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INTRODUCTION

Lithium cells are becoming an increasingly important part of portable power sources due to their high energy density and low weight. To fulfill their full potential, lithium cells must overcome several limitations. The most significant of these limitations is the formation of ion gradients in the cell’s electrolyte. Such gradients impede the amount of current that the cell can produce. Overcoming this limitation will allow lithium cells to output an increased amount of current.


Based on earlier studies that were conducted on lithium / silver salt cells, it was observed that current output depended on electrolyte concentration, viscosity, and the particular anion of the silver salt.  From reading and consultation, this research has come to focus subsequent studies on the effect of these variables on the formation of ion gradients in these cells as an underlying factor effecting the current output.  

Therefore it is hypothesized that Li | Ag-salt cells utilizing silver salts with anions of increasing radii will form ion gradients of different magnitudes. These gradients will be observable as the peak in current output. It is further hypothesized that Li | Ag-salt cells will have decreasing ion transference rates in a LiBF4 electrolyte of increasing concentration when the anion is not varied.  This will lead to the formation of ion gradients of increasing magnitude. The experiments described in this report were intended to test the above stated hypotheses. Furthermore, the results of the presented research will determine the optimum ion radii and electrolyte concentration for lithium cells in order to optimize output current. 

BACKROUND

Concentration Gradient formation has been a known problem in lithium cells. Concentration gradients form when the rate of ion generation is not matched in rate by ion transfer across the cell. Ion diffusion is driven by entropy, as the ions try to become evenly distributed across the cell. Initially, when current begins to flow through a cell, there are no ion gradients present, the electrolyte resistance is at a minimum, and therefore the cell is producing the maximum amount of current possible; this is called initial current (I0). During current generation, an ion gradient forms in a lithium cell since the rate of ion transport away from the anode and cathode of the cell is less than the rate at which the ions accumulate at the originating electrode. 

Once ion gradients form, ion transport becomes limited and the resistance of the electrolyte increases. This increase in electrolyte resistance is due to concentration polarization of the electrolyte is defined as a build up of anion/cation in a cell’s electrolyte. Concentration polarization reduces the output current by introducing a counter EMF in the electrolyte of a cell, therefore increasing the cell’s internal resistance to the flow of current. This reduces the output current until the rate of ion generation is equivalent to the rate of ion transport. When this equilibrium point is reached, the current output remains constant; this is called steady state current. 

An ion’s radius has an effect on gradient formation in Li cells. Therefore, ion radii calculated using the Kapustinskii equation [1] were compared to current output.  As anionic radii increase, the volume of an anion increases, therefore distributing the anionic charge over a greater volume. This decrease in the anion’s charge density has an effect on intermolecular forces between an anion and water contamination in the electrolyte.  

The current output of a lithium cell is also dependent on the electrolyte used. Since “lithium is more electropositive than hydrogen, the electrolyte must be nonaqueous and aprotic” [2]. This requirement prevents the use of aqueous electrolytes with unity transference in lithium cells. The use of non-unity transference electrolytes causes formation of concentration gradients, reducing the current output of the cell by increasing electrolyte resistance. Experiments described in this report were designed to analyze the performance of primary lithium cells when the concentration of the electrolyte used in the cell was varied for a given silver salt. It was postulated that this would effect the rate of gradient formation, the magnitude of the gradient, and current output when steady-state current is achieved. 


Together, the studies described here were carried out to determine the effects that anion size, and the corresponding anionic charge density, and electrolyte concentrations have on gradient formation and current output in Li cells.

MATERIALS AND METHODS

Note: All experiments were done in a Lab. Con. Co. 50004 glove box under Argon to

provide an anhydrous environment. All stock chemicals were 98% anhydrous or better. Atmosphere was dried with P2O5.

MATERIALS

1 tank

Argon

1

Dryrite tube

1

Lab. Con. Co. 50004 glove box

1 sheet

Bounty two-ply Paper towels

1

Wire cutter

1

razorblade

45

1ml plastic Tuberculin syringes

1

Craftsman 82325 PC interface multimeter

1 Craftsman 82357 PC interface multimeter

2

Computers

1

Glue gun

4

Hot melt glue sticks

35 cm

3.4 mm Lithium wire (1% Sodium)

100 ml

C4H10O2 1,2-Dimethoxy ethane, CAS: 110-71-4, 99.5% Anhydrous

100 ml

C4H6O3 Propylene carbonate, CAS: 108-32-7, 99.7% Anhydrous

10 g

LiBF4 Lithium tetrafluoroborate, CAS: 14283-07-9, 98% Anhydrous

5 g

AgF Silver Fluoride, CAS: 7775-41-9

5 g

AgCN Silver Cyanide, CAS: 506-64-9

5 g

AgI Silver Iodide, CAS: 7783-96-2

5 g

AgBr Silver Bromide, CAS: 7785-23-1

5 g

AgNO3 Silver Nitrate, CAS: 7761-88-8

5 g

AgClO4 Silver Perchlorate, CAS: 7783-93-9

1 sheet

160# sandpaper

10 ml

hexane

6

20 ml scintillation vials

6

1dram vials

6

6cmX6cm-aluminum foil squares

1

25 ml volumetric flask

2

18" 16 gauge non-coring needle

4 m

18 AWG bare copper wire 

1

Timer

1

Tweezers

METHODS

1.  Preparation of chemicals

1a. Prepare a stock solution of solvent composed of 1,2-Dimethoxyethane and Propylene carbonate, 1:1 by volume, containing 0.0 g LiBF4/ml electrolyte. 

1b. Prepare stock solution of electrolyte containing 0.4 g LiBF4/ml of solvent 1,2-Dimethoxyethane: Propylene carbonate, 1:1 by volume.

1c. Prepare the following LiBF4 electrolyte concentrations: 0.0 g/ml, 0.1 g/ml, 0.2 g/ml, 0.3 g/ml, and 0.4 g/ml of solvent 1a. In addition, prepare electrolyte solutions containing 0.2 g LiBF4 /ml of solvent 1a and 0.2%, 0.1%, and 0.01% water concentrations respectively.

1d. Grind to a fine powder each of the 6 silver salts listed in the “Materials” section: AgF, AgCN, AgI, AgBr, AgNO3 and AgClO4; and, store them in separate 1dram vials wrapped in aluminum foil.

2. Construction of cells

2a. Cut 1cm long pieces of the 3.4mm lithium wire into a scintillation vial filled with hexane.
2b. Remove plungers from 1-ml Tuberculin syringes and cut the barrels at the 0.6ml mark with a razorblade.
2c. Sand the 18 AWG un-insulated copper wire using grade 160# sandpaper.

2d. Cut 50 mm pieces of the copper wire and construct cathode contacts per Fig 2-1.
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Fig 4-5 shows that as water contamination in the 

electrolyte increases, peak current output current 

decreases. This effect is due to the water’s attraction to 

the anion, increasing the effective volume. This effective 

increase in the anion’s volume reduces its diffusion rate, 

increasing the magnitude of concentration polarization in 

the electrolyte.


2e. Cut 50 mm long pieces of the copper wire and construct anode contacts per Fig 2-2.
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2f. Insert the anode contact, long end first, through the syringe barrel into the tip end of the syringe so that the straight piece of wire extends through the end of the syringe and the loop end is in the inside of the syringe barrel. Push the copper wire in until the loop reaches the bottom. Connect the barrel to a vacuum source and draw hot melt glue into the tip until it reaches the bottom of the loop.

2g. To construct separators, cut 3 cm by 2 cm rectangular pieces out of the Bounty paper towel and fold them into thirds along the 3 cm direction. Then, roll the folded towel pieces into cylinders and insert 10 of these separators into a syringe barrel from which the tip was cut off. This will allow the separators to be pushed out into the cells one at a time.

2h. Assemble lithium cells per Fig 2-3.
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Note: Cells were tested in a vertical position with the cathode up.
3. Testing Li-cell properties 

The lithium cells were assembled per Fig 2-3. Cells were tested in a vertical position with the cathode up.

1. Effect of electrolyte concentration on current output

1a. Insert a cleaned 1 cm piece of lithium into the syringe barrel and compact the wire so it forms a tight seal at the edges of the syringe and is in electrical contact with the copper anode contact.

1b. Add 0.3 ml of a variable concentration electrolyte, (0.0 g/ml, 0.1 g/ml, 0.2 g/ml, 0.3 g/ml, or 0.4 g/ml).

1c. Inject one separator (section 1, step 1) into the lithium cell. Subject cell to light vacuum to remove argon bubbles from separator.

1d. Start timer and add 0.2 ml of AgNO3.

1e. After 90 sec insert the cathode contact and connect multimeter.

1f. After 130 sec start data logging. Logging program will record current output of the cell every second over a duration of 400 seconds.

1g. Repeat for electrolyte concentrations 0.0 g/ml through 0.4 g/ml

2. Effect of electrolyte concentration on electrolyte conductivity

2a. Add 0.4 ml of variable concentration electrolyte (0.0 g/ml, 0.1 g/ml, 0.2 g/ml, 0.3 g/ml, or 0.4 g/ml) into a syringe barrel.

2b. Insert the cathode contact 1cm from anode contact and connect multimeter.

2c. Start data logging. Logging program will record resistance of the cell every second for a duration of 400 seconds.

2d. Repeat for electrolyte concentrations 0.0 g/ml through 0.4 g/ml.

3. Effect of electrolyte concentration on electrolyte viscosity.

3a. Measure electrolyte fall time through a 1 ml TD pipette from the 0.9 ml mark to the 0.0 ml mark (viscosometer, Fig 2-4) for electrolytes (0.0 g/ml, 0.1 g/ml, 0.2 g/ml, 0.3 g/ml, or 0.4 g/ml).

3b Calibrate viscosometer by measuring the fall time of water from the 0.9 ml mark to the 0.0 ml mark.


[image: image4.png]Fig24. Viscosometer





4. Effect of ion radius on gradient formation and steady state current
4a. Insert a cleaned 1 cm piece of lithium into the syringe barrel and compact the wire so it forms a tight seal at the edges of the syringe and is in electrical contact with the copper anode contact.

4b. Add 0.3 ml of the 0.2 g/ml electrolyte solution.

4c. Inject one separator (section 1, step 1k) into the lithium cell. Subject cell to light vacuum to remove argon bubbles from separator.

4d. Start timer and add 0.2 ml of cathode salt. (AgF, AgCN, AgBr, AgNO3, AgI, or AgClO4)

4e. After 90 sec insert the cathode contact and connect multimeter.

4f. After 130 sec start data logging. Logging program will record current output of the cell every 4 seconds over a duration of 3600 seconds.

4g. Repeat 4 times with each cathode salt.

5. Effect of water concentration on gradient formation.
5a. Insert a cleaned 1 cm piece of lithium into the syringe barrel and compact the wire so it forms a tight seal at the edges of the syringe and is in electrical contact with the copper anode contact.

5b. Add 0.3 ml of the 0.2 g/ml electrolyte solution with variable water content (0.2%, 0.1%, or 0.01%).

5c. Inject one separator (section 1, step 1k) into the lithium cell. Subject cell to light vacuum to remove argon bubbles from separator.

5d. Start timer and add 0.2 ml AgNO3
5e. After 90 sec insert the cathode contact and connect multimeter.

5f. After 130 sec start data logging. Logging program will record current output of the cell every 5 seconds over a duration of 3600 seconds.

5g. Repeat 4 times with each electrolyte of variable water concentration.

RESULTS
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Fig 4-1 shows the average output current of a Li/AgNO3 cell as 

electrolyte concentration is increased. Output current increases 

up to a point as electrical resistance decreases, however it 

begins to decrease as the electrolyte viscosity begins to impede 

ion travel resulting in concentration polarization of the 

electrolyte.
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Fig 4-2 shows an increase in electrolyte conductivity as 

the electrolyte concentration increases.
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Fig 4-6 shows the averages of the peak currents and steady state 

currents recorded during 5 trials for each anion. As anion radii 

increased, both the averages of peak and steady state current 

increased due to the lower magnitude of ion gradients of the larger 

anions.
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Fig 4-3 shows an increase in electrolyte viscosity 

as electrolyte concentration increases. This 

increase in viscosity impedes ion travel 

increasing the internal resistance of the cell.
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Fig 4-4 shows an increase in peak output current as anion 

radius increases. This increase in current reflects the 

mobility of the anion in the cell’s electrolyte. All anions 

used in this experiment have a –1 charge, only their radii 

change. As an anion’s radii increases, it’s volume 

increases as well, decreasing its charge density. Since 

water has a dipole moment, it is attracted to a given anion 

with a force directly proportional to the anion’s charge 

density. Smaller anions have a greater charge density and 

attract more water molecules increasing its effective 

volume and therefore decreasing it’s diffusion rate. 


DISCUSION

In this research project five sets of experiments were conducted to analyze ion gradient formation in Li/Ag-salt cells. These were:

1. Effect of electrolyte concentration on current output; 

2. Effect of electrolyte concentration on electrolyte viscosity;

3. Effect of electrolyte concentration on electrolyte conductivity.

4. Effect of ion radius on ion gradient formation and steady state current.

5. Effect of water on ion gradient formation and steady state current

1. Effect of electrolyte concentration on current output

The results of set (1) experiments show average current output over a 400 sec duration as electrolyte concentration increased from 0.0 g/ml to 0.4 g/ml in 0.1 g/ml increments. As electrolyte concentration increased, current of Li-AgNO3 cells, used as standards, increased from 0.012 mA at 0.0 g/ml to a peak of 1.585 mA at 0.2 g/ml and then decreased to 0.15 mA at 0.4 g/ml. This peak occurred at 0.2 g/ml due to optimum ion transference rates at this concentration. The decrease in average current at electrolyte concentrations greater then 0.2 g/ml is caused by the increased rate of concentration gradient formation in the electrolyte caused by decreasing transference rates due to the increase in electrolyte viscosity, (Fig 4-3). The increasing viscosity of the electrolyte decreased ion mobility and the rate of ion diffusion of the cell causing areas of higher ion density localized at the surfaces of the anode and cathode.
2. and 3. Effect of electrolyte concentration on electrolyte viscosity and electrolyte conductivity

The results of set (2) and set (3) experiments show electrolyte viscosity and electrolyte conductivity, respectively, as electrolyte concentration increased from 0.0 g/ml to 0.4 g/ml in 0.1 g/ml increments. As electrolyte concentration increased, conductivity and viscosity increased in an exponential manner. In the lithium cells tested, (Fig 4-1), the effect caused by the increase in conductivity was canceled out by the increase in viscosity at 0.2 g/ml in regards to the average current output over a 400 sec interval. This is due to higher viscosity electrolytes yielding lower rates of ion diffusion. This causes an increase in the formation rate of concentration gradients. These gradients reduce the current output of the cell.

4. Effect of ion radius on ion gradient formation and steady-state current

In this set of experiments, the rate of gradient formation increased as ion radius increased. Since the electrolytes used were only 99.8% anhydrous, as tested on a Karl-Fisher titratior, the relatively large amount of water in the electrolyte impeded the motion of small ions, causing the formation of gradients of a high magnitude near the cathode resulting in lower initial current.

Table 5-1

	Anion radius
	
	
	
	
	
	

	Anion
	F
	CN
	Br
	NO3
	I
	ClO4

	Anion radius (nm)
	0.126
	0.187
	0.19
	0.2
	0.211
	0.24


 
As ion radius decreased (Table 5-1), charge density of the ion increased since the anionic charge is localized to a smaller volume. Since water has a dipole moment, it is attracted to the anions with a force proportional to the charge density. Smaller ions with higher charge density attract more water molecules increasing the effective volume of the ion and therefore have lower transference rates than larger ions with lower charge densities. This effect can be seen in the results illustrated in Fig 4-4. As ion radius increased, most cells show a higher peak current and a faster decrease in current until current approached a steady state. At this point the cell reached equilibrium, when the ion diffusion rate became equal to the rate of ion production. 

The peak current was caused by the increase in dissolved cathode salt as the cell was run. The dissolved cathode salts would be in contact with the cathode electrode, therefore increasing the effective surface area possible to accept electrons from. This increases the current output until ion gradients of an effective magnitude form, therefore limiting current. The formation rate of these gradients would depend on the amount of water in the electrolyte as well as the current flowing through the cell.

It should also be noted that as the cell runs, the electrolyte slightly increases in concentration. Although the results in Fig 4-1 suggest that peak current occurred at 0.2 g/ml LiBF4 in a solution 1:1 by volume of 1,2-dimethoxyethane and propylene carbonate, it should be noted that the current was determined at electrolytes between 0.0 g/ml and 0.4 g/ml in 0.1 g/ml steps. It is known from the data in Fig 4-2 that when electrolyte concentration increased, conductivity increased as well. Therefore it is reasonable to assume that the conductivity of a given electrolyte will increase as the cell is run, increasing current output, before ion gradients cause a noticeable increase in electrolyte resistance and the cell starts to approach steady-state current.

5. Effect of water on ion gradient formation and steady-state current

In this set of experiments, the gradient formation increased as the water in the electrolyte increased as seen in fig 4-5. It was observed that as water concentration increased, peak current decreased. The increase in water concentration causes ion gradients to increase demonstrating that water contamination in the electrolyte will reduce output current due to the attraction between anion and water.
CONCLUSION

In these experiments lithium cells were constructed to test the following hypotheses:

1) The ion migration rates in Li | Ag-salt cells will increase as anion radii increases.

2) Li | Ag-salt cells with a given anion will have decreasing ion transference rates in a

LiBF4 electrolyte of increasing concentration. 

Increasing the LiBF4 concentration in the electrolyte of a Li|AgNO3 cell increases the formation rate of gradients. This causes a resistance increase in the electrolyte and therefore a decrease in current output. The increasing viscosity of the electrolyte decreased ion mobility and the rate of ion diffusion in the cell causing areas of high ion concentration localized at the surfaces of the anode and cathode.

Ions with small radii showed a high initial rate of gradient formation. This effect is due to the water in the electrolyte impeding the motion of small ions, causing the formation of gradients of a high magnitude near the cathode. The presence of these gradients resulted in a lower initial, peak, and steady state current due to the slow rate at which ion pairs were produced.  Ions with larger radii show a higher initial, peak, and steady state current due to the higher initial transference rate.

The results of this research also showed that water plays a role in decreasing the current output of ions with smaller radii and that electrolyte concentration effects the formation rate of gradients. Further research of these properties in variably hydrated electrolytes have shown that an increase in water in the electrolyte causes the current output to decrease since the water is attracted to the anion. This increase in the anion’s effective volume causes a decrease in ion transport away from the cathode, increasing the rate at which ion gradients form.
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Fig 4-5 shows that as water contamination in the 

electrolyte increases, peak current output current 

decreases. This effect is due to the water’s attraction to 

the anion, increasing the effective volume. This effective 

increase in the anion’s volume reduces its diffusion rate, 

increasing the magnitude of concentration polarization in 

the electrolyte.
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Fig 4-6 shows the averages of the peak currents and steady state 

currents recorded during 5 trials for each anion. As anion radii 

increased, both the averages of peak and steady state current 

increased due to the lower magnitude of ion gradients of the larger 

anions.
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Fig 4-1 shows the average output current of a Li/AgNO3 cell as 

electrolyte concentration is increased. Output current increases 

up to a point as electrical resistance decreases, however it 

begins to decrease as the electrolyte viscosity begins to impede 

ion travel resulting in concentration polarization of the 

electrolyte.
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Fig 4-2 shows an increase in electrolyte conductivity as 

the electrolyte concentration increases.
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Fig 4-3 shows an increase in electrolyte viscosity 

as electrolyte concentration increases. This 

increase in viscosity impedes ion travel 

increasing the internal resistance of the cell.

[image: image15.wmf]Fig 4-4. Current over a 3600s interval of Li | AgX cell (where 

X is the varied ion) using a 0.2g/ml of LiBF
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Fig 4-4 shows an increase in peak output current as anion 

radius increases. This increase in current reflects the 

mobility of the anion in the cell’s electrolyte. All anions 

used in this experiment have a –1 charge, only their radii 

change. As an anion’s radii increases, it’s volume 

increases as well, decreasing its charge density. Since 

water has a dipole moment, it is attracted to a given anion 

with a force directly proportional to the anion’s charge 

density. Smaller anions have a greater charge density and 

attract more water molecules increasing its effective 

volume and therefore decreasing it’s diffusion rate. 
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		1500		1500		1500		1500		1500		1500

		1504		1504		1504		1504		1504		1504

		1508		1508		1508		1508		1508		1508

		1512		1512		1512		1512		1512		1512

		1516		1516		1516		1516		1516		1516

		1520		1520		1520		1520		1520		1520

		1524		1524		1524		1524		1524		1524

		1528		1528		1528		1528		1528		1528

		1532		1532		1532		1532		1532		1532

		1536		1536		1536		1536		1536		1536

		1540		1540		1540		1540		1540		1540

		1544		1544		1544		1544		1544		1544

		1548		1548		1548		1548		1548		1548

		1552		1552		1552		1552		1552		1552

		1556		1556		1556		1556		1556		1556

		1560		1560		1560		1560		1560		1560

		1564		1564		1564		1564		1564		1564

		1568		1568		1568		1568		1568		1568

		1572		1572		1572		1572		1572		1572

		1576		1576		1576		1576		1576		1576

		1580		1580		1580		1580		1580		1580

		1584		1584		1584		1584		1584		1584

		1588		1588		1588		1588		1588		1588

		1592		1592		1592		1592		1592		1592

		1596		1596		1596		1596		1596		1596

		1600		1600		1600		1600		1600		1600

		1604		1604		1604		1604		1604		1604

		1608		1608		1608		1608		1608		1608

		1612		1612		1612		1612		1612		1612

		1616		1616		1616		1616		1616		1616

		1620		1620		1620		1620		1620		1620

		1624		1624		1624		1624		1624		1624

		1628		1628		1628		1628		1628		1628

		1632		1632		1632		1632		1632		1632

		1636		1636		1636		1636		1636		1636

		1640		1640		1640		1640		1640		1640

		1644		1644		1644		1644		1644		1644

		1648		1648		1648		1648		1648		1648

		1652		1652		1652		1652		1652		1652

		1656		1656		1656		1656		1656		1656

		1660		1660		1660		1660		1660		1660

		1664		1664		1664		1664		1664		1664

		1668		1668		1668		1668		1668		1668

		1672		1672		1672		1672		1672		1672

		1676		1676		1676		1676		1676		1676

		1680		1680		1680		1680		1680		1680

		1684		1684		1684		1684		1684		1684

		1688		1688		1688		1688		1688		1688

		1692		1692		1692		1692		1692		1692

		1696		1696		1696		1696		1696		1696

		1700		1700		1700		1700		1700		1700

		1704		1704		1704		1704		1704		1704

		1708		1708		1708		1708		1708		1708

		1712		1712		1712		1712		1712		1712

		1716		1716		1716		1716		1716		1716

		1720		1720		1720		1720		1720		1720

		1724		1724		1724		1724		1724		1724

		1728		1728		1728		1728		1728		1728

		1732		1732		1732		1732		1732		1732

		1736		1736		1736		1736		1736		1736

		1740		1740		1740		1740		1740		1740

		1744		1744		1744		1744		1744		1744

		1748		1748		1748		1748		1748		1748

		1752		1752		1752		1752		1752		1752

		1756		1756		1756		1756		1756		1756

		1760		1760		1760		1760		1760		1760

		1764		1764		1764		1764		1764		1764

		1768		1768		1768		1768		1768		1768

		1772		1772		1772		1772		1772		1772

		1776		1776		1776		1776		1776		1776

		1780		1780		1780		1780		1780		1780

		1784		1784		1784		1784		1784		1784

		1788		1788		1788		1788		1788		1788

		1792		1792		1792		1792		1792		1792

		1796		1796		1796		1796		1796		1796

		1800		1800		1800		1800		1800		1800

		1804		1804		1804		1804		1804		1804

		1808		1808		1808		1808		1808		1808

		1812		1812		1812		1812		1812		1812

		1816		1816		1816		1816		1816		1816

		1820		1820		1820		1820		1820		1820

		1824		1824		1824		1824		1824		1824

		1828		1828		1828		1828		1828		1828

		1832		1832		1832		1832		1832		1832

		1836		1836		1836		1836		1836		1836

		1840		1840		1840		1840		1840		1840

		1844		1844		1844		1844		1844		1844

		1848		1848		1848		1848		1848		1848

		1852		1852		1852		1852		1852		1852

		1856		1856		1856		1856		1856		1856

		1860		1860		1860		1860		1860		1860

		1864		1864		1864		1864		1864		1864

		1868		1868		1868		1868		1868		1868

		1872		1872		1872		1872		1872		1872

		1876		1876		1876		1876		1876		1876

		1880		1880		1880		1880		1880		1880

		1884		1884		1884		1884		1884		1884

		1888		1888		1888		1888		1888		1888

		1892		1892		1892		1892		1892		1892

		1896		1896		1896		1896		1896		1896

		1900		1900		1900		1900		1900		1900

		1904		1904		1904		1904		1904		1904

		1908		1908		1908		1908		1908		1908

		1912		1912		1912		1912		1912		1912

		1916		1916		1916		1916		1916		1916

		1920		1920		1920		1920		1920		1920

		1924		1924		1924		1924		1924		1924

		1928		1928		1928		1928		1928		1928

		1932		1932		1932		1932		1932		1932

		1936		1936		1936		1936		1936		1936

		1940		1940		1940		1940		1940		1940

		1944		1944		1944		1944		1944		1944

		1948		1948		1948		1948		1948		1948

		1952		1952		1952		1952		1952		1952

		1956		1956		1956		1956		1956		1956

		1960		1960		1960		1960		1960		1960

		1964		1964		1964		1964		1964		1964

		1968		1968		1968		1968		1968		1968

		1972		1972		1972		1972		1972		1972

		1976		1976		1976		1976		1976		1976

		1980		1980		1980		1980		1980		1980

		1984		1984		1984		1984		1984		1984

		1988		1988		1988		1988		1988		1988

		1992		1992		1992		1992		1992		1992

		1996		1996		1996		1996		1996		1996

		2000		2000		2000		2000		2000		2000

		2004		2004		2004		2004		2004		2004

		2008		2008		2008		2008		2008		2008

		2012		2012		2012		2012		2012		2012

		2016		2016		2016		2016		2016		2016

		2020		2020		2020		2020		2020		2020

		2024		2024		2024		2024		2024		2024

		2028		2028		2028		2028		2028		2028

		2032		2032		2032		2032		2032		2032

		2036		2036		2036		2036		2036		2036

		2040		2040		2040		2040		2040		2040

		2044		2044		2044		2044		2044		2044

		2048		2048		2048		2048		2048		2048

		2052		2052		2052		2052		2052		2052

		2056		2056		2056		2056		2056		2056

		2060		2060		2060		2060		2060		2060

		2064		2064		2064		2064		2064		2064

		2068		2068		2068		2068		2068		2068

		2072		2072		2072		2072		2072		2072

		2076		2076		2076		2076		2076		2076

		2080		2080		2080		2080		2080		2080

		2084		2084		2084		2084		2084		2084

		2088		2088		2088		2088		2088		2088

		2092		2092		2092		2092		2092		2092

		2096		2096		2096		2096		2096		2096

		2100		2100		2100		2100		2100		2100

		2104		2104		2104		2104		2104		2104

		2108		2108		2108		2108		2108		2108

		2112		2112		2112		2112		2112		2112

		2116		2116		2116		2116		2116		2116

		2120		2120		2120		2120		2120		2120

		2124		2124		2124		2124		2124		2124

		2128		2128		2128		2128		2128		2128

		2132		2132		2132		2132		2132		2132

		2136		2136		2136		2136		2136		2136

		2140		2140		2140		2140		2140		2140

		2144		2144		2144		2144		2144		2144

		2148		2148		2148		2148		2148		2148

		2152		2152		2152		2152		2152		2152

		2156		2156		2156		2156		2156		2156

		2160		2160		2160		2160		2160		2160

		2164		2164		2164		2164		2164		2164

		2168		2168		2168		2168		2168		2168

		2172		2172		2172		2172		2172		2172

		2176		2176		2176		2176		2176		2176

		2180		2180		2180		2180		2180		2180

		2184		2184		2184		2184		2184		2184

		2188		2188		2188		2188		2188		2188

		2192		2192		2192		2192		2192		2192

		2196		2196		2196		2196		2196		2196

		2200		2200		2200		2200		2200		2200

		2204		2204		2204		2204		2204		2204

		2208		2208		2208		2208		2208		2208

		2212		2212		2212		2212		2212		2212

		2216		2216		2216		2216		2216		2216

		2220		2220		2220		2220		2220		2220

		2224		2224		2224		2224		2224		2224

		2228		2228		2228		2228		2228		2228

		2232		2232		2232		2232		2232		2232

		2236		2236		2236		2236		2236		2236

		2240		2240		2240		2240		2240		2240

		2244		2244		2244		2244		2244		2244

		2248		2248		2248		2248		2248		2248

		2252		2252		2252		2252		2252		2252

		2256		2256		2256		2256		2256		2256

		2260		2260		2260		2260		2260		2260

		2264		2264		2264		2264		2264		2264

		2268		2268		2268		2268		2268		2268

		2272		2272		2272		2272		2272		2272

		2276		2276		2276		2276		2276		2276

		2280		2280		2280		2280		2280		2280

		2284		2284		2284		2284		2284		2284

		2288		2288		2288		2288		2288		2288

		2292		2292		2292		2292		2292		2292

		2296		2296		2296		2296		2296		2296

		2300		2300		2300		2300		2300		2300

		2304		2304		2304		2304		2304		2304

		2308		2308		2308		2308		2308		2308

		2312		2312		2312		2312		2312		2312

		2316		2316		2316		2316		2316		2316

		2320		2320		2320		2320		2320		2320

		2324		2324		2324		2324		2324		2324

		2328		2328		2328		2328		2328		2328

		2332		2332		2332		2332		2332		2332

		2336		2336		2336		2336		2336		2336

		2340		2340		2340		2340		2340		2340

		2344		2344		2344		2344		2344		2344

		2348		2348		2348		2348		2348		2348

		2352		2352		2352		2352		2352		2352

		2356		2356		2356		2356		2356		2356

		2360		2360		2360		2360		2360		2360

		2364		2364		2364		2364		2364		2364

		2368		2368		2368		2368		2368		2368

		2372		2372		2372		2372		2372		2372

		2376		2376		2376		2376		2376		2376

		2380		2380		2380		2380		2380		2380

		2384		2384		2384		2384		2384		2384

		2388		2388		2388		2388		2388		2388

		2392		2392		2392		2392		2392		2392

		2396		2396		2396		2396		2396		2396

		2400		2400		2400		2400		2400		2400

		2404		2404		2404		2404		2404		2404

		2408		2408		2408		2408		2408		2408

		2412		2412		2412		2412		2412		2412

		2416		2416		2416		2416		2416		2416

		2420		2420		2420		2420		2420		2420

		2424		2424		2424		2424		2424		2424

		2428		2428		2428		2428		2428		2428

		2432		2432		2432		2432		2432		2432

		2436		2436		2436		2436		2436		2436

		2440		2440		2440		2440		2440		2440

		2444		2444		2444		2444		2444		2444

		2448		2448		2448		2448		2448		2448

		2452		2452		2452		2452		2452		2452

		2456		2456		2456		2456		2456		2456

		2460		2460		2460		2460		2460		2460

		2464		2464		2464		2464		2464		2464

		2468		2468		2468		2468		2468		2468

		2472		2472		2472		2472		2472		2472

		2476		2476		2476		2476		2476		2476

		2480		2480		2480		2480		2480		2480

		2484		2484		2484		2484		2484		2484

		2488		2488		2488		2488		2488		2488

		2492		2492		2492		2492		2492		2492

		2496		2496		2496		2496		2496		2496

		2500		2500		2500		2500		2500		2500

		2504		2504		2504		2504		2504		2504

		2508		2508		2508		2508		2508		2508

		2512		2512		2512		2512		2512		2512

		2516		2516		2516		2516		2516		2516

		2520		2520		2520		2520		2520		2520

		2524		2524		2524		2524		2524		2524

		2528		2528		2528		2528		2528		2528

		2532		2532		2532		2532		2532		2532

		2536		2536		2536		2536		2536		2536

		2540		2540		2540		2540		2540		2540

		2544		2544		2544		2544		2544		2544

		2548		2548		2548		2548		2548		2548

		2552		2552		2552		2552		2552		2552

		2556		2556		2556		2556		2556		2556

		2560		2560		2560		2560		2560		2560

		2564		2564		2564		2564		2564		2564

		2568		2568		2568		2568		2568		2568

		2572		2572		2572		2572		2572		2572

		2576		2576		2576		2576		2576		2576

		2580		2580		2580		2580		2580		2580

		2584		2584		2584		2584		2584		2584

		2588		2588		2588		2588		2588		2588

		2592		2592		2592		2592		2592		2592

		2596		2596		2596		2596		2596		2596

		2600		2600		2600		2600		2600		2600

		2604		2604		2604		2604		2604		2604

		2608		2608		2608		2608		2608		2608

		2612		2612		2612		2612		2612		2612

		2616		2616		2616		2616		2616		2616

		2620		2620		2620		2620		2620		2620

		2624		2624		2624		2624		2624		2624

		2628		2628		2628		2628		2628		2628

		2632		2632		2632		2632		2632		2632

		2636		2636		2636		2636		2636		2636

		2640		2640		2640		2640		2640		2640

		2644		2644		2644		2644		2644		2644

		2648		2648		2648		2648		2648		2648

		2652		2652		2652		2652		2652		2652

		2656		2656		2656		2656		2656		2656

		2660		2660		2660		2660		2660		2660

		2664		2664		2664		2664		2664		2664

		2668		2668		2668		2668		2668		2668

		2672		2672		2672		2672		2672		2672

		2676		2676		2676		2676		2676		2676

		2680		2680		2680		2680		2680		2680

		2684		2684		2684		2684		2684		2684

		2688		2688		2688		2688		2688		2688

		2692		2692		2692		2692		2692		2692

		2696		2696		2696		2696		2696		2696

		2700		2700		2700		2700		2700		2700

		2704		2704		2704		2704		2704		2704

		2708		2708		2708		2708		2708		2708

		2712		2712		2712		2712		2712		2712

		2716		2716		2716		2716		2716		2716

		2720		2720		2720		2720		2720		2720

		2724		2724		2724		2724		2724		2724

		2728		2728		2728		2728		2728		2728

		2732		2732		2732		2732		2732		2732

		2736		2736		2736		2736		2736		2736

		2740		2740		2740		2740		2740		2740

		2744		2744		2744		2744		2744		2744

		2748		2748		2748		2748		2748		2748

		2752		2752		2752		2752		2752		2752

		2756		2756		2756		2756		2756		2756

		2760		2760		2760		2760		2760		2760

		2764		2764		2764		2764		2764		2764

		2768		2768		2768		2768		2768		2768

		2772		2772		2772		2772		2772		2772

		2776		2776		2776		2776		2776		2776

		2780		2780		2780		2780		2780		2780

		2784		2784		2784		2784		2784		2784

		2788		2788		2788		2788		2788		2788

		2792		2792		2792		2792		2792		2792

		2796		2796		2796		2796		2796		2796

		2800		2800		2800		2800		2800		2800

		2804		2804		2804		2804		2804		2804

		2808		2808		2808		2808		2808		2808

		2812		2812		2812		2812		2812		2812

		2816		2816		2816		2816		2816		2816

		2820		2820		2820		2820		2820		2820

		2824		2824		2824		2824		2824		2824

		2828		2828		2828		2828		2828		2828

		2832		2832		2832		2832		2832		2832

		2836		2836		2836		2836		2836		2836

		2840		2840		2840		2840		2840		2840

		2844		2844		2844		2844		2844		2844

		2848		2848		2848		2848		2848		2848

		2852		2852		2852		2852		2852		2852
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		2972		2972		2972		2972		2972		2972
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		3004		3004		3004		3004		3004		3004
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		3016		3016		3016		3016		3016		3016

		3020		3020		3020		3020		3020		3020

		3024		3024		3024		3024		3024		3024
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		3044		3044		3044		3044		3044		3044
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		3104		3104		3104		3104		3104		3104

		3108		3108		3108		3108		3108		3108

		3112		3112		3112		3112		3112		3112

		3116		3116		3116		3116		3116		3116

		3120		3120		3120		3120		3120		3120

		3124		3124		3124		3124		3124		3124

		3128		3128		3128		3128		3128		3128

		3132		3132		3132		3132		3132		3132

		3136		3136		3136		3136		3136		3136

		3140		3140		3140		3140		3140		3140

		3144		3144		3144		3144		3144		3144

		3148		3148		3148		3148		3148		3148

		3152		3152		3152		3152		3152		3152
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		3160		3160		3160		3160		3160		3160

		3164		3164		3164		3164		3164		3164

		3168		3168		3168		3168		3168		3168

		3172		3172		3172		3172		3172		3172

		3176		3176		3176		3176		3176		3176

		3180		3180		3180		3180		3180		3180

		3184		3184		3184		3184		3184		3184

		3188		3188		3188		3188		3188		3188
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		3208		3208		3208		3208		3208		3208
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		3216		3216		3216		3216		3216		3216

		3220		3220		3220		3220		3220		3220

		3224		3224		3224		3224		3224		3224

		3228		3228		3228		3228		3228		3228
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		3236		3236		3236		3236		3236		3236

		3240		3240		3240		3240		3240		3240

		3244		3244		3244		3244		3244		3244

		3248		3248		3248		3248		3248		3248
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		3268		3268		3268		3268		3268		3268

		3272		3272		3272		3272		3272		3272

		3276		3276		3276		3276		3276		3276

		3280		3280		3280		3280		3280		3280

		3284		3284		3284		3284		3284		3284

		3288		3288		3288		3288		3288		3288

		3292		3292		3292		3292		3292		3292

		3296		3296		3296		3296		3296		3296

		3300		3300		3300		3300		3300		3300
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		3312		3312		3312		3312		3312		3312

		3316		3316		3316		3316		3316		3316

		3320		3320		3320		3320		3320		3320

		3324		3324		3324		3324		3324		3324

		3328		3328		3328		3328		3328		3328

		3332		3332		3332		3332		3332		3332

		3336		3336		3336		3336		3336		3336

		3340		3340		3340		3340		3340		3340

		3344		3344		3344		3344		3344		3344

		3348		3348		3348		3348		3348		3348

		3352		3352		3352		3352		3352		3352

		3356		3356		3356		3356		3356		3356

		3360		3360		3360		3360		3360		3360

		3364		3364		3364		3364		3364		3364

		3368		3368		3368		3368		3368		3368

		3372		3372		3372		3372		3372		3372

		3376		3376		3376		3376		3376		3376

		3380		3380		3380		3380		3380		3380

		3384		3384		3384		3384		3384		3384

		3388		3388		3388		3388		3388		3388

		3392		3392		3392		3392		3392		3392

		3396		3396		3396		3396		3396		3396

		3400		3400		3400		3400		3400		3400

		3404		3404		3404		3404		3404		3404

		3408		3408		3408		3408		3408		3408

		3412		3412		3412		3412		3412		3412

		3416		3416		3416		3416		3416		3416

		3420		3420		3420		3420		3420		3420

		3424		3424		3424		3424		3424		3424

		3428		3428		3428		3428		3428		3428

		3432		3432		3432		3432		3432		3432

		3436		3436		3436		3436		3436		3436

		3440		3440		3440		3440		3440		3440

		3444		3444		3444		3444		3444		3444

		3448		3448		3448		3448		3448		3448

		3452		3452		3452		3452		3452		3452

		3456		3456		3456		3456		3456		3456

		3460		3460		3460		3460		3460		3460

		3464		3464		3464		3464		3464		3464

		3468		3468		3468		3468		3468		3468

		3472		3472		3472		3472		3472		3472

		3476		3476		3476		3476		3476		3476

		3480		3480		3480		3480		3480		3480

		3484		3484		3484		3484		3484		3484

		3488		3488		3488		3488		3488		3488

		3492		3492		3492		3492		3492		3492

		3496		3496		3496		3496		3496		3496

		3500		3500		3500		3500		3500		3500

		3504		3504		3504		3504		3504		3504

		3508		3508		3508		3508		3508		3508

		3512		3512		3512		3512		3512		3512

		3516		3516		3516		3516		3516		3516

		3520		3520		3520		3520		3520		3520

		3524		3524		3524		3524		3524		3524

		3528		3528		3528		3528		3528		3528

		3532		3532		3532		3532		3532		3532

		3536		3536		3536		3536		3536		3536

		3540		3540		3540		3540		3540		3540

		3544		3544		3544		3544		3544		3544

		3548		3548		3548		3548		3548		3548

		3552		3552		3552		3552		3552		3552

		3556		3556		3556		3556		3556		3556

		3560		3560		3560		3560		3560		3560

		3564		3564		3564		3564		3564		3564

		3568		3568		3568		3568		3568		3568

		3572		3572		3572		3572		3572		3572

		3576		3576		3576		3576		3576		3576

		3580		3580		3580		3580		3580		3580

		3584		3584		3584		3584		3584		3584

		3588		3588		3588		3588		3588		3588

		3592		3592		3592		3592		3592		3592

		3596		3596		3596		3596		3596		3596

		3600		3600		3600		3600		3600		3600



Fig 4-4 shows an increase in peak output current as anion radius increases. This increase in current reflects the mobility of the anion in the cell’s electrolyte. All anions used in this experiment have a –1 charge, only their radii change. As an anion’s radii increases, it’s volume increases as well, decreasing its charge density. Since water has a dipole moment, it is attracted to a given anion with a force directly proportional to the anion’s charge density. Smaller anions have a greater charge density and attract more water molecules increasing its effective volume and therefore decreasing it’s diffusion rate.
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Fig 4-4. Current over a 3600s interval of Li | AgX cell (where X is the varied ion) using a 0.2g/ml of LiBF4 in a 1:1 (Vol) 1,2-Dimethoxyethane :Propylene carbonate at 22˚C
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Sheet1

		

		trial number		3		4		2		4		1		4

		ion radius(nm)		0.126		0.187		0.19		0.2		0.211		0.24

				F		CN		Br		NO3		I		ClO4

		0		1.52		0.69		2.69		2.61		2.45		2.5

		4		1.2		0.73		2.71		2.63		2.49		2.49

		6		1.22		0.77		2.73		2.44		2.48		2.5

		8		1.2		0.8		2.76		2.66		2.48		2.5

		12		1.2		0.83		2.78		2.66		2.48		2.52

		16		1.19		0.84		2.8		2.66		2.48		2.55

		20		1.18		0.86		2.8		2.66		2.48		2.59

		24		1.17		0.88		2.81		2.49		2.49		2.64

		28		1.16		0.91		2.82		2.48		2.49		2.73

		32		1.15		0.92		2.83		2.62		2.49		2.82

		36		1.17		0.92		2.85		2.66		2.49		2.89

		40		1.18		0.95		2.83		2.65		2.49		2.92

		44		1.17		0.96		2.84		2.69		2.5		3.01

		48		1.15		0.97		2.85		2.67		2.49		3.07

		52		1.16		0.98		2.85		2.67		2.5		3.13

		56		1.16		0.96		2.85		2.68		2.5		3.17

		60		1.16		0.99		2.88		2.68		2.5		3.21

		64		1.1		0.99		2.87		2.7		2.49		3.25

		68		1.11		0.99		2.87		2.71		2.49		3.31

		72		1.11		0.99		2.87		2.72		2.5		3.36

		76		1.12		1.03		2.87		2.73		2.5		3.41

		80		1.12		1.04		2.88		2.71		2.5		3.42

		84		1.13		1.04		2.88		2.7		2.51		3.49

		88		1.11		1.05		2.88		2.72		2.51		3.53

		92		1.13		1.05		2.89		2.88		2.51		3.57

		96		1.12		1.07		2.9		2.9		2.51		3.6

		100		1.15		1.09		2.91		2.93		2.52		3.64

		104		1.12		1.1		2.9		2.95		2.53		3.66

		108		1.12		1.12		2.9		2.97		2.54		3.68

		112		1.12		1.12		2.89		2.99		2.53		3.7

		116		1.1		1.12		2.89		2.92		2.52		3.71

		120		1.12		1.12		2.89		2.92		2.54		3.74

		124		1.1		1.12		2.89		3.2		2.54		3.76

		128		1.12		1.13		2.89		3.24		2.55		3.76

		132		1.1		1.14		2.89		3.29		2.55		3.78

		136		1.11		1.15		2.9		3.3		2.56		3.79

		140		1.08		1.15		2.89		3.33		2.56		3.81

		144		1.1		1.17		2.88		3.32		2.59		3.81

		148		1.1		1.18		2.86		3.32		2.59		3.82

		152		1.12		1.18		2.85		3.32		2.61		3.73

		156		1.1		1.18		2.83		3.37		2.62		3.84

		160		1.11		1.18		2.82		3.4		2.62		3.85

		164		1.11		1.17		2.81		3.38		2.63		3.85

		168		1.14		1.18		2.8		3.39		2.64		3.79

		172		1.13		1.18		2.78		3.38		2.65		3.86

		176		1.12		1.17		2.77		3.37		2.66		3.86

		180		1.12		1.17		2.75		3.36		2.66		3.86

		184		1.11		1.17		2.73		3.36		2.67		3.86

		188		1.19		1.19		2.72		3.35		2.68		3.87

		192		1.18		1.19		2.68		3.35		2.69		3.87

		196		1.16		1.19		2.65		3.32		2.7		3.86

		200		1.21		1.19		2.61		3.29		2.7		3.87

		204		1.2		1.19		2.57		3.25		2.71		3.85

		208		1.19		1.2		2.54		3.23		2.72		3.87

		212		1.2		1.2		2.53		3.2		2.72		3.87

		216		1.17		1.2		2.46		3.16		2.73		3.87

		220		1.21		1.19		2.43		3.16		2.73		3.84

		224		1.21		1.19		2.35		3.1		2.75		3.82

		228		1.23		1.19		2.31		3.06		2.76		3.81

		232		1.23		1.19		2.28		3		2.75		3.79

		236		1.23		1.2		2.23		2.93		2.77		3.78

		240		1.24		1.19		2.23		2.91		2.77		3.75

		244		1.24		1.19		2.14		2.86		2.78		3.74

		248		1.24		1.19		2.12		2.81		2.78		3.7

		252		1.2		1.19		2.06		2.75		2.8		3.69

		256		1.21		1.19		2.02		2.71		2.79		3.67

		260		1.23		1.2		1.97		2.69		2.8		3.64

		264		1.22		1.2		1.94		2.61		2.8		3.61

		268		1.19		1.2		1.88		2.58		2.8		3.58

		272		1.2		1.21		1.84		2.54		2.82		3.46

		276		1.21		1.21		1.8		2.49		2.82		3.49

		280		1.21		1.2		1.79		2.47		2.82		3.44

		284		1.2		1.21		1.76		2.42		2.83		3.42

		288		1.22		1.21		1.75		2.38		2.83		3.39

		292		1.27		1.21		1.72		2.32		2.83		3.35

		296		1.28		1.21		1.63		2.31		2.83		3.28

		300		1.27		1.2		1.58		2.27		2.83		3.24

		304		1.26		1.2		1.56		2.23		2.83		3.21

		308		1.25		1.22		1.52		2.19		2.83		3.18

		312		1.27		1.21		1.51		2.18		2.83		3.09

		316		1.27		1.21		1.51		2.15		2.83		3.07

		320		1.27		1.2		1.47		2.11		2.83		3.02

		324		1.27		1.2		1.45		2.12		2.83		2.91

		328		1.25		1.21		1.44		2.07		2.83		2.83

		332		1.24		1.22		1.4		2.05		2.82		2.8

		336		1.25		1.22		1.4		2.01		2.82		2.74

		340		1.26		1.22		1.37		2.01		2.81		2.67

		344		1.29		1.22		1.35		1.99		2.81		2.58

		348		1.29		1.22		1.33		1.96		2.81		2.54

		352		1.28		1.22		1.33		1.92		2.8		2.49

		356		1.33		1.22		1.33		1.91		2.79		2.39

		360		1.28		1.22		1.28		1.88		2.79		2.3

		364		1.26		1.22		1.25		1.86		2.78		2.22

		368		1.26		1.23		1.23		1.84		2.79		2.19

		372		1.27		1.22		1.23		1.96		2.78		2.16

		376		1.26		1.21		1.22		1.9		2.77		2.1

		380		1.28		1.21		1.2		1.89		2.76		2.04

		384		1.27		1.21		1.19		1.88		2.76		2.01

		388		1.27		1.22		1.17		1.86		2.76		1.96

		392		1.28		1.21		1.16		1.82		2.75		1.94

		396		1.28		1.21		1.15		1.8		2.73		1.86

		400		1.28		1.21		1.14		1.77		2.73		1.86

		404		1.27		1.21		1.14		1.76		2.72		1.78

		408		1.27		1.2		1.12		1.74		2.72		1.72

		412		1.26		1.21		1.11		1.73		2.71		1.68

		416		1.26		1.2		1.1		1.7		2.7		1.61

		420		1.28		1.21		1.08		1.68		2.7		1.57

		424		1.26		1.21		1.08		1.67		2.7		1.57

		428		1.27		1.21		1.07		1.66		2.67		1.56

		432		1.27		1.21		1.06		1.65		2.66		1.52

		436		1.26		1.21		1.04		1.64		2.65		1.48

		440		1.25		1.21		1.04		1.75		2.65		1.45

		444		1.28		1.21		1.04		1.72		2.63		1.45

		448		1.31		1.22		1.04		1.67		2.62		1.4

		452		1.3		1.22		1.03		1.67		2.61		1.38

		456		1.3		1.22		1.02		1.66		2.6		1.36

		460		1.3		1.21		1.01		1.64		2.59		1.33

		464		1.27		1.22		1.01		1.62		2.59		1.3

		468		1.26		1.22		1		1.61		2.58		1.29

		472		1.26		1.21		0.99		1.6		2.57		1.29

		476		1.26		1.22		0.99		1.58		2.58		1.28

		480		1.25		1.22		0.99		1.58		2.56		1.24

		484		1.24		1.22		0.98		1.57		2.55		1.2

		488		1.26		1.21		0.98		1.55		2.54		1.18

		492		1.26		1.2		0.97		1.54		2.52		1.19

		496		1.24		1.21		0.98		1.53		2.51		1.18

		500		1.24		1.21		0.98		1.53		2.5		1.12

		504		1.25		1.21		0.96		1.5		2.49		1.09

		508		1.25		1.22		0.95		1.61		2.47		1.09

		512		1.23		1.21		0.95		1.56		2.47		1.1

		516		1.25		1.21		0.94		1.53		2.45		1.07

		520		1.25		1.21		0.95		1.51		2.44		1.06

		524		1.25		1.2		0.94		1.5		2.43		1.05

		528		1.27		1.22		0.95		1.48		2.43		1.05

		532		1.25		1.2		0.94		1.47		2.43		1.04

		536		1.25		1.2		0.93		1.46		2.42		1.01

		540		1.26		1.2		0.93		1.46		2.42		1.01

		544		1.25		1.2		0.92		1.44		2.41		0.99

		548		1.27		1.2		0.92		1.43		2.4		1.02

		552		1.27		1.2		0.92		1.42		2.38		0.98

		556		1.28		1.21		0.92		1.41		2.37		0.98

		560		1.27		1.21		0.92		1.4		2.36		0.96

		564		1.27		1.21		0.92		1.4		2.35		0.96

		568		1.27		1.2		0.91		1.39		2.32		0.94

		572		1.26		1.2		0.9		1.4		2.31		0.96

		576		1.25		1.2		0.9		1.38		2.29		0.95

		580		1.23		1.2		0.89		1.38		2.28		0.94

		584		1.21		1.21		0.89		1.38		2.26		0.93

		588		1.22		1.2		0.93		1.37		2.27		0.92

		592		1.22		1.2		0.9		1.44		2.24		0.92

		596		1.22		1.2		0.9		1.4		2.23		0.91

		600		1.22		1.2		0.89		1.39		2.21		0.9

		604		1.22		1.2		0.88		1.38		2.2		0.89

		608		1.19		1.21		0.88		1.37		2.19		0.88

		612		1.2		1.21		0.86		1.35		2.16		0.89

		616		1.19		1.2		0.86		1.35		2.16		0.87

		620		1.23		1.2		0.86		1.34		2.16		0.87

		624		1.22		1.2		0.86		1.34		2.15		0.86

		628		1.21		1.21		0.86		1.34		2.11		0.85

		632		1.21		1.21		0.85		1.33		2.11		0.84

		636		1.23		1.2		0.86		1.32		2.08		0.84

		640		1.2		1.19		0.85		1.32		2.07		0.83

		644		1.21		1.2		0.85		1.31		2.05		0.83

		648		1.21		1.19		0.85		1.31		2.04		0.83

		652		1.2		1.2		0.85		1.31		2.02		0.82

		656		1.21		1.2		0.85		1.31		2.01		0.82

		660		1.2		1.2		0.85		1.3		1.97		0.82

		664		1.19		1.2		0.85		1.29		1.96		0.82

		668		1.2		1.2		0.84		1.29		1.93		0.84

		672		1.21		1.2		0.84		1.28		1.92		0.81

		676		1.19		1.21		0.84		1.27		1.9		0.83

		680		1.19		1.2		0.85		1.26		1.88		0.81

		684		1.19		1.2		0.85		1.27		1.87		0.8

		688		1.19		1.2		0.84		1.26		1.85		0.79

		692		1.19		1.2		0.84		1.25		1.83		0.79

		696		1.19		1.2		0.83		1.32		1.83		0.78

		700		1.17		1.2		0.83		1.3		1.82		0.79

		704		1.17		1.2		0.83		1.28		1.8		0.81

		708		1.18		1.19		0.83		1.27		1.78		0.78

		712		1.18		1.19		0.82		1.25		1.77		0.78

		716		1.18		1.19		0.84		1.25		1.75		0.78

		720		1.18		1.2		0.83		1.25		1.73		0.78

		724		1.17		1.2		0.82		1.24		1.72		0.77

		728		1.17		1.19		0.82		1.24		1.69		0.76

		732		1.16		1.19		0.81		1.24		1.67		0.76

		736		1.17		1.19		0.81		1.24		1.67		0.76

		740		1.17		1.2		0.81		1.23		1.66		0.77

		744		1.17		1.2		0.8		1.22		1.65		0.76

		748		1.16		1.2		0.8		1.21		1.64		0.76

		752		1.16		1.2		0.81		1.21		1.62		0.75

		756		1.15		1.19		0.81		1.2		1.6		0.77

		760		1.16		1.2		0.8		1.21		1.6		0.76

		764		1.15		1.2		0.8		1.19		1.58		0.76

		768		1.15		1.2		0.8		1.19		1.57		0.76

		772		1.15		1.19		0.8		1.19		1.55		0.76

		776		1.14		1.19		0.8		1.19		1.55		0.75

		780		1.14		1.2		0.79		1.18		1.53		0.76

		784		1.15		1.2		0.79		1.18		1.53		0.77

		788		1.14		1.2		0.79		1.18		1.5		0.76

		792		1.14		1.19		0.79		1.18		1.49		0.76

		796		1.12		1.18		0.8		1.25		1.47		0.75

		800		1.12		1.2		0.79		1.21		1.44		0.75

		804		1.11		1.19		0.79		1.21		1.43		0.74

		808		1.1		1.19		0.78		1.19		1.4		0.74

		812		1.1		1.19		0.78		1.19		1.38		0.74

		816		1.11		1.19		0.78		1.17		1.36		0.74

		820		1.09		1.19		0.78		1.17		1.35		0.73

		824		1.1		1.18		0.78		1.16		1.34		0.73

		828		1.09		1.19		0.78		1.17		1.32		0.73

		832		1.08		1.18		0.78		1.14		1.32		0.72

		836		1.09		1.18		0.77		1.14		1.29		0.72

		840		1.11		1.18		0.77		1.14		1.28		0.72

		844		1.12		1.18		0.77		1.14		1.26		0.71

		848		1.12		1.17		0.77		1.14		1.25		0.72

		852		1.12		1.16		0.77		1.13		1.24		0.71

		856		1.12		1.16		0.77		1.13		1.24		0.71

		860		1.12		1.17		0.77		1.13		1.22		0.71

		864		1.12		1.16		0.77		1.12		1.21		0.71

		868		1.09		1.16		0.77		1.12		1.21		0.71

		872		1.12		1.16		0.77		1.14		1.19		0.71

		876		1.12		1.16		0.76		1.13		1.18		0.71

		880		1.12		1.16		0.76		1.13		1.18		0.71

		884		1.11		1.16		0.77		1.12		1.17		0.71

		888		1.09		1.16		0.77		1.12		1.15		0.7

		892		1.08		1.15		0.76		1.11		1.15		0.7

		896		1.08		1.15		0.76		1.11		1.14		0.7

		900		1.09		1.15		0.76		1.15		1.11		0.7

		904		1.07		1.15		0.76		1.15		1.11		0.7

		908		1.08		1.16		0.76		1.15		1.09		0.7

		912		1.08		1.15		0.75		1.13		1.08		0.7

		916		1.07		1.15		0.75		1.12		1.08		0.7

		920		1.07		1.16		0.75		1.11		1.06		0.7

		924		1.08		1.15		0.75		1.11		1.05		0.7

		928		1.06		1.15		0.75		1.1		1.05		0.7

		932		1.05		1.15		0.75		1.1		1.04		0.7

		936		1.05		1.16		0.76		1.09		1.03		0.72

		940		1.05		1.16		0.76		1.09		1.02		0.71

		944		1.04		1.15		0.75		1.08		1.02		0.7

		948		1.04		1.15		0.75		1.08		1.01		0.7

		952		1.04		1.15		0.76		1.07		1		0.69

		956		1.04		1.24		0.75		1.08		0.99		0.69

		960		1.05		1.24		0.75		1.08		0.99		0.69

		964		1.04		1.23		0.75		1.07		0.98		0.68

		968		1.03		1.22		0.75		1.07		0.98		0.69

		972		1.04		1.22		0.75		1.07		0.97		0.7

		976		1.02		1.21		0.75		1.06		0.96		0.69

		980		1.02		1.21		0.74		1.06		0.96		0.69

		984		1.02		1.21		0.74		1.06		0.95		0.68

		988		1.02		1.21		0.74		1.06		0.95		0.69

		992		1.02		1.2		0.74		1.06		0.94		0.69

		996		1.03		1.19		0.74		1.06		0.94		0.69

		1000		1.03		1.2		0.73		1.06		0.92		0.68

		1004		1.02		1.2		0.73		1.06		0.91		0.69

		1008		1.01		1.2		0.73		1.06		0.91		0.68

		1012		1.01		1.19		0.73		1.06		0.91		0.67

		1016		1		1.19		0.73		1.05		0.9		0.68

		1020		1		1.19		0.73		1.05		0.9		0.68

		1024		1		1.18		0.73		1.04		0.89		0.69

		1028		1		1.18		0.72		1.04		0.88		0.68

		1032		1		1.18		0.72		1.04		0.88		0.68

		1036		1		1.17		0.73		1.05		0.88		0.68

		1040		1		1.17		0.72		1.05		0.88		0.68

		1044		1		1.18		0.72		1.05		0.87		0.68

		1048		0.99		1.17		0.72		1.03		0.87		0.68

		1052		1		1.16		0.72		1.03		0.87		0.67

		1056		0.99		1.16		0.72		1.03		0.86		0.68

		1060		0.99		1.16		0.71		1.03		0.86		0.68

		1064		0.99		1.16		0.71		1.02		0.85		0.67

		1068		0.97		1.16		0.71		1.02		0.85		0.68

		1072		0.98		1.16		0.71		1.02		0.84		0.67

		1076		0.97		1.16		0.72		1.02		0.84		0.67

		1080		0.97		1.17		0.71		1.01		0.84		0.67

		1084		0.97		1.16		0.71		1.06		0.84		0.66

		1088		0.96		1.15		0.71		1.04		0.83		0.67

		1092		0.96		1.15		0.7		1.03		0.82		0.66

		1096		0.96		1.15		0.7		1.03		0.82		0.66

		1100		0.96		1.15		0.7		1.01		0.82		0.66

		1104		0.96		1.15		0.7		1.01		0.81		0.67

		1108		0.96		1.15		0.7		1.01		0.81		0.66

		1112		0.96		1.14		0.7		1		0.81		0.66

		1116		0.96		1.14		0.7		1.01		0.81		0.67

		1120		0.96		1.13		0.71		1.01		0.79		0.66

		1124		0.96		1.13		0.71		0.99		0.79		0.66

		1128		0.96		1.13		0.71		0.98		0.78		0.66

		1132		0.95		1.12		0.7		0.98		0.78		0.66

		1136		0.95		1.12		0.7		0.99		0.78		0.66

		1140		0.94		1.12		0.7		0.99		0.77		0.65

		1144		0.94		1.12		0.7		0.98		0.77		0.66

		1148		0.94		1.13		0.7		0.98		0.77		0.65

		1152		0.97		1.12		0.72		0.98		0.77		0.66

		1156		0.96		1.11		0.71		0.98		0.76		0.65

		1160		0.96		1.11		0.7		0.98		0.76		0.66

		1164		0.96		1.11		0.7		0.98		0.75		0.65

		1168		0.95		1.1		0.69		0.99		0.75		0.65

		1172		0.95		1.11		0.69		0.98		0.75		0.65

		1176		0.93		1.11		0.69		0.97		0.74		0.65

		1180		0.93		1.11		0.68		0.97		0.74		0.65

		1184		0.91		1.11		0.68		0.96		0.73		0.65

		1188		0.9		1.1		0.68		1		0.73		0.65

		1192		0.91		1.11		0.68		0.99		0.72		0.65

		1196		0.92		1.1		0.68		0.99		0.72		0.65

		1200		0.91		1.09		0.68		0.97		0.72		0.65

		1204		0.92		1.1		0.68		0.97		0.72		0.66

		1208		0.91		1.09		0.68		0.96		0.71		0.65

		1212		0.91		1.08		0.68		0.98		0.71		0.65

		1216		0.91		1.08		0.68		0.96		0.71		0.64

		1220		0.9		1.08		0.68		0.96		0.71		0.64

		1224		0.9		1.08		0.68		0.95		0.7		0.64

		1228		0.89		1.07		0.68		0.95		0.7		0.64

		1232		0.89		1.07		0.68		0.95		0.7		0.64

		1236		0.89		1.07		0.67		0.94		0.7		0.64

		1240		0.88		1.07		0.67		0.94		0.69		0.64

		1244		0.86		1.07		0.68		0.94		0.69		0.64

		1248		0.87		1.07		0.68		0.95		0.68		0.65

		1252		0.87		1.06		0.68		0.94		0.68		0.63

		1256		0.87		1.05		0.67		0.94		0.67		0.64

		1260		0.87		1.06		0.67		0.95		0.67		0.64

		1264		0.87		1.06		0.68		0.94		0.67		0.63

		1268		0.87		1.05		0.67		0.94		0.67		0.63

		1272		0.86		1.05		0.67		0.93		0.66		0.64

		1276		0.86		1.05		0.67		0.93		0.67		0.63

		1280		0.86		1.05		0.67		0.93		0.66		0.65

		1284		0.85		1.05		0.66		0.93		0.66		0.64

		1288		0.85		1.03		0.67		0.93		0.65		0.65

		1292		0.85		1.03		0.67		0.92		0.65		0.64

		1296		0.85		1.04		0.66		0.92		0.65		0.64

		1300		0.85		1.03		0.66		0.92		0.65		0.64

		1304		0.85		1.02		0.66		0.92		0.65		0.64

		1308		0.84		1.02		0.66		0.91		0.65		0.64

		1312		0.84		1.03		0.65		0.92		0.63		0.63

		1316		0.84		1.02		0.65		0.92		0.65		0.63

		1320		0.83		1.02		0.66		0.96		0.64		0.63

		1324		0.82		1.01		0.66		0.94		0.63		0.63

		1328		0.82		1.01		0.65		0.93		0.63		0.62

		1332		0.83		1.06		0.71		0.92		0.62		0.63

		1336		0.83		1.08		0.71		0.92		0.62		0.62

		1340		0.82		1.07		0.69		0.91		0.61		0.63

		1344		0.82		1.07		0.69		0.91		0.61		0.62

		1348		0.82		1.07		0.68		0.92		0.6		0.62

		1352		0.82		1.06		0.68		0.91		0.6		0.62

		1356		0.82		1.06		0.67		0.9		0.6		0.61

		1360		0.83		1.07		0.67		0.9		0.6		0.61

		1364		0.83		1.06		0.67		0.9		0.6		0.62

		1368		0.83		1.06		0.66		0.9		0.59		0.61

		1372		0.83		1.06		0.66		0.9		0.59		0.61

		1376		0.82		1.05		0.66		0.88		0.59		0.61

		1380		0.82		1.04		0.65		0.89		0.59		0.61

		1384		0.82		1.04		0.65		0.89		0.58		0.61

		1388		0.82		1.04		0.65		0.89		0.58		0.62

		1392		0.82		1.04		0.65		0.9		0.58		0.61

		1396		0.82		1.03		0.65		0.89		0.58		0.61

		1400		0.82		1.02		0.64		0.88		0.58		0.61

		1404		0.82		1.02		0.64		0.88		0.58		0.6

		1408		0.81		1.02		0.64		0.89		0.57		0.6

		1412		0.81		1.02		0.64		0.88		0.58		0.61

		1416		0.81		1.01		0.63		0.9		0.57		0.61

		1420		0.8		1.01		0.63		0.9		0.57		0.61

		1424		0.8		1.01		0.64		0.89		0.57		0.6

		1428		0.8		1		0.63		0.89		0.56		0.6

		1432		0.79		1		0.63		0.88		0.56		0.61

		1436		0.79		1		0.63		0.89		0.56		0.6

		1440		0.79		1		0.63		0.89		0.56		0.6

		1444		0.79		0.99		0.63		0.88		0.56		0.6

		1448		0.78		0.99		0.63		0.88		0.56		0.6

		1452		0.78		0.99		0.63		0.88		0.56		0.6

		1456		0.77		0.99		0.63		0.88		0.55		0.6

		1460		0.77		0.98		0.63		0.87		0.55		0.6

		1464		0.77		0.98		0.62		0.86		0.55		0.6

		1468		0.77		0.98		0.63		0.87		0.54		0.59

		1472		0.76		0.98		0.62		0.91		0.53		0.6

		1476		0.76		0.98		0.62		0.9		0.52		0.6

		1480		0.76		0.97		0.62		0.89		0.52		0.6

		1484		0.76		0.96		0.62		0.88		0.52		0.6

		1488		0.76		0.96		0.62		0.88		0.52		0.59

		1492		0.76		0.96		0.62		0.88		0.52		0.59

		1496		0.77		0.96		0.62		0.87		0.52		0.59

		1500		0.76		0.95		0.61		0.88		0.52		0.59

		1504		0.75		0.95		0.61		0.87		0.52		0.6

		1508		0.75		0.95		0.61		0.87		0.52		0.59

		1512		0.75		0.94		0.61		0.87		0.51		0.58

		1516		0.75		0.94		0.61		0.87		0.51		0.58

		1520		0.75		0.94		0.61		0.87		0.51		0.59

		1524		0.75		0.94		0.61		0.86		0.5		0.59

		1528		0.75		0.94		0.61		0.86		0.51		0.59

		1532		0.75		0.93		0.61		0.86		0.5		0.59

		1536		0.74		0.93		0.6		0.86		0.49		0.59

		1540		0.74		0.92		0.6		0.85		0.49		0.59

		1544		0.74		0.93		0.6		0.85		0.49		0.59

		1548		0.74		0.92		0.6		0.85		0.48		0.59

		1552		0.75		0.92		0.61		0.85		0.48		0.59

		1556		0.74		0.92		0.61		0.86		0.48		0.58

		1560		0.74		0.91		0.6		0.86		0.48		0.58

		1564		0.74		0.92		0.6		0.85		0.47		0.58

		1568		0.74		0.91		0.61		0.85		0.47		0.58

		1572		0.74		0.91		0.6		0.84		0.47		0.59

		1576		0.74		0.9		0.6		0.85		0.47		0.58

		1580		0.74		0.89		0.61		0.85		0.47		0.58

		1584		0.74		0.89		0.6		0.86		0.46		0.57

		1588		0.73		0.9		0.61		0.85		0.46		0.57

		1592		0.73		0.89		0.6		0.85		0.46		0.57

		1596		0.73		0.89		0.6		0.85		0.46		0.57

		1600		0.71		0.9		0.6		0.85		0.46		0.58

		1604		0.72		0.9		0.6		0.84		0.46		0.57

		1608		0.73		0.89		0.6		0.84		0.45		0.57

		1612		0.74		0.89		0.6		0.83		0.45		0.59

		1616		0.73		0.88		0.59		0.83		0.45		0.57

		1620		0.72		0.88		0.59		0.84		0.46		0.57

		1624		0.72		0.88		0.59		0.86		0.45		0.57

		1628		0.72		0.88		0.59		0.86		0.45		0.57

		1632		0.72		0.87		0.59		0.84		0.45		0.56

		1636		0.73		0.87		0.59		0.84		0.44		0.57

		1640		0.72		0.87		0.59		0.84		0.44		0.56

		1644		0.72		0.86		0.59		0.84		0.44		0.57

		1648		0.71		0.87		0.59		0.84		0.44		0.57

		1652		0.71		0.86		0.59		0.85		0.44		0.57

		1656		0.7		0.86		0.59		0.85		0.43		0.57

		1660		0.71		0.85		0.59		0.83		0.43		0.57

		1664		0.71		0.85		0.59		0.83		0.43		0.56

		1668		0.71		0.84		0.59		0.82		0.43		0.56

		1672		0.7		0.84		0.59		0.82		0.42		0.57

		1676		0.69		0.84		0.59		0.83		0.42		0.57

		1680		0.69		0.84		0.59		0.81		0.42		0.56

		1684		0.69		0.83		0.59		0.81		0.42		0.56

		1688		0.69		0.83		0.59		0.81		0.42		0.56

		1692		0.68		0.82		0.59		0.82		0.42		0.56

		1696		0.68		0.83		0.59		0.81		0.42		0.55

		1700		0.67		0.83		0.59		0.81		0.42		0.55

		1704		0.67		0.83		0.59		0.81		0.42		0.55

		1708		0.67		0.85		0.59		0.81		0.42		0.54

		1712		0.67		0.85		0.59		0.81		0.41		0.55

		1716		0.67		0.84		0.59		0.81		0.41		0.55

		1720		0.67		0.84		0.62		0.82		0.41		0.55

		1724		0.67		0.83		0.62		0.82		0.41		0.55

		1728		0.65		0.84		0.61		0.82		0.41		0.55

		1732		0.65		0.83		0.61		0.81		0.41		0.55

		1736		0.64		0.83		0.6		0.81		0.41		0.55

		1740		0.64		0.83		0.6		0.81		0.41		0.55

		1744		0.64		0.82		0.6		0.81		0.41		0.55

		1748		0.64		0.81		0.59		0.81		0.41		0.54

		1752		0.62		0.81		0.59		0.81		0.41		0.54

		1756		0.62		0.81		0.59		0.8		0.41		0.55

		1760		0.62		0.81		0.59		0.81		0.41		0.55

		1764		0.62		0.8		0.59		0.8		0.41		0.55

		1768		0.62		0.79		0.59		0.82		0.41		0.54

		1772		0.62		0.79		0.59		0.81		0.4		0.54

		1776		0.62		0.78		0.59		0.8		0.4		0.54

		1780		0.62		0.78		0.59		0.84		0.4		0.54

		1784		0.61		0.77		0.59		0.83		0.4		0.54

		1788		0.61		0.77		0.58		0.82		0.4		0.55

		1792		0.6		0.77		0.6		0.82		0.4		0.54

		1796		0.61		0.77		0.6		0.81		0.4		0.54

		1800		0.6		0.76		0.59		0.81		0.4		0.55

		1804		0.61		0.76		0.59		0.8		0.4		0.54

		1808		0.6		0.76		0.59		0.8		0.4		0.54

		1812		0.6		0.75		0.59		0.81		0.4		0.55

		1816		0.59		0.75		0.59		0.79		0.4		0.54

		1820		0.59		0.75		0.59		0.79		0.4		0.54

		1824		0.58		0.74		0.59		0.8		0.4		0.54

		1828		0.58		0.73		0.59		0.8		0.39		0.54

		1832		0.58		0.73		0.59		0.78		0.39		0.54

		1836		0.58		0.73		0.58		0.78		0.39		0.54

		1840		0.58		0.72		0.58		0.78		0.39		0.54

		1844		0.58		0.74		0.59		0.79		0.39		0.54

		1848		0.57		0.72		0.59		0.78		0.39		0.54

		1852		0.57		0.71		0.59		0.78		0.39		0.54

		1856		0.56		0.7		0.59		0.78		0.39		0.54

		1860		0.56		0.7		0.58		0.78		0.38		0.54

		1864		0.56		0.68		0.58		0.78		0.38		0.55

		1868		0.56		0.68		0.58		0.78		0.38		0.54

		1872		0.56		0.68		0.58		0.78		0.38		0.54

		1876		0.56		0.68		0.58		0.78		0.38		0.54

		1880		0.56		0.67		0.58		0.77		0.38		0.54

		1884		0.55		0.68		0.58		0.77		0.39		0.54

		1888		0.55		0.68		0.58		0.77		0.39		0.54

		1892		0.55		0.66		0.58		0.77		0.38		0.55

		1896		0.55		0.66		0.58		0.77		0.38		0.53

		1900		0.55		0.66		0.58		0.77		0.39		0.54

		1904		0.54		0.65		0.58		0.78		0.38		0.54

		1908		0.54		0.65		0.58		0.77		0.38		0.54

		1912		0.56		0.64		0.58		0.77		0.38		0.54

		1916		0.56		0.63		0.58		0.76		0.38		0.54

		1920		0.56		0.63		0.58		0.77		0.38		0.54

		1924		0.56		0.63		0.57		0.77		0.38		0.53

		1928		0.55		0.62		0.57		0.77		0.38		0.54

		1932		0.55		0.62		0.57		0.77		0.38		0.53

		1936		0.55		0.61		0.57		0.77		0.37		0.54

		1940		0.54		0.61		0.58		0.77		0.37		0.53

		1944		0.54		0.61		0.57		0.76		0.37		0.54

		1948		0.54		0.6		0.57		0.77		0.37		0.54

		1952		0.54		0.61		0.57		0.76		0.37		0.53

		1956		0.54		0.6		0.58		0.76		0.38		0.53

		1960		0.54		0.58		0.58		0.77		0.38		0.54

		1964		0.54		0.57		0.58		0.77		0.38		0.53

		1968		0.54		0.56		0.58		0.78		0.37		0.54

		1972		0.54		0.55		0.58		0.77		0.37		0.53

		1976		0.53		0.54		0.58		0.77		0.37		0.53

		1980		0.53		0.54		0.58		0.77		0.37		0.54

		1984		0.53		0.54		0.57		0.8		0.37		0.53

		1988		0.53		0.53		0.57		0.79		0.37		0.53

		1992		0.52		0.52		0.57		0.79		0.37		0.53

		1996		0.52		0.52		0.57		0.77		0.37		0.53

		2000		0.52		0.52		0.57		0.77		0.37		0.53

		2004		0.52		0.51		0.57		0.78		0.37		0.54

		2008		0.52		0.51		0.57		0.77		0.37		0.53

		2012		0.51		0.51		0.57		0.76		0.37		0.53

		2016		0.52		0.51		0.57		0.76		0.36		0.53

		2020		0.51		0.5		0.57		0.76		0.36		0.54

		2024		0.51		0.5		0.56		0.76		0.36		0.54

		2028		0.52		0.49		0.56		0.76		0.36		0.54

		2032		0.52		0.49		0.56		0.77		0.36		0.53

		2036		0.5		0.49		0.56		0.76		0.36		0.52

		2040		0.51		0.49		0.56		0.75		0.36		0.52

		2044		0.51		0.48		0.56		0.76		0.36		0.53

		2048		0.5		0.48		0.56		0.75		0.36		0.53

		2052		0.49		0.47		0.56		0.76		0.36		0.52

		2056		0.52		0.47		0.56		0.75		0.36		0.53

		2060		0.54		0.47		0.56		0.74		0.36		0.52

		2064		0.54		0.47		0.56		0.75		0.36		0.53

		2068		0.54		0.46		0.56		0.75		0.36		0.54

		2072		0.54		0.46		0.55		0.76		0.36		0.53

		2076		0.53		0.46		0.55		0.74		0.36		0.53

		2080		0.53		0.46		0.55		0.74		0.36		0.53

		2084		0.53		0.45		0.55		0.74		0.36		0.52

		2088		0.52		0.45		0.55		0.74		0.36		0.52

		2092		0.52		0.45		0.55		0.75		0.36		0.53

		2096		0.52		0.45		0.55		0.74		0.36		0.53

		2100		0.53		0.45		0.55		0.74		0.36		0.53

		2104		0.52		0.44		0.56		0.74		0.36		0.52

		2108		0.52		0.44		0.56		0.74		0.36		0.52

		2112		0.51		0.44		0.55		0.74		0.36		0.52

		2116		0.51		0.44		0.55		0.74		0.36		0.53

		2120		0.51		0.44		0.55		0.75		0.35		0.52

		2124		0.51		0.44		0.55		0.74		0.35		0.52

		2128		0.51		0.43		0.56		0.74		0.35		0.52

		2132		0.5		0.44		0.58		0.74		0.35		0.52

		2136		0.5		0.44		0.57		0.75		0.36		0.52

		2140		0.5		0.43		0.56		0.74		0.35		0.52

		2144		0.5		0.42		0.56		0.74		0.35		0.52

		2148		0.5		0.42		0.56		0.76		0.35		0.52

		2152		0.5		0.42		0.56		0.74		0.35		0.52

		2156		0.5		0.42		0.55		0.74		0.35		0.52

		2160		0.49		0.42		0.55		0.74		0.35		0.52

		2164		0.49		0.42		0.55		0.74		0.35		0.51

		2168		0.5		0.42		0.55		0.78		0.34		0.52

		2172		0.5		0.42		0.54		0.77		0.35		0.52

		2176		0.5		0.42		0.54		0.76		0.34		0.51

		2180		0.49		0.41		0.54		0.75		0.34		0.51

		2184		0.49		0.41		0.54		0.74		0.34		0.51

		2188		0.49		0.4		0.54		0.74		0.34		0.51

		2192		0.48		0.4		0.54		0.74		0.34		0.51

		2196		0.49		0.4		0.54		0.73		0.34		0.51

		2200		0.48		0.4		0.54		0.73		0.34		0.5

		2204		0.48		0.39		0.54		0.73		0.34		0.51

		2208		0.49		0.4		0.54		0.73		0.34		0.51

		2212		0.49		0.4		0.54		0.72		0.34		0.51

		2216		0.49		0.39		0.54		0.74		0.35		0.51

		2220		0.49		0.39		0.54		0.72		0.35		0.51

		2224		0.49		0.39		0.53		0.72		0.35		0.51

		2228		0.48		0.39		0.53		0.72		0.34		0.52

		2232		0.48		0.38		0.53		0.72		0.34		0.51

		2236		0.48		0.38		0.53		0.73		0.34		0.51

		2240		0.48		0.38		0.53		0.73		0.34		0.51

		2244		0.48		0.37		0.53		0.72		0.34		0.5

		2248		0.48		0.37		0.53		0.72		0.33		0.5

		2252		0.49		0.37		0.53		0.72		0.33		0.5

		2256		0.48		0.37		0.53		0.72		0.33		0.5

		2260		0.48		0.37		0.53		0.73		0.33		0.5

		2264		0.48		0.36		0.53		0.73		0.33		0.5

		2268		0.48		0.37		0.52		0.73		0.33		0.5

		2272		0.48		0.36		0.53		0.72		0.33		0.5

		2276		0.48		0.36		0.53		0.72		0.33		0.5

		2280		0.48		0.36		0.53		0.72		0.33		0.51

		2284		0.47		0.35		0.53		0.71		0.33		0.5

		2288		0.47		0.34		0.53		0.71		0.33		0.5

		2292		0.47		0.35		0.53		0.71		0.33		0.5

		2296		0.47		0.34		0.53		0.71		0.33		0.5

		2300		0.48		0.34		0.53		0.71		0.33		0.5

		2304		0.48		0.34		0.53		0.72		0.32		0.5

		2308		0.47		0.34		0.53		0.72		0.33		0.5

		2312		0.47		0.34		0.53		0.71		0.33		0.5

		2316		0.47		0.33		0.53		0.71		0.33		0.5

		2320		0.47		0.33		0.53		0.7		0.33		0.5

		2324		0.47		0.33		0.53		0.71		0.32		0.5

		2328		0.47		0.33		0.53		0.7		0.32		0.5

		2332		0.47		0.33		0.53		0.7		0.31		0.49

		2336		0.48		0.33		0.53		0.71		0.31		0.49

		2340		0.47		0.33		0.53		0.71		0.31		0.49

		2344		0.47		0.33		0.53		0.71		0.3		0.49

		2348		0.47		0.32		0.53		0.71		0.3		0.49

		2352		0.47		0.32		0.53		0.71		0.3		0.49

		2356		0.47		0.32		0.53		0.71		0.3		0.5

		2360		0.47		0.32		0.53		0.71		0.3		0.49

		2364		0.46		0.36		0.53		0.71		0.31		0.49

		2368		0.47		0.33		0.53		0.74		0.31		0.49

		2372		0.46		0.34		0.53		0.74		0.31		0.49

		2376		0.46		0.33		0.53		0.72		0.31		0.49

		2380		0.46		0.33		0.52		0.73		0.31		0.49

		2384		0.46		0.32		0.52		0.71		0.31		0.49

		2388		0.46		0.32		0.52		0.71		0.31		0.49

		2392		0.46		0.32		0.53		0.7		0.3		0.48

		2396		0.46		0.32		0.53		0.7		0.3		0.48

		2400		0.46		0.32		0.53		0.7		0.3		0.48

		2404		0.47		0.31		0.53		0.7		0.31		0.49

		2408		0.47		0.31		0.53		0.7		0.31		0.49

		2412		0.46		0.31		0.52		0.69		0.31		0.48

		2416		0.46		0.31		0.52		0.7		0.31		0.48

		2420		0.46		0.31		0.52		0.7		0.31		0.48

		2424		0.48		0.31		0.52		0.69		0.31		0.49

		2428		0.47		0.31		0.52		0.69		0.3		0.49

		2432		0.47		0.31		0.52		0.7		0.3		0.48

		2436		0.47		0.31		0.52		0.71		0.3		0.48

		2440		0.47		0.32		0.52		0.69		0.3		0.49

		2444		0.46		0.31		0.52		0.69		0.3		0.48

		2448		0.46		0.31		0.52		0.69		0.3		0.48

		2452		0.46		0.31		0.52		0.69		0.3		0.48

		2456		0.46		0.31		0.52		0.69		0.3		0.48

		2460		0.46		0.31		0.52		0.69		0.28		0.48

		2464		0.46		0.31		0.52		0.69		0.28		0.48

		2468		0.46		0.31		0.52		0.69		0.29		0.47

		2472		0.46		0.31		0.52		0.69		0.29		0.47

		2476		0.48		0.3		0.52		0.69		0.29		0.48

		2480		0.49		0.3		0.52		0.69		0.29		0.48

		2484		0.49		0.3		0.52		0.69		0.29		0.48

		2488		0.49		0.3		0.52		0.69		0.29		0.49

		2492		0.48		0.3		0.52		0.69		0.29		0.48

		2496		0.48		0.3		0.52		0.69		0.29		0.48

		2500		0.48		0.3		0.52		0.69		0.29		0.47

		2504		0.48		0.3		0.51		0.68		0.29		0.47

		2508		0.48		0.3		0.52		0.68		0.29		0.48

		2512		0.47		0.29		0.52		0.69		0.29		0.47

		2516		0.47		0.3		0.52		0.69		0.29		0.48

		2520		0.46		0.29		0.52		0.68		0.28		0.47

		2524		0.46		0.3		0.52		0.68		0.29		0.48

		2528		0.46		0.29		0.51		0.68		0.28		0.47

		2532		0.46		0.29		0.55		0.68		0.28		0.47

		2536		0.46		0.3		0.54		0.68		0.28		0.48

		2540		0.46		0.3		0.53		0.68		0.29		0.47

		2544		0.46		0.3		0.53		0.68		0.29		0.48

		2548		0.46		0.29		0.52		0.68		0.29		0.47

		2552		0.46		0.29		0.52		0.68		0.29		0.47

		2556		0.46		0.29		0.52		0.68		0.29		0.46

		2560		0.46		0.29		0.52		0.68		0.29		0.47

		2564		0.46		0.29		0.51		0.68		0.29		0.47

		2568		0.46		0.29		0.51		0.68		0.29		0.47

		2572		0.46		0.29		0.51		0.68		0.29		0.47

		2576		0.45		0.29		0.51		0.68		0.28		0.46

		2580		0.45		0.29		0.51		0.68		0.29		0.46

		2584		0.45		0.29		0.51		0.68		0.29		0.46

		2588		0.45		0.29		0.51		0.68		0.29		0.46

		2592		0.45		0.29		0.51		0.7		0.29		0.46

		2596		0.45		0.28		0.51		0.69		0.28		0.47

		2600		0.44		0.28		0.5		0.7		0.28		0.46

		2604		0.45		0.28		0.51		0.69		0.28		0.46

		2608		0.44		0.28		0.5		0.68		0.28		0.46

		2612		0.45		0.28		0.51		0.68		0.28		0.46

		2616		0.45		0.28		0.5		0.68		0.28		0.46

		2620		0.45		0.28		0.51		0.68		0.28		0.46

		2624		0.46		0.27		0.51		0.68		0.29		0.45

		2628		0.46		0.27		0.51		0.68		0.29		0.46

		2632		0.46		0.27		0.51		0.67		0.28		0.46

		2636		0.46		0.27		0.51		0.67		0.28		0.46

		2640		0.46		0.27		0.51		0.67		0.28		0.46

		2644		0.46		0.27		0.51		0.68		0.28		0.46

		2648		0.46		0.27		0.51		0.66		0.28		0.46

		2652		0.46		0.27		0.5		0.68		0.28		0.46

		2656		0.46		0.27		0.5		0.66		0.28		0.46

		2660		0.46		0.27		0.5		0.67		0.28		0.45

		2664		0.45		0.27		0.51		0.67		0.28		0.46

		2668		0.46		0.27		0.5		0.66		0.28		0.45

		2672		0.46		0.27		0.5		0.67		0.28		0.45

		2676		0.46		0.27		0.5		0.66		0.28		0.46

		2680		0.45		0.26		0.5		0.67		0.28		0.45

		2684		0.45		0.26		0.5		0.67		0.28		0.45

		2688		0.46		0.26		0.5		0.67		0.28		0.45

		2692		0.46		0.26		0.51		0.67		0.28		0.45

		2696		0.46		0.26		0.51		0.66		0.28		0.45

		2700		0.46		0.26		0.5		0.67		0.28		0.45

		2704		0.46		0.26		0.5		0.66		0.28		0.45

		2708		0.45		0.26		0.5		0.66		0.28		0.45

		2712		0.45		0.26		0.5		0.66		0.27		0.45

		2716		0.46		0.26		0.5		0.66		0.27		0.46

		2720		0.46		0.26		0.5		0.66		0.27		0.46

		2724		0.46		0.26		0.5		0.66		0.28		0.45

		2728		0.46		0.26		0.5		0.67		0.27		0.45

		2732		0.47		0.26		0.5		0.66		0.27		0.45

		2736		0.47		0.26		0.5		0.67		0.28		0.45

		2740		0.47		0.26		0.5		0.67		0.27		0.45

		2744		0.47		0.25		0.5		0.67		0.27		0.45

		2748		0.46		0.26		0.5		0.66		0.27		0.45

		2752		0.46		0.25		0.5		0.66		0.27		0.45

		2756		0.46		0.25		0.5		0.66		0.27		0.45

		2760		0.46		0.25		0.5		0.67		0.27		0.45

		2764		0.46		0.25		0.5		0.67		0.27		0.45

		2768		0.45		0.25		0.5		0.66		0.27		0.45

		2772		0.46		0.25		0.5		0.69		0.27		0.44

		2776		0.45		0.25		0.5		0.68		0.27		0.45

		2780		0.45		0.25		0.5		0.67		0.27		0.44

		2784		0.45		0.25		0.5		0.68		0.27		0.45

		2788		0.45		0.25		0.5		0.66		0.27		0.45

		2792		0.45		0.25		0.5		0.67		0.28		0.45

		2796		0.45		0.25		0.5		0.66		0.27		0.45

		2800		0.45		0.25		0.5		0.67		0.27		0.45

		2804		0.45		0.25		0.5		0.66		0.27		0.45

		2808		0.45		0.25		0.5		0.67		0.27		0.45

		2812		0.45		0.25		0.5		0.66		0.27		0.44

		2816		0.45		0.25		0.5		0.66		0.27		0.45
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Fig 4-5 shows that as water contamination in the electrolyte increases, peak current output current decreases. This effect is due to the water’s attraction to the anion, increasing the effective volume. This effective increase in the anion’s volume reduces its diffusion rate, increasing the magnitude of concentration polarization in the electrolyte.
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Fig 4-5. Current over a 3600s interval of a Li | AgNO3 cell using 0.2g/ml of LiBF4 in a 1:1 (Vol) 1,2-Dimethoxyethane :Propylene carbonate electrolyte with a varied amount of H2O at 22˚C
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		Time		0.2% H2O		0.1% H2O		0.01% H2O

		0		2.61		4.18		4.48

		5		2.63		4.23		4.75

		10		2.44		4.28		4.86

		15		2.66		4.33		4.94

		20		2.66		4.36		5

		25		2.66		4.38		5.05

		30		2.66		4.42		5.07

		35		2.49		4.43		5.09

		40		2.48		4.46		5.1

		45		2.62		4.43		5.14

		50		2.66		4.4		5.16

		55		2.65		4.35		5.19

		60		2.69		4.34		5.19

		65		2.67		4.3		5.21

		70		2.67		4.27		5.23

		75		2.68		4.39		5.24

		80		2.68		4.39		5.26

		85		2.7		4.4		5.26

		90		2.71		4.35		5.25

		95		2.72		4.39		5.24

		100		2.73		4.4		5.23

		105		2.71		4.38		5.24

		110		2.7		4.35		5.25

		115		2.72		4.23		5.23

		120		2.88		4.47		5.2

		125		2.9		4.44		5.19

		130		2.93		4.41		5.19

		135		2.95		4.39		5.13

		140		2.97		4.4		5.12

		145		2.99		4.38		5.1

		150		2.92		4.35		5.09

		155		2.92		4.32		5.08

		160		3.2		4.3		5.04

		165		3.24		4.19		5.05

		170		3.29		4.28		5.02

		175		3.3		4.18		4.97

		180		3.33		4.24		4.94

		185		3.32		4.19		4.9

		190		3.32		4.13		4.86

		195		3.32		4.18		4.8

		200		3.37		4.13		4.75

		205		3.4		3.95		4.67

		210		3.38		4.05		4.61

		215		3.39		3.98		4.56

		220		3.38		4.03		4.5

		225		3.37		3.96		4.39

		230		3.36		3.87		4.29

		235		3.36		3.8		4.18

		240		3.35		3.76		4.26

		245		3.35		3.75		4.17

		250		3.32		3.68		4.15

		255		3.29		3.39		4.17

		260		3.25		3.59		4.1

		265		3.23		3.47		3.93

		270		3.2		3.39		3.84

		275		3.16		3.14		3.66

		280		3.16		3.34		3.53

		285		3.1		3.87		3.47

		290		3.06		3.48		3.42

		295		3		3.47		3.32

		300		2.93		3.74		3.29

		305		2.91		3.63		3.36

		310		2.86		3.53		3.21

		315		2.81		3.4		3.19

		320		2.75		3.31		3.1

		325		2.71		3.29		3

		330		2.69		3.36		2.91

		335		2.61		3.08		2.88

		340		2.58		3.04		2.82

		345		2.54		3.21		2.74

		350		2.49		3.08		2.75

		355		2.47		2.98		2.73

		360		2.42		2.9		2.64

		365		2.38		2.91		2.57

		370		2.32		2.86		2.48

		375		2.31		2.81		2.41

		380		2.27		2.69		2.35

		385		2.23		2.66		2.3

		390		2.19		2.57		2.27

		395		2.18		2.53		2.21

		400		2.15		2.38		2.17

		405		2.11		2.43		2.22

		410		2.12		2.45		2.18

		415		2.07		2.55		2.15

		420		2.05		2.51		2.17

		425		2.01		2.47		2.12

		430		2.01		2.41		2.08

		435		1.99		2.36		2.1

		440		1.96		2.31		2.04

		445		1.92		2.27		2.01

		450		1.91		2.23		1.96

		455		1.88		2.19		1.91

		460		1.86		2.15		1.87

		465		1.84		2.13		1.82

		470		1.96		2.09		1.78

		475		1.9		2.07		1.75

		480		1.89		2.06		1.72

		485		1.88		2.03		1.71

		490		1.86		2		1.69

		495		1.82		1.98		1.66

		500		1.8		1.94		1.64

		505		1.77		1.91		1.62

		510		1.76		1.88		1.61

		515		1.74		1.87		1.6

		520		1.73		1.85		1.58

		525		1.7		1.83		1.56

		530		1.68		1.81		1.55

		535		1.67		1.8		1.54

		540		1.66		1.78		1.53

		545		1.65		1.76		1.57

		550		1.64		1.76		1.55

		555		1.75		1.73		1.53

		560		1.72		1.75		1.52

		565		1.67		1.78		1.5

		570		1.67		1.76		1.49

		575		1.66		1.73		1.47

		580		1.64		1.71		1.46

		585		1.62		1.68		1.45

		590		1.61		1.66		1.43

		595		1.6		1.64		1.43

		600		1.58		1.63		1.42

		605		1.58		1.65		1.4

		610		1.57		1.61		1.39

		615		1.55		1.6		1.38

		620		1.54		1.58		1.37

		625		1.53		1.56		1.37

		630		1.53		1.58		1.36

		635		1.5		1.55		1.35

		640		1.61		1.54		1.34

		645		1.56		1.52		1.33

		650		1.53		1.52		1.33

		655		1.51		1.51		1.32

		660		1.5		1.51		1.31

		665		1.48		1.51		1.31

		670		1.47		1.5		1.3

		675		1.46		1.5		1.3

		680		1.46		1.5		1.29

		685		1.44		1.49		1.3

		690		1.43		1.49		1.28

		695		1.42		1.47		1.28

		700		1.41		1.45		1.27

		705		1.4		1.45		1.27

		710		1.4		1.42		1.26

		715		1.39		1.39		1.28

		720		1.4		1.37		1.3

		725		1.38		1.37		1.29

		730		1.38		1.45		1.28

		735		1.38		1.35		1.29

		740		1.37		1.35		1.28

		745		1.44		1.37		1.28

		750		1.4		1.36		1.26

		755		1.39		1.34		1.25

		760		1.38		1.37		1.25

		765		1.37		1.34		1.24

		770		1.35		1.37		1.23

		775		1.35		1.36		1.23

		780		1.34		1.34		1.23

		785		1.34		1.33		1.25

		790		1.34		1.32		1.21

		795		1.33		1.31		1.21

		800		1.32		1.31		1.21

		805		1.32		1.3		1.2

		810		1.31		1.29		1.21

		815		1.31		1.28		1.19

		820		1.31		1.27		1.19

		825		1.31		1.27		1.19

		830		1.3		1.27		1.18

		835		1.29		1.26		1.19

		840		1.29		1.27		1.18

		845		1.28		1.27		1.18

		850		1.27		1.26		1.18

		855		1.26		1.35		1.18

		860		1.27		1.31		1.17

		865		1.26		1.28		1.2

		870		1.25		1.28		1.14

		875		1.32		1.27		1.15

		880		1.3		1.25		1.15

		885		1.28		1.27		1.13

		890		1.27		1.26		1.14

		895		1.25		1.24		1.14

		900		1.25		1.24		1.15

		905		1.25		1.23		1.15

		910		1.24		1.23		1.14

		915		1.24		1.22		1.14

		920		1.24		1.22		1.14

		925		1.24		1.21		1.13

		930		1.23		1.21		1.13

		935		1.22		1.21		1.13

		940		1.21		1.2		1.13

		945		1.21		1.19		1.12

		950		1.2		1.19		1.12

		955		1.21		1.19		1.19

		960		1.19		1.19		1.14

		965		1.19		1.18		1.13

		970		1.19		1.17		1.12

		975		1.19		1.17		1.12

		980		1.18		1.16		1.11

		985		1.18		1.27		1.1

		990		1.18		1.24		1.1

		995		1.18		1.22		1.1

		1000		1.25		1.2		1.13

		1005		1.21		1.19		1.11

		1010		1.21		1.17		1.1

		1015		1.19		1.17		1.1

		1020		1.19		1.16		1.07

		1025		1.17		1.16		1.09

		1030		1.17		1.15		1.06

		1035		1.16		1.15		1.04

		1040		1.17		1.14		1.05

		1045		1.14		1.14		1.07

		1050		1.14		1.13		1.04

		1055		1.14		1.19		1.04

		1060		1.14		1.17		1.03

		1065		1.14		1.16		1.02

		1070		1.13		1.16		1.03

		1075		1.13		1.15		1.02

		1080		1.13		1.14		1.03

		1085		1.12		1.09		1.02

		1090		1.12		1.08		1.01

		1095		1.14		1.14		1.01

		1100		1.13		1.13		1.01

		1105		1.13		1.13		1.02

		1110		1.12		1.12		1.02

		1115		1.12		1.11		1.03

		1120		1.11		1.13		1.03

		1125		1.11		1.17		1.02

		1130		1.15		1.15		1.02

		1135		1.15		1.15		1.03

		1140		1.15		1.13		1.02

		1145		1.13		1.13		1.02

		1150		1.12		1.12		1.02

		1155		1.11		1.12		1.01

		1160		1.11		1.11		1.01

		1165		1.1		1.11		1.01

		1170		1.1		1.1		1.02

		1175		1.09		1.1		1.02

		1180		1.09		1.09		1.01

		1185		1.08		1.09		1.01

		1190		1.08		1.09		1.01

		1195		1.07		1.09		1.01

		1200		1.08		1.11		1.01

		1205		1.08		1.1		1.01

		1210		1.07		1.09		1.01

		1215		1.07		1.09		1.01

		1220		1.07		1.09		1

		1225		1.06		1.08		1

		1230		1.06		1.09		1

		1235		1.06		1.07		1

		1240		1.06		1.07		0.99

		1245		1.06		1.07		0.99

		1250		1.06		1.06		0.99

		1255		1.06		1.06		0.99

		1260		1.06		1.05		0.99

		1265		1.06		1.05		1

		1270		1.06		1.05		1

		1275		1.05		1.05		1

		1280		1.05		1.05		0.99

		1285		1.04		1.05		0.99

		1290		1.04		1.05		0.99

		1295		1.04		1.04		0.98

		1300		1.05		1.04		0.98

		1305		1.05		1.04		0.97

		1310		1.05		1.04		0.98

		1315		1.03		1.03		0.98

		1320		1.03		1.03		0.98

		1325		1.03		1.03		0.98

		1330		1.03		1.03		0.98

		1335		1.02		1.02		0.98

		1340		1.02		1.02		0.98

		1345		1.02		1.02		0.98

		1350		1.02		1.05		1

		1355		1.01		1.02		0.98

		1360		1.06		1.02		0.97

		1365		1.04		1.02		0.98

		1370		1.03		1.01		0.98

		1375		1.03		1.01		0.98

		1380		1.01		1.01		0.98

		1385		1.01		1.01		0.97

		1390		1.01		1.01		0.96

		1395		1		1.01		0.96

		1400		1.01		1.01		0.96

		1405		1.01		1		0.96

		1410		0.99		1		0.95

		1415		0.98		1		0.95

		1420		0.98		1		0.95

		1425		0.99		0.96		0.94

		1430		0.99		0.95		0.94

		1435		0.98		0.96		0.96

		1440		0.98		0.95		0.94

		1445		0.98		1.03		0.96

		1450		0.98		1.01		0.95

		1455		0.98		1		0.94

		1460		0.98		1		0.94

		1465		0.99		1		0.94

		1470		0.98		0.98		0.93

		1475		0.97		0.98		0.93

		1480		0.97		0.98		0.94

		1485		0.96		0.97		0.93

		1490		1		0.98		0.94

		1495		0.99		0.98		0.94

		1500		0.99		0.98		0.94

		1505		0.97		0.98		0.94

		1510		0.97		0.97		0.93

		1515		0.96		0.96		0.93

		1520		0.98		0.96		0.93

		1525		0.96		0.9		0.92

		1530		0.96		0.98		0.92

		1535		0.95		0.97		0.92

		1540		0.95		0.98		0.92

		1545		0.95		0.97		0.92

		1550		0.94		0.97		0.92

		1555		0.94		0.96		0.91

		1560		0.94		0.96		0.92

		1565		0.95		0.96		0.91

		1570		0.94		0.95		0.91

		1575		0.94		0.95		0.91

		1580		0.95		0.95		0.91

		1585		0.94		0.94		0.91

		1590		0.94		0.94		0.92

		1595		0.93		0.94		0.9

		1600		0.93		0.94		0.9

		1605		0.93		0.94		0.91

		1610		0.93		0.94		0.9

		1615		0.93		0.93		0.87

		1620		0.92		0.93		0.89

		1625		0.92		0.94		0.89

		1630		0.92		0.93		0.88

		1635		0.92		0.93		0.88

		1640		0.91		0.93		0.89

		1645		0.92		0.94		0.88

		1650		0.92		0.94		0.88

		1655		0.96		0.94		0.88

		1660		0.94		0.94		0.86

		1665		0.93		0.93		0.86

		1670		0.92		0.93		0.86

		1675		0.92		0.93		0.88

		1680		0.91		0.93		0.88

		1685		0.91		0.93		0.87

		1690		0.92		0.93		0.87

		1695		0.91		0.93		0.87

		1700		0.9		0.93		0.87

		1705		0.9		0.93		0.87

		1710		0.9		0.92		0.87

		1715		0.9		0.91		0.87

		1720		0.9		0.9		0.87

		1725		0.88		0.88		0.87

		1730		0.89		0.89		0.88

		1735		0.89		0.88		0.86

		1740		0.89		0.88		0.86

		1745		0.9		0.87		0.86

		1750		0.89		0.87		0.86

		1755		0.88		0.87		0.86

		1760		0.88		0.87		0.86

		1765		0.89		0.89		0.86

		1770		0.88		0.9		0.86

		1775		0.9		0.88		0.86

		1780		0.9		0.88		0.87

		1785		0.89		0.88		0.86

		1790		0.89		0.88		0.86

		1795		0.88		0.88		0.85

		1800		0.89		0.88		0.85

		1805		0.89		0.88		0.85

		1810		0.88		0.87		0.87

		1815		0.88		0.87		0.86

		1820		0.88		0.87		0.86

		1825		0.88		0.87		0.86

		1830		0.87		0.87		0.86

		1835		0.86		0.87		0.86

		1840		0.87		0.87		0.86

		1845		0.91		0.86		0.86

		1850		0.9		0.86		0.85

		1855		0.89		0.86		0.87

		1860		0.88		0.86		0.86

		1865		0.88		0.86		0.85

		1870		0.88		0.86		0.85

		1875		0.87		0.85		0.84

		1880		0.88		0.86		0.84

		1885		0.87		0.86		0.84

		1890		0.87		0.85		0.83

		1895		0.87		0.85		0.84

		1900		0.87		0.84		0.86

		1905		0.87		0.84		0.84

		1910		0.86		0.84		0.83

		1915		0.86		0.84		0.83

		1920		0.86		0.85		0.82

		1925		0.86		0.84		0.82

		1930		0.85		0.84		0.82

		1935		0.85		0.84		0.82

		1940		0.85		0.84		0.81

		1945		0.85		0.83		0.82

		1950		0.86		0.83		0.82

		1955		0.86		0.92		0.82

		1960		0.85		0.9		0.82

		1965		0.85		0.88		0.81

		1970		0.84		0.88		0.81

		1975		0.85		0.88		0.81

		1980		0.85		0.87		0.81

		1985		0.86		0.86		0.81

		1990		0.85		0.86		0.8

		1995		0.85		0.87		0.8

		2000		0.85		0.87		0.8

		2005		0.85		0.87		0.8

		2010		0.84		0.86		0.8

		2015		0.84		0.86		0.8

		2020		0.83		0.86		0.8

		2025		0.83		0.86		0.8

		2030		0.84		0.87		0.8

		2035		0.86		0.86		0.8

		2040		0.86		0.87		0.82

		2045		0.84		0.86		0.82

		2050		0.84		0.91		0.83

		2055		0.84		0.92		0.83

		2060		0.84		0.91		0.83

		2065		0.84		0.9		0.83

		2070		0.85		0.89		0.83

		2075		0.85		0.88		0.83

		2080		0.83		0.87		0.82

		2085		0.83		0.86		0.83

		2090		0.82		0.86		0.82

		2095		0.82		0.86		0.82

		2100		0.83		0.86		0.82

		2105		0.81		0.85		0.81

		2110		0.81		0.85		0.81

		2115		0.81		0.84		0.81

		2120		0.82		0.85		0.81

		2125		0.81		0.84		0.81

		2130		0.81		0.84		0.81

		2135		0.81		0.84		0.84

		2140		0.81		0.84		0.82

		2145		0.81		0.83		0.81

		2150		0.81		0.83		0.81

		2155		0.82		0.83		0.81

		2160		0.82		0.83		0.8

		2165		0.82		0.82		0.8

		2170		0.81		0.82		0.8

		2175		0.81		0.83		0.8

		2180		0.81		0.82		0.79

		2185		0.81		0.82		0.8

		2190		0.81		0.82		0.8

		2195		0.81		0.82		0.79

		2200		0.8		0.81		0.79

		2205		0.81		0.82		0.79

		2210		0.8		0.82		0.79

		2215		0.82		0.82		0.79

		2220		0.81		0.83		0.79

		2225		0.8		0.81		0.79

		2230		0.84		0.8		0.79

		2235		0.83		0.81		0.79

		2240		0.82		0.81		0.79

		2245		0.82		0.8		0.78

		2250		0.81		0.8		0.78

		2255		0.81		0.8		0.78

		2260		0.8		0.8		0.78

		2265		0.8		0.81		0.78

		2270		0.81		0.8		0.78

		2275		0.79		0.79		0.78

		2280		0.79		0.79		0.78

		2285		0.8		0.8		0.78

		2290		0.8		0.79		0.77

		2295		0.78		0.79		0.78

		2300		0.78		0.79		0.78

		2305		0.78		0.79		0.77

		2310		0.79		0.79		0.77

		2315		0.78		0.79		0.77

		2320		0.78		0.79		0.77

		2325		0.78		0.78		0.77

		2330		0.78		0.79		0.77

		2335		0.78		0.79		0.77

		2340		0.78		0.79		0.77

		2345		0.78		0.79		0.77

		2350		0.78		0.78		0.77

		2355		0.77		0.79		0.77

		2360		0.77		0.79		0.77

		2365		0.77		0.79		0.77

		2370		0.77		0.79		0.76

		2375		0.77		0.78		0.77

		2380		0.77		0.78		0.76

		2385		0.78		0.78		0.77

		2390		0.77		0.78		0.76

		2395		0.77		0.78		0.76

		2400		0.76		0.78		0.78

		2405		0.77		0.78		0.76

		2410		0.77		0.78		0.76

		2415		0.77		0.78		0.76

		2420		0.77		0.78		0.76

		2425		0.77		0.78		0.76

		2430		0.77		0.78		0.76

		2435		0.76		0.78		0.76

		2440		0.77		0.78		0.75

		2445		0.76		0.77		0.76

		2450		0.76		0.77		0.75

		2455		0.77		0.77		0.75

		2460		0.77		0.77		0.75

		2465		0.78		0.77		0.75

		2470		0.77		0.77		0.76

		2475		0.77		0.76		0.74

		2480		0.77		0.76		0.75

		2485		0.8		0.77		0.74

		2490		0.79		0.77		0.74

		2495		0.79		0.77		0.74

		2500		0.77		0.77		0.74

		2505		0.77		0.77		0.74

		2510		0.78		0.76		0.74

		2515		0.77		0.77		0.74

		2520		0.76		0.77		0.76

		2525		0.76		0.77		0.74

		2530		0.76		0.77		0.74

		2535		0.76		0.77		0.74

		2540		0.76		0.77		0.74

		2545		0.77		0.77		0.74

		2550		0.76		0.76		0.74

		2555		0.75		0.76		0.73

		2560		0.76		0.76		0.74

		2565		0.75		0.76		0.73

		2570		0.76		0.76		0.73

		2575		0.75		0.76		0.73

		2580		0.74		0.76		0.73

		2585		0.75		0.76		0.73

		2590		0.75		0.76		0.73

		2595		0.76		0.76		0.73

		2600		0.74		0.76		0.73

		2605		0.74		0.76		0.73

		2610		0.74		0.76		0.73

		2615		0.74		0.76		0.73

		2620		0.75		0.76		0.73

		2625		0.74		0.76		0.72

		2630		0.74		0.76		0.72

		2635		0.74		0.76		0.72

		2640		0.74		0.76		0.72

		2645		0.74		0.76		0.72

		2650		0.74		0.76		0.72

		2655		0.75		0.76		0.72

		2660		0.74		0.76		0.72

		2665		0.74		0.76		0.72

		2670		0.74		0.76		0.73

		2675		0.75		0.76		0.73

		2680		0.74		0.76		0.72

		2685		0.74		0.76		0.72

		2690		0.76		0.76		0.72

		2695		0.74		0.76		0.72

		2700		0.74		0.76		0.72

		2705		0.74		0.76		0.74

		2710		0.74		0.75		0.72

		2715		0.78		0.76		0.72

		2720		0.77		0.76		0.72

		2725		0.76		0.76		0.72

		2730		0.75		0.75		0.72

		2735		0.74		0.76		0.73

		2740		0.74		0.75		0.72

		2745		0.74		0.75		0.73

		2750		0.73		0.75		0.73

		2755		0.73		0.75		0.73

		2760		0.73		0.75		0.72

		2765		0.73		0.76		0.73

		2770		0.72		0.76		0.73

		2775		0.74		0.75		0.73

		2780		0.72		0.75		0.72

		2785		0.72		0.75		0.72

		2790		0.72		0.75		0.73

		2795		0.72		0.75		0.72

		2800		0.73		0.74		0.72

		2805		0.73		0.74		0.72

		2810		0.72		0.74		0.72

		2815		0.72		0.74		0.72

		2820		0.72		0.74		0.72

		2825		0.72		0.74		0.72

		2830		0.73		0.74		0.72

		2835		0.73		0.74		0.73

		2840		0.73		0.74		0.72

		2845		0.72		0.74		0.72

		2850		0.72		0.74		0.72

		2855		0.72		0.74		0.76

		2860		0.71		0.74		0.74

		2865		0.71		0.74		0.74

		2870		0.71		0.73		0.74

		2875		0.71		0.73		0.73

		2880		0.71		0.73		0.73

		2885		0.72		0.73		0.73

		2890		0.72		0.74		0.73

		2895		0.71		0.74		0.73

		2900		0.71		0.73		0.73

		2905		0.7		0.74		0.73

		2910		0.71		0.73		0.73

		2915		0.7		0.73		0.73

		2920		0.7		0.73		0.74

		2925		0.71		0.73		0.74

		2930		0.71		0.73		0.74

		2935		0.71		0.73		0.74

		2940		0.71		0.73		0.74

		2945		0.71		0.72		0.73

		2950		0.71		0.73		0.73

		2955		0.71		0.73		0.73

		2960		0.71		0.73		0.73

		2965		0.74		0.73		0.73

		2970		0.74		0.73		0.73

		2975		0.72		0.73		0.73

		2980		0.73		0.73		0.73

		2985		0.71		0.73		0.73

		2990		0.71		0.73		0.73

		2995		0.7		0.73		0.73

		3000		0.7		0.73		0.73

		3005		0.7		0.73		0.73

		3010		0.7		0.73		0.73

		3015		0.7		0.73		0.73

		3020		0.69		0.73		0.72

		3025		0.7		0.73		0.73

		3030		0.7		0.75		0.72

		3035		0.69		0.75		0.73

		3040		0.69		0.74		0.72

		3045		0.7		0.74		0.72

		3050		0.71		0.74		0.72

		3055		0.69		0.74		0.72

		3060		0.69		0.74		0.72

		3065		0.69		0.74		0.72

		3070		0.69		0.73		0.72

		3075		0.69		0.73		0.72

		3080		0.69		0.73		0.72

		3085		0.69		0.73		0.72

		3090		0.69		0.73		0.72

		3095		0.69		0.73		0.72

		3100		0.69		0.73		0.72

		3105		0.69		0.72		0.73

		3110		0.69		0.72		0.73

		3115		0.69		0.72		0.72

		3120		0.69		0.72		0.72

		3125		0.69		0.72		0.72

		3130		0.69		0.72		0.71

		3135		0.68		0.72		0.72

		3140		0.68		0.72		0.71

		3145		0.69		0.72		0.72

		3150		0.69		0.72		0.72

		3155		0.68		0.72		0.72

		3160		0.68		0.72		0.71

		3165		0.68		0.72		0.71

		3170		0.68		0.72		0.71

		3175		0.68		0.71		0.71

		3180		0.68		0.72		0.71

		3185		0.68		0.72		0.71

		3190		0.68		0.72		0.71

		3195		0.68		0.72		0.71

		3200		0.68		0.72		0.71

		3205		0.68		0.72		0.71

		3210		0.68		0.72		0.71

		3215		0.68		0.72		0.71

		3220		0.68		0.72		0.71

		3225		0.68		0.72		0.71

		3230		0.68		0.72		0.71

		3235		0.68		0.73		0.71

		3240		0.68		0.73		0.71

		3245		0.7		0.72		0.71

		3250		0.69		0.72		0.71

		3255		0.7		0.72		0.71

		3260		0.69		0.72		0.7

		3265		0.68		0.72		0.7

		3270		0.68		0.72		0.71

		3275		0.68		0.72		0.7

		3280		0.68		0.72		0.7

		3285		0.68		0.72		0.7

		3290		0.68		0.72		0.7

		3295		0.67		0.72		0.7

		3300		0.67		0.72		0.7

		3305		0.67		0.72		0.7

		3310		0.68		0.72		0.7

		3315		0.66		0.71		0.7

		3320		0.68		0.72		0.7

		3325		0.66		0.72		0.7

		3330		0.67		0.72		0.7

		3335		0.67		0.72		0.7

		3340		0.66		0.71		0.7

		3345		0.67		0.71		0.7

		3350		0.66		0.72		0.7

		3355		0.67		0.72		0.7

		3360		0.67		0.72		0.7

		3365		0.67		0.72		0.7

		3370		0.67		0.72		0.7

		3375		0.66		0.72		0.7

		3380		0.67		0.71		0.7

		3385		0.66		0.71		0.71

		3390		0.66		0.72		0.7

		3395		0.66		0.72		0.7

		3400		0.66		0.72		0.7

		3405		0.66		0.71		0.7

		3410		0.66		0.72		0.7

		3415		0.67		0.72		0.7

		3420		0.66		0.72		0.7

		3425		0.67		0.72		0.7

		3430		0.67		0.72		0.72

		3435		0.67		0.71		0.71

		3440		0.66		0.71		0.7

		3445		0.66		0.71		0.7

		3450		0.66		0.71		0.7

		3455		0.67		0.72		0.7

		3460		0.67		0.71		0.69

		3465		0.66		0.71		0.69

		3470		0.69		0.72		0.69

		3475		0.68		0.71		0.69

		3480		0.67		0.71		0.69

		3485		0.68		0.72		0.69

		3490		0.66		0.72		0.68

		3495		0.67		0.71		0.68

		3500		0.66		0.71		0.68

		3505		0.67		0.71		0.68

		3510		0.66		0.71		0.68

		3515		0.67		0.71		0.68

		3520		0.66		0.71		0.69

		3525		0.66		0.7		0.68

		3530		0.65		0.71		0.68

		3535		0.66		0.7		0.68

		3540		0.65		0.7		0.68

		3545		0.65		0.7		0.69

		3550		0.65		0.7		0.69

		3555		0.65		0.7		0.69

		3560		0.65		0.7		0.69

		3565		0.65		0.7		0.7

		3570		0.65		0.7		0.68

		3575		0.65		0.7		0.68

		3580		0.65		0.7		0.68

		3585		0.65		0.7		0.68

		3590		0.65		0.7		0.68

		3595		0.65		0.7		0.67

		3600		0.65		0.71		0.68

		3605		0.65		0.7		0.68
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Fig 4-2 shows an increase in electrolyte conductivity as the electrolyte concentration increases.
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Fig 4-2. Conductivity of LiBF4 in a 1:1 (Vol) 1,2-Dimethoxyethane :Propylene carbonate at 22˚C
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		Kilo Ohms of Electrolyte resistance related to Electrolyte concentration
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		0		1917		577		135		17		9

		1		1917		577		135		17		9

		2		1917		577		135		17		9

		3		1917		577		135		17		9

		4		1917		577		135		17		9

		5		1917		577		135		17		9

		6		1917		577		135		17		9

		7		1917		577		135		17		9

		8		1917		577		135		17		9

		9		1917		577		135		17		9

		10		1917		577		135		17		9

		11		1917		577		135		17		9

		12		1917		577		135		17		9

		13		1917		577		135		17		9

		14		1917		577		135		17		9

		15		1917		577		135		17		9

		16		1917		577		135		17		9

		17		1917		577		135		17		9

		18		1917		577		135		17		9

		19		1917		577		135		17		9

		20		1917		577		135		17		9

		21		1917		577		135		17		9

		22		1917		577		135		17		9

		23		1917		577		135		17		9

		24		1917		577		135		17		9

		25		1917		577		135		17		9

		26		1917		577		135		17		9

		27		1917		577		135		17		9

		28		1917		577		135		17		9

		29		1917		577		135		17		9

		30		1917		577		135		17		9

		31		1917		577		135		17		9

		32		1917		577		135		17		9

		33		1917		577		135		17		9

		34		1917		577		135		17		9

		35		1917		577		135		17		9

		36		1917		577		135		17		9

		37		1917		577		135		17		9

		38		1917		577		135		17		9

		39		1917		577		135		17		9

		40		1917		577		135		17		9

		41		1918		576		135		18		9.1

		42		1918		576		135		18		9.1

		43		1918		576		135		18		9.1

		44		1918		576		135		18		9.1

		45		1918		576		135		18		9.1

		46		1918		576		135		18		9.1

		47		1918		576		135		18		9.1

		48		1918		576		135		18		9.1

		49		1918		576		135		18		9.1

		50		1918		576		135		18		9.1

		51		1918		576		135		18		9.1

		52		1918		576		135		18		9.1

		53		1918		576		135		18		9.1

		54		1918		576		135		18		9.1

		55		1918		576		135		18		9.1

		56		1918		576		135		18		9.1

		57		1918		576		135		18		9.1

		58		1918		576		135		18		9.1

		59		1918		576		135		18		9.1

		60		1918		576		135		18		9.1

		61		1918		576		134		18		9.1

		62		1918		576		134		18		9.1

		63		1918		576		134		18		9.1

		64		1918		576		134		18		9.1

		65		1918		576		134		18		9.1

		66		1918		576		134		18		9.1

		67		1918		576		134		18		9.1

		68		1918		576		134		18		9.1

		69		1918		576		134		18		9.1

		70		1918		576		134		18		9.1

		71		1918		576		134		18		9.1

		72		1918		576		134		18		9.1

		73		1918		576		134		18		9.1

		74		1918		576		134		18		9.1

		75		1918		576		134		18		9.1

		76		1918		576		134		18		9.1

		77		1918		576		134		18		9.1

		78		1918		576		134		18		9.1

		79		1918		576		134		18		9.1

		80		1918		576		134		18		9.1

		81		1919		575		134		18		9.2

		82		1919		575		134		18		9.2

		83		1919		575		134		18		9.2

		84		1919		575		134		18		9.2

		85		1919		575		134		18		9.2

		86		1919		575		134		18		9.2

		87		1919		575		134		18		9.2

		88		1919		575		134		18		9.2

		89		1919		575		134		18		9.2

		90		1919		575		134		18		9.2

		91		1919		575		134		18		9.2

		92		1919		575		134		18		9.2

		93		1919		575		134		18		9.2

		94		1919		575		134		18		9.2

		95		1919		575		134		18		9.2

		96		1919		575		134		18		9.2

		97		1919		575		134		18		9.2

		98		1919		575		134		18		9.2

		99		1919		575		134		18		9.2

		100		1919		575		134		18		9.2

		101		1919		575		134		18		9.2

		102		1919		575		134		18		9.2

		103		1919		575		134		18		9.2

		104		1919		575		134		18		9.2

		105		1919		575		134		18		9.2

		106		1919		575		134		18		9.2

		107		1919		575		134		18		9.2

		108		1919		575		134		18		9.2

		109		1919		575		134		18		9.2

		110		1919		575		134		18		9.2

		111		1919		575		134		18		9.2

		112		1919		575		134		18		9.2

		113		1919		575		134		18		9.2

		114		1919		575		134		18		9.2

		115		1919		575		134		18		9.2

		116		1919		575		134		18		9.2

		117		1919		575		134		18		9.2

		118		1919		575		134		18		9.2

		119		1919		575		134		18		9.2

		120		1919		575		134		18		9.2

		121		1920		574		133		18		9.3

		122		1920		574		133		18		9.3

		123		1920		574		133		18		9.3

		124		1920		574		133		18		9.3

		125		1920		574		133		18		9.3

		126		1920		574		133		18		9.3

		127		1920		574		133		18		9.3

		128		1920		574		133		18		9.3

		129		1920		574		133		18		9.3

		130		1920		574		133		18		9.3

		131		1920		574		133		18		9.3

		132		1920		574		133		18		9.3

		133		1920		574		133		18		9.3

		134		1920		574		133		18		9.3

		135		1920		574		133		18		9.3

		136		1920		574		133		18		9.3

		137		1920		574		133		18		9.3

		138		1920		574		133		18		9.3

		139		1920		574		133		18		9.3

		140		1920		574		133		18		9.3

		141		1920		574		133		18		9.3

		142		1920		574		133		18		9.3

		143		1920		574		133		18		9.3

		144		1920		574		133		18		9.3

		145		1920		574		133		18		9.3

		146		1920		574		133		18		9.3

		147		1920		574		133		18		9.3

		148		1920		574		133		18		9.3

		149		1920		574		133		18		9.3

		150		1920		574		133		18		9.3

		151		1920		574		133		18		9.3

		152		1920		574		133		18		9.3

		153		1920		574		133		18		9.3

		154		1920		574		133		18		9.3

		155		1920		574		133		18		9.3

		156		1920		574		133		18		9.3

		157		1920		574		133		18		9.3

		158		1920		574		133		18		9.3

		159		1920		574		133		18		9.3

		160		1920		574		133		18		9.3

		161		1921		573		133		18		9.4

		162		1921		573		133		18		9.4

		163		1921		573		133		18		9.4

		164		1921		573		133		18		9.4

		165		1921		573		133		18		9.4

		166		1921		573		133		18		9.4

		167		1921		573		133		18		9.4

		168		1921		573		133		18		9.4

		169		1921		573		133		18		9.4

		170		1921		573		133		18		9.4

		171		1921		573		133		18		9.4

		172		1921		573		133		18		9.4

		173		1921		573		133		18		9.4

		174		1921		573		133		18		9.4

		175		1921		573		133		18		9.4

		176		1921		573		133		18		9.4

		177		1921		573		133		18		9.4

		178		1921		573		133		18		9.4

		179		1921		573		133		18		9.4

		180		1921		573		133		18		9.4

		181		1921		573		132		18		9.4

		182		1921		573		132		18		9.4

		183		1921		573		132		18		9.4

		184		1921		573		132		18		9.4

		185		1921		573		132		18		9.4

		186		1921		573		132		18		9.4

		187		1921		573		132		18		9.4

		188		1921		573		132		18		9.4

		189		1921		573		132		18		9.4

		190		1921		573		132		18		9.4

		191		1921		573		132		18		9.4

		192		1921		573		132		18		9.4

		193		1921		573		132		18		9.4

		194		1921		573		132		18		9.4

		195		1921		573		132		18		9.4

		196		1921		573		132		18		9.4

		197		1921		573		132		18		9.4

		198		1921		573		132		18		9.4

		199		1921		573		132		18		9.4

		200		1921		573		132		18		9.4

		201		1922		572		132		18		9.5

		202		1922		572		132		18		9.5

		203		1922		572		132		18		9.5

		204		1922		572		132		18		9.5

		205		1922		572		132		18		9.5

		206		1922		572		132		18		9.5

		207		1922		572		132		18		9.5

		208		1922		572		132		18		9.5

		209		1922		572		132		19		9.5

		210		1922		572		132		19		9.5

		211		1922		572		132		19		9.5

		212		1922		572		132		19		9.5

		213		1922		572		132		19		9.5

		214		1922		572		132		19		9.5

		215		1922		572		132		19		9.5

		216		1922		572		132		19		9.5

		217		1922		572		132		19		9.5

		218		1922		572		132		19		9.5

		219		1922		572		132		19		9.5

		220		1922		572		132		19		9.5

		221		1922		572		132		19		9.5

		222		1922		572		132		19		9.5

		223		1922		572		132		19		9.5

		224		1922		572		132		19		9.5

		225		1922		572		132		19		9.5

		226		1922		572		132		19		9.5

		227		1922		572		132		19		9.5

		228		1922		572		132		19		9.5

		229		1922		572		132		19		9.5

		230		1922		572		132		19		9.5

		231		1922		572		132		19		9.5

		232		1922		572		132		19		9.5

		233		1922		572		132		19		9.5

		234		1922		572		132		19		9.5

		235		1922		572		132		19		9.5

		236		1922		572		132		19		9.5

		237		1922		572		132		19		9.5

		238		1922		572		132		19		9.5

		239		1922		572		132		19		9.5

		240		1922		572		132		19		9.5

		241		1923		571		131		19		9.8

		242		1923		571		131		19		9.8

		243		1923		571		131		19		9.8

		244		1923		571		131		19		9.8

		245		1923		571		131		19		9.8

		246		1923		571		131		19		9.8

		247		1923		571		131		19		9.8

		248		1923		571		131		19		9.8

		249		1923		571		131		19		9.8

		250		1923		571		131		19		9.8

		251		1923		571		131		19		9.8

		252		1923		571		131		19		9.8

		253		1923		571		131		19		9.8

		254		1923		571		131		19		9.8

		255		1923		571		131		19		9.8

		256		1923		571		131		19		9.8

		257		1923		571		131		19		9.8

		258		1923		571		131		19		9.8

		259		1923		571		131		19		9.8

		260		1923		571		131		19		9.8

		261		1923		571		131		19		9.8

		262		1923		571		131		19		9.8

		263		1923		571		131		19		9.8

		264		1923		571		131		19		9.8

		265		1923		571		131		19		9.8

		266		1923		571		131		19		9.8

		267		1923		571		131		19		9.8

		268		1923		571		131		19		9.8

		269		1923		571		131		19		9.8

		270		1923		571		131		19		9.8

		271		1923		571		131		19		9.8

		272		1923		571		131		19		9.8

		273		1923		571		131		19		9.8

		274		1923		571		131		19		9.8

		275		1923		571		131		19		9.8

		276		1923		571		131		19		9.8

		277		1923		571		131		19		9.8

		278		1923		571		131		19		9.8

		279		1923		571		131		19		9.8

		280		1923		571		131		19		9.8

		281		1924		570		131		19		10

		282		1924		570		131		19		10

		283		1924		570		131		19		10

		284		1924		570		131		19		10

		285		1924		570		131		19		10

		286		1924		570		131		19		10

		287		1924		570		131		19		10

		288		1924		570		131		19		10

		289		1924		570		131		19		10

		290		1924		570		131		19		10

		291		1924		570		131		19		10

		292		1924		570		131		19		10

		293		1924		570		131		19		10

		294		1924		570		131		19		10

		295		1924		570		131		19		10

		296		1924		570		131		19		10

		297		1924		570		131		19		10

		298		1924		570		131		19		10

		299		1924		570		131		19		10

		300		1924		570		131		19		10

		301		1924		570		130		19		10

		302		1924		570		130		19		10

		303		1924		570		130		19		10

		304		1924		570		130		19		10

		305		1924		570		130		19		10

		306		1924		570		130		19		10

		307		1924		570		130		19		10

		308		1924		570		130		19		10

		309		1924		570		130		19		10

		310		1924		570		130		20		10

		311		1924		570		130		20		10

		312		1924		570		130		20		10

		313		1924		570		130		20		10

		314		1924		570		130		20		10

		315		1924		570		130		20		10

		316		1924		570		130		20		10

		317		1924		570		130		20		10

		318		1924		570		130		20		10

		319		1924		570		130		20		10

		320		1924		570		130		20		10

		321		1925		569		130		20		11.5

		322		1925		569		130		20		11.5

		323		1925		569		130		20		11.5

		324		1925		569		130		20		11.5

		325		1925		569		130		20		11.5

		326		1925		569		130		20		11.5

		327		1925		569		130		20		11.5

		328		1925		569		130		20		11.5

		329		1925		569		130		20		11.5

		330		1925		569		130		20		11.5

		331		1925		569		130		20		11.5

		332		1925		569		130		20		11.5

		333		1925		569		130		20		11.5

		334		1925		569		130		20		11.5

		335		1925		569		130		20		11.5

		336		1925		569		130		20		11.5

		337		1925		569		130		20		11.5

		338		1925		569		130		20		11.5

		339		1925		569		130		20		11.5

		340		1925		569		130		20		11.5

		341		1925		569		130		20		11.5

		342		1925		569		130		20		11.5

		343		1925		569		130		20		11.5

		344		1925		569		130		20		11.5

		345		1925		569		130		20		11.5

		346		1925		569		130		20		11.5

		347		1925		569		130		20		11.5

		348		1925		569		130		20		11.5

		349		1925		569		130		20		11.5

		350		1925		569		130		20		11.5

		351		1925		569		130		20		11.5

		352		1925		569		130		20		11.5

		353		1925		569		130		20		11.5

		354		1925		569		130		20		11.5

		355		1925		569		130		20		11.5

		356		1925		569		130		20		11.5

		357		1925		569		130		20		11.5

		358		1925		569		130		20		11.5

		359		1925		569		130		20		11.5

		360		1925		569		130		20		11.5

		361		1926		568		129		20		11.8

		362		1926		568		129		20		11.8

		363		1926		568		129		20		11.8

		364		1926		568		129		20		11.8

		365		1926		568		129		20		11.8

		366		1926		568		129		20		11.8

		367		1926		568		129		20		11.8

		368		1926		568		129		20		11.8

		369		1926		568		129		20		11.8

		370		1926		568		129		20		11.8

		371		1926		568		129		20		11.8

		372		1926		568		129		20		11.8

		373		1926		568		129		20		11.8

		374		1926		568		129		20		11.8

		375		1926		568		129		20		11.8

		376		1926		568		129		20		11.8

		377		1926		568		129		20		11.8

		378		1926		568		129		20		11.8

		379		1926		568		129		20		11.8

		380		1926		568		129		20		11.8

		381		1926		568		129		20		11.8

		382		1926		568		129		20		11.8

		383		1926		568		129		20		11.8

		384		1926		568		129		20		11.8

		385		1926		568		129		20		11.8

		386		1926		568		129		20		11.8

		387		1926		568		129		20		11.8

		388		1926		568		129		20		11.8

		389		1926		568		129		20		11.8

		390		1926		568		129		20		11.8

		391		1926		568		129		20		11.8

		392		1926		568		129		20		11.8

		393		1926		568		129		20		11.8

		394		1926		568		129		20		11.8

		395		1926		568		129		20		11.8

		396		1926		568		129		20		11.8

		397		1926		568		129		20		11.8

		398		1926		568		129		20		11.8

		399		1926		568		129		20		11.8

		400		1926		568		129		20		11.8
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Fig 4-3 shows an increase in electrolyte viscosity as electrolyte concentration increases. This increase in viscosity impedes ion travel increasing the internal resistance of the cell.

LiBF4 Concentration (g/ml)

Viscosity (mPa*s)

Fig 4-3. Viscosity of LiBF4 in 1:1 (vol) 1,2-Dimethoxyethane:Propylene carbonate at 22˚C
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				Viscosity related to Electrolyte Concentration

				Time falling trough a 1ml TD pipette from 0 to 0.9 mark

		Electrolyte Concentration (g/ml)		0		0.1		0.2		0.3		0.4		H2O

				sec.		sec.		sec.		sec.		sec.		sec

		1		0.78		0.85		1.28		2.28		6.34		0.7

		2		0.78		0.85		1.21		2.4		6.4		0.79

		3		0.9		0.84		1.21		2.17		6.48		0.7

		4		0.78		0.78		1.28		2.37		6.41		0.78

		5		0.71		0.85		1.3		2.35		6.47		0.8

		6		0.68		0.79		1.24		2.31		6.48		0.82

		7		0.78		0.87		1.21		2.34		6.53		0.78

		8		0.67		0.86		1.21		2.37		6.66		0.85

		9		0.75		0.78		1.15		2.3		6.72		0.87

		10		0.74		0.8		1.22		2.4		6.55		0.87

		AVG fall time		0.757		0.827		1.231		2.329		6.504		0.796

		AVG H2O fall time		0.796		0.796		0.796		0.796		0.796		0.796

		Ratio to H2O		0.9510050251		1.0389447236		1.5464824121		2.925879397		8.1708542714

		Viscosity of H2O (mPa*s)		1.002		1.002		1.002		1.002		1.002

		Electrolyte Viscosity (mPa*s)		0.9529070352		1.0410226131		1.5495753769		2.9317311558		8.1871959799
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Fig 4-1 shows the average output current of a Li/AgNO3 cell as electrolyte concentration is increased. Output current increases up to a point as electrical resistance decreases, however it begins to decrease as the electrolyte viscosity begins to impede ion travel resulting in concentration polarization of the electrolyte.

LiBF4 concentration

mA

Fig 4-1. Average current over a 400s interval of Li | AgNO3 cell using a variable concentration of LiBF4 in a 1:1 (Vol) 1,2-Dimethoxyethane :Propylene carbonate at 22˚C
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		Electrolyte concentration (g/ml)		0		0.1		0.2		0.3		0.4

		Average current output		0.0085486284		1.2433416459		1.4821446384		0.9635162095		0.1525436409

		0		0.02		1.18		1.3		0.98		0.15

		1		0.02		1.18		1.3		0.98		0.15

		2		0.02		1.18		1.3		0.98		0.15

		3		0.02		1.18		1.3		0.98		0.15

		4		0.02		1.18		1.3		0.98		0.15

		5		0.02		1.18		1.3		0.98		0.15

		6		0.02		1.18		1.3		0.98		0.15

		7		0.02		1.18		1.3		0.98		0.15

		8		0.02		1.18		1.3		0.98		0.15

		9		0.02		1.18		1.3		0.98		0.15

		10		0.02		1.18		1.3		0.98		0.15

		11		0.02		1.18		1.3		0.98		0.15

		12		0.02		1.18		1.3		0.98		0.15

		13		0.02		1.18		1.3		0.98		0.15

		14		0.02		1.18		1.3		0.98		0.15

		15		0.02		1.18		1.3		0.98		0.15

		16		0.02		1.18		1.3		0.98		0.15

		17		0.02		1.18		1.3		0.98		0.15

		18		0.02		1.18		1.3		0.98		0.15

		19		0.02		1.18		1.3		0.98		0.15

		20		0.02		1.18		1.3		0.98		0.15

		21		0.02		1.18		1.3		0.98		0.15

		22		0.02		1.18		1.3		0.98		0.15

		23		0.02		1.18		1.3		0.98		0.15

		24		0.02		1.18		1.3		0.98		0.15

		25		0.02		1.18		1.3		0.98		0.15

		26		0.02		1.18		1.3		0.98		0.15

		27		0.02		1.18		1.3		0.98		0.15

		28		0.02		1.18		1.3		0.98		0.15

		29		0.02		1.18		1.3		0.98		0.15

		30		0.02		1.18		1.3		0.98		0.15

		31		0.02		1.18		1.3		0.98		0.15

		32		0.02		1.18		1.3		0.98		0.15

		33		0.02		1.18		1.3		0.98		0.15

		34		0.02		1.18		1.3		0.98		0.15

		35		0.02		1.18		1.3		0.98		0.15

		36		0.02		1.18		1.3		0.98		0.15

		37		0.02		1.18		1.3		0.98		0.15

		38		0.02		1.18		1.3		0.98		0.15

		39		0.02		1.18		1.3		0.98		0.15

		40		0.02		1.18		1.3		0.98		0.15

		41		0.02		1.18		1.3		0.98		0.16

		42		0.02		1.18		1.3		0.98		0.16

		43		0.02		1.18		1.3		0.98		0.16

		44		0.02		1.18		1.3		0.98		0.16

		45		0.02		1.18		1.3		0.98		0.16

		46		0.02		1.18		1.3		0.98		0.16

		47		0.02		1.18		1.3		0.98		0.16

		48		0.02		1.18		1.3		0.98		0.16

		49		0.02		1.19		1.3		0.98		0.16

		50		0.02		1.19		1.3		0.98		0.16

		51		0.02		1.19		1.3		0.98		0.16

		52		0.02		1.19		1.3		0.98		0.16

		53		0.02		1.19		1.3		0.98		0.16

		54		0.02		1.19		1.3		0.98		0.16

		55		0.02		1.19		1.3		0.98		0.16

		56		0.02		1.19		1.3		0.98		0.16

		57		0.02		1.19		1.3		0.98		0.16

		58		0.02		1.19		1.3		0.98		0.16

		59		0.02		1.19		1.3		0.98		0.16

		60		0.02		1.19		1.3		0.98		0.16

		61		0.02		1.19		1.2		0.98		0.16

		62		0.02		1.19		1.2		0.95		0.16

		63		0.02		1.19		1.2		0.95		0.16

		64		0.02		1.19		1.2		0.95		0.16

		65		0.02		1.19		1.2		0.95		0.16

		66		0.02		1.19		1.2		0.95		0.16

		67		0.02		1.19		1.2		0.95		0.16

		68		0.02		1.19		1.2		0.95		0.16

		69		0.02		1.19		1.2		0.95		0.16

		70		0.02		1.19		1.2		0.95		0.16

		71		0.02		1.19		1.2		0.95		0.16

		72		0.02		1.19		1.2		0.95		0.16

		73		0.02		1.19		1.2		0.95		0.16

		74		0.02		1.19		1.2		0.95		0.16

		75		0.02		1.19		1.2		0.95		0.16

		76		0.02		1.19		1.2		0.95		0.16

		77		0.02		1.2		1.2		0.95		0.16

		78		0.02		1.2		1.2		0.95		0.16

		79		0.02		1.2		1.2		0.95		0.16

		80		0.02		1.2		1.2		0.95		0.16

		81		0.02		1.2		1.2		0.95		0.16

		82		0.02		1.2		1.2		0.95		0.16

		83		0.02		1.2		1.2		0.95		0.16

		84		0.02		1.2		1.2		0.95		0.16

		85		0.02		1.2		1.2		0.95		0.16

		86		0.02		1.2		1.2		0.95		0.16

		87		0.02		1.2		1.2		0.95		0.16

		88		0.02		1.2		1.2		0.95		0.16

		89		0.02		1.2		1.2		0.95		0.16

		90		0.02		1.2		1.2		0.95		0.16

		91		0.02		1.2		1.2		0.95		0.16

		92		0.02		1.2		1.2		0.95		0.16

		93		0.02		1.2		1.2		0.95		0.16

		94		0.02		1.2		1.2		0.95		0.16

		95		0.02		1.2		1.2		0.95		0.16

		96		0.02		1.2		1.2		0.95		0.16

		97		0.02		1.2		1.2		0.95		0.16

		98		0.02		1.2		1.1		0.95		0.16

		99		0.02		1.2		1.1		0.95		0.16

		100		0.02		1.2		1.1		0.95		0.16

		101		0.02		1.2		1.1		0.95		0.16

		102		0.02		1.2		1.1		0.95		0.15

		103		0.02		1.2		1.1		0.95		0.15

		104		0.02		1.2		1.1		0.95		0.15

		105		0.02		1.2		1.1		0.95		0.15

		106		0.02		1.2		1.1		0.95		0.15

		107		0.02		1.2		1.36		0.95		0.15

		108		0.02		1.2		1.36		0.95		0.15

		109		0.02		1.2		1.36		0.95		0.15

		110		0.02		1.2		1.36		0.95		0.15

		111		0.02		1.2		1.36		0.94		0.16

		112		0.02		1.2		1.36		0.94		0.16

		113		0.02		1.2		1.36		0.94		0.16

		114		0.004		1.2		1.36		0.94		0.16

		115		0.004		1.2		1.36		0.94		0.16

		116		0.004		1.2		1.36		0.94		0.16

		117		0.004		1.2		1.36		0.94		0.16

		118		0.004		1.2		1.36		0.94		0.16

		119		0.004		1.2		1.36		0.94		0.16

		120		0.004		1.2		1.36		0.94		0.16

		121		0.004		1.2		1.36		0.94		0.16

		122		0.004		1.2		1.36		0.94		0.16

		123		0.004		1.2		1.36		0.94		0.16

		124		0.004		1.2		1.24		0.94		0.16

		125		0.004		1.2		1.24		0.94		0.16

		126		0.004		1.24		1.24		0.94		0.16

		127		0.004		1.24		1.24		0.94		0.16

		128		0.004		1.24		1.24		0.94		0.16

		129		0.004		1.24		1.24		0.94		0.16

		130		0.004		1.24		1.24		0.94		0.16

		131		0.004		1.24		1.24		0.94		0.16

		132		0.004		1.24		1.24		0.94		0.16

		133		0.004		1.24		1.24		0.94		0.16

		134		0.004		1.24		1.24		0.94		0.16

		135		0.004		1.24		1.24		0.94		0.16

		136		0.004		1.24		1.24		0.94		0.16

		137		0.004		1.24		1.9		0.94		0.16

		138		0.004		1.24		1.9		0.94		0.16

		139		0.004		1.24		1.9		0.94		0.16

		140		0.004		1.24		1.9		0.94		0.16

		141		0.004		1.24		1.9		0.94		0.16

		142		0.004		1.24		1.9		0.94		0.16

		143		0.004		1.24		1.9		0.94		0.16

		144		0.004		1.24		1.9		0.94		0.16

		145		0.004		1.24		1.9		0.94		0.16

		146		0.004		1.24		1.9		0.94		0.16

		147		0.004		1.24		1.9		0.94		0.16

		148		0.004		1.24		1.9		0.94		0.16

		149		0.004		1.24		1.9		0.94		0.16

		150		0.004		1.24		1.45		0.94		0.16

		151		0.004		1.24		1.45		0.94		0.16

		152		0.004		1.24		1.45		0.94		0.15

		153		0.004		1.24		1.45		0.94		0.15

		154		0.004		1.24		1.45		0.94		0.15

		155		0.004		1.24		1.45		0.94		0.15

		156		0.004		1.24		1.45		0.94		0.15

		157		0.004		1.24		1.45		0.94		0.15

		158		0.004		1.24		1.45		0.94		0.15

		159		0.004		1.24		1.45		0.94		0.15

		160		0.004		1.24		1.45		0.94		0.15

		161		0.004		1.24		1.45		0.94		0.15

		162		0.004		1.24		1.45		0.94		0.15

		163		0.004		1.24		1.45		0.94		0.15

		164		0.004		1.24		1.45		0.94		0.15

		165		0.004		1.24		1.45		0.94		0.15

		166		0.004		1.24		1.45		0.94		0.15

		167		0.004		1.24		1.45		0.94		0.15

		168		0.004		1.24		1.45		0.94		0.15

		169		0.004		1.24		1.45		0.94		0.15

		170		0.004		1.24		1.45		0.94		0.15

		171		0.004		1.24		1.45		0.94		0.15

		172		0.004		1.24		1.45		0.96		0.15

		173		0.004		1.24		1.45		0.96		0.15

		174		0.004		1.24		1.45		0.96		0.15

		175		0.004		1.24		1.45		0.96		0.15

		176		0.004		1.24		1.45		0.96		0.15

		177		0.004		1.24		1.45		0.96		0.15

		178		0.004		1.24		1.45		0.96		0.15

		179		0.004		1.24		1.45		0.96		0.15

		180		0.004		1.24		1.45		0.96		0.15

		181		0.004		1.24		1.45		0.96		0.15

		182		0.004		1.24		1.45		0.96		0.15

		183		0.004		1.24		1.87		0.96		0.15

		184		0.004		1.24		1.87		0.96		0.15

		185		0.004		1.24		1.87		0.96		0.15

		186		0.004		1.24		1.87		0.96		0.15

		187		0.004		1.25		1.87		0.96		0.15

		188		0.004		1.25		1.87		0.96		0.15

		189		0.004		1.25		1.87		0.96		0.15

		190		0.004		1.25		1.87		0.96		0.15

		191		0.004		1.25		1.87		0.96		0.15

		192		0.004		1.25		1.87		0.96		0.15

		193		0.004		1.25		1.87		0.96		0.15

		194		0.004		1.25		1.87		0.96		0.15

		195		0.004		1.25		1.87		0.96		0.15

		196		0.004		1.25		1.87		0.96		0.15

		197		0.004		1.25		1.87		0.96		0.15

		198		0.004		1.25		1.87		0.96		0.15

		199		0.004		1.25		1.87		0.96		0.15

		200		0.004		1.25		1.96		0.96		0.15

		201		0.004		1.25		1.96		0.96		0.15

		202		0.004		1.25		1.96		0.96		0.15

		203		0.004		1.25		1.96		0.96		0.15

		204		0.004		1.25		1.96		0.96		0.15

		205		0.004		1.25		1.96		0.96		0.15

		206		0.004		1.25		1.96		0.96		0.15

		207		0.004		1.25		1.96		0.96		0.15

		208		0.004		1.25		1.96		0.96		0.15

		209		0.004		1.25		1.96		0.96		0.15

		210		0.004		1.25		1.96		0.96		0.15

		211		0.004		1.25		1.96		0.96		0.15

		212		0.004		1.25		1.96		0.96		0.15

		213		0.004		1.25		1.96		0.97		0.15

		214		0.004		1.26		1.96		0.97		0.15

		215		0.01		1.26		1.96		0.97		0.15

		216		0.01		1.26		1.96		0.97		0.15

		217		0.01		1.26		1.96		0.97		0.15

		218		0.01		1.26		1.96		0.97		0.15

		219		0.01		1.26		1.96		0.97		0.15

		220		0.01		1.26		1.96		0.97		0.15

		221		0.01		1.26		1.96		0.97		0.15

		222		0.01		1.26		1.96		0.97		0.15

		223		0.01		1.26		1.96		0.97		0.15

		224		0.01		1.26		1.96		0.97		0.15

		225		0.01		1.26		1.96		0.97		0.15

		226		0.01		1.26		1.96		0.97		0.15

		227		0.01		1.26		1.96		0.97		0.15

		228		0.01		1.26		1.96		0.97		0.15

		229		0.01		1.26		1.96		0.97		0.15

		230		0.01		1.26		1.96		0.97		0.15

		231		0.01		1.26		1.96		0.97		0.15

		232		0.01		1.26		1.96		0.97		0.15

		233		0.01		1.26		1.96		0.97		0.15

		234		0.01		1.26		1.96		0.97		0.15

		235		0.01		1.26		1.96		0.97		0.15

		236		0.01		1.26		1.96		0.97		0.15

		237		0.01		1.26		1.96		0.97		0.15

		238		0.01		1.26		1.96		0.97		0.15

		239		0.01		1.26		1.96		0.97		0.15

		240		0.01		1.26		1.96		0.97		0.15
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		311		0.001		1.28		1.32		0.97		0.15

		312		0.001		1.28		1.32		0.97		0.15
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		319		0.001		1.29		1.32		0.97		0.15
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		325		0.001		1.29		1.32		0.97		0.15
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		330		0.001		1.29		1.32		0.97		0.15

		331		0.001		1.29		1.32		0.97		0.15

		332		0.001		1.29		1.32		0.97		0.15

		333		0.001		1.29		1.32		0.97		0.15

		334		0.001		1.29		1.32		0.97		0.15

		335		0.001		1.29		1.32		0.97		0.15

		336		0.001		1.29		1.32		0.97		0.15

		337		0.001		1.29		1.32		0.97		0.15

		338		0.001		1.29		1.32		0.97		0.15

		339		0.001		1.29		1.32		0.97		0.15

		340		0.001		1.29		1.32		0.97		0.15

		341		0.001		1.29		1.32		0.97		0.15

		342		0.001		1.29		1.32		0.97		0.15

		343		0.001		1.29		1.32		0.97		0.15

		344		0.001		1.29		1.32		0.97		0.15

		345		0.001		1.29		1.32		0.97		0.15

		346		0.001		1.29		1.32		0.97		0.15

		347		0.001		1.29		1.32		0.97		0.15

		348		0.001		1.29		1.32		0.97		0.15

		349		0.001		1.29		1.32		0.97		0.15

		350		0.001		1.29		1.32		0.97		0.15

		351		0.001		1.29		1.32		0.97		0.15

		352		0.001		1.29		1.32		0.97		0.15

		353		0.001		1.29		1.32		0.97		0.15

		354		0.001		1.29		1.32		0.97		0.15

		355		0.001		1.29		1.32		0.97		0.15

		356		0.001		1.29		1.32		0.97		0.15

		357		0.001		1.29		1.32		0.97		0.15

		358		0.001		1.29		1.32		0.97		0.15

		359		0.001		1.29		1.32		0.97		0.15

		360		0.001		1.29		1.32		0.97		0.15

		361		0.001		1.29		1.32		0.97		0.15

		362		0.001		1.29		1.32		0.97		0.15

		363		0.001		1.29		1.32		0.97		0.15

		364		0.001		1.29		1.32		0.97		0.15

		365		0.001		1.29		1.32		0.97		0.15
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		384		0.001		1.29		1.32		0.97		0.15
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		393		0.001		1.29		1.32		0.97		0.15
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		399		0.001		1.29		1.32		0.97		0.15
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Sheet2

		





Sheet3

		






_1112763498.xls
Chart1

		0.187		0.187

		0.19		0.19

		0.2		0.2

		0.211		0.211

		0.24		0.24



Fig 4-6 shows the averages of the peak currents and steady state currents recorded during 5 trials for each anion. As anion radii increased, both the averages of peak and steady state current increased due to the lower magnitude of ion gradients of the larger anions.
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Fig. 4-6 Average peak current and average steady state current recorded during 5 trials of a Li | AgX cell (where X is the varied ion) using 0.2g/ml of LiBF4 in a 1:1 (Vol) 1,2-Dimethoxyethane :Propylene carbonate electrolyte at 22˚C
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		Anion		Anion Radius (nm)		Peak Current (mA)		Steady State Current (mA)

		F		0.126		1.4375		0.3486

		CN		0.187		1.1975		0.2689

		Br		0.19		2.81		0.3816

		NO3		0.2		3.7775		0.4061

		I		0.211		2.795		0.29

		ClO4		0.24		3.68		0.4018
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