	1.8817665576934799	1.88140392303466	1.8810794353485101	1.8809458017349201	1.8806022405624301	1.8804304599761901	1.88014411926269	1.8798960447311399	1.8795142173767001	1.8792278766632	1.87905609607696	1.8787698745727499	1.8784644603729199	1.87806355953216	1.8780254125595	1.87766277790069	1.8773764371871899	1.87701380252838	1.87688016891479	1.8764792680740301	1.8764411211013701	1.8760784864425599	1.87588763236999	1.8756012916564899	1.87533402442932	1.8750095367431601	1.8747041225433301	1.8744369745254501	1.87432241439819	1.8739979267120299	1.8736925125121999	1.8734061717987001	1.8731007575988701	1.87294805049896	1.8726618289947501	1.8724517822265601	1.8721463680267301	1.8717837333679199	1.8716500997543299	1.8713637590408301	1.87107753753662	1.8707911968231199	1.8704093694686801	1.87025678157806	1.8701422214507999	1.8698749542236299	1.8695313930511399	1.86916875839233	1.8690160512924101	1.8688824176788299	1.86859607696533	1.8681952953338601	1.8678898811340301	1.86781346797943	1.86760354042053	1.86716449260711	1.8670308589935301	1.86674463748931	1.8664964437484699	1.86617195606231	1.8658093214035001	1.8656375408172601	1.8654084205627399	1.8651984930038401	1.86500763893127	1.8647403717041	1.86435866355896	1.8640723228454501	1.8639005422592101	1.8634996414184499	1.86344242095947	1.8630797863006501	1.8628889322280799	1.8627170324325499	1.86235439777374	1.8622016906738199	1.8619345426559399	1.8615908622741699	1.86136186122894	1.8611136674880899	1.86105644702911	1.8606938123703001	1.86027383804321	1.86014020442962	1.85983490943908	1.85975849628448	1.8593003749847401	1.8590713739395099	1.8588613271713199	1.8586132526397701	1.85836505889892	1.8580024242401101	1.8579069375991799	1.85758244991302	1.8574298620223999	1.8572579622268599	1.85693347454071	1.85662817955017	1.85641813278198	1.85624635219574	1.8558646440505899	1.85554015636444	1.8553874492645199	1.8550820350646899	1.8549102544784499	1.8546048402786199	1.85433757305145	1.8541276454925499	1.85389852523803	1.85372674465179	1.8533068895339899	1.8533450365066499	1.8530014753341599	1.8526197671890201	1.8524478673934901	1.8521043062210001	1.8520661592483501	1.85177981853485	1.85141718387603	1.85120725631713	1.8511117696762001	1.8507872819900499	1.85059642791748	1.8502337932586601	1.84994745254516	Cycle 25	1.8447461999999999E-5	9.2612425374833343E-2	0.18520596839266668	0.27779979931916665	0.37039418229016663	0.46298814805900002	0.55558162313199999	0.64817524829950002	0.74076949009733328	0.83336412035033336	0.92595841903816656	1.0185526674654999	1.1111467437246667	1.2037411867986667	1.2963356073526666	1.3889298544896667	1.4815241338416665	1.5741184274290001	1.6667127066155001	1.7593071166338332	1.8519009529208335	1.9444949538255001	2.0370887670721669	2.1296830843466665	2.2222774554231668	2.3148713723271666	2.4074651704988335	2.5000590390556665	2.5926533063053334	2.6852477891395004	2.7778422975165	2.8704367180301666	2.9630310079941666	3.05562524122	3.1482195792876664	3.2408133978678335	3.3334070589486666	3.4260009369413331	3.5185951645976665	3.6111892946119997	3.703783575129167	3.7963778837583333	3.8889722254176662	3.9815664876716661	4.0741607213544997	4.1667545055653328	4.2593481057833333	4.3519417219481662	4.4445354420825005	4.5371292618186665	4.6297233072966666	4.7223177933808334	4.8149123459358334	4.9075069488353336	5.0001015667865003	5.0926962994618332	5.1852909569618326	5.2778857913961668	5.3704804492118337	5.4630752062516663	5.5556699678373338	5.6482646924395006	5.7408594335743333	5.8334539274105	5.9260484531494999	6.0186430907536668	6.111237807318	6.2038323014483332	6.2964265215876658	6.3890208881866659	6.4816152628676669	6.5742097249091662	6.6668041145646662	6.7593983842416669	6.8519922172123335	6.9445856950238332	7.0371796801598334	7.1297742545533325	7.222368870575667	7.3149631511601658	7.4075570708651668	7.5001511601699997	7.5927456600041658	7.685339930603833	7.7779335077228335	7.8705267104318324	7.9631204084063336	8.0557147398828324	8.1483094057110002	8.2409039950983338	8.3334985485811668	8.4260932390706653	8.5186879112665004	8.6112825188304996	8.7038769699886664	8.7964712695110006	8.8890658434849996	8.9816601314241673	9.0742541715668334	9.1668482259764996	9.2594421662726667	9.3520366210959995	9.4446310898060002	9.5372250434601664	9.6298190366763325	9.7224130559735009	9.8150072185668336	9.9076018307970006	10.000196441298332	10.092790969825499	10.185385539927999	10.277980046929001	10.370574570485333	10.463169175627666	10.555763739245334	10.648358418612	10.740952891508167	10.833547634810166	10.926142019035666	11.018736010903	11.111330375806	11.203925204507167	11.296520149913167	11.389115036834665	11.4817097810805	11.574304653351001	11.666899484898167	11.759494324953499	11.852089084978999	11.944684048525666	12.037278929494667	12.1298737854825	12.222468540673999	12.315063369937	12.407658241839332	12.500253160733834	12.592847999396666	12.685442751110667	12.778037473444	12.870632174782667	12.963226881150332	13.055821633957001	13.148416510635998	13.241011333082001	13.333606039831	13.426200683754333	13.518795216076832	13.611389735964666	13.703984125568333	13.796578501530332	13.889172801984666	13.981767096020501	14.074360993420166	14.166955256200501	14.259550162419666	14.352144969843	14.444739150818831	14.537332985734501	14.629927452265166	14.722522405352834	14.815117287342167	14.907711711812333	15.000305862369833	15.092900401176166	15.185495356305333	15.278090200350833	15.370685101734333	15.463280034423999	15.555874840846833	15.648469696804835	15.741064477871999	15.833659310208999	15.926254090544335	16.018848814142999	16.111443576642834	16.204038415318333	16.296633104569331	16.3892277394975	16.481822386221165	16.574416982212	16.667011612012502	16.759606078400168	16.852200838456501	16.944795559587334	17.037390314578499	17.129984893528334	17.222579658507168	17.3151743403475	17.407769069364832	17.500363669169666	17.592958280965167	17.685553012172331	17.778147761528164	17.870742491506832	17.963337275989169	18.055932061683833	18.148526906144834	18.241121590221333	18.333716194306835	18.426310799983334	18.518905277463499	18.611499926536165	18.704094638746668	18.796689324801669	18.889283935454166	18.981878585844168	19.074473211861331	19.167067827862667	19.25966237299583	19.352256542347668	19.444850462685	19.537444973198831	19.630039506725666	19.722634054596167	19.815228608501165	19.907822916604832	20.000417589754999	20.093012289733831	20.185606956319667	20.278201230834	20.370795052864	20.463388886007998	20.555982515896332	20.648576276961833	20.741170400457332	20.833764580132836	20.926358696838168	21.018952727217336	21.111546305793834	21.204140501731498	21.296735191691329	21.389329328597665	21.481923357079499	21.574517092399667	21.667111304647332	21.759705873364169	21.852300433872497	21.944894647996168	22.037488785884999	22.130083155932834	22.222677773908831	22.315272477235499	22.407867307298666	22.500462167373996	22.593056931570668	22.685651703963664	22.778246533234999	22.870841277595002	22.963435719183831	23.056030469974999	23.148625303030499	23.241220172751834	23.333814638090999	23.426408788156664	23.51900306708233	23.611597918613665	23.704192808603331	23.796787699352336	23.889382517561334	23.981977477413665	24.074572354040832	24.167167196291999	24.2597620633465	24.352356506833335	24.444950918668333	24.537545730791166	24.630140375064503	24.722735198554666	24.815329994975503	24.907924703941333	25.000519442738163	25.093114203186001	25.185708827574501	25.278303415530335	25.370897944853333	25.463492358977668	25.556086614239	25.648680803431333	25.741275144775667	25.833869579607168	25.926464365119667	26.019059077974333	26.111653845337834	26.204248539808166	26.296843237295832	26.389437884754663	26.482032544970501	26.574627040876834	26.667221107808498	26.759815032056665	26.852409518128667	26.945003822890168	27.037598014082665	27.130192031124665	27.222786445021001	27.315380994706164	27.407975541027668	27.500569892599668	27.593164186330831	27.685758575470334	27.778352791112333	27.87094676171683	27.963540859510001	28.056135052690333	28.14872894594783	28.24132301069583	28.333917661898166	28.426512337846333	28.519106774844502	28.61170057642633	28.704294801848832	28.796889595531166	28.889483730274168	28.982077853680835	29.074671758949833	29.167266148449666	29.259860960765	29.352455483337831	29.445050008964834	29.537644420306499	29.630239020256496	29.722833301145169	29.815427828675666	29.908022422232499	30.000617001170333	30.093211549895166	30.185805689835998	30.278400075120999	30.3709943700885	30.463588490353665	30.556182882483832	30.648777066695999	30.741371327252835	30.833965752916836	30.926560206722336	31.01915447466083	31.111748894493836	31.204342980610001	31.29693731523	31.389531655632833	31.482126173850496	31.574720367173335	31.66731455868533	31.759908626496834	31.852502747229998	31.945097110625166	32.037691872614332	32.130286499302166	32.222881190506996	32.315475869552998	32.408070382351163	32.50066459277167	32.593259096641169	32.685853729317664	32.778448326858665	32.871042935080503	32.963637448740165	33.05623204362783	33.148826771517669	33.241421407765834	33.334016176513003	33.426610814559162	33.51920539691433	33.611799858169498	33.704394395047331	33.796988956783167	33.889583560502167	33.98217804625083	34.074772593508669	34.167367138241168	34.25996182680467	34.352556292048163	34.445151010205336	34.537745541159836	34.630339969875664	34.722934365538499	34.815528174707168	34.908121960303333	35.000715908121165	35.093310051353498	35.185903498492337	35.278497392193003	35.371091814092502	35.463686361505502	35.556280769331501	35.648874638904502	35.741468661904833	35.834063261188334	35.926657749604331	36.019251353156832	36.111845017742169	36.204439028259166	36.297033551992001	36.389628063364171	36.48222251033733	36.574816984674996	36.667411203574169	36.760005387459664	36.852599723887664	36.945194134606162	37.037788484574499	37.130382992815669	37.222977510137667	37.315572036360166	37.408166558777332	37.500761074781998	37.593355674324165	37.685950185296164	37.778544902728164	37.871139458189994	37.963733960029664	38.05632838393533	38.148922933432829	38.24151717186033	38.334111611084168	38.42670575396933	38.519300293217661	38.611894328356328	38.704488514243998	38.797082790795834	38.889676854093331	38.982271000243998	39.074865052185167	39.1674594789175	39.26005393873367	39.352648344009502	39.445242714677661	39.537837049894833	39.630431129943496	39.72302474217333	39.815619000566834	39.908213395018336	40.000807747126665	40.093402090214994	40.185996468698995	40.278590762224496	40.371185081115499	40.463779513449502	40.556373957690163	40.648968266663168	40.741562719475333	40.834157100675831	40.926751358464337	41.019345876182669	41.111940231883999	41.204534523160831	41.297128884959001	41.389723334483001	41.482317787185835	41.574911546313665	41.667505616652669	41.760099642806495	41.852693673200001	41.945287538153167	42.037880871025997	42.130474298036667	42.223067420897159	42.315660872693996	42.408254945415003	42.500849139959662	42.593442895278834	42.6860365675495	42.778630510867167	42.871224418926495	42.963818196758666	43.056412000373506	43.149005651989498	43.241599889518497	43.334194322632328	43.426788319526999	43.519382576117835	43.611976953287837	43.704571366109164	43.797165708900003	43.889760074856667	43.982354307770663	44.074948564173994	44.167542900348167	44.260137147542004	44.352731618153328	44.445326126187005	44.537920496722663	44.630514873731506	44.723109196864328	44.815703571397329	44.908297934282665	45.000892182044993	45.093486481078166	45.186080696727998	45.278674905448504	45.371269092775002	45.463863286467664	45.556457392599334	45.649051793239664	45.741646247503326	45.834240772464163	45.926835189888834	46.019429589023666	46.112024052134835	46.204618551956834	46.29721304613566	46.389807575199839	46.482402104506832	46.57499617732617	46.667590473432163	46.760184897723498	46.852779396949998	46.945373955604666	47.037968342674006	47.130562837352329	47.223157407201498	47.315751993082671	47.408346598497168	47.500941238037328	47.593535783439833	47.686130299599661	47.778725066283663	47.871319744007998	47.963914390351995	48.056509047063329	48.149103704078328	48.241698282985162	48.334292918716834	48.426887438195166	48.51948198489184	48.612076416194334	48.704670222962825	48.797264289423168	48.88985874642767	48.982453013319002	49.075047259329004	49.167641258373834	49.2602350886905	49.352829379593835	49.445424059839667	49.538018576494501	49.630612576586664	49.723206423589495	49.815800833385836	49.908395502507169	50.000989791611168	50.093583748715837	50.186177882089666	50.278772463673832	50.371366855006002	50.463961325603002	50.556555811930494	50.649150308377166	50.741744655845338	50.83433889476067	50.926933030548497	51.019527232330162	51.112121248039827	51.204715483365163	51.297309537208172	51.389903543189163	51.482497747044327	51.57509207687216	51.66768641797033	51.760280806221331	51.852875191662498	51.94546951176283	52.038063823578497	52.130658141292336	52.22325250856683	52.315847062905	52.408441544601665	52.501036066235166	52.593630841064829	52.686225522362001	52.77882034503466	52.871415133215663	52.964009807875833	53.056604505056001	53.149199282832164	53.241794082891495	53.334388549486839	53.426983328512328	53.519578155859172	53.612172878106328	53.704767548586496	53.797362154447832	53.889956768864828	53.982551343346664	54.075145926787329	54.167740503023005	54.260334984545338	54.352929533521333	54.445524001645836	54.538118518107495	54.630713052934993	54.723307099789828	54.815901333762	54.908495765599334	55.001090210221996	55.0936846403225	55.186279081417993	55.278873301455164	55.371467159339169	55.464060904893671	55.556654581849827	55.649248578185336	55.74184257937133	55.834436571705169	55.927030767691832	56.019624997575505	56.112219220905331	56.204813098241331	56.297407220190827	56.390001884633669	56.482596725705498	56.575191329405833	56.667785335967338	56.760379686951673	56.852974587790335	56.945569261345504	57.038163286506496	57.130757281556164	57.223351804468827	57.315946627788506	57.408541091248829	57.501135597006495	57.593730227714829	57.686324481873498	57.77891857758933	57.871512658205837	57.964106751925335	58.056701280789163	58.149295787585991	58.241890264884667	58.334484713951667	58.427079161011498	58.519673640123003	58.612268163191999	58.704862682349663	58.797457178114669	58.890051744856663	58.982646144966168	59.075240307876335	59.167834771876002	59.260429322795666	59.318328620371332	1.8444053500000001E-5	9.2593763000499985E-2	0.18516969517033333	0.27774562480100001	0.37032147199750004	0.46289761159699999	0.55547381749416669	0.6480498471988333	0.7406255794405	0.8332013180183333	0.92577702065583334	1.0183528155976667	1.1109287207071668	1.2035043934583334	1.2960800059863333	1.3886556980803333	1.4812320559913332	1.5738084181823333	1.6663847634743334	1.7589611763098332	1.8515375378506664	1.9441137538778333	2.0366897722156669	2.1292657438808331	2.2218412230069999	2.3144167194233334	2.4069922126421668	2.4995676162518334	2.5921430180116665	2.6847185517036669	2.7772940822265002	2.8698695592708332	2.962445044600333	3.0550204582253335	3.1475959487556668	3.2401718125734997	3.3327470950533331	3.4253228677201668	3.5178983873233332	3.6104738084713333	3.7030491899081666	3.7956247772503331	3.8882007452668335	3.9807769086741667	4.0733528892298336	4.1659291506701663	4.258504862762166	4.3510804140766668	4.4436561031104995	4.5362321504966667	4.6288078673940003	4.7213831468268337	4.8139586674913328	4.9065344861596669	4.9991108425866662	5.0916868546963334	5.1842624031586659	5.2768380453145003	5.3694145327928338	5.4619915069960001	5.5545678624483337	5.647143664573667	5.7397197524976669	5.8322955709386664	5.924871246584666	6.0174469763686664	6.1100232630228328	6.2025994847239998	6.2951756550873323	6.3877513978811669	6.4803271680799996	6.572902813770666	6.665478469409833	6.7580544926513335	6.8506306738870002	6.9432068892804999	7.0357829531149996	7.1283585301251664	7.2209340808589992	7.3135097334821664	7.4060853373706665	7.4986609638779997	7.5912365993023334	7.6838122518376668	7.776387790647334	7.8689633593393333	7.961538996940333	8.0541145681496662	8.1466902178381666	8.2392657781596661	8.3318414394656664	8.4244170614250002	8.5169926503299997	8.609568280033999	8.7021438973138334	8.7947194836851672	8.8872951412056658	8.9798707529218333	9.072446319388499	9.1650218131663319	9.2575976715883321	9.3501740352339997	9.4427498104914989	9.535325447569333	9.6279010337319999	9.7204766779271665	9.8130523709709987	9.9056280161766654	9.9982035986509992	10.090779309878666	10.1833549539695	10.275930628700333	10.368506864116666	10.461082365083998	10.553658131124834	10.646234285805999	10.738810664629501	10.831386985438833	10.923963433798333	11.016539877882666	11.109116481251165	11.201692982750833	11.294268881295499	11.386845265504999	11.479421655023	11.571998302092666	11.664575426272167	11.757151542346833	11.849727151948001	11.942302773443668	12.034879166486668	12.127455532816832	12.220031415491665	12.312606822603334	12.405182472038	12.497758514581999	12.590334854257334	12.682910532886167	12.775485959904666	12.868061532138167	12.960637136673	13.053212635696999	13.14578823071	13.2383638878465	13.330939553211666	13.423515262653499	13.516090931760498	13.608667027604833	13.701242829679332	13.793818701131999	13.886394407616166	13.978970083055167	14.071545825261166	14.164121484357999	14.256697329372168	14.3492731577765	14.441849085266332	14.534425308809167	14.627001235926667	14.719576992618832	14.812152825708665	14.904728651097498	14.997304504076668	15.089880394215999	15.182456281787333	15.275032276442166	15.367608241191666	15.460184248222166	15.552760182473333	15.645336081105167	15.737912114451834	15.830487940490833	15.923063743978167	16.015639452626832	16.108215423736834	16.200791668554665	16.293367886421834	16.385943729885167	16.478519456775668	16.571095246497666	16.663671389002999	16.756247219258999	16.848823002114834	16.941399141039	17.033975290662166	17.126551302911	17.219127309206499	17.311703465988167	17.404279745684168	17.496856077319499	17.589431857019665	17.6820077175785	17.774583744361998	17.867159520500167	17.959735329042999	18.052311240625666	18.144887513442665	18.237463707043666	18.330039914815	18.422616036423999	18.515192250789834	18.607768524001667	18.7003451941085	18.792921683878333	18.885497574622999	18.978073351549334	19.070649404881667	19.163225983495497	19.255802247635167	19.348377981690334	19.440954241680835	19.533530773789167	19.626107713214832	19.718684093181167	19.811260150617997	19.903835971310166	19.996411600609665	20.088987550540665	20.1815636799275	20.274139781929332	20.36671583990633	20.459291437107666	20.551867109281666	20.644442820744999	20.737018569599666	20.829594338610832	20.922170171056003	21.014746483037833	21.10732238947967	21.199898262198833	21.292474570680501	21.385050700997333	21.477626697570667	21.57020237281483	21.662778166645666	21.755353876966002	21.847929549297167	21.940505348837998	22.033080910768167	22.125656449064	22.218232040294833	22.310807940780002	22.403383806328996	22.495959916787498	22.588535594174164	22.681111362956667	22.773687147350831	22.866262769711835	22.958838586264168	23.051414274797335	23.143989884255166	23.236565535019334	23.329141421920667	23.421717444547834	23.514293246816166	23.606868990693332	23.699445202016665	23.792021072008502	23.884596830924831	23.977172600669501	24.069748402039167	24.162324243589666	24.25490000099833	24.347475774325165	24.440051554028663	24.532627375237833	24.6252031021675	24.717778776141831	24.810354525767501	24.902930154872664	24.995505868901166	25.088082394953165	25.180658445135336	25.273234520050167	25.3658105648055	25.458386582645499	25.550962453505996	25.643538342443332	25.736114561007998	25.828691038223333	25.921266910480664	26.013842560437503	26.106418496555168	26.198994774562333	26.291571230439665	26.384147079476001	26.476722674670498	26.569298535313834	26.661874795534001	26.754450905363335	26.847026420004998	26.93960192265833	27.032177543076667	27.124753230487332	27.217328935788167	27.309904605944332	27.402480327465501	27.495056271028666	27.587631999081999	27.6802077454985	27.772783445666832	27.865359112528669	27.957934847196501	28.050510842022497	28.143086602286001	28.235662369391996	28.3282383760715	28.420814480070167	28.513390221292163	28.605966058023498	28.698541875337	28.791117708368997	28.883693638032831	28.976269476163669	29.068845331325498	29.161421212797833	29.253997445842167	29.346573793796502	29.439150019162163	29.531726442242167	29.624302424882334	29.716878401150833	29.809454489439666	29.902030531226998	29.99460642018683	30.087182366638835	30.179758361874832	30.272334356591667	30.364910381745332	30.457486529550668	30.550062528950168	30.642638617369332	30.735214740419334	30.827790899088999	30.920367065282832	31.012943233811665	31.10551973554	31.198096026310164	31.290672448613499	31.383249076299169	31.475825643061	31.568402105841834	31.660978103243664	31.753554060401168	31.846130113744	31.93870603807483	32.031281962103833	32.123858036172003	32.216434123411169	32.309010369614832	32.401586465359337	32.4941627615855	32.586738964186168	32.679315351556333	32.771892084328165	32.864468551858671	32.957044828013665	33.049621076925	33.142197131404167	33.23477365456683	33.327350246859332	33.419926269609668	33.512502107470169	33.605078208253829	33.697654829780831	33.790231048452	33.8828069316585	33.9753826387375	34.067958878620331	34.160535432407663	34.253112125290166	34.345688876996498	34.438265458947498	34.530841624012666	34.623417928612831	34.715994057456165	34.80857066538217	34.901147389401501	34.993724188379169	35.086300565009331	35.178876818532167	35.271453067467164	35.364029824013997	35.456606395704831	35.549182645402496	35.641758966904497	35.734335367439499	35.826911790298666	35.919488287912998	36.012065183174833	36.104641410315999	36.197218024586	36.289794451459663	36.382370971581999	36.474947771762835	36.56752462331233	36.660101180523668	36.752677465249	36.845253635614498	36.937829772647838	37.030406064791833	37.122982371063166	37.215559222685997	37.30813635061633	37.400713346826166	37.493290377349837	37.585866655508163	37.678442996210499	37.771019336475831	37.86359551939583	37.956171806181494	38.048748410757	38.141324913221332	38.233901028188832	38.326477287678834	38.419053559073667	38.511629873937999	38.604206049280499	38.696782178589501	38.789358396062163	38.881934568231337	38.974510775541333	39.067086991811166	39.159663138325499	39.252239474671832	39.344815821743161	39.437392250574831	39.529968637465331	39.622545027576663	39.715121533061662	39.807698291247	39.900275291329166	39.992851800872167	40.085428357464835	40.178004616930501	40.270581392415167	40.363158278429999	40.455734631292167	40.548310742012333	40.640887412104334	40.733464462837169	40.826041247729336	40.918617319226335	41.011193411219999	41.103769775288001	41.196346331578667	41.2889227989685	41.381499458876497	41.474076135263331	41.566652751960163	41.659229457970497	41.751805864197834	41.844381977581833	41.936958096225993	42.029534190067999	42.122110321893665	42.21468641263467	42.307262437452835	42.399838480370995	42.492414552596337	42.584990897148337	42.677567326875163	42.7701434596705	42.862719537462333	42.955295594178331	43.047871582789497	43.140447594262334	43.233023537072327	43.325599600074497	43.41817550198617	43.510751516201999	43.603327609106834	43.695903956841505	43.78848058717783	43.881057157599834	43.973633293012831	44.066209604625833	44.158786052092331	44.251362558976837	44.343938648441338	44.436514709061498	44.52909075166783	44.621666853043664	44.714242914939334	44.806818942822837	44.899395107748838	44.991971122374665	45.084547262145335	45.177123555211502	45.269699543664331	45.362275641917002	45.454851743943664	45.547427886917667	45.640003978239669	45.732580063251334	45.82515616557717	45.917732275910993	46.010308497132002	46.102885106666669	46.195461762439834	46.28803810009034	46.38061508772433	46.473192097675501	46.565768568210501	46.658344822513335	46.750921237323503	46.843497922617004	46.936074902468171	47.028651883190996	47.121228144950337	47.213804278876999	47.306380808253003	47.398957967740998	47.491534200864336	47.584110293365171	47.676686504010164	47.769263505796005	47.861840884157331	47.954417148263836	48.046993115347831	48.1395694566435	48.232145977793998	48.324722318071998	48.417298235437997	48.509874047526665	48.602449785109997	48.695025459003162	48.787601338817495	48.880177179976165	48.972753059586502	49.065328936131998	49.157904957523499	49.250480930241167	49.343056802050995	49.435632899448336	49.528208734560835	49.620784830694326	49.713360843436	49.805936766940164	49.898512675819497	49.991088973856669	50.083665312392334	50.176241580132498	50.268817446544666	50.361393163842166	50.453968939931833	50.546544827028498	50.6391211122545	50.731697520811828	50.824273455682672	50.916849275683333	51.009425192924496	51.102000868041664	51.1945767083715	51.287152688860331	51.379728459867664	51.472304182116005	51.564879892814496	51.657455683914499	51.750031627162663	51.842607395674825	51.935183057371169	52.02775880438633	52.120334530827002	52.212910657267834	52.30548691915466	52.398063149111159	52.490639116922495	52.583215084463333	52.675790903198994	52.768366697230327	52.860942662216495	52.953518778954994	53.046094727227	53.13867090107933	53.231247289348495	53.323823409523165	53.416399504828163	53.508975644963172	53.601551836546328	53.694127965638003	53.786704461969663	53.879280909877167	53.971857058916335	54.064433443883999	54.157009518059333	54.24958516466733	54.342160866088832	54.434736928495496	54.527313429266826	54.619889638590664	54.712465305722496	54.805041346376164	54.897618299046002	54.990195435836995	55.082771553525163	55.175347264424495	55.267923072975002	55.360498855747664	55.453074716930665	55.54565052775483	55.638226327800666	55.730802143426999	55.823377896996668	55.915953548458496	56.008529485122494	56.101105260294332	56.193680980295497	56.286256681011835	56.378832383332501	56.47140808349733	56.563983843352503	56.656559714715335	56.74913545553617	56.841711307133338	56.934287220048162	57.02686309496783	57.119438881210165	57.212015076008669	57.304591248597333	57.397167129594997	57.489742837125497	57.582318452123161	57.674894183478493	57.767469968553499	57.860045792266831	57.952621579627838	58.045197817902327	58.137774249901497	58.230350686416671	58.322927111121331	58.415503459271498	58.508079807534337	58.600656084698166	58.693232204471997	58.785807908950169	58.878383689765165	58.970959505907501	59.063535448143334	59.156111285388	59.248687044753666	59.341262843804337	59.433838790723172	59.526414870617671	59.618990779839834	59.631432995200164	2.0653982162475502	2.1259744167327801	2.1303646564483598	2.1341056823730402	2.1375415325164702	2.1405572891235298	2.14342045783996	2.1461310386657702	2.1486506462097101	2.1509602069854701	2.1533079147338801	2.1556940078735298	2.1576600074768	2.1597023010253902	2.1617639064788801	2.1639778614044101	2.1659057140350302	2.1677763462066602	2.1696088314056401	2.1714603900909402	2.1730637550353999	2.1748197078704798	2.1766712665557799	2.1782746315002401	2.17991614341735	2.1815004348754798	2.1831991672515798	2.1846690177917401	2.1863105297088601	2.1878185272216801	2.18940281867981	2.1908915042877202	2.1923422813415501	2.1937546730041499	2.19505262374877	2.1966369152068999	2.1979730129241899	2.1993856430053702	2.2007026672363201	2.2020387649536102	2.2032985687255802	2.2046918869018501	2.2059135437011701	2.2071733474731401	2.2084140777587802	2.2099030017852699	2.2109718322753902	2.2121553421020499	2.2134342193603498	2.2146365642547599	2.21582007408142	2.21690821647644	2.2183778285980198	2.2193512916564901	2.2203819751739502	2.2215654850006099	2.2226533889770499	2.22372245788574	2.2247531414031898	2.2259557247161799	2.22713899612426	2.22792172431945	2.2291052341461102	2.23009777069091	2.23118567466735	2.2321209907531698	2.2331135272979701	2.2342779636382999	2.2350986003875701	2.2361485958099299	2.2370455265045099	2.2381527423858598	2.2389733791351301	2.24006152153015	2.24084401130676	2.2418746948242099	2.2426574230193999	2.2436881065368599	2.2446234226226802	2.2454442977905198	2.2462458610534601	2.24721932411193	2.2481164932250901	2.2489562034606898	2.2498724460601802	2.2506742477416899	2.2514758110046298	2.2523539066314702	2.2532701492309499	2.2539000511169398	2.2547016143798801	2.2556178569793701	2.2564196586608798	2.2570495605468701	2.2580039501190101	2.2586910724639799	2.25941634178161	2.2602372169494598	2.2610197067260698	2.2618596553802401	2.2624514102935702	2.2631957530975302	2.2639973163604701	2.2647418975829998	2.2655816078186	2.2661924362182599	2.2669942378997798	2.2676241397857599	2.2683875560760498	2.2689220905303902	2.26978087425231	2.2704107761382999	2.2711362838745099	2.2717661857604901	2.2724723815917902	2.2730832099914502	2.2737894058227499	2.2744956016540501	2.2750682830810498	2.27564096450805	2.2764425277709899	2.27703428268432	2.2777404785156201	2.2783513069152801	2.2790384292602499	2.2795538902282702	2.2803938388824401	2.2809662818908598	2.2815771102905198	2.28228330612182	2.2828178405761701	2.28331422805786	2.2841157913207999	2.2846121788024898	2.2851655483245801	2.2858529090881299	2.28644442558288	2.2870171070098801	2.28764700889587	2.2881433963775599	2.2886586189270002	2.2894413471221902	2.2898993492126398	2.2905292510986301	2.2911591529846098	2.2916555404663002	2.29224705696106	2.29276251792907	2.2933161258697501	2.29398417472839	2.2944421768188401	2.29493856430053	2.2955112457275302	2.2960646152496298	2.2966754436492902	2.29705715179443	2.2976107597350999	2.2982406616210902	2.29879426956176	2.2991950511932302	2.2998821735382	2.3002831935882502	2.30097031593322	2.3014664649963299	2.3019437789916899	2.3022873401641801	2.30291724205017	2.3034324645996	2.3039288520812899	2.3046731948852499	2.3050739765167201	2.3053221702575599	2.3058376312255802	2.3064484596252401	2.30700182914733	2.3072881698608398	2.3079755306243901	2.3084716796875	2.3089299201965301	2.3094642162322998	2.3098840713500901	2.3104567527771001	2.31093406677246	2.3113729953765798	2.3118503093719398	2.3122129440307599	2.31280469894409	2.3132245540618901	2.31364440917968	2.3141217231750399	2.31467509269714	2.3151333332061701	2.3156485557556099	2.3160114288329998	2.31641221046447	2.3168702125549299	2.3173666000366202	2.3178436756134002	2.3183019161224299	2.3187408447265598	2.3191990852355899	2.3196380138397199	2.3201150894164999	2.3205542564392001	2.3208596706390301	2.32143211364746	2.32179498672485	2.32210040092468	2.3227303028106601	2.3230738639831499	2.3235890865325901	2.32391357421875	2.3244099617004301	2.3248488903045601	2.32521152496337	2.32582235336303	2.3261659145355198	2.3265094757079998	2.32704401016235	2.3272922039031898	2.32769298553466	2.32824659347534	2.3286473751068102	2.3291053771972599	2.3294107913970898	2.3296589851379301	2.33025074005127	2.3307087421417201	2.3311669826507502	2.33137702941894	2.3317968845367401	2.3320450782775799	2.3325793743133501	2.33288478851318	2.3332855701446502	2.3336865901946999	2.3341827392578098	2.3345072269439702	2.3348126411437899	2.33519434928894	2.33570981025695	2.3361105918884202	2.3365497589111301	2.33693146705627	2.3372941017150799	2.3376567363739	2.3379812240600502	2.3384010791778498	2.33874464035034	2.3391265869140598	2.3394701480865399	2.3397946357727002	2.3402526378631499	2.3406724929809499	2.3408825397491402	2.3413217067718501	2.3417797088622998	2.3421041965484601	2.3425621986389098	2.3429057598114	2.3431158065795898	2.3435931205749498	2.3439748287200901	2.3442802429199201	2.3446619510650599	2.34511995315551	2.3453299999236998	2.3457689285278298	2.346036195755	2.3464369773864702	2.3466279506683301	2.34695243835449	2.34742975234985	2.34777331352233	2.3482313156127899	2.3484032154083199	2.3488421440124498	2.3492238521575901	2.3496246337890598	2.3498537540435702	2.3502545356750399	2.3504455089568999	2.3509225845336901	2.3512470722198402	2.3515143394470202	2.3518579006195002	2.3522207736968901	2.3524878025054901	2.3529269695281898	2.3532323837280198	2.3535950183868399	2.3539195060729901	2.3542821407318102	2.3545684814453098	2.35500741004943	2.3551793098449698	2.35558009147644	2.35592365264892	2.3563435077667201	2.35666799545288	2.3568971157073899	2.35718345642089	2.3576605319976802	2.3578896522521902	2.3581569194793701	2.35851955413818	2.3587677478790199	2.3593785762786799	2.3595311641693102	2.3597984313964799	2.3601610660552899	2.3604855537414502	2.3607909679412802	2.36113452911377	2.3613636493682799	2.36178350448608	2.3620507717132502	2.3624706268310498	2.3627760410308798	2.3628525733947701	2.3633677959442099	2.3638069629669101	2.3639786243438698	2.36437940597534	2.3645703792571999	2.3648376464843701	2.3652575016021702	2.3654866218566801	2.3658874034881499	2.36625003814697	2.36659359931945	2.3668799400329501	2.36707091331481	2.36745262145996	2.3677198886871298	2.3680062294006299	2.3682160377502401	2.3685789108276301	2.3689415454864502	2.3692085742950399	2.3696858882903999	2.36985778808593	2.3701248168945299	2.3703920841217001	2.3707737922668399	2.37106013298034	2.3715374469757	2.37180471420288	2.3720335960388099	2.3723580837249698	2.37258720397949	2.3728163242339999	2.3732361793518	2.3733315467834402	2.3737325668334899	2.3740570545196502	2.37426686286926	2.3747823238372798	2.3750877380371	2.3752784729003902	2.3756220340728702	2.3758702278137198	2.3762519359588601	2.3764047622680602	2.3768627643585201	2.3771872520446702	2.37739729881286	2.3777408599853498	2.3778936862945499	2.3782753944396902	2.3785998821258501	2.37890529632568	2.3789815902709899	2.3795351982116699	2.3796687126159601	2.3801460266113201	2.38029861450195	2.3806231021881099	2.3807950019836399	2.3811957836151101	2.3813674449920601	2.3818256855010902	2.3819401264190598	2.3823218345642001	2.3825700283050502	2.3829135894775302	2.38308548927307	2.3833527565002401	2.3837726116180402	2.38398265838623	2.3842306137084899	2.38463163375854	2.3849177360534601	2.3852615356445299	2.38558602333068	2.3857958316802899	2.3860821723937899	2.3864257335662802	2.38650202751159	2.3868649005889799	2.3871893882751398	2.38741827011108	2.3877427577972399	2.3879528045654301	2.3882963657379102	2.3885636329650799	2.3888881206512398	2.3890597820281898	2.38946080207824	2.38970875740051	2.3900907039642298	2.3902814388275102	2.39054870605468	2.3908159732818599	2.39110231399536	2.3913505077361998	2.3915603160858101	2.39192295074462	2.3920948505401598	2.3924002647399898	2.3926866054534899	2.3931636810302699	2.3934309482574401	2.3935072422027499	2.3938317298889098	2.3941180706024099	2.39423274993896	2.3947288990020699	2.3949007987975999	2.39526343345642	2.3955116271972599	2.3956069946289	2.39608407020568	2.3962750434875399	2.3966186046600302	2.39669489860534	2.3972103595733598	2.397305727005	2.3976302146911599	2.39791655540466	2.39826011657714	2.3985846042632999	2.39869904518127	2.3989663124084402	2.3991954326629599	2.3995771408081001	2.39995884895324	2.4000163078308101	2.4004743099212602	2.4007225036621	2.40081787109375	2.4011995792388898	2.4015431404113698	2.40177226066589	2.40211582183837	2.4021921157836901	2.4024975299835201	2.4029748439788801	2.4030892848968501	2.4032230377197199	2.40358567237854	2.4039101600646902	2.4041199684143	2.4044635295867902	2.4046926498413002	2.4049980640411301	2.4052462577819802	2.4055325984954798	2.40576148033142	2.40599060058593	2.4062960147857599	2.4065251350402801	2.4068114757537802	2.4071359634399401	2.40732669830322	2.4075558185577299	2.4078803062438898	2.40824294090271	2.4082238674163801	2.4087965488433798	2.4089109897613499	2.4092736244201598	2.4094264507293701	2.4097318649291899	2.40996098518371	2.41026639938354	2.41057157516479	2.4107244014739901	2.4109916687011701	2.4112589359283398	2.4115834236145002	2.4117360115051198	2.41213679313659	2.41230869293212	2.4127857685089098	2.4129004478454501	2.41322493553161	2.4134156703948899	2.4136066436767498	2.4139883518218901	2.4141983985900799	2.41431283950805	2.4147710800170898	2.4149618148803702	2.4153244495391801	2.41551542282104	2.4157636165618901	2.41599249839782	2.4163169860839799	2.4165651798248202	2.4167561531066801	2.4169278144836399	2.41734790802002	2.41751956939697	2.41786313056945	2.4180922508239702	2.4182257652282702	2.41860771179199	2.4187984466552699	2.4191420078277499	2.4193329811096098	2.41973376274108	2.4198100566864	2.4200963973999001	2.4205546379089302	2.4207835197448699	2.4210317134857098	2.4212608337402299	2.4214706420898402	2.4218335151672301	2.4220051765441801	2.4222152233123699	2.4222724437713601	2.4228832721710201	2.4230549335479701	2.4232649803161599	2.4235131740570002	2.42389488220214	2.42416214942932	2.4241812229156401	2.4246010780334402	2.4249064922332701	2.42528820037841	2.4253456592559801	2.4256126880645699	2.4257464408874498	2.42614722251892	2.4263954162597599	2.4265480041503902	2.4269490242004301	2.4271206855773899	2.4272925853729199	2.4276742935180602	2.4278268814086901	2.4283423423767001	2.4283995628356898	2.4286859035491899	2.4288575649261399	2.4292013645172101	2.42944931983947	2.4296212196350102	2.42992663383483	2.4302129745483398	2.4302892684936501	2.4306900501251198	2.4309763908386199	2.4311864376068102	2.4314537048339799	2.4317591190338099	2.4320836067199698	2.4321217536926198	2.4323890209197998	2.4327135086059499	2.4329042434692298	2.4331524372100799	2.43357229232788	2.4337251186370801	2.43408775329589	2.4341449737548801	2.4344503879547101	2.4347939491271902	2.4350230693817099	2.4351565837860099	2.43548107147216	2.4357674121856601	2.4359774589538499	2.4362828731536799	2.4366073608398402	2.4366455078125	2.4370081424713099	2.4372563362121502	2.4374852180480899	2.4377143383026101	2.43803882598877	2.4383633136749201	2.4386687278747501	2.43882155418396	2.43899321556091	2.4393558502197199	2.4395468235015798	2.4396994113922101	2.4401385784149099	2.4402339458465501	2.4405775070190399	2.4408257007598801	2.4409210681915199	2.44115018844604	2.4415700435638401	2.44181823730468	2.4419898986816402	2.4422762393951398	2.4425244331359801	2.4429061412811199	2.4431734085082999	2.44315433502197	2.4434788227081299	2.4438414573669398	2.4440515041351301	2.4442615509033199	2.4445285797119101	2.4447767734527499	2.4449295997619598	2.44536852836608	2.4455976486206001	2.4458265304565399	2.4460365772247301	2.4461510181427002	2.44653296470642	2.4466474056243901	2.4472200870513898	2.4472200870513898	2.4474682807922301	2.4478309154510498	2.4480597972869802	2.4483270645141602	2.44840335845947	2.44874715805053	2.4490332603454501	2.44931960105896	2.4494724273681601	2.44991135597229	2.4500260353088299	2.2599079608917201	2.2074406147003098	2.2021534442901598	2.19778227806091	2.1936974525451598	2.1902999877929599	2.1868259906768799	2.1838672161102202	2.1808323860168399	2.1779119968414302	2.1751060485839799	2.1721093654632502	2.16966605186462	2.1671082973480198	2.1645696163177401	2.16212654113769	2.1600077152252202	2.1575837135314901	2.1553695201873699	2.1529071331024099	2.1507692337036102	2.1485931873321502	2.14651274681091	2.1444704532623202	2.1422944068908598	2.1404428482055602	2.1383240222930899	2.1364154815673801	2.13444924354553	2.1325595378875701	2.1308798789978001	2.1289901733398402	2.1273295879364	2.1254017353057799	2.1236457824707	2.12200427055358	2.1203818321228001	2.1188929080963099	2.1170985698699898	2.1155524253845202	2.11392998695373	2.1125748157501198	2.1108379364013601	2.10959720611572	2.10803198814392	2.1067531108856201	2.1051688194274898	2.1038136482238698	2.1025729179382302	2.1012368202209402	2.0998625755310001	2.09862184524536	2.09728550910949	2.0961213111877401	2.0949187278747501	2.0936017036437899	2.09245634078979	2.0913493633270201	2.0900514125823899	2.08907794952392	2.0878562927246	2.0867493152618399	2.0857949256896902	2.0847067832946702	2.08365702629089	2.0826072692871	2.0814428329467698	2.0806221961975102	2.0795722007751398	2.0783889293670601	2.0775680541992099	2.0767281055450399	2.0756402015686	2.0747048854827801	2.07380771636962	2.0728151798248202	2.0720326900482098	2.0711545944213801	2.0702002048492401	2.0693411827087398	2.06852054595947	2.0675661563873202	2.06657361984252	2.0658481121063201	2.06514191627502	2.0642447471618599	2.0632522106170601	2.0624315738677899	2.0617825984954798	2.0608663558959899	2.0601792335510201	2.0593774318695002	2.0585758686065598	2.0576405525207502	2.0570106506347599	2.05615162849426	2.0554072856903001	2.05477738380432	2.0539183616638099	2.0531549453735298	2.05229592323303	2.0515897274017298	2.0509979724884002	2.0502536296844398	2.0494709014892498	2.0486884117126398	2.0480585098266602	2.0473713874816801	2.04656958580017	2.0457680225372301	2.0451762676239	2.0445463657379102	2.04384016990661	2.04301929473877	2.0424849987029998	2.0417404174804599	2.0409960746765101	2.04040431976318	2.03967905044555	2.03906822204589	2.03828573226928	2.03763651847839	2.0371022224426198	2.0365676879882799	2.0356895923614502	2.0350596904754599	2.0344872474670401	2.0336854457855198	2.0330936908721902	2.0324637889861998	2.0320057868957502	2.0312614440917902	2.0305550098419101	2.0299825668334899	2.0293908119201598	2.0288181304931601	2.02805471420288	2.0275011062621999	2.0267567634582502	2.0263366699218701	2.0257067680358798	2.0250577926635698	2.0244660377502401	2.0238170623779301	2.02314901351928	2.0227863788604701	2.0222711563110298	2.0214693546295099	2.0208775997161799	2.0204195976257302	2.0197515487670898	2.0192170143127401	2.01864433288574	2.0179572105407702	2.0174801349639799	2.0169837474822998	2.01646828651428	2.0158193111419598	2.01524686813354	2.0146360397338801	2.0139679908752401	2.0135478973388601	2.0129945278167698	2.0124981403350799	2.01186823844909	2.0114483833312899	2.0107612609863201	2.01030302047729	2.0097877979278498	2.0091769695281898	2.00856614112854	2.0081653594970699	2.0075926780700599	2.00705814361572	2.0066573619842498	2.0059511661529501	2.0054738521575901	2.0049586296081499	2.0046150684356601	2.0039467811584402	2.0034697055816602	2.00301170349121	2.0023624897003098	2.0019235610961901	2.0012745857238698	2.0007784366607599	2.00041556358337	1.99986207485199	1.99932765960693	1.99881219863891	1.99843049049377	1.99781966209411	1.99734246730804	1.9968843460082999	1.99634993076324	1.99594902992248	1.99547183513641	1.9948801994323699	1.9944602251052801	1.99386847019195	1.99348676204681	1.9929904937744101	1.99260878562927	1.9919788837432799	1.99152076244354	1.99096715450286	1.99052822589874	1.9901082515716499	1.98966920375824	1.9890011548995901	1.9886766672134399	1.9882566928863501	1.98783683776855	1.98722600936889	1.9868252277374201	1.98632884025573	1.9859471321105899	1.9854890108108501	1.9850499629974301	1.9845727682113601	1.9841338396072301	1.98350393772125	1.9831794500350901	1.98272132873535	1.98228228092193	1.9818241596221899	1.9813469648361199	1.98090803623199	1.9804499149322501	1.9799727201461701	1.9795908927917401	1.9792664051055899	1.9787510633468599	1.9782738685607899	1.97781574726104	1.9774340391159	1.9769759178161599	1.97655594348907	1.97607886791229	1.9756588935852	1.9751435518264699	1.9748762845993	1.9743036031723	1.9740746021270701	1.97357833385467	1.9730629920959399	1.97270023822784	1.9722803831100399	1.9719368219375599	1.9713259935378999	1.9711160659789999	1.9706960916519101	1.97014248371124	1.9696844816207799	1.9694172143936099	1.96892094612121	1.9686155319213801	1.9680428504943801	1.96768021583557	1.9674321413040099	1.9668213129043499	1.96645867824554	1.9661723375320399	1.9655615091323799	1.9652560949325499	1.9649506807327199	1.96428263187408	1.96390092372894	1.96355724334716	1.9632327556610101	1.96277475357055	1.96250748634338	1.9620112180709799	1.96164858341217	1.96138131618499	1.9608850479125901	1.96038877964019	1.95994973182678	1.95960617065429	1.9594153165817201	1.9588807821273799	1.9584035873412999	1.9579263925552299	1.95760190486908	1.9573347568511901	1.9569147825241	1.95660936832428	1.9562085866928101	1.9557695388793901	1.9554259777069001	1.95500600337982	1.95473873615264	1.95418524742126	1.95395624637603	1.95347905158996	1.9531736373901301	1.9528491497039699	1.95252466201782	1.9519138336181601	1.9516465663909901	1.95122671127319	1.9509975910186701	1.95050132274627	1.95019590854644	1.9498714208602901	1.94948971271514	1.94901251792907	1.9487071037292401	1.94819176197052	1.9479054212570099	1.9476190805435101	1.9471418857574401	1.9468936920166	1.94651198387146	1.94611120223999	1.94580578804016	1.94532859325408	1.9452331066131501	1.9447559118270801	1.94443142414093	1.9441069364547701	1.94376337528228	1.9432671070098799	1.9428471326828001	1.94252264499664	1.94229364395141	1.9418927431106501	1.9415491819381701	1.9412246942520099	1.9408429861068699	1.9404039382934499	1.94017493724823	1.9398695230484	1.93943047523498	1.93901050090789	1.9388387203216499	1.9383805990219101	1.9379416704177801	1.93778896331787	1.93731176853179	1.93696820735931	1.93652915954589	1.9361282587051301	1.9358611106872501	1.93570840358734	1.93526935577392	1.93483030796051	1.93452489376068	1.9342577457427901	1.93393325805664	1.93345606327056	1.9333415031433101	1.9329597949981601	1.93253982067108	1.93223440647125	1.9318336248397801	1.9316426515579199	1.93131816387176	1.93076467514038	1.9305164813995299	1.9302110671996999	1.92984843254089	1.92958128452301	1.92927587032318	1.92876040935516	1.9285695552825901	1.92820692062377	1.92797791957855	1.9275197982787999	1.92719531059265	1.92688989639282	1.92650806903839	1.9262409210205	1.92582094669342	1.9255346059799101	1.92534375190734	1.92494297027587	1.9245992898941	1.9242366552352901	1.92398858070373	1.92351138591766	1.9232441186904901	1.92295777797699	1.9226332902908301	1.9223278760910001	1.92186975479126	1.9216789007186801	1.92129719257354	1.9211063385009699	1.92061007022857	1.9204955101013099	1.9201136827468801	1.91978919506073	1.9195029735565099	1.9191211462020801	1.9188539981842001	1.9185867309570299	1.9181667566299401	1.9179377555847099	1.91761326789856	1.91730785369873	1.9169069528579701	1.9166016578674301	1.9163343906402499	1.9159334897995	1.9157999753952	1.9154181480407699	1.9151127338409399	1.91478824615478	1.91436839103698	1.9141583442687899	1.9138529300689699	1.9136430025100699	1.91331851482391	1.9130321741104099	1.9128222465515099	1.91228783130645	1.9120777845382599	1.9115624427795399	1.9113906621932899	1.9110089540481501	1.91093254089355	1.9104744195938099	1.9101881980896001	1.9099209308624201	1.90950095653533	1.9093482494354199	1.9089283943176201	1.90850841999054	1.9082220792770299	1.9080884456634499	1.90776395797729	1.90755403041839	1.90721046924591	1.90690505504608	1.9064850807189899	1.90616059303283	1.9059697389602599	1.90574073791503	1.90530169010162	1.90516805648803	1.90478634834289	1.90451908111572	1.90411829948425	1.9038128852844201	1.9036792516708301	1.9032402038574201	1.9029730558395299	1.90257215499877	1.90243852138519	1.9020186662673899	1.90186595916748	1.90165591239929	1.9012360572814899	1.90100693702697	1.9007207155227599	1.90043437480926	1.90012896060943	1.8997663259506199	1.89947998523712	1.89913642406463	1.89896464347839	1.89852559566497	1.89839196205139	1.89814376831054	1.8977239131927399	1.8974757194519001	1.8971893787384	1.8969603776931701	1.8965595960617001	1.8963876962661701	1.8958723545074401	1.8958723545074401	1.89535701274871	1.89497530460357	1.8947461843490601	1.89459347724914	1.8942117691039999	1.8939445018768299	1.8936581611633301	1.89333367347717	1.8930855989456099	1.89276111125946	1.8925129175186099	1.8923029899597099	1.8919975757598799	1.8917112350463801	1.8913867473602199	1.891157746315	1.8909668922424301	1.89054691791534	1.89024150371551	1.88989794254303	1.88964974880218	1.88942074775695	1.88907718658447	1.8887526988983101	1.8884854316711399	1.8883517980575499	1.88798916339874	1.8879319429397501	1.8875310420989899	1.88730204105377	1.8870538473129199	1.88669121265411	1.8863095045089699	1.8860994577407799	1.88594675064086	1.8855841159820499	1.8852024078369101	1.8848969936370801	1.88482058048248	1.8844960927963199	1.8841525316238401	1.8838853836059499	1.88365626335144	1.8832936286926201	1.88308370113372	1.88270187377929	1.88247287273407	1.8821483850479099	1.88195741176605	1.8816711902618399	1.88140392303466	1.88113665580749	1.88075494766235	1.88052594661712	1.88027775287628	1.8800295591354299	1.8796097040176301	1.8795906305313099	1.8794188499450599	1.87905609607696	1.8785980939865099	1.8785026073455799	1.8781208992004299	1.8778536319732599	1.8775100708007799	1.8774527311325	1.8771282434463501	1.87688016891479	1.8765556812286299	1.87632656097412	1.87602114677429	1.8756775856018	1.8754676580428999	1.87523865699768	1.8748377561569201	1.87455141544342	1.8743987083435001	1.8740551471710201	1.8738261461257899	1.87363529205322	1.8734061717987001	1.8730816841125399	1.8728336095809901	1.87250912189483	1.87229907512664	1.87210822105407	1.87172651290893	1.87159287929534	1.8713446855545	1.87086749076843	1.8707147836685101	1.87046670913696	1.87019944190979	1.8698558807373	1.86968410015106	1.86934053897857	1.8691496849060001	1.8688824176788299	1.8685770034789999	1.8683097362518299	1.86817622184753	1.86773717403411	1.86756539344787	1.86725997924804	1.86705005168914	1.8668018579482999	1.8665919303894001	1.8663055896759	1.8660573959350499	1.86579024791717	1.86542749404907	1.8651603460311801	1.864950299263	1.86470222473144	1.8643777370452801	1.86412954330444	1.8639005422592101	1.8636906147003101	1.8633278608322099	1.8632134199142401	1.86283159255981	1.86258351802825	1.86239254474639	1.86201083660125	1.8618962764739899	1.8615527153015099	1.8612855672836299	1.86101830005645	1.86084651947021	1.8605601787567101	1.8603502511978101	1.8599493503570499	1.85989212989807	1.85962486267089	1.8594721555709799	1.85897588729858	1.8587278127670199	1.85857510566711	1.8582506179809499	1.85805964469909	1.85775434970855	1.8575252294540401	1.85737252235412	1.85702896118164	1.85676169395446	1.85649454593658	1.85628449916839	1.85594093799591	1.8558646440505899	1.8556545972824099	1.8553493022918699	1.8550820350646899	1.8547384738922099	1.8546048402786199	1.8543949127197199	1.8539177179336499	1.8537840843200599	1.8535358905792201	1.8534022569656301	1.85303962230682	1.85284876823425	1.8526005744934	1.8524097204208301	1.8521807193756099	1.85191345214843	1.8515698909759499	1.85130262374877	1.8512263298034599	1.85086369514465	1.8505773544311499	1.8503100872039699	1.8501001596450799	1.84994745254516	Specific capacity (mAh/gs)


Potential (V vs. Na/Na+)




0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	95.549237282957705	91.5037571221294	96.007961179547706	98.419602694070406	99.727659334417794	100.46743699854299	100.687964055416	99.1602243770635	99.569299540210096	100.097512501395	100.22671151944201	100.22311400992	100.222573243322	100.185664973101	100.173189103401	100.17994204542001	100.149257631216	100.137052873199	100.162037177052	100.19400842923299	100.221414403868	100.247682828045	100.259059765278	100.291703925856	100.319320853656	100.527837401743	100.751569321177	107.549903741455	102.186776185748	102.15182437935201	101.022647031725	100.407135818654	100.31306291724199	100.337892154964	100.115539189751	100.357947393025	Cycle Index


Coulombic Efficiency (%)



Bp

50%	0.01	0.26	0.51	0.76	1.01	1.26	1.51	1.76	2.0099999999999998	2.2599999999999998	2.5099999999999998	2.76	3.01	3.26	3.51	3.76	4.01	4.26	4.51	4.76	5.01	5.26	5.51	5.76	6.01	6.26	6.51	6.76	7.01	7.26	7.51	7.76	8.01	8.26	8.51	8.76	9.01	9.26	0.22301650007896401	0.27705560631137599	0.32103912185191102	0.35944485046681601	0.39349403971464902	0.42386943776214903	0.45105053326518102	0.475417264041474	0.49729322040102403	0.51696695128481995	0.53470371132309602	0.55075247707879205	0.56535039912431995	0.57872576450836599	0.59110004509524805	0.602689359393069	0.61370554391559595	0.62435695636739297	0.634849089666365	0.64538504942259201	0.656165930846076	0.66739112024834901	0.67925853910412404	0.69196484373441502	0.70570559026244795	0.72067537207921195	0.73706793531775805	0.75507627656576903	0.77489272610573301	0.79670901926700499	0.82071635793929498	0.84710546388714103	0.87606662518758105	0.90778973686532805	0.94246433660443196	0.98027963626027104	1.02142454977171	1.0660877179732	75%	0.01	0.26	0.51	0.76	1.01	1.26	1.51	1.76	2.0099999999999998	2.2599999999999998	2.5099999999999998	2.76	3.01	3.26	3.51	3.76	4.01	4.26	4.51	4.76	5.01	5.26	5.51	5.76	6.01	6.26	6.51	6.76	7.01	7.26	7.51	7.76	8.01	8.26	8.51	8.76	9.01	9.26	0.223916208545753	0.290511144784175	0.34340209108304098	0.38921375581781098	0.429686013052411	0.46575098776303903	0.49803591565958499	0.52701870619472901	0.55309274755955695	0.576598865891641	0.59784294586242304	0.61710645504240302	0.63465312201628898	0.65073338008319803	0.66558743976570001	0.67944748155203705	0.69253926293894996	0.70508332320937595	0.71729590446626101	0.72938966785081505	0.74157425890413098	0.75405675981959897	0.76704205553537597	0.78073313325907301	0.79533132990161903	0.81103653827558797	0.82804738030664704	0.84656135360240903	0.86677495631269597	0.88888379415763197	0.91308267269787202	0.93956567730631002	0.96852624282459399	1.0001572145158899	1.03465090163235	1.0721991246831399	1.11299325730264	1.1572242634686301	100%	0.01	0.26	0.51	0.76	1.01	1.26	1.51	1.76	2.0099999999999998	2.2599999999999998	2.5099999999999998	2.76	3.01	3.26	3.51	3.76	4.01	4.26	4.51	4.76	5.01	5.26	5.51	5.76	6.01	6.26	6.51	6.76	7.01	7.26	7.51	7.76	8.01	8.26	8.51	8.76	9.01	9.26	0.224815917012541	0.30396668325697501	0.365765060314172	0.418982661168806	0.46587798639017203	0.50763253776393003	0.54502129805398802	0.57862014834798403	0.60889227471808904	0.63623078049846205	0.66098218040175005	0.683460433006014	0.70395584490825802	0.72274099565803096	0.74007483443615196	0.75620560371100398	0.77137298196230497	0.78580969005135903	0.79974271926615703	0.81339428627903698	0.82698258696218696	0.84072239939085003	0.85482557196662701	0.86950142278373099	0.88495706954079101	0.90139770447196499	0.91902682529553503	0.93804643063904902	0.95865718651966003	0.98105856904826005	1.0054489874564501	1.03202589072548	1.06098586046161	1.09252469216645	1.1268374666602601	1.1641186131060099	1.2045619648335699	1.2483608089640701	Current Density (mA/cm2)


Potential (V vs. Na/Na+)




Na2Sx

50%	0.01	0.26	0.51	0.76	1.01	1.26	1.51	1.76	2.0099999999999998	2.2599999999999998	2.5099999999999998	2.76	3.01	3.26	3.51	3.76	4.01	4.26	4.51	4.76	5.01	5.26	5.51	5.76	6.01	6.26	6.51	6.76	7.01	7.26	7.51	7.76	8.01	8.26	8.51	8.76	9.01	9.26	2.2015178404097102	2.1501739181103399	2.1119412099380002	2.07910440730645	2.0497997275805502	2.02313098793458	1.99856723132946	1.9757563781277701	1.9544475964160199	1.9344530181808799	1.9156266316692501	1.8978516742878799	1.8810326329126299	1.8650899207955001	1.8499561970167799	1.8355737398068399	1.82189252147511	1.80886876521111	1.79646384178123	1.78464341157345	1.7733767473525599	1.76263619250861	1.75239672251603	1.7426355861340199	1.7333320090064099	1.7244669466574301	1.7160228770022601	1.70798362477276	1.7003342119478	1.69306072954464	1.6861502270888	1.6795906168161701	1.6733705902317899	1.66747954509465	1.6619075212495	1.6566451440045999	1.6516835739779301	1.6470144625137	75%	0.01	0.26	0.51	0.76	1.01	1.26	1.51	1.76	2.0099999999999998	2.2599999999999998	2.5099999999999998	2.76	3.01	3.26	3.51	3.76	4.01	4.26	4.51	4.76	5.01	5.26	5.51	5.76	6.01	6.26	6.51	6.76	7.01	7.26	7.51	7.76	8.01	8.26	8.51	8.76	9.01	9.26	2.20151255155008	2.1483442329419802	2.1076658340204801	2.0721276476062198	2.0399542091845801	2.0102918028899501	1.98263463187461	1.95664730031999	1.9320908623569899	1.9087863523783699	1.8865946776157601	1.86540460844557	1.8451251577755301	1.82568051019442	1.8070065158324899	1.78904818815225	1.77175787009988	1.7550938592943699	1.73901935700598	1.72350165085643	1.7085114696663699	1.6940224673755999	1.6800108052830001	1.66645481024927	1.65333469234209	1.64063230953659	1.6283309700580799	1.61641526512762	1.6048709264799701	1.59368470423028	1.5828442615816101	1.5723380835666101	1.5621553975601901	1.55228610372438	1.54272071388072	1.5334502975712301	1.52446643428121	1.51576117096836	100%	0.01	0.26	0.51	0.76	1.01	1.26	1.51	1.76	2.0099999999999998	2.2599999999999998	2.5099999999999998	2.76	3.01	3.26	3.51	3.76	4.01	4.26	4.51	4.76	5.01	5.26	5.51	5.76	6.01	6.26	6.51	6.76	7.01	7.26	7.51	7.76	8.01	8.26	8.51	8.76	9.01	9.26	2.2015072626904502	2.1465145477736201	2.1033904581029601	2.0651508879059901	2.0301086907886199	1.99745261784532	1.9667020324197599	1.9375382225122	1.9097341282979601	1.8831196865758599	1.85756272356226	1.8329575426032501	1.8092176826384201	1.78627109959335	1.7640568346482	1.74252263649765	1.7216232187246401	1.7013189533776301	1.68157487223073	1.6623598901394001	1.6436461919801799	1.62540874224258	1.6076248880499699	1.5902740343645201	1.57333737567778	1.5567976724157599	1.5406390631139	1.52484690548249	1.50940764101214	1.4943086789159099	1.4795382960744199	1.4650855503170399	1.45094020488859	1.4370926623541	1.4235339065119399	1.41025545113787	1.3972492945844901	1.3845078794230199	Current Density (mA/cm2)


Potential (V vs. Na/Na+)
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