Comments on the mechanism of aging of ATO based electrochromic displays
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Non-stoichiometric SnOX is a rare transparent semiconductor exhibiting a large band-gap (3.6eV) and high carrier density (1019-1021cm3).[1]. Thin films of SnOx have been used in applications ranging from electrodes in LCD devices, solar cells to sensors [2]. Unlike the widely studied WO3 based electrochromic materials[3], the intrinsic electrochromic properties of SnOx are weak but can be improved by antimony doping with an optimum doping level at 40 mole % of Sb[4]. The doping leads to conductivity enhancement (n-type) by creating delocalized donor atom states near the conduction band. However, the conductivity decreases precipitously at high levels of Sb doping [5] (5%>), which can be attributed to grain boundary effects, phase separation[6], and charge transfer complexes [7,8].  ATO nanoparticles (4-9 nm) are readily synthesized by sol-gel techniques and upon calcination at 600°C they transform to a casserite crystal structure characteristic of undoped SnOx. Materials and device optimization for flexible and inexpensive displays exploiting novel in-plane anode-cathode configurations have been elucidated in a series of papers [4]. These electrochromic (EC) devices exhibit remarkable (1) memory effect (refresh times~2-24hours) (2) low power consumption (needing only 10-100μA/cm2@ 1-1.2 operational voltage) and (3) reasonable contrast ratios (2-4).  

Briefly, the EC devices were constructed on flexible plastic substrates. Screen-printing anodic and cathodic areas, separated by plastic insulation, was achieved by successive deposition of silver paint, carbon ink (to prevent corrosion of Ag), TiO2 (highly conductive and reflective particles) followed by an electrochromic layer of ATO nanoparticles (dispersed in fluoroelastomer), total electro-active layer thickness ≈ 50m. The electrolyte was 30% LiCl (in water for test purposes) in a polymeric gel encapsulated in PET over layer (see Figure 1). Upon application of DC voltage, the anodic area becomes transparent due to carrier depletion and appears white due to light reflection from the underlying TiO2 layer. In the cathodic region, injection of electrons and migration of Li ions in the electrochromic layer increases its optical absorption and it appears black [6-8]. 

This paper examines factors affecting the device lifetime/aging, specifically the origins of distinct yellowish discoloration observed in the cathodic region during operation. Discoloration increases with the operation time and the magnitude of DC voltage. Bipolar pulse driving scheme (switching anode and cathode polarities) reduces the extent of yellowing (~1/υ). Given the mixed valence nature of both Sn+4/+2 and Sb+5/+3 oxides, the development of their colored charge transfer complexes was probed using Sn Mössbauer [9] and Sb X-ray absorption near edge structure (XANES) spectroscopies [10].  Sn spectra from yellowed regions do not show presence of peak(s) at 4-6mm/sec, characteristic of Sn+2, neither do the antimony L1 in XANE spectra reveal Sb+3 ions (Figure X).  Also, strong oxidizing (bleach) or reducing (SnCl2) solutions do not affect the discoloration. XPS studies showed no difference in elemental composition eliminating potential source due to electrolyte/polymer degradation.

Evolution of CR (~ injected charge), as the device is slowly (time≈ 3hrs.) cycled between positive and negative voltages exhibits distinct hysteresis (Figure 2a) with non-zero “remnant CR”, and a “coercing” voltage of 0.2V. Similar trapping of electrons in Si nanoparticles is well known [11].  It suggests an impeded movement of ions from electrodes, i.e., reversal of Sb(V)2O5+4e+4Li+ ↔ Li4Sb(III)2O5 reaction at cathode and vice versa at anode. To quantify, yellowing, we measured b* (CIE 1976 color coordinate) using an Ocean opticsTm reflection spectrometer, 15 minutes after shorting anode and cathode together. For fresh and yellowed samples b* values are about 2 and >4 respectively. Figure 2b shows development of b* as a function of device operation (@1.2volts) time.  b* exhibits a logarithmic growth, (b*~ logt0.5 ). While experiments involving fixed charging time and variable discharge times yielded a smaller slope of –0.3. Thus, the electrochromic process appears to be only partially reversible, controlled by very slow kinetics of charge movement. 

 We employed impedance spectroscopy (from 5Hz-14MHz, HP4192 LCR meter interfaced to PC) to study charge transport between electrolyte-electrode. The resulting bode plots (figure 3) were analyzed using [12] Randle’s equivalent circuit (Zsimp Version 3.2, from Princeton applied research); see table 1. Here Rs,Rp, C are the series solution resistance, the polarization resistance, and net capacitance (due electrode-electrolyte double layer and a series capacitance due to depletion layer in the semiconductor) respectively; W is the Warburg impedance becoming important on the longer time scale where diffusion and not the electron transfer rate is the rate determining step. Both Rp and Warburg impedances increase with applied potential consistent with Volmer-Butler mechanism [13]. The decrease C corresponds to increased depletion layer thickness [8].  The yellowed samples show a systematic increase in Rp, W and Rs.  The increase in Rs entails loss of mobile ions from the electrolyte qualitatively consistent with CR hysteresis. Precipitous rise in Rp and W and drastic decrease in C also suggests restructuring at nanoparticulate laden electrode-electrolyte interface due to growth of an insulating barrier. 

X-ray diffraction studies of fresh and degraded devices, figure 5, indicate that upon electrochromic operation particle (grain) size decreases, especially the larger size particles.  For two devices, made from different nanoparticle size distributions, we note that particles of 4nm size undergo no further reduction in size (Table 2). These devices exhibit lesser extent of yellowing (but with lower CR). This can be understood in terms of their higher columbic charging energy (~1/size) needed for charge insertion. Chemical analysis (atomic absorption spectroscopy) of electrolyte from yellowed device contained significant amounts of Sb, table 2. Thus the mechanism can be postulated based on formation of amorphous sparingly soluble hydrated LiSbO3[12] which like NaSbO3 is a insulator, e.g. Li4Sb(III)2O5+1/2O2→

4e+2Li+4+2LiSbO3 using dissolved oxygen from electrolyte or from the SnOx lattice.  Other possibility is that insertion of Li ions is coupled to irreversible displacement of surface Sb/Sn ions, leading to p-doping and hence p-n barriers. In depletion region, color can be yellow due to lack carriers similar to color of freshly removed samples from calcination oven [7]. Li+ based p-doping in SnOx lattice using high temperature pyrolysis has been recently reported [14]. Both suggestions, are consistent with both hysteresis, kinetics of b*, electrochemical impedance and X-ray diffraction studies of the fresh and aged devices.
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Table 1. Electrochemical impedance analysis.
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	Voltage
	Re (Ω)
	C (μF)
	RW (Ω)
	W (Ω/sec0.5)
	χ2

	Sample 1
	
	
	
	
	

	5mV (Fresh)
	13.5
	9.1
	0.5
	65.5
	8.73E-05

	5mV (Yellowed)
	16.4
	6.8
	1.9
	198.8
	2.82E-04

	0V (Aged Yellowed)
	278.8
	4.5E-4
	705.6
	20120
	1.29E-02

	Sample 2
	
	
	
	
	

	Fresh
	23.6
	0.32
	7.8
	102.0
	4.85E-03

	Yellowed
	27.1
	0.13
	11.8
	408.2
	6.62E-03


Table 2. Summary of experimental results for Powder X-Ray Diffraction (SnO2) and Atomic Absorption measurements for Samples 1 (old, Monsant) and 2 (new).

	Condition
	          Peak Position (2)                         Peak Width (2)                 Crystal Sized (nm)
	Etched Material (g/cm2 Cathode (Total Electrode))

	
	
	Peak 1
	Peak 2
	Peak 1
	Peak 2
	Peak 1
	Peak 2
	Sn
	Sb

	Sample 1
	Untreated
	26.52 ± 0.01
	26.66 ± 0.01
	0.11 ± 0.01
	0.52 ± 0.02
	41 ± 4
	8.7 ± 0.3
	10 (3) ± 33%
	173 (47) ± 15%

	
	Chem. Oxidizeda
	26.54 ± 0.01
	26.69 ± 0.01
	0.12 ± 0.01
	0.54 ± 0.02
	38 ± 3
	8.4 ± 0.3
	
	

	
	Oxidizedb (e)
	26.56 ± 0.01
	26.59 ± 0.01
	0.19 ± 0.01 
	0.99 ± 0.01
	24 ± 1
	4.58 ± 0.05
	
	

	
	Reducedc (e)
	26.55 ± 0.01
	26.53 ± 0.01
	0.17 ± 0.01 
	1.01 ± 0.06
	27 ± 2
	4.5 ± 0.3
	
	

	
	
	
	
	
	
	
	
	
	

	Sample 2
	Untreated
	26.57 ± 0.01
	26.66 ± 0.01
	0.14 ± 0.02
	1.15 ± 0.02
	32 ± 5
	3.9 ± 0.1
	0.8 (0.4) ± 500%
	70 (35) ± 20%

	
	Chem. Oxidized
	26.55 ± 0.01
	26.59 ± 0.01
	0.15 ± 0.02
	1.13 ± 0.02
	30 ± 4
	4.0 ± 0.1
	
	

	
	Oxidized (e)
	26.62 ± 0.02
	26.63 ± 0.01
	0.24 ± 0.04
	1.15 ± 0.04
	19 ± 3
	3.9 ± 0.1
	
	

	
	Reduced (e)
	26.55 ± 0.01
	26.62 ± 0.01
	0.16 ± 0.02
	1.12 ± 0.02
	28 ± 4
	4.1 ± 0.1
	
	


a Chemical oxidation was accomplished by coating the devices with ordinary household bleach.

b,c Electrochemical (e) oxidation and reduction was carried out by charging the devices in a LiCl bath for a period of 72 hours at 1.5 V.

d The crystal size (t) was evaluated using the Debye-Scherrer equation.

Common antimony oxides, i.e. Sb2O3 (Senamontite), SB2O4 ((-Cervantite, (-Clinocervantite, (-Cervantite), and Sb2O5, exhibit reflections at 27.7o, (25.8o, 27.7o, 27.5o) and 27.3o, respectively; hence the additional peak (at 26.6o) may originate from a distorted Casserite structure.

 Figure 1. Schematic Diagram illustrating the ‘side-by-side’ design of a printed Electrochromic display
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Figure X. a) Sn Mossabaur spectra from fresh (bottom) and aged(top) electrodes. b) A first derivative of XANES spectra from fresh and aged devices along with spectra from model compounds. Note that Sb2O4 is a mixture of Sb2O3 and Sb2O5.

 a)






b)

    Sn Mössbauer





Sb Xane Spectra

[image: image2.png]Transmission

%
s

-5 -4 -3 -2 -1 0 1 2 3 4 5
Velocity (mm/s)



[image: image3.png]Intensity (arb.)

T

240

120

000 4
4580

a0
Energy (eV)

Degyaded

rtrested

a7a0




Figure 2. a) Plots of contrast ratios versus Voltage depicting hysteresis. The “coercive” voltage Vc is approximately 0.2V(see text). b) Development of b* during charging slope of b vesus log(t) is 0.53±0.04 for both curves.  
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 Figure 3. Impedance spectra from ATO EC fresh(left) and yellowed(right) cells. Lines indicate best fit obtained from Zsimp.
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Figure 4. X-ray diffraction patterns obtained from fresh, and anodic and cathodic regions of yellowed samples. 110 reflection was fitted to a sum of two Gaussians to obtain peak width and positions.
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Figure Y. Mechanism of aging.
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				-0.5		67.33		0.54		52.84		0.58		0.78		-0.11

				-0.4		65.27		1.07		53.97		0.38		0.83		-0.08

				-0.3		63.88		0.82		55.08		0.63		0.86		-0.06

				-0.2		62.50		0.68		56.07		0.42		0.90		-0.05				0.1535688536		0.05

				-0.1		60.96		0.91		57.33		0.40		0.94		-0.03				-0.121653615		-0.13

				0		59.94		0.60		58.17		0.13		0.97		-0.01				0.2752224686		0.1763612001

				0.1		58.11		0.53		59.90		0.37		1.03		0.01

				0.2		56.63		0.37		61.50		0.88		1.09		0.04

				0.3		54.92		0.49		63.04		0.45		1.15		0.06

				0.4		53.43		0.32		64.44		0.38		1.21		0.08

				0.5		52.07		0.53		65.88		0.57		1.27		0.10

				0.6		51.40		0.55		67.35		0.56		1.31		0.12

				0.7		51.25		0.34		68.57		0.44		1.34		0.13

				0.8		51.14		0.63		70.01		0.54		1.37		0.14

				0.9		50.62		0.67		70.79		0.43		1.40		0.15

				1		50.92		0.24		71.32		0.42		1.40		0.15

				1.1		50.72		1.03		71.73		0.41		1.41		0.15

				1.2		50.44		0.37		72.04		0.58		1.43		0.15





Plot Cathode Olive (0-1.2V)

		0		1.2		-1.2		0.2532455988		0.2532455988		0.2024022398		0.2024022398		0.2046745384		0.2046745384

		0.1		1.1		-1.1		0.2251480994		0.2251480994		0.6532227798		0.6532227798		0.4747192153		0.4747192153

		0.2		1		-1		0.2842973795		0.2842973795		0.7787382958		0.7787382958		0.6639967369		0.6639967369

		0.3		0.9		-0.9		0.2454078238		0.2454078238		0.416533312		0.416533312		0.3984135205		0.3984135205

		0.4		0.8		-0.8		0.4937273202		0.4937273202		0.5931483794		0.5931483794		0.2081665999		0.2081665999

		0.5		0.7		-0.7		0.1598697386		0.1598697386		0.3072865113		0.3072865113		0.4330800542		0.4330800542

		0.6		0.6		-0.6		0.0424264069		0.0424264069		0.5081666393		0.5081666393		0.1276714533		0.1276714533

		0.7		0.5		-0.5		0.2206618831		0.2206618831		0.5430162674		0.5430162674		0.3536830031		0.3536830031

		0.8		0.4		-0.4		0.1298717316		0.1298717316		1.0673487403		1.0673487403		0.4643543905		0.4643543905

		0.9		0.3		-0.3		0.3299873735		0.3299873735		0.8230633835		0.8230633835		0.2307054399		0.2307054399

		1		0.2		-0.2		0.2996664813		0.2996664813		0.6780363805		0.6780363805		0.5946988033		0.5946988033

		1.1		0.1		-0.1		0.1891207727		0.1891207727		0.9101098835		0.9101098835		0.3238312318		0.3238312318

		1.2		0		0		0.2046745384		0.2046745384		0.6003054778		0.6003054778		0.6606562394		0.6606562394

				-0.1		0.1						0.532251507		0.532251507		0.6328441093		0.6328441093

				-0.2		0.2						0.3684539772		0.3684539772		0.2020519735		0.2020519735

				-0.3		0.3						0.4863811948		0.4863811948		0.5100571863		0.5100571863

				-0.4		0.4						0.3211827102		0.3211827102		0.2383799488		0.2383799488

				-0.5		0.5						0.5270910737		0.5270910737		0.4051748594		0.4051748594

				-0.6		0.6						0.5518076356		0.5518076356		0.3635473376		0.3635473376

				-0.7		0.7						0.3352983746		0.3352983746		0.4418427322		0.4418427322

				-0.8		0.8						0.6318425437		0.6318425437		0.0434932945		0.0434932945

				-0.9		0.9						0.6704413969		0.6704413969		0.1794435845		0.1794435845

				-1		1						0.2447277399		0.2447277399		0.1573478101		0.1573478101

				-1.1		1.1						1.0331505215		1.0331505215		0.216082546		0.216082546

				-1.2		1.2						0.373396572		0.373396572		0.2024022398		0.2024022398



Charging1

Discharging1

Charging2

Voltage (V)

L*

56.61

50.5175

71.245

55.4875

50.8575

70.925

53.4275

51.1425

70.775

52.6075

51.57

70.555

51.545

51.66

70.3525

50.7375

51.6325

69.2575

50.46

51.645

68.415

50.7675

51.8675

67.33

50.53

52.6125

65.265

50.4575

54.5325

63.875

50.58

55.35

62.5

50.515

56.49

60.955

50.5175

57.58

59.935

57.6575

58.1075

60.8375

56.6325

62.8975

54.915

64.3925

53.4275

65.795

52.0675

66.755

51.3975

68.1525

51.2475

69.3625

51.1375

69.91

50.6225

70.5275

50.9175

70.5025

50.72

71.245

50.4425



Plot Anode Olive (0-1.2V)

		0		1.2		-1.2		0.2532455988		0.2532455988		0.6172249725		0.6172249725		0.3222188697		0.3222188697

		0.1		1.1		-1.1		0.3938167933		0.3938167933		0.5328148521		0.5328148521		0.3509035955		0.3509035955

		0.2		1		-1		0.4359663596		0.4359663596		0.3319136434		0.3319136434		0.4156420736		0.4156420736

		0.3		0.9		-0.9		0.0780491298		0.0780491298		0.474789427		0.474789427		0.6284571054		0.6284571054

		0.4		0.8		-0.8		0.3970201506		0.3970201506		0.1241974235		0.1241974235		0.6162791575		0.6162791575

		0.5		0.7		-0.7		0.3871584516		0.3871584516		0.3568846686		0.3568846686		0.6406767256		0.6406767256

		0.6		0.6		-0.6		0.5214323222		0.5214323222		0.3692672925		0.3692672925		0.4584302928		0.4584302928

		0.7		0.5		-0.5		0.3341656276		0.3341656276		0.5774296494		0.5774296494		0.6011863272		0.6011863272

		0.8		0.4		-0.4		0.3341157484		0.3341157484		0.3758545818		0.3758545818		0.4696363842		0.4696363842

		0.9		0.3		-0.3		0.3846210256		0.3846210256		0.6268638874		0.6268638874		0.6140236152		0.6140236152

		1		0.2		-0.2		0.573032867		0.573032867		0.424185494		0.424185494		0.65743821		0.65743821

		1.1		0.1		-0.1		0.3270575892		0.3270575892		0.39619019		0.39619019		0.3441898701		0.3441898701

		1.2		0		0		0.3222188697		0.3222188697		0.1281600562		0.1281600562		0.3103761159		0.3103761159

				-0.1		0.1						0.3678314832		0.3678314832		0.6308724118		0.6308724118

				-0.2		0.2						0.8826616943		0.8826616943		0.6598232086		0.6598232086

				-0.3		0.3						0.4518849411		0.4518849411		0.5972715742		0.5972715742

				-0.4		0.4						0.3788029391		0.3788029391		0.5049339891		0.5049339891

				-0.5		0.5						0.5680595626		0.5680595626		0.5812844972		0.5812844972

				-0.6		0.6						0.5622277119		0.5622277119		0.6895590378		0.6895590378

				-0.7		0.7						0.4447002736		0.4447002736		0.3991136012		0.3991136012

				-0.8		0.8						0.5351868832		0.5351868832		0.498088011		0.498088011

				-0.9		0.9						0.4345879274		0.4345879274		0.4881512744		0.4881512744

				-1		1						0.4219794624		0.4219794624		0.5994650393		0.5994650393

				-1.1		1.1						0.4106093034		0.4106093034		0.31144823		0.31144823

				-1.2		1.2						0.5777759081		0.5777759081		0.6172249725		0.6172249725



Charging1

Discharging1

Charging2

Voltage (V)

L*

56.61

71.6675

50.145

57.5825

72.14

50.3875

58.66

71.8925

50.765

60.5775

71.7575

51.1025

62.0475

70.95

51.4475

64.3875

69.89

51.585

66.5175

68.5075

52.2375

68.29

66.6425

52.8425

69.575

64.8975

53.97

70.28

63.6225

55.0775

71.455

62.0975

56.07

71.415

60.8

57.325

71.6675

59.25

58.1725

59.23

59.895

56.475

61.5025

55.35

63.04

54.2775

64.4375

53.2775

65.8775

52.2825

67.345

51.2775

68.5725

50.8775

70.0125

50.8325

70.79

50.1425

71.32

50.23

71.73

50.145

72.0375



Derivative of Olive (0-1.2V)

		

				Derivative of Olive 1:1

				(Charge/Dischage from 0-1.2V)								Inner = Cathode, Outer = Anode

				Forward Biasing

				Voltage		Cathode		Anode

		Charging1		0		-6.499977		9.150028

				0.1		-15.9		10.25

				0.2		-14.40001		15

				0.3		-9.400005		16.95

				0.4		-9.349996		19.04999

				0.5		-5.450001		22.34999

				0.6		0.1499957		19.50001

				0.7		0.3500001		15.30003

				0.8		-1.550007		9.949988

				0.9		0.2500147		9.399985

				1		0.3000068		5.699996

				1.1		-0.3000068		1.049995

				1.2		0.3000068		3.950004

		Discharging1		1.2		-3.700008		-8.300016

				1.1		-3.1		-1.100006

				1.0		-3.5		1.899986

				0.9		-2.6		4.700015

				0.8		-0.3		9.350014

				0.7		0.0		12.19998

				0.6		-1.2		16.25

				0.5		-4.8		18.05

				0.4		-13.3		15.1

				0.3		-13.7		14.00002

				0.2		-9.8		14.1

				0.1		-11.2		14.24999

				0.0		-5.8		7.849998

				-0.1		-16.29999		13.85

				-0.2		-26.20001		19.40001

				-0.3		-17.75		11

				-0.4		-14.50001		10.35

				-0.5		-11.85001		10

				-0.6		-11.74999		10

				-0.7		-12.99999		6.999991

				-0.8		-8.800009		2.249984

				-0.9		-5.849991		3.700007

				-1		-2.949981		3.000011

				-1.1		-3.600005		-0.05001065

				-1.2		-11.39999		1.649971

		Charging2		-1.2		-4.049987		1.699962

				-1.1		-2.350006		3.099994

				-1		-1.850013		3.549994

				-0.9		-2.150002		3.400002

				-0.8		-6.499975		2.450009

				-0.7		-9.650002		3.950006

				-0.6		-9.650002		6.25

				-0.5		-15.75001		8.649998

				-0.4		-17.25001		11.20001

				-0.3		-13.84998		10.49999

				-0.2		-14.60001		11.25

				-0.1		-12.80001		10.49999

				0		-14.24999		12.85

				0.1		-16.54999		16.65001

				0.2		-15.95001		15.7

				0.3		-16		14.70001

				0.4		-14.24999		14.19998

				0.5		-10.14999		14.54998

				0.6		-4.099998		13.45001

				0.7		-1.300011		13.30002

				0.8		-3.150007		11.1

				0.9		-1.100009		6.549989

				1		0.5000113		4.700011

				1.1		-2.399997		3.600005

				1.2		-3.200053		2.599945





Plot Derv Cath Olive (0-1.2V)

		0		1.2		-1.2

		0.1		1.1		-1.1

		0.2		1		-1

		0.3		0.9		-0.9

		0.4		0.8		-0.8

		0.5		0.7		-0.7

		0.6		0.6		-0.6

		0.7		0.5		-0.5

		0.8		0.4		-0.4

		0.9		0.3		-0.3

		1		0.2		-0.2

		1.1		0.1		-0.1

		1.2		0		0

				-0.1		0.1

				-0.2		0.2

				-0.3		0.3

				-0.4		0.4

				-0.5		0.5

				-0.6		0.6

				-0.7		0.7

				-0.8		0.8

				-0.9		0.9

				-1		1

				-1.1		1.1

				-1.2		1.2



Charging1

Discharging1

Charging2

Voltage (V)

dL*/dV

-6.499977

-3.700008

-4.049987

-15.9

-3.099994

-2.350006

-14.40001

-3.549994

-1.850013

-9.400005

-2.600001

-2.150002

-9.349996

-0.3000072

-6.499975

-5.450001

0.04999147

-9.650002

0.1499957

-1.199989

-9.650002

0.3500001

-4.799996

-15.75001

-1.550007

-13.3

-17.25001

0.2500147

-13.69999

-13.84998

0.3000068

-9.800014

-14.60001

-0.3000068

-11.15002

-12.80001

0.3000068

-5.849991

-14.24999

-16.29999

-16.54999

-26.20001

-15.95001

-17.75

-16

-14.50001

-14.24999

-11.85001

-10.14999

-11.74999

-4.099998

-12.99999

-1.300011

-8.800009

-3.150007

-5.849991

-1.100009

-2.949981

0.5000113

-3.600005

-2.399997

-11.39999

-3.200053



Plot Derv Anode Olive (0-1.2V)

		0		1.2		-1.2

		0.1		1.1		-1.1

		0.2		1		-1

		0.3		0.9		-0.9

		0.4		0.8		-0.8

		0.5		0.7		-0.7

		0.6		0.6		-0.6

		0.7		0.5		-0.5

		0.8		0.4		-0.4

		0.9		0.3		-0.3

		1		0.2		-0.2

		1.1		0.1		-0.1

		1.2		0		0

				-0.1		0.1

				-0.2		0.2

				-0.3		0.3

				-0.4		0.4

				-0.5		0.5

				-0.6		0.6

				-0.7		0.7

				-0.8		0.8

				-0.9		0.9

				-1		1

				-1.1		1.1

				-1.2		1.2



Charging1

Discharging1

Charging2

Voltage (V)

dL*/dV

9.150028

-8.300016

1.699962

10.25

-1.100006

3.099994

15

1.899986

3.549994

16.95

4.700015

3.400002

19.04999

9.350014

2.450009

22.34999

12.19998

3.950006

19.50001

16.25

6.25

15.30003

18.05

8.649998

9.949988

15.1

11.20001

9.399985

14.00002

10.49999

5.699996

14.1

11.25

1.049995

14.24999

10.49999

3.950004

7.849998

12.85

13.85

16.65001

19.40001

15.7

11

14.70001

10.35

14.19998

10

14.54998

10

13.45001

6.999991

13.30002

2.249984

11.1

3.700007

6.549989

3.000011

4.700011

-0.05001065

3.600005

1.649971

2.599945



Olive (0-2V)

		

				Olive (1:1)

				(Charge/Discharge from 0-2V)																Inner = Cathode, Outer = Anode

				Voltage		cathode		stdev		log(L)		anode		stdev		log(L)		CR		Log(CR)

		Charging1		0		56.1		0.3		1.75		56.1		0.3		1.75		1		0

				0.1		54.9		0.5		1.74		57.0		0.4		1.76		1.0391415292		0.0166747017

				0.2		53.4		0.4		1.73		57.7		0.2		1.76		1.0804060059		0.0335869897

				0.4		51.4		0.6		1.71		61.6		0.2		1.79		1.1980265396		0.078466439

				0.6		50.7		0.2		1.71		65.6		0.4		1.82		1.2935404339		0.1117800086

				0.8		49.1		0.6		1.69		68.5		0.5		1.84		1.3946617767		0.1444688984

				1		50.0		0.7		1.70		69.9		0.4		1.84		1.3973013493		0.1452900784

				1.2		49.6		0.9		1.70		70.6		0.7		1.85		1.4249470392		0.1537987233

				1.4		49.0		0.4		1.69		71.8		0.9		1.86		1.4637540783		0.1654681181

				1.6		48.4		0.9		1.68		71.2		0.6		1.85		1.4721719808		0.1679585477

				1.8		47.4		0.5		1.68		71.9		0.4		1.86		1.5190307765		0.181566573

				2		44.8		0.6		1.65		71.9		0.6		1.86		1.6053438947		0.2055680807

		Discharging1		2		44.8		0.6		1.65		71.9		0.6		1.86		1.6053438947		0.2055680807

				1.8		43.78		0.95		1.64		71.02		0.53		1.85		1.6222590224		0.2101201982

				1.6		44.34		0.41		1.65		71.93		0.43		1.86		1.6220894176		0.210074791

				1.4		44.44		0.23		1.65		71.72		0.17		1.86		1.6140992461		0.2079302347

				1.2		45.12		0.64		1.65		71.14		0.55		1.85		1.5766609409		0.1977383088

				1		46.46		0.18		1.67		70.83		0.44		1.85		1.5245090126		0.1831299962

				0.8		47.01		0.71		1.67		69.35		0.36		1.84		1.4751901292		0.1688479978

				0.6		48.99		0.35		1.69		66.16		0.96		1.82		1.350668572		0.1305487946

				0.4		49.32		0.18		1.69		61.52		0.76		1.79		1.2474906215		0.0960372893

				0.2		49.97		0.13		1.70		56.35		0.92		1.75		1.1275765459		0.0521460338

				0		50.47		0.38		1.70		58.87		0.91		1.77		1.1663859719		0.0668422877

				-0.2		52.99		0.6		1.72		47.9975		0.5		1.68		0.9057841102		-0.0429753022

				-0.4		58.63		0.23		1.77		48.3725		0.55		1.68		0.8250469043		-0.0835213609

				-0.6		62.56		0.36		1.80		48.895		0.48		1.69		0.7815696931		-0.1070322896

				-0.8		65.28		0.18		1.81		49.07		0.56		1.69		0.751685049		-0.1239640878

				-1		67.00		0.43		1.83		49.19		0.64		1.69		0.7341318706		-0.1342259217

				-1.2		67.74		0.62		1.83		49.71		0.39		1.70		0.7337712662		-0.1344392988

				-1.4		68.34		0.87		1.83		49.14		0.11		1.69		0.7189786362		-0.1432840141

				-1.6		68.24		0.65		1.83		48.63		0.80		1.69		0.712657996		-0.1471188377

				-1.8		68.50		0.09		1.84		46.68		0.82		1.67		0.6814963504		-0.1665364656

				-2		68.47		0.58		1.84		45.42		1.08		1.66		0.6633685056		-0.1782451511

		Charging2		-2		68.47		0.58		1.84		45.42		1.08		1.66		0.6633685056		-0.1782451511

				-1.8		68.83		0.53		1.84		45.60		0.23		1.66		0.6625499455		-0.1787813774

				-1.6		68.34		0.40		1.83		46.71		0.75		1.67		0.6835192976		-0.1652492196

				-1.4		68.50		0.27		1.84		47.57		0.91		1.68		0.6944890511		-0.1583345967

				-1		68.80		0.32		1.84		47.98		0.57		1.68		0.6973947168		-0.156521347

				-0.8		68.49		0.84		1.84		48.65		0.49		1.69		0.7103486038		-0.1485284688

				-0.6		67.51		0.72		1.83		49.08		0.25		1.69		0.727057255		-0.1384313875

				-0.4		64.69		0.47		1.81		50.16		0.55		1.70		0.7754116101		-0.1104677007

				-0.2		59.07		0.17		1.77		50.40		0.44		1.70		0.85326731		-0.0689148926

				0		58.29		1.24		1.77		50.31		0.58		1.70		0.8631411906		-0.0639181576

				0.2		51.04		0.41		1.71		53.36		0.80		1.73		1.0454589987		0.0193070051

				0.4		48.99		0.50		1.69		56.64		0.51		1.75		1.1562723283		0.0630601323

				0.6		46.33		0.37		1.67		60.36		0.96		1.78		1.3027899196		0.1148743895

				0.8		46.22		0.51		1.66		63.23		0.96		1.80		1.3678403375		0.1360354069

				1		46.54		0.29		1.67		65.50		0.76		1.82		1.4073158941		0.1483915926

				1.4		47.76		0.79		1.68		66.77		0.63		1.82		1.3980735002		0.1455300039

				1.6		46.26		1.49		1.67		67.07		0.67		1.83		1.4498243718		0.161315396

				1.8		42.97		0.64		1.63		67.50		0.41		1.83		1.5709215732		0.1961545038

				2		41.48		0.31		1.62		67.62		0.73		1.83		1.6303797468		0.2122887717





Plot Cathode Olive (0-2V)

		0		2		-2		0.34		0.34		0.56		0.56		0.58		0.58

		0.1		1.8		-1.8		0.47		0.47		0.95		0.95		0.53		0.53

		0.2		1.6		-1.6		0.41		0.41		0.41		0.41		0.4		0.4

		0.4		1.4		-1.4		0.59		0.59		0.23		0.23		0.27		0.27

		0.6		1.2		-1		0.22		0.22		0.64		0.64		0.32		0.32

		0.8		1		-0.8		0.62		0.62		0.18		0.18		0.84		0.84

		1		0.8		-0.6		0.74		0.74		0.71		0.71		0.72		0.72

		1.2		0.6		-0.4		0.93		0.93		0.35		0.35		0.47		0.47

		1.4		0.4		-0.2		0.42		0.42		0.18		0.18		0.17		0.17

		1.6		0.2		0		0.93		0.93		0.13		0.13		1.24		1.24

		1.8		0		0.2		0.5		0.5		0.38		0.38		0.41		0.41

		2		-0.2		0.4		0.56		0.56		0.6		0.6		0.5		0.5

				-0.4		0.6						0.23		0.23		0.37		0.37

				-0.6		0.8						0.36		0.36		0.51		0.51

				-0.8		1						0.18		0.18		0.29		0.29

				-1		1.4						0.43		0.43		0.79		0.79

				-1.2		1.6						0.62		0.62		1.49		1.49

				-1.4		1.8						0.87		0.87		0.64		0.64

				-1.6		2						0.65		0.65		0.31		0.31

				-1.8								0.09		0.09

				-2								0.58		0.58



Charging 1

Discharging 1

Charging 2

Voltage (V)

L*

56.12

44.8175

68.4725

54.865

43.78

68.825

53.4475

44.3425

68.3375

51.4325

44.435

68.5

50.7

45.1175

68.8025

49.08

46.4625

68.4875

50.025

47.0075

67.505

49.565

48.985

64.685

49.04

49.315

59.07

48.3775

49.97

58.29

47.3575

50.47

51.035

44.8175

52.99

48.985

58.63

46.3275

62.56

46.2225

65.28

46.5425

66.9975

47.755

67.7425

46.2625

68.34

42.97

68.2375

41.475

68.5

68.4725



Plot Anode Olive (0-2V)

		0		2		-2		0.34		0.34		0.56		0.56		1.08		1.08

		0.1		1.8		-1.8		0.44		0.44		0.53		0.53		0.23		0.23

		0.2		1.6		-1.6		0.15		0.15		0.43		0.43		0.75		0.75

		0.4		1.4		-1.4		0.24		0.24		0.17		0.17		0.91		0.91

		0.6		1.2		-1		0.43		0.43		0.55		0.55		0.57		0.57

		0.8		1		-0.8		0.45		0.45		0.44		0.44		0.49		0.49

		1		0.8		-0.6		0.38		0.38		0.36		0.36		0.25		0.25

		1.2		0.6		-0.4		0.7		0.7		0.96		0.96		0.55		0.55

		1.4		0.4		-0.2		0.91		0.91		0.76		0.76		0.44		0.44

		1.6		0.2		0		0.64		0.64		0.92		0.92		0.58		0.58

		1.8		0		0.2		0.39		0.39		0.91		0.91		0.8		0.8

		2		-0.2		0.4		0.56		0.56		0.5		0.5		0.51		0.51

				-0.4		0.6						0.55		0.55		0.96		0.96

				-0.6		0.8						0.48		0.48		0.96		0.96

				-0.8		1						0.56		0.56		0.76		0.76

				-1		1.4						0.64		0.64		0.63		0.63

				-1.2		1.6						0.39		0.39		0.67		0.67

				-1.4		1.8						0.11		0.11		0.41		0.41

				-1.6		2						0.8		0.8		0.73		0.73

				-1.8								0.82		0.82

				-2								1.08		1.08



Charging 1

Discharging 1

Charging 2

Voltage (V)

L*

56.12

71.9475

45.4225

57.0125

71.0225

45.6

57.745

71.9275

46.71

61.6175

71.7225

47.5725

65.5825

71.135

47.9825

68.45

70.8325

48.65

69.9

69.345

49.08

70.6275

66.1625

50.1575

71.7825

61.52

50.4025

71.22

56.345

50.3125

71.9375

58.8675

53.355

71.9475

47.9975

56.64

48.3725

60.355

48.895

63.225

49.07

65.5

49.185

66.765

49.7075

67.0725

49.135

67.5025

48.63

67.62

46.6825

45.4225



Derivative of Olive (0-2V)

		

				Derivative of Olive (1:1)

				(Charge/Discharge from 0-2V)								Inner = Cathode, Outer = Anode

				Voltage		Cathode		Anode

		Charging1		0		-5.999985		-2.000008

				0.1		-20		2.000008

				0.2		-24.66667		5.500005

				0.4		-17.75		10.49999

				0.6		-12.75		10.25001

				0.8		-8.500005		11.25

				1		-7.750005		10.75

				1.2		-5.749997		6.750011

				1.4		-3.499994		4.249994

				1.6		-4.499999		1.499996

				1.8		-6.25		1.25

				2		-8.749996		1.749954

		Discharging1		2		-1.749991		1.750012

				1.8		-2.849999		-1.050015

				1.6		-3.699999		-0.850011

				1.4		-5.400001		1.550007

				1.2		-10.525		3.724994

				1		-13.525		5.550003

				0.8		-12.92501		6.125012

				0.6		-8.549996		5.650005

				0.4		-6.875		6.149998

				0.2		-5.500002		7.974987

				0		-14.425		8.774996

				-0.2		-12.775		7.750006

				-0.4		-8.999995		5.600004

				-0.6		-11.85		4.574995

				-0.8		-0.6750011		2.749996

				-1		-6.399991		4.100007

				-1.2		-2.599995		6.800003

				-1.4		1.875005		5.374995

				-1.6		-2.874993		5.200005

				-1.8		-2.474993		1.700003

				-2		-8.324985		-6.800024

		Charging2		-2		-3.674983		-2.650003

				-1.8		-1.924991		-0.9500022

				-1.6		0.1749985		-5.96E-08

				-1.4		1.774998		0.008335075

				-1		1.208337		0.008335114

				-0.8		-0.4750061		0.6750012

				-0.6		-0.7750131		1.400003

				-0.4		-4.674997		1.424999

				-0.2		-6.42499		0.8499908

				0		-11.55		5.299997

				0.2		-20.47501		9.450006

				0.4		-21.8		9.000005

				0.6		-22.1		10.475

				0.8		-16.05		10.77499

				1		-8.641657		8.958331

				1.4		-6.375		7.691684

				1.6		-5.275001		5.475005

				1.8		-4.899997		2.150002

				2		-6.999986		0.5500398





Plot Derv Cath Olive (0-2V)

		0		2		-2

		0.1		1.8		-1.8

		0.2		1.6		-1.6

		0.4		1.4		-1.4

		0.6		1.2		-1

		0.8		1		-0.8

		1		0.8		-0.6

		1.2		0.6		-0.4

		1.4		0.4		-0.2

		1.6		0.2		0

		1.8		0		0.2

		2		-0.2		0.4

				-0.4		0.6

				-0.6		0.8

				-0.8		1

				-1		1.4

				-1.2		1.6

				-1.4		1.8

				-1.6		2

				-1.8

				-2



Charging 1

Discharging 1

Charging 2

Voltage (V)

dL*/dV

-5.999985

-1.749991

-3.674983

-20

-2.849999

-1.924991

-24.66667

-3.699999

0.1749985

-17.75

-5.400001

1.774998

-12.75

-10.525

1.208337

-8.500005

-13.525

-0.4750061

-7.750005

-12.92501

-0.7750131

-5.749997

-8.549996

-4.674997

-3.499994

-6.875

-6.42499

-4.499999

-5.500002

-11.55

-6.25

-14.425

-20.47501

-8.749996

-12.775

-21.8

-8.999995

-22.1

-11.85

-16.05

-0.6750011

-8.641657

-6.399991

-6.375

-2.599995

-5.275001

1.875005

-4.899997

-2.874993

-6.999986

-2.474993

-8.324985



Plot Derv Anode Olive (0-2V)

		0		2		-2

		0.1		1.8		-1.8

		0.2		1.6		-1.6

		0.4		1.4		-1.4

		0.6		1.2		-1

		0.8		1		-0.8

		1		0.8		-0.6

		1.2		0.6		-0.4

		1.4		0.4		-0.2

		1.6		0.2		0

		1.8		0		0.2

		2		-0.2		0.4

				-0.4		0.6

				-0.6		0.8

				-0.8		1

				-1		1.4

				-1.2		1.6

				-1.4		1.8

				-1.6		2

				-1.8

				-2



Charging 1

Discharging 1

Charging 2

Voltage (V)

dL*/dV

-2.000008

1.750012

-2.650003

2.000008

-1.050015

-0.9500022

5.500005

-0.850011

-0.0000000596

10.49999

1.550007

0.008335075

10.25001

3.724994

0.008335114

11.25

5.550003

0.6750012

10.75

6.125012

1.400003

6.750011

5.650005

1.424999

4.249994

6.149998

0.8499908

1.499996

7.974987

5.299997

1.25

8.774996

9.450006

1.749954

7.750006

9.000005

5.600004

10.475

4.574995

10.77499

2.749996

8.958331

4.100007

7.691684

6.800003

5.475005

5.374995

2.150002

5.200005

0.5500398

1.700003

-6.800024




_1162643373.xls
Plot

		13.4		13.53055		16		16.42499

		13.5		13.53878		16.1		16.42631

		13.5		13.54859		16.1		16.42796

		13.5		13.56016		16.1		16.43001

		13.5		13.57367		16.2		16.43257

		13.6		13.58927		16.2		16.43576

		13.6		13.60705		16.3		16.43971

		13.6		13.62704		16.3		16.44462

		13.7		13.64918		16.4		16.45069

		13.7		13.67333		16.4		16.45818

		13.7		13.69924		16.5		16.4674

		13.7		13.72661		16.5		16.47872

		13.8		13.75506		16.5		16.49255

		13.8		13.78419		16.6		16.50937

		13.8		13.81362		16.7		16.52974

		13.9		13.84298		16.7		16.55426

		13.9		13.87198		16.8		16.58355

		13.9		13.90038		16.8		16.6183

		14		13.92804		16.9		16.65915

		14		13.95487		16.9		16.70672

		14		13.98086		17		16.76151

		14		14.00604		17		16.8239

		14.1		14.03049		17.1		16.89405

		14.1		14.05432		17.2		16.97189

		14.1		14.07766		17.2		17.05709

		14.2		14.10064		17.3		17.14904

		14.2		14.12341		17.4		17.24693

		14.2		14.14611		17.4		17.34976

		14.2		14.16889		17.5		17.4564

		14.3		14.19186		17.6		17.56575

		14.3		14.21519		17.6		17.67673

		14.3		14.23898		17.7		17.78843

		14.3		14.26336		17.8		17.90008

		14.4		14.28846		17.9		18.01112

		14.4		14.31439		18		18.12123

		14.4		14.34126		18.1		18.23021

		14.5		14.3692		18.2		18.33814

		14.5		14.39831		18.2		18.44511

		14.5		14.42871		18.3		18.55146

		14.5		14.46052		18.4		18.65752

		14.6		14.49384		18.5		18.76372

		14.6		14.52881		18.6		18.87048

		14.6		14.56554		18.7		18.97836

		14.7		14.60421		18.9		19.08783

		14.7		14.6449		19		19.19941

		14.8		14.6877		19.1		19.31357

		14.8		14.73293		19.2		19.43085

		14.9		14.78054		19.4		19.55174

		14.9		14.83081		19.5		19.67674

		14.9		14.88393		19.7		19.80656

		14.9		14.94001		19.8		19.94149

		15.1		14.99928		20		20.08193

		15.1		15.06192		20.1		20.22894

		15.1		15.128		20.3		20.38242

		15.1		15.19794		20.5		20.54336

		15.3		15.27212		20.6		20.71231

		15.3		15.35044		21		20.88972

		15.3		15.43311		21		21.07632

		15.5		15.52055		21.4		21.27271

		15.5		15.6135		21.4		21.47913

		15.8		15.71172		21.8		21.69687

		15.8		15.8156		21.8		21.92717

		15.8		15.92586		22.3		22.1697

		16		16.04243		22.7		22.42515

		16		16.16517		22.7		22.6948

		16.2		16.29567		23.2		22.98098

		16.5		16.43467		23.2		23.28291

		16.5		16.58071		23.7		23.6018

		16.7		16.73416		24.3		23.93986

		16.7		16.89958		24.1		24.29693

		16.9		17.07209		24.8		24.67253

		17.2		17.25806		25.3		25.07155

		17.5		17.45071		25.8		25.49624

		17.5		17.65943		25.8		25.94215

		17.7		17.87545		26.4		26.41042

		18		18.1031		27.2		26.91498

		18.3		18.35101		27.8		27.44091

		18.6		18.61992		28.5		28.00765

		18.9		18.89213		29.4		28.59453

		19.2		19.17672		29.2		29.23016

		19.2		19.49237		30.1		29.88786

		19.5		19.81412		30.9		30.58078

		19.8		20.16452		31.7		31.33518

		20.1		20.54463		32.9		32.15334

		20.4		20.9049		33.8		32.98138

						33.8		33.84695

						34.9		34.80685

						36.3		35.78518

						37.4		36.8505

						39.1		38.00605

						38.7		39.10115

						40.5		40.39856

						42		41.75482

						44.1		43.13726

						44.1		43.13726

						44.1		43.13726

						44.1		43.13726



Fresh (5 mV) Data

Fesh (5 mV) Fit

Yellowed (5 mV) Data

Yellowed (5 mV) Fit

Z' (Ω)

-Z'' (Ω)

0

0.1426966

0

0.1036295

0

0.1571199

0.1

0.1161399

0.1

0.1723821

0.1

0.1301286

0.1

0.1883494

0.2

0.1457588

0.1

0.2048352

0.2

0.1632077

0.2

0.2215999

0.3

0.1826657

0.2

0.2383549

0.3

0.204336

0.2

0.2547755

0.4

0.2284323

0.2

0.2705193

0.4

0.2551757

0.3

0.2852524

0.5

0.2847896

0.3

0.2986763

0.5

0.3174926

0.3

0.3105568

0.5

0.3534904

0.3

0.3207473

0.6

0.3929614

0.3

0.3291996

0.6

0.4360428

0.3

0.3359682

0.6

0.4828112

0.3

0.3411991

0.7

0.5332633

0.3

0.3451128

0.7

0.5872882

0.4

0.3479818

0.7

0.6446477

0.4

0.3501058

0.8

0.7049606

0.4

0.3517916

0.8

0.7676792

0.4

0.3533348

0.8

0.8321043

0.4

0.3550086

0.9

0.8973838

0.4

0.357057

0.9

0.9625573

0.4

0.3596915

0.9

1.026611

0.4

0.3630923

1

1.088533

0.4

0.3674106

1

1.147413

0.4

0.3727722

1

1.202504

0.4

0.3792806

1.1

1.253289

0.4

0.3870254

1.1

1.299524

0.4

0.3960777

1.1

1.341257

0.4

0.4065075

1.2

1.378809

0.5

0.4183677

1.2

1.412738

0.5

0.4317184

1.2

1.443779

0.5

0.4466113

1.3

1.472784

0.5

0.4631023

1.4

1.500682

0.5

0.4812379

1.4

1.52839

0.5

0.5010887

1.5

1.556825

0.5

0.5227112

1.5

1.586817

0.6

0.5461772

1.6

1.619157

0.6

0.5715459

1.6

1.654539

0.6

0.5989032

1.7

1.693596

0.6

0.6283293

1.8

1.736862

0.6

0.6599073

1.8

1.784863

0.7

0.6937893

1.9

1.838032

0.7

0.7300232

2

1.896789

0.7

0.7686847

2

1.961476

0.8

0.8100468

2.2

2.03247

0.8

0.8540579

2.2

2.110105

0.9

0.9009794

2.3

2.194696

1

0.9509593

2.4

2.28673

1

1.004117

2.5

2.386399

1.1

1.060654

2.7

2.493953

1.1

1.120741

2.8

2.610187

1.1

1.184444

2.9

2.734982

1.3

1.252149

3

2.869096

1.3

1.324237

3.3

3.012969

1.3

1.400598

3.3

3.16695

1.3

1.481441

3.3

3.331635

1.6

1.567165

3.8

3.507518

1.6

1.658506

3.8

3.694795

1.7

1.755217

4.2

3.894596

1.9

1.857682

4.2

4.108053

1.9

1.966603

4.3

4.334836

2

2.08193

4.8

4.575561

2.2

2.203504

4.8

4.831411

2.3

2.332905

5.4

5.104582

2.6

2.470863

5.4

5.394338

2.6

2.615934

5.9

5.70182

2.9

2.768478

6

6.029136

2.9

2.933034

6.5

6.376134

3.3

3.104743

6.6

6.742328

3.3

3.289948

7.3

7.132472

3.7

3.481889

7.9

7.548774

3.7

3.68993

7.9

7.986868

4.1

3.90533

8.6

8.447837

4.2

4.132395

8.8

8.9454

4.6

4.379732

9.6

9.464859

5

4.648099

10.4

10.02541

5.1

4.919816

10.7

10.60658

5.5

5.203951

11.2

11.23673

5.5

5.519151

11.6

11.88937

6

5.840493

12.5

12.57756

6.4

6.190496

13.5

13.32737

6.9

6.57023

14

14.14112

7.4

6.930171

15.1

14.9652

15.1

15.82708

16.3

16.78334

16.9

17.75836

18.3

18.82049

19.1

19.97295

19.7

21.06546

20.6

22.36012

22.4

23.71383

23.5

25.09395

23.5

25.09395

23.5

25.09395

23.5

25.09395



Data

				Fresh (5 mV)												Yellowed (5 mV)												Olive (0V Charging)												Olive (0V Discharging)

				Freq(Hz)		Zr_msd		Zi_msd		Zr_cal		Zi_cal				Freq(Hz)		Zr_msd		Zi_msd		Zr_cal		Zi_cal				Freq(Hz)		Zr_msd		Zi_msd		Zr_cal		Zi_cal				Freq(Hz)		Zr_msd		Zi_msd		Zr_cal		Zi_cal

				1.12E+05		1.34E+01		0.00E+00		1.35E+01		1.43E-01				2.24E+05		1.60E+01		0.00E+00		1.64E+01		1.04E-01				1.26E+06		2.08E+01		0.00E+00		2.36E+01		3.91E-01				1.41E+06		2.40E+01		5.00E-01		2.71E+01		8.79E-01

				1.00E+05		1.35E+01		0.00E+00		1.35E+01		1.57E-01				2.00E+05		1.61E+01		1.00E-01		1.64E+01		1.16E-01				1.12E+06		2.11E+01		4.00E-01		2.36E+01		4.39E-01				1.26E+06		2.44E+01		1.10E+00		2.71E+01		9.85E-01

				8.91E+04		1.35E+01		1.00E-01		1.35E+01		1.72E-01				1.78E+05		1.61E+01		1.00E-01		1.64E+01		1.30E-01				1.00E+06		2.14E+01		8.00E-01		2.36E+01		4.92E-01				1.12E+06		2.48E+01		1.60E+00		2.72E+01		1.10E+00

				7.94E+04		1.35E+01		1.00E-01		1.36E+01		1.88E-01				1.58E+05		1.61E+01		2.00E-01		1.64E+01		1.46E-01				8.91E+05		2.18E+01		1.20E+00		2.36E+01		5.51E-01				1.00E+06		2.52E+01		2.00E+00		2.72E+01		1.23E+00

				7.08E+04		1.35E+01		1.00E-01		1.36E+01		2.05E-01				1.41E+05		1.62E+01		2.00E-01		1.64E+01		1.63E-01				7.94E+05		2.21E+01		1.40E+00		2.36E+01		6.17E-01				8.91E+05		2.57E+01		2.40E+00		2.72E+01		1.38E+00

				6.31E+04		1.36E+01		2.00E-01		1.36E+01		2.22E-01				1.26E+05		1.62E+01		3.00E-01		1.64E+01		1.83E-01				7.08E+05		2.24E+01		1.70E+00		2.37E+01		6.92E-01				7.94E+05		2.60E+01		2.70E+00		2.73E+01		1.54E+00

				5.62E+04		1.36E+01		2.00E-01		1.36E+01		2.38E-01				1.12E+05		1.63E+01		3.00E-01		1.64E+01		2.04E-01				6.31E+05		2.27E+01		1.80E+00		2.37E+01		7.74E-01				7.08E+05		2.65E+01		3.00E+00		2.73E+01		1.72E+00

				5.01E+04		1.36E+01		2.00E-01		1.36E+01		2.55E-01				1.00E+05		1.63E+01		4.00E-01		1.64E+01		2.28E-01				5.62E+05		2.30E+01		2.00E+00		2.37E+01		8.67E-01				6.31E+05		2.69E+01		3.20E+00		2.74E+01		1.92E+00

				4.47E+04		1.37E+01		2.00E-01		1.36E+01		2.71E-01				8.91E+04		1.64E+01		4.00E-01		1.65E+01		2.55E-01				5.01E+05		2.33E+01		2.10E+00		2.37E+01		9.69E-01				5.62E+05		2.73E+01		3.40E+00		2.74E+01		2.14E+00

				3.98E+04		1.37E+01		3.00E-01		1.37E+01		2.85E-01				7.94E+04		1.64E+01		5.00E-01		1.65E+01		2.85E-01				4.47E+05		2.36E+01		2.30E+00		2.37E+01		1.08E+00				5.01E+05		2.78E+01		3.60E+00		2.75E+01		2.38E+00

				3.55E+04		1.37E+01		3.00E-01		1.37E+01		2.99E-01				7.08E+04		1.65E+01		5.00E-01		1.65E+01		3.17E-01				3.98E+05		2.39E+01		2.30E+00		2.38E+01		1.21E+00				4.47E+05		2.82E+01		3.70E+00		2.77E+01		2.64E+00

				3.16E+04		1.37E+01		3.00E-01		1.37E+01		3.11E-01				6.31E+04		1.65E+01		5.00E-01		1.65E+01		3.53E-01				3.55E+05		2.42E+01		2.40E+00		2.38E+01		1.35E+00				3.98E+05		2.86E+01		3.80E+00		2.78E+01		2.93E+00

				2.82E+04		1.38E+01		3.00E-01		1.38E+01		3.21E-01				5.62E+04		1.65E+01		6.00E-01		1.65E+01		3.93E-01				3.16E+05		2.44E+01		2.50E+00		2.39E+01		1.50E+00				3.55E+05		2.90E+01		3.90E+00		2.80E+01		3.23E+00

				2.51E+04		1.38E+01		3.00E-01		1.38E+01		3.29E-01				5.01E+04		1.66E+01		6.00E-01		1.65E+01		4.36E-01				2.82E+05		2.47E+01		2.50E+00		2.40E+01		1.67E+00				3.16E+05		2.93E+01		4.00E+00		2.82E+01		3.55E+00

				2.24E+04		1.38E+01		3.00E-01		1.38E+01		3.36E-01				4.47E+04		1.67E+01		6.00E-01		1.65E+01		4.83E-01				2.51E+05		2.49E+01		2.50E+00		2.41E+01		1.85E+00				2.82E+05		2.98E+01		4.00E+00		2.85E+01		3.88E+00

				2.00E+04		1.39E+01		3.00E-01		1.38E+01		3.41E-01				3.98E+04		1.67E+01		7.00E-01		1.66E+01		5.33E-01				2.24E+05		2.51E+01		2.50E+00		2.42E+01		2.04E+00				2.51E+05		3.01E+01		4.10E+00		2.88E+01		4.23E+00

				1.78E+04		1.39E+01		3.00E-01		1.39E+01		3.45E-01				3.55E+04		1.68E+01		7.00E-01		1.66E+01		5.87E-01				2.00E+05		2.54E+01		2.50E+00		2.43E+01		2.25E+00				2.24E+05		3.05E+01		4.10E+00		2.91E+01		4.57E+00

				1.58E+04		1.39E+01		4.00E-01		1.39E+01		3.48E-01				3.16E+04		1.68E+01		7.00E-01		1.66E+01		6.45E-01				1.78E+05		2.56E+01		2.40E+00		2.45E+01		2.46E+00				2.00E+05		3.09E+01		4.00E+00		2.96E+01		4.91E+00

				1.41E+04		1.40E+01		4.00E-01		1.39E+01		3.50E-01				2.82E+04		1.69E+01		8.00E-01		1.67E+01		7.05E-01				1.58E+05		2.58E+01		2.40E+00		2.47E+01		2.68E+00				1.78E+05		3.12E+01		4.00E+00		3.00E+01		5.22E+00

				1.26E+04		1.40E+01		4.00E-01		1.40E+01		3.52E-01				2.51E+04		1.69E+01		8.00E-01		1.67E+01		7.68E-01				1.41E+05		2.60E+01		2.40E+00		2.49E+01		2.91E+00				1.58E+05		3.15E+01		4.00E+00		3.06E+01		5.51E+00

				1.12E+04		1.40E+01		4.00E-01		1.40E+01		3.53E-01				2.24E+04		1.70E+01		8.00E-01		1.68E+01		8.32E-01				1.26E+05		2.62E+01		2.40E+00		2.52E+01		3.13E+00				1.41E+05		3.19E+01		4.00E+00		3.12E+01		5.75E+00

				1.00E+04		1.40E+01		4.00E-01		1.40E+01		3.55E-01				2.00E+04		1.70E+01		9.00E-01		1.68E+01		8.97E-01				1.12E+05		2.64E+01		2.30E+00		2.55E+01		3.34E+00				1.26E+05		3.22E+01		3.90E+00		3.18E+01		5.93E+00

				8.91E+03		1.41E+01		4.00E-01		1.40E+01		3.57E-01				1.78E+04		1.71E+01		9.00E-01		1.69E+01		9.63E-01				1.00E+05		2.66E+01		2.30E+00		2.58E+01		3.53E+00				1.12E+05		3.26E+01		3.90E+00		3.24E+01		6.06E+00

				7.94E+03		1.41E+01		4.00E-01		1.41E+01		3.60E-01				1.58E+04		1.72E+01		9.00E-01		1.70E+01		1.03E+00				8.91E+04		2.67E+01		2.20E+00		2.62E+01		3.69E+00				1.00E+05		3.28E+01		3.80E+00		3.31E+01		6.11E+00

				7.08E+03		1.41E+01		4.00E-01		1.41E+01		3.63E-01				1.41E+04		1.72E+01		1.00E+00		1.71E+01		1.09E+00				7.94E+04		2.69E+01		2.20E+00		2.66E+01		3.82E+00				8.91E+04		3.31E+01		3.80E+00		3.38E+01		6.09E+00

				6.31E+03		1.42E+01		4.00E-01		1.41E+01		3.67E-01				1.26E+04		1.73E+01		1.00E+00		1.71E+01		1.15E+00				7.08E+04		2.70E+01		2.10E+00		2.70E+01		3.91E+00				7.94E+04		3.33E+01		3.80E+00		3.44E+01		6.00E+00

				5.62E+03		1.42E+01		4.00E-01		1.41E+01		3.73E-01				1.12E+04		1.74E+01		1.00E+00		1.72E+01		1.20E+00				6.31E+04		2.72E+01		2.10E+00		2.75E+01		3.95E+00				7.08E+04		3.37E+01		3.70E+00		3.51E+01		5.86E+00

				5.01E+03		1.42E+01		4.00E-01		1.41E+01		3.79E-01				1.00E+04		1.74E+01		1.10E+00		1.73E+01		1.25E+00				5.62E+04		2.73E+01		2.10E+00		2.79E+01		3.93E+00				6.31E+04		3.39E+01		3.70E+00		3.56E+01		5.66E+00

				4.47E+03		1.42E+01		4.00E-01		1.42E+01		3.87E-01				8.91E+03		1.75E+01		1.10E+00		1.75E+01		1.30E+00				5.01E+04		2.75E+01		2.00E+00		2.83E+01		3.88E+00				5.62E+04		3.42E+01		3.60E+00		3.62E+01		5.43E+00

				3.98E+03		1.43E+01		4.00E-01		1.42E+01		3.96E-01				7.94E+03		1.76E+01		1.10E+00		1.76E+01		1.34E+00				4.47E+04		2.76E+01		2.00E+00		2.87E+01		3.77E+00				5.01E+04		3.44E+01		3.50E+00		3.66E+01		5.16E+00

				3.55E+03		1.43E+01		4.00E-01		1.42E+01		4.07E-01				7.08E+03		1.76E+01		1.20E+00		1.77E+01		1.38E+00				3.98E+04		2.78E+01		2.00E+00		2.91E+01		3.64E+00				4.47E+04		3.47E+01		3.50E+00		3.71E+01		4.89E+00

				3.16E+03		1.43E+01		5.00E-01		1.42E+01		4.18E-01				6.31E+03		1.77E+01		1.20E+00		1.78E+01		1.41E+00				3.55E+04		2.79E+01		1.90E+00		2.95E+01		3.47E+00				3.98E+04		3.49E+01		3.50E+00		3.75E+01		4.61E+00

				2.82E+03		1.43E+01		5.00E-01		1.43E+01		4.32E-01				5.62E+03		1.78E+01		1.20E+00		1.79E+01		1.44E+00				3.16E+04		2.80E+01		1.90E+00		2.98E+01		3.28E+00				3.55E+04		3.52E+01		3.40E+00		3.78E+01		4.33E+00

				2.51E+03		1.44E+01		5.00E-01		1.43E+01		4.47E-01				5.01E+03		1.79E+01		1.30E+00		1.80E+01		1.47E+00				2.82E+04		2.81E+01		1.90E+00		3.01E+01		3.08E+00				3.16E+04		3.54E+01		3.40E+00		3.81E+01		4.07E+00

				2.24E+03		1.44E+01		5.00E-01		1.43E+01		4.63E-01				4.47E+03		1.80E+01		1.40E+00		1.81E+01		1.50E+00				2.51E+04		2.83E+01		1.80E+00		3.03E+01		2.88E+00				2.82E+04		3.56E+01		3.30E+00		3.83E+01		3.81E+00

				2.00E+03		1.44E+01		5.00E-01		1.43E+01		4.81E-01				3.98E+03		1.81E+01		1.40E+00		1.82E+01		1.53E+00				2.24E+04		2.84E+01		1.80E+00		3.05E+01		2.68E+00				2.51E+04		3.58E+01		3.30E+00		3.85E+01		3.58E+00

				1.78E+03		1.45E+01		5.00E-01		1.44E+01		5.01E-01				3.55E+03		1.82E+01		1.50E+00		1.83E+01		1.56E+00				2.00E+04		2.84E+01		1.80E+00		3.07E+01		2.48E+00				2.24E+04		3.61E+01		3.30E+00		3.87E+01		3.37E+00

				1.58E+03		1.45E+01		5.00E-01		1.44E+01		5.23E-01				3.16E+03		1.82E+01		1.50E+00		1.84E+01		1.59E+00				1.78E+04		2.86E+01		1.80E+00		3.09E+01		2.29E+00				2.00E+04		3.62E+01		3.30E+00		3.89E+01		3.17E+00

				1.41E+03		1.45E+01		6.00E-01		1.44E+01		5.46E-01				2.82E+03		1.83E+01		1.60E+00		1.86E+01		1.62E+00				1.58E+04		2.87E+01		1.80E+00		3.10E+01		2.12E+00				1.78E+04		3.65E+01		3.30E+00		3.91E+01		3.00E+00

				1.26E+03		1.45E+01		6.00E-01		1.45E+01		5.72E-01				2.51E+03		1.84E+01		1.60E+00		1.87E+01		1.65E+00				1.41E+04		2.88E+01		1.80E+00		3.11E+01		1.95E+00				1.58E+04		3.66E+01		3.20E+00		3.92E+01		2.85E+00

				1.12E+03		1.46E+01		6.00E-01		1.45E+01		5.99E-01				2.24E+03		1.85E+01		1.70E+00		1.88E+01		1.69E+00				1.26E+04		2.89E+01		1.80E+00		3.12E+01		1.81E+00				1.41E+04		3.69E+01		3.30E+00		3.93E+01		2.72E+00

				1.00E+03		1.46E+01		6.00E-01		1.45E+01		6.28E-01				2.00E+03		1.86E+01		1.80E+00		1.89E+01		1.74E+00				1.12E+04		2.90E+01		1.80E+00		3.13E+01		1.67E+00				1.26E+04		3.70E+01		3.30E+00		3.94E+01		2.61E+00

				8.91E+02		1.46E+01		6.00E-01		1.46E+01		6.60E-01				1.78E+03		1.87E+01		1.80E+00		1.90E+01		1.78E+00				1.00E+04		2.92E+01		1.80E+00		3.14E+01		1.55E+00				1.12E+04		3.73E+01		3.30E+00		3.96E+01		2.52E+00

				7.94E+02		1.47E+01		7.00E-01		1.46E+01		6.94E-01				1.58E+03		1.89E+01		1.90E+00		1.91E+01		1.84E+00				8.91E+03		2.93E+01		1.80E+00		3.14E+01		1.44E+00				1.00E+04		3.74E+01		3.30E+00		3.97E+01		2.44E+00

				7.08E+02		1.47E+01		7.00E-01		1.46E+01		7.30E-01				1.41E+03		1.90E+01		2.00E+00		1.92E+01		1.90E+00				7.94E+03		2.94E+01		1.80E+00		3.15E+01		1.34E+00				8.91E+03		3.77E+01		3.30E+00		3.98E+01		2.39E+00

				6.31E+02		1.48E+01		7.00E-01		1.47E+01		7.69E-01				1.26E+03		1.91E+01		2.00E+00		1.93E+01		1.96E+00				7.08E+03		2.95E+01		1.80E+00		3.15E+01		1.26E+00				7.94E+03		3.79E+01		3.30E+00		3.99E+01		2.35E+00

				5.62E+02		1.48E+01		8.00E-01		1.47E+01		8.10E-01				1.12E+03		1.92E+01		2.20E+00		1.94E+01		2.03E+00				6.31E+03		2.96E+01		1.80E+00		3.16E+01		1.19E+00				7.08E+03		3.82E+01		3.40E+00		4.00E+01		2.32E+00

				5.01E+02		1.49E+01		8.00E-01		1.48E+01		8.54E-01				1.00E+03		1.94E+01		2.20E+00		1.96E+01		2.11E+00				5.62E+03		2.97E+01		1.80E+00		3.16E+01		1.13E+00				6.31E+03		3.83E+01		3.40E+00		4.01E+01		2.31E+00

				4.47E+02		1.49E+01		9.00E-01		1.48E+01		9.01E-01				8.91E+02		1.95E+01		2.30E+00		1.97E+01		2.19E+00				5.01E+03		2.98E+01		1.90E+00		3.17E+01		1.07E+00				5.62E+03		3.84E+01		3.50E+00		4.02E+01		2.31E+00

				3.98E+02		1.49E+01		1.00E+00		1.49E+01		9.51E-01				7.94E+02		1.97E+01		2.40E+00		1.98E+01		2.29E+00				4.47E+03		3.00E+01		1.90E+00		3.17E+01		1.03E+00				5.01E+03		3.87E+01		3.60E+00		4.03E+01		2.33E+00

				3.55E+02		1.49E+01		1.00E+00		1.49E+01		1.00E+00				7.08E+02		1.98E+01		2.50E+00		1.99E+01		2.39E+00				3.98E+03		3.01E+01		2.00E+00		3.17E+01		9.94E-01				4.47E+03		3.89E+01		3.60E+00		4.04E+01		2.36E+00

				3.16E+02		1.51E+01		1.10E+00		1.50E+01		1.06E+00				6.31E+02		2.00E+01		2.70E+00		2.01E+01		2.49E+00				3.55E+03		3.02E+01		2.00E+00		3.18E+01		9.66E-01				3.98E+03		3.92E+01		3.70E+00		4.05E+01		2.40E+00

				2.82E+02		1.51E+01		1.10E+00		1.51E+01		1.12E+00				5.62E+02		2.01E+01		2.80E+00		2.02E+01		2.61E+00				3.16E+03		3.03E+01		2.00E+00		3.18E+01		9.46E-01				3.55E+03		3.95E+01		3.80E+00		4.07E+01		2.46E+00

				2.51E+02		1.51E+01		1.10E+00		1.51E+01		1.18E+00				5.01E+02		2.03E+01		2.90E+00		2.04E+01		2.73E+00				2.82E+03		3.04E+01		2.00E+00		3.18E+01		9.32E-01				3.16E+03		3.96E+01		3.90E+00		4.08E+01		2.52E+00

				2.24E+02		1.51E+01		1.30E+00		1.52E+01		1.25E+00				4.47E+02		2.05E+01		3.00E+00		2.05E+01		2.87E+00				2.51E+03		3.06E+01		2.10E+00		3.19E+01		9.25E-01				2.82E+03		4.00E+01		4.10E+00		4.09E+01		2.60E+00

				2.00E+02		1.53E+01		1.30E+00		1.53E+01		1.32E+00				3.98E+02		2.06E+01		3.30E+00		2.07E+01		3.01E+00				2.24E+03		3.07E+01		2.10E+00		3.19E+01		9.24E-01				2.51E+03		4.01E+01		4.20E+00		4.10E+01		2.69E+00

				1.78E+02		1.53E+01		1.30E+00		1.54E+01		1.40E+00				3.55E+02		2.10E+01		3.30E+00		2.09E+01		3.17E+00				2.00E+03		3.09E+01		2.20E+00		3.20E+01		9.28E-01				2.24E+03		4.04E+01		4.30E+00		4.12E+01		2.79E+00

				1.59E+02		1.53E+01		1.30E+00		1.54E+01		1.48E+00				3.16E+02		2.10E+01		3.30E+00		2.11E+01		3.33E+00				1.78E+03		3.11E+01		2.20E+00		3.20E+01		9.38E-01				2.00E+03		4.07E+01		4.50E+00		4.13E+01		2.90E+00

				1.41E+02		1.55E+01		1.60E+00		1.55E+01		1.57E+00				2.82E+02		2.14E+01		3.80E+00		2.13E+01		3.51E+00				1.58E+03		3.12E+01		2.30E+00		3.21E+01		9.53E-01				1.78E+03		4.09E+01		4.60E+00		4.15E+01		3.02E+00

				1.26E+02		1.55E+01		1.60E+00		1.56E+01		1.66E+00				2.51E+02		2.14E+01		3.80E+00		2.15E+01		3.69E+00				1.41E+03		3.14E+01		2.30E+00		3.21E+01		9.73E-01				1.58E+03		4.12E+01		4.70E+00		4.17E+01		3.16E+00

				1.12E+02		1.58E+01		1.70E+00		1.57E+01		1.76E+00				2.24E+02		2.18E+01		4.20E+00		2.17E+01		3.89E+00				1.26E+03		3.15E+01		2.40E+00		3.21E+01		9.98E-01				1.41E+03		4.16E+01		4.90E+00		4.19E+01		3.31E+00

				1.00E+02		1.58E+01		1.90E+00		1.58E+01		1.86E+00				2.00E+02		2.18E+01		4.20E+00		2.19E+01		4.11E+00				1.12E+03		3.17E+01		2.50E+00		3.22E+01		1.03E+00				1.26E+03		4.19E+01		5.10E+00		4.20E+01		3.47E+00

				8.91E+01		1.58E+01		1.90E+00		1.59E+01		1.97E+00				1.78E+02		2.23E+01		4.30E+00		2.22E+01		4.33E+00				1.00E+03		3.19E+01		2.50E+00		3.23E+01		1.06E+00				1.12E+03		4.22E+01		5.30E+00		4.22E+01		3.64E+00

				7.94E+01		1.60E+01		2.00E+00		1.60E+01		2.08E+00				1.59E+02		2.27E+01		4.80E+00		2.24E+01		4.58E+00				8.91E+02		3.20E+01		2.50E+00		3.23E+01		1.10E+00				1.00E+03		4.26E+01		5.50E+00		4.24E+01		3.83E+00

				7.08E+01		1.60E+01		2.20E+00		1.62E+01		2.20E+00				1.41E+02		2.27E+01		4.80E+00		2.27E+01		4.83E+00				7.94E+02		3.22E+01		2.60E+00		3.24E+01		1.15E+00				8.91E+02		4.29E+01		5.70E+00		4.27E+01		4.03E+00

				6.31E+01		1.62E+01		2.30E+00		1.63E+01		2.33E+00				1.26E+02		2.32E+01		5.40E+00		2.30E+01		5.10E+00				7.08E+02		3.24E+01		2.70E+00		3.24E+01		1.19E+00				7.94E+02		4.33E+01		5.90E+00		4.29E+01		4.24E+00

				5.62E+01		1.65E+01		2.60E+00		1.64E+01		2.47E+00				1.12E+02		2.32E+01		5.40E+00		2.33E+01		5.39E+00				6.31E+02		3.26E+01		2.80E+00		3.25E+01		1.25E+00				7.08E+02		4.36E+01		6.20E+00		4.31E+01		4.47E+00

				5.01E+01		1.65E+01		2.60E+00		1.66E+01		2.62E+00				1.00E+02		2.37E+01		5.90E+00		2.36E+01		5.70E+00				5.62E+02		3.28E+01		2.80E+00		3.26E+01		1.31E+00				6.31E+02		4.40E+01		6.40E+00		4.34E+01		4.72E+00

				4.47E+01		1.67E+01		2.90E+00		1.67E+01		2.77E+00				8.91E+01		2.43E+01		6.00E+00		2.39E+01		6.03E+00				5.01E+02		3.30E+01		2.90E+00		3.26E+01		1.37E+00				5.62E+02		4.43E+01		6.70E+00		4.37E+01		4.98E+00

				3.98E+01		1.67E+01		2.90E+00		1.69E+01		2.93E+00				7.94E+01		2.41E+01		6.50E+00		2.43E+01		6.38E+00				4.47E+02		3.31E+01		2.90E+00		3.27E+01		1.44E+00				5.01E+02		4.49E+01		6.90E+00		4.40E+01		5.26E+00

				3.55E+01		1.69E+01		3.30E+00		1.71E+01		3.10E+00				7.08E+01		2.48E+01		6.60E+00		2.47E+01		6.74E+00				3.98E+02		3.32E+01		2.90E+00		3.28E+01		1.51E+00				4.47E+02		4.53E+01		7.20E+00		4.43E+01		5.55E+00

				3.16E+01		1.72E+01		3.30E+00		1.73E+01		3.29E+00				6.31E+01		2.53E+01		7.30E+00		2.51E+01		7.13E+00				3.55E+02		3.32E+01		2.90E+00		3.29E+01		1.59E+00				3.98E+02		4.49E+01		7.20E+00		4.46E+01		5.87E+00

				2.82E+01		1.75E+01		3.70E+00		1.75E+01		3.48E+00				5.62E+01		2.58E+01		7.90E+00		2.55E+01		7.55E+00				3.16E+02		3.32E+01		2.90E+00		3.30E+01		1.68E+00				3.55E+02		4.69E+01		8.30E+00		4.49E+01		6.21E+00

				2.51E+01		1.75E+01		3.70E+00		1.77E+01		3.69E+00				5.01E+01		2.58E+01		7.90E+00		2.59E+01		7.99E+00				2.82E+02		3.43E+01		3.00E+00		3.31E+01		1.77E+00				3.16E+02		4.69E+01		8.30E+00		4.53E+01		6.56E+00

				2.24E+01		1.77E+01		4.10E+00		1.79E+01		3.91E+00				4.47E+01		2.64E+01		8.60E+00		2.64E+01		8.45E+00				2.51E+02		3.43E+01		3.00E+00		3.32E+01		1.87E+00				2.82E+02		4.69E+01		8.30E+00		4.57E+01		6.94E+00

				2.00E+01		1.80E+01		4.20E+00		1.81E+01		4.13E+00				3.98E+01		2.72E+01		8.80E+00		2.69E+01		8.95E+00				2.24E+02		3.43E+01		3.60E+00		3.33E+01		1.97E+00				2.51E+02		4.67E+01		9.20E+00		4.61E+01		7.34E+00

				1.78E+01		1.83E+01		4.60E+00		1.84E+01		4.38E+00				3.55E+01		2.78E+01		9.60E+00		2.74E+01		9.46E+00				2.00E+02		3.43E+01		3.60E+00		3.34E+01		2.08E+00				2.24E+02		4.91E+01		9.60E+00		4.65E+01		7.77E+00

				1.58E+01		1.86E+01		5.00E+00		1.86E+01		4.65E+00				3.16E+01		2.85E+01		1.04E+01		2.80E+01		1.00E+01				1.78E+02		3.55E+01		3.80E+00		3.35E+01		2.20E+00				2.00E+02		4.91E+01		9.60E+00		4.70E+01		8.22E+00

				1.41E+01		1.89E+01		5.10E+00		1.89E+01		4.92E+00				2.82E+01		2.94E+01		1.07E+01		2.86E+01		1.06E+01				1.58E+02		3.55E+01		3.80E+00		3.37E+01		2.32E+00				1.78E+02		4.89E+01		1.05E+01		4.75E+01		8.70E+00

				1.26E+01		1.92E+01		5.50E+00		1.92E+01		5.20E+00				2.51E+01		2.92E+01		1.12E+01		2.92E+01		1.12E+01				1.41E+02		3.55E+01		3.80E+00		3.38E+01		2.46E+00				1.58E+02		5.15E+01		1.10E+01		4.80E+01		9.21E+00

				1.12E+01		1.92E+01		5.50E+00		1.95E+01		5.52E+00				2.24E+01		3.01E+01		1.16E+01		2.99E+01		1.19E+01				1.26E+02		3.55E+01		3.80E+00		3.39E+01		2.60E+00				1.41E+02		5.15E+01		1.10E+01		4.85E+01		9.75E+00

				1.00E+01		1.95E+01		6.00E+00		1.98E+01		5.84E+00				2.00E+01		3.09E+01		1.25E+01		3.06E+01		1.26E+01				1.12E+02		3.55E+01		3.80E+00		3.41E+01		2.75E+00				1.26E+02		5.13E+01		1.19E+01		4.91E+01		1.03E+01

				8.90E+00		1.98E+01		6.40E+00		2.02E+01		6.19E+00				1.78E+01		3.17E+01		1.35E+01		3.13E+01		1.33E+01				1.00E+02		3.68E+01		3.90E+00		3.42E+01		2.91E+00				1.12E+02		5.13E+01		1.19E+01		4.97E+01		1.09E+01

				7.90E+00		2.01E+01		6.90E+00		2.05E+01		6.57E+00				1.58E+01		3.29E+01		1.40E+01		3.22E+01		1.41E+01				8.91E+01		3.68E+01		3.90E+00		3.44E+01		3.08E+00				1.00E+02		5.41E+01		1.26E+01		5.04E+01		1.16E+01

				7.10E+00		2.04E+01		7.40E+00		2.09E+01		6.93E+00				1.41E+01		3.38E+01		1.51E+01		3.30E+01		1.50E+01				7.94E+01		3.68E+01		3.90E+00		3.46E+01		3.26E+00				8.91E+01		5.39E+01		1.36E+01		5.11E+01		1.23E+01

																1.26E+01		3.38E+01		1.51E+01		3.38E+01		1.58E+01				7.08E+01		3.68E+01		3.90E+00		3.48E+01		3.45E+00				7.94E+01		5.39E+01		1.36E+01		5.18E+01		1.30E+01

																1.12E+01		3.49E+01		1.63E+01		3.48E+01		1.68E+01				6.31E+01		3.68E+01		3.90E+00		3.50E+01		3.65E+00				7.08E+01		5.70E+01		1.44E+01		5.26E+01		1.37E+01

																1.00E+01		3.63E+01		1.69E+01		3.58E+01		1.78E+01				5.62E+01		3.82E+01		4.10E+00		3.52E+01		3.86E+00				6.31E+01		5.68E+01		1.54E+01		5.34E+01		1.45E+01

																8.90E+00		3.74E+01		1.83E+01		3.69E+01		1.88E+01				5.01E+01		3.82E+01		4.10E+00		3.54E+01		4.09E+00				5.62E+01		5.68E+01		1.54E+01		5.42E+01		1.54E+01

																7.90E+00		3.91E+01		1.91E+01		3.80E+01		2.00E+01				4.47E+01		3.82E+01		4.10E+00		3.57E+01		4.33E+00				5.01E+01		6.03E+01		1.63E+01		5.51E+01		1.63E+01

																7.10E+00		3.87E+01		1.97E+01		3.91E+01		2.11E+01				3.98E+01		3.82E+01		4.10E+00		3.59E+01		4.58E+00				4.47E+01		6.00E+01		1.74E+01		5.61E+01		1.73E+01

																6.30E+00		4.05E+01		2.06E+01		4.04E+01		2.24E+01				3.55E+01		3.82E+01		4.10E+00		3.62E+01		4.85E+00				3.98E+01		6.00E+01		1.74E+01		5.71E+01		1.83E+01

																5.60E+00		4.20E+01		2.24E+01		4.18E+01		2.37E+01				3.16E+01		3.97E+01		4.90E+00		3.65E+01		5.14E+00				3.55E+01		6.40E+01		1.85E+01		5.82E+01		1.94E+01

																5.00E+00		4.41E+01		2.35E+01		4.31E+01		2.51E+01				2.82E+01		3.97E+01		4.90E+00		3.68E+01		5.44E+00				3.16E+01		6.40E+01		1.85E+01		5.94E+01		2.05E+01

																5.00E+00		4.41E+01		2.35E+01		4.31E+01		2.51E+01				2.51E+01		3.97E+01		4.90E+00		3.71E+01		5.76E+00				2.82E+01		6.37E+01		1.97E+01		6.06E+01		2.17E+01

																5.00E+00		4.41E+01		2.35E+01		4.31E+01		2.51E+01				2.24E+01		3.97E+01		4.90E+00		3.75E+01		6.11E+00				2.51E+01		6.83E+01		2.11E+01		6.19E+01		2.30E+01

																5.00E+00		4.41E+01		2.35E+01		4.31E+01		2.51E+01				2.00E+01		3.97E+01		4.90E+00		3.78E+01		6.47E+00				2.24E+01		6.83E+01		2.11E+01		6.32E+01		2.44E+01

																												1.78E+01		3.97E+01		4.90E+00		3.82E+01		6.85E+00				2.00E+01		6.83E+01		2.11E+01		6.47E+01		2.58E+01

																												1.58E+01		4.14E+01		5.10E+00		3.86E+01		7.25E+00				1.78E+01		7.35E+01		2.27E+01		6.62E+01		2.74E+01

																												1.41E+01		4.14E+01		5.10E+00		3.90E+01		7.68E+00				1.58E+01		7.31E+01		2.40E+01		6.78E+01		2.90E+01

																												1.26E+01		4.13E+01		5.90E+00		3.95E+01		8.14E+00				1.41E+01		7.31E+01		2.40E+01		6.96E+01		3.07E+01

																												1.12E+01		4.13E+01		5.90E+00		4.00E+01		8.62E+00				1.26E+01		7.31E+01		2.40E+01		7.14E+01		3.25E+01

																												1.00E+01		4.13E+01		5.90E+00		4.05E+01		9.13E+00				1.12E+01		7.92E+01		2.60E+01		7.33E+01		3.45E+01

																												8.91E+00		4.30E+01		6.10E+00		4.10E+01		9.67E+00				1.00E+01		7.92E+01		2.60E+01		7.53E+01		3.65E+01

																												7.94E+00		4.29E+01		6.90E+00		4.16E+01		1.02E+01				8.91E+00		7.92E+01		2.60E+01		7.75E+01		3.87E+01

																												7.08E+00		4.29E+01		6.90E+00		4.22E+01		1.08E+01				7.94E+00		8.59E+01		2.99E+01		7.98E+01		4.09E+01

																												6.31E+00		4.29E+01		6.90E+00		4.29E+01		1.15E+01				7.08E+00		8.59E+01		2.99E+01		8.22E+01		4.34E+01

																												5.62E+00		4.28E+01		7.60E+00		4.35E+01		1.22E+01				6.31E+00		8.81E+01		2.99E+01		8.48E+01		4.59E+01

																												5.01E+00		4.48E+01		8.00E+00		4.43E+01		1.29E+01				5.62E+00		9.03E+01		3.09E+01		8.75E+01		4.87E+01

																												5.00E+00		4.48E+01		8.00E+00		4.43E+01		1.29E+01				5.01E+00		9.24E+01		3.18E+01		9.04E+01		5.15E+01

																												5.00E+00		4.48E+01		8.00E+00		4.43E+01		1.29E+01				5.00E+00		9.25E+01		3.18E+01		9.05E+01		5.16E+01

																												5.00E+00		4.48E+01		8.00E+00		4.43E+01		1.29E+01				5.00E+00		9.25E+01		3.18E+01		9.05E+01		5.16E+01

																																								5.00E+00		9.25E+01		3.18E+01		9.05E+01		5.16E+01






