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Executive Summary  
 

The objective of this MQP was to complete the design, assembly, and test of a dusty 

plasma discharge chamber (DPDC) that would  be used to 1) evaluate the effect of dust 

contamination on fundamental plasma properties and 2) evaluate the effect of the plasma on dust 

charge. The plasma properties include the electron temperature and density as well as the plasma 

potential. The charge acquired by the dust particles as a result of their passage through the 

plasma environment could also be evaluated. 

An MQP conducted during the 2007-2008 academic year completed much of the design 

and construction of the major discharge chamber components. However, as with any complex 

mechanical system, much testing and tuning of the design was necessary before all components 

could be made to work together seamlessly. This was the focus of this MQP. Three subsystems 

in particular required significant adjustments. 

The dust dispenser subsystem, designed to inject alumina particles into the plasma 

environment, required major changes from the original design. Testing revealed that the attempt 

to use an offset-mass vibrator motor, much like those found in cellular telephones, dispensed 

dust in a fashion that was neither consistent nor proportional to the applied motor voltage. 

Consequently, it would be impossible to have reasonably accurate knowledge of the mass flow 

rate entering the chamber. This design was replaced by one that used a solenoid controlled by a 

power transistor and signal generator to produce a linear motion. The signal generator permits 

accurate adjustment to the frequency of oscillation and thus the mass flow rate. This redesign 

significantly improved the performance of the dust dispenser. 
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The Langmuir probe positioning system, designed to move one of the two instruments 

into and out of the discharge chamber, also required design improvements. The original design 

used a sliding block of aluminum that simply rested on the rails used to support the chamber and 

its associated hardware. This design was found to be unnecessarily prone to binding in these 

tracks. Improvements included the use of a sliding block with notched ends milled to fit more 

precisely in the support rails. 

Finally, testing of the discharge chamber in the WPIôs Vacuum Test Facility (VTF) 

revealed inconsistent results using the existing chamber design. To improve the ability of the 

discharge chamber to start and sustain a plasma discharge, changes to the internal configuration 

of the magnetic field and cathode were made. Both the upper and lower sets of magnets were 

positioned behind steel rings to shield the magnets from potentially harmful electron 

impingement. The upper magnet ring was also set at ground potential to encourage travel of the 

electrons through the main volume of the discharge chamber. The filament was similarly 

shielded both to protect it and to prevent its light from obscuring any glow from a plasma 

discharge. 

The result of this MQP is a discharge chamber and instruments that are nearly ready for 

full -scale vacuum testing. The chamber itself has a demonstrated ability to sustain a plasma 

discharge, and extensive testing has been completed on the majority of the remaining 

components. This experimental hardware will be a valuable addition to future undergraduate and 

graduate research at WPI. 
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1. Introduction  
 

Plasma physics is a growing area of research within the scientific community and within 

aerospace disciplines due to its expanding importance in modern industrial and spacecraft 

designs. It has applications in materials processing, fusion research, combustion research, and 

spacecraft propulsion.  A plasma consists of a collection of charged particles, including ions and 

electrons, which exhibits two important properties. The first is quasineutrality, a condition which 

results in the plasma being macroscopically neutral. This occurs because localized electric fields 

are shielded within the plasma over short distances. The second property is collective behavior, 

meaning that particles can influence the behavior of each other across space, without requiring 

physical collisions to occur. This is fundamentally different from the ideal gas model for a 

neutral gas, in which collisions between rigid spheres are assumed for one particle to exert a 

force on another [1]. Plasmas are able to interact via forces from electric fields that do not 

require direct contact. Plasmas are not a state of matter with which one customarily interacts in 

significant quantities. Charged particles may be found in small quantities during combustion and 

in rocket exhaust. More significant concentrations of charged particles are found in fusion 

reactions, such as in the sun, and in spacecraft propulsion systems utilizing ion thrusters. On 

Earth, plasmas make up portions of the atmosphere, in gas discharge lamps, and in industrial 

equipment such as welding arcs. 

In any practical application of plasmas, contamination from dust particles is inevitable. 

Consequently, it is important to understand how these particles affect fundamental plasma 

properties, such as species temperature, ion density, and electron density. As part of a Major 

Qualifying Project in 2007 - 2008, a team at WPI constructed a dusty plasma discharge chamber 
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(DPDC) to be used in studying the effects of dust particle contamination on plasmas. The 

discharge chamber permits a plasma composed of argon ions to be generated and dust to be 

introduced at a controlled rate. Two instruments, a Langmuir probe and a charge detection mass 

spectrometer (CDMS), can be used to investigate properties of the plasma created in the 

discharge chamber. Using both of these instruments, the basic properties of the plasma and the 

dust particles can be discerned. This first MQP group had insufficient time to complete the entire 

test apparatus and was unable to test the chamber because of problems with the vacuum chamber 

in which the DPDC was to be tested. 

The primary goals of this MQP were to complete the discharge chamber, the dust 

dispensing system, and the Langmuir probe positioning system and to gather data both for a 

nearly dust-free plasma and for a plasma with dust contamination. The largest remaining task 

from last yearôs MQP group was to design and fabricate a system for positioning a Langmuir 

probe in the vacuum chamber using a stepper motor. 

It is hoped that the completion of this experiment yields useful data in characterizing the 

plasma environment in the presence of dust particle contamination and produces a discharge 

chamber that will have further uses applicable to plasma research. Furthermore, the design for an 

electrospray device that can be used to obtain similar data for liquid droplets in a plasma 

environment should lay the groundwork for future enhancements of the test hardware. 
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2. Background  

2.1 Plasma Physics 
 

A plasma is a collection of neutral and charged particles that still maintains an overall 

neutral charge and exhibits collective behavior. While all gases can experience a certain level of 

ionization, not all gases are plasmas. The difference is that in an ordinary (i.e. room temperature) 

gas, the ionization is very low and because of this interactions are dominated by collisions with 

neutral species. In plasmas, all of the electrons and charged particles are free to move around and 

interact as individual particles. This can create regions of positively or negatively charged 

particles while still maintaining no net charge, resulting in the plasma having quasineutrality.  

The quasineutrality condition states that [2]: 

ὲὩ0 = ὤὭὲὭ0 

where ὲὩ0 is the number density of electrons, ὤὭ is the charge state of the ions, and ὲὭ0 is the 

number density of ions in the plasma [2]. 

The collective behavior of a plasma means that the motion of the particles depends on 

both the local conditions like electric charge density and on any externally applied fields that 

affect the motion of the plasma as a whole. 

2.1.1. Debye Shielding  

 

Plasmas induce a shielding of the electric fields of individually charged particles or of 

surfaces held at some non-zero potential.  When external potentials are applied to a physical 

surface immersed in a plasma (such as a probe), the plasma reacts by forming a cloud of 

oppositely charged particles that shields the electric field near the surface.  For example, if a 

Equation 1 



4 

 

sphere were placed in plasma and given an external positive charge, the positive charge would 

attract free electrons in the plasma. The electrons would surround the positively charged ball, 

thus shielding the electric field created by the ball. The opposite would happen if the sphere were 

given a negative charge. This can be seen in Figure 1 below. 

  

Figure 1: Externally Charged Spheres in Plasma 

Ref [1] © 1984 Plenum Press. All Rights Reserved. 

The cloud of charged particles that shields the field is commonly referred to as a sheath, 

and represents a region of non-charge neutrality in which electric fields are non-zero. The 

distance or radius from the site of the shielded particle or surface to the opposite edge of the 

sheath is described in terms of a characteristic length known as the Debye Length (ǇDe) .  The 

length is given by [2] : 

ǇDe =
Ů0KTe

nee

1/ 2
  [2] 

where ʀ0 is the permittivity of free space (ʀ0 = 8.85418 × 10 12 C2

Nm2
) , K is the Boltzmann 

Constant (K= 1.3806504×10
ī23ὐ

ὑ
), e is the elementary charge (Ὡ= 1.6022 × 10 19C) ,Te is  the 

Equation 2 
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electron temperature, ne is the electron density in (number/cubic meter).  A sheath can be tens of 

Debye lengths thick. 

For a contained plasma, local density variations can occur on a length scale that is 

significantly less than that of the container. Therefore, to have a plasma (as defined by 

quasineutrality) the density must be high enough such that the Debye Length is significantly less 

than the dimensions of the system. This leaves the bulk of the plasma free of large electric 

potentials, resulting in overall neutrality.  Thus, a criterion for having a plasma is ǇDe<< L, 

where L is the length of the container. If this condition were not satisfied, one would have a 

container of interacting charged particles, but it would not exhibit charge neutrality and hence 

not be considered a plasma as defined here. 

A second plasma criterion is that the number of particles in a sphere with a characteristic 

radius equal to the Debye length has to be much larger than one. The number of particles is 

dependent upon the Debye length and the volume in which properties are being measured. The 

number of particles in a Debye sphere is [1]: 

ὔὨ= ὲ
4

3
Ǉ́De

3  [1] 

where ὔὨ is the number of particles, n is the number density of particles. 

2.1.2 Plasma Temperatures  

 

Unlike the three familiar states of matter, it is common for plasmas to have several 

different temperatures concurrently. Gas temperatures are a measure of the average speeds of the 

particles in the gas, and by extension the average kinetic energy of the gas.  The average kinetic 

energy of a gas is [1]: 

Equation 3 
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Ὁὥὺ=
3

2
ὑὝ [1] 

where K is the Boltzmann Constant, and T is the temperature. Since ions and electrons exist as 

independent species in plasmas, they can have different average velocities, creating different 

temperatures.   

2.2 Dusty Plasmas 
 

Dusty Plasmas are plasmas that contain charged particulates. They are found naturally in 

places like comets, planetary rings, and the Earthôs atmosphere.  They are created artificially in 

laboratories, rocket exhausts, thermonuclear fireballs, and in manufacturing processes. While the 

dust grains in natural plasmas and artificial plasmas vary in size, the dust particles deliberately 

introduced in laboratory study are typically chosen to have specific dimensions or properties.  

The grain size can range from nanometers to millimeters and can be metallic or nonconducting.  

There are two classifications of plasmas with dust. The first is ñdust in a plasmaò and the 

second is ña dusty plasma.ò The difference is based on their compositions and is dependent on 

the dust grain radius (ὶὨ), average intergrain distance (a), and the plasma Debye Radius (ǇD) . 

Dust in a plasma corresponds to the condition where ὶὨ<<ǇD<a, while a dusty plasma has the 

condition ὶὨ<<a< ǇD. Dusty plasmas, like standard plasmas, have overall net neutrality [2]. 

2.2.1 Dusty Plasma Debye Radius 

 

The Debye Radius in dusty plasmas is different from that in standard plasma. The ions 

and the electrons, instead of only the electrons, now affect the radius. The equation for Debye 

Radius is now given by [2]: 

Equation 4 
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ǇD =
ǇDeǇDi

(ǇDe
2 +ǇDi )

2
 [2] 

ǇDe =
Ů0KTe

nee

1/ 2
 [2] 

ǇDi =
Ů0KTi

n i e

1/ 2
 [2] 

The variables are all defined the same as for standard plasmas, with the addition of ni  and 

Ti . To evaluate the Debye length in a dusty plasma, it is necessary to know the values of ni  and 

ne values. In many situations (equilibrium), the electron and ion densities obey the Boltzmann 

distribution and thus are given by:  

ὲὩ= ὲὩ0exp(
Ὡūί

ὑὝὩ
)  [2] 

ὲὭ= ὲὭ0exp(
Ὡūί

ὑὝὭ
)  [2] 

ūί= ūί0exp(
ὶ

ǇD
) [2] 

where ὲὩ0 and ὲὭ0 are the electron and ion number densities far away from the plasma ñcloud,ò r 

is the radius measured from the center of the cloud at the electrode surface, and ūί is the local 

electric potential of the plasma. ūί0 is the potential at the center of the cloud formed around an 

electrode surface. The potential ūί declines very quickly as the center of the cloud is 

approached. Therefore: 

Equation 5 

 

Equation 6 

 

Equation 7 

 

Equation 8 

 

Equation 9 

 

Equation 10 
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limὶO 0ūί= limὶO 0ūί0 exp
ὶ

ǇD
= ūί0 [2] 

This means that the number densities (ὲὩ and ὲὭ) are functions of the applied voltage. 

This is expected because, as the applied voltage is increased, the number of oppositely charged 

particles also increases accordingly to negate the applied charge.   

2.2.2 Characteristic Differences between Plasmas and Dusty Plasmas  

 

Along with the differences in Debye Radii for standard plasmas and dusty plasmas, there 

are other key differences, such as crystallization and quasineutrality changes.  The Table below 

[2] lists some of the differences. 

 

Table 1: Differences between standard and dusty plasmas 

Ref [2] © 2001 Institute of Physics Publishing. All Rights Reserved. 

 

2.2.3 Characteristic Frequencies  

 

When a plasma is disturbed from equilibrium, it will react with a series of collective 

motions to restore mechanical equilibrium among the distributed charged particles.  These 

Equation 11 
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motions have a natural frequency of oscillation that is known as the characteristic frequency.  

The frequency is different for ions, electrons and dust particles. Thus, the total characteristic 

frequency is a summation of the frequencies of its components. These frequencies can be 

calculated using the following set of relations [2]: 

=‫ὴί
4“ὲί0Ὡ2

άί
 [2] 

=‫ὴὨ
4“ὲὨ0ὤὨ

2Ὡ2

άὨ
 [2] 

 For standard plasmas:  ‫ὴ
2 = В‫ὴί

2
ί = ‫ὴὭ

2 +‫ὴὩ
2  [2] 

For dusty plasmas:  ‫ὴ
2 = В‫ὴί

2
ί = ‫ὴὭ

2 +‫ὴὩ
2 +‫ὴὨ

2  [2] 

 

where ‫ὴί is the characteristic frequency of the particular ‫ὴ is the characteristic frequency, and 

particles in the plasma (s is  i for ion, e for electron). This equation applies for both standard 

plasmas and dusty plasmas.   

2.2.4 Coulomb Coupling Parameter & Crystallization  

 

The Coulomb coupling parameter (ῲὧ)  characterizes the possibility of dust crystallization 

in a plasma. It is defined as the dimensionless ratio of dust potential energy to dust thermal 

energy. The parameter is calculated using the following: 

Equation 12 

 

Equation 14 

Equation 13 

Equation 13 

 

Equation 15 
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ῲὧ=
‐ὧ

ὑὝὨ
=
ὤὨ

2Ὡ2

ὥὑὝὨ
exp (

ὥ

ǇD
)  [2] 

where ‐ὧ is the potential energy, and ὥ is the distance between two equally charged dust grains. 

Dusty plasmas will have a tendency to crystallize when ῲὧ reaches a few hundred. When the 

coupling parameter is this high, the plasma will have a tendency to organize itself from a 

disordered gas phase to a condensed phase in which the crystals will form [2]. 

 

2.3 Instrumentation  

2.3.1 Diagnostics  

 

There are two main methods of measurement used to characterize the test parameters in 

this project. The first is the use of an electrostatic or Langmuir probe to measure the plasma 

density and temperature. The second is the use of a charge detection mass spectrometer (CDMS) 

to measure the charge on the dust particles which pass through the plasma. 

2.3.1.1 Langmuir Probe  

 

The Langmuir probe was developed by Nobel Prize winner Irving Langmuir [3] in 1924 

to measure electron temperature, electric potential, electron density, and ion density. This is 

accomplished by applying a bias voltage to a wire that is insulated everywhere but the tip, and 

measuring the current flow. Although plasma properties may be measured using instruments 

with multiple probes (Langmuir double, triple, or quadruple probes), for this work only a single 

probe we will be used to avoid unnecessary complexities [4]. Using theory from plasma physics, 

the plasma density can be determined from the current measurements over a range of voltages 

from this single probe.  

Equation 16 
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ὍὭί= 2ὩὲίὥὨ
2Ὡȿūὖ ὠὄȿ

ά
 

where I is is the ion saturation current which is to say regardless of further voltage change the 

probe will not increase in current, Ὡ is the charge of an electron, ns is the unknown plasma 

density, a is the length of the probe, d is the diameter, m is the electron mass, and ȿūὖ ὠὄȿ is 

the potential difference between the plasma and that applied to the probe [5]. 

By sweeping the voltage and measuring the ion saturation current, the previous equation 

can be used to determine the plasma density ns. The electron saturation current Ies and ion 

saturation current I is as well as the plasma potential Vp and floating potential Vf of the plasma are 

shown on an idealized plot of current versus voltage in Figure 2 [5].  

 

Figure 2: Typical Current vs. Voltage Plot for Langmuir Probe 

Ref [5] © 2008 Worcester Polytechnic Institute. All Rights Reserved. 

The region where the curve has zero slope at the lowest potential is the ion saturation 

current. The zero-slope region at the highest potential corresponds to the electron saturation 

current. Saturation current in both cases represents the maximum flux of electrons or ions that 

Equation 17 
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the plasma will maintain. The ñkneeò in the curve that corresponds to the upper transition to zero 

slope occurs at the plasma potential. Where the curve intersects the horizontal axis represents the 

floating potential of the plasma. At this point, the electron and ion currents at the probe are equal 

[5]. Furthermore, once these parameters have been determined, it is possible to calculate the 

electron temperature ὝὩ. The ion saturation current is subtracted from the total probe current and 

plotted versus the probe bias voltage on a semilog plot. The slope of the region of exponential 

growth is equal to Ὡ(ὯὝὩ)ϳ  where Ὡ is the fundamental electron charge and Ὧ is the Boltzmann 

constant [6]. An example graph showing this calculation appears in Figure 3. 

 

Figure 3: Electron Temperature Calculation 

Ref [4] © David Pace. All Rights Reserved. 
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The probe constructed for this experiment is shown in Figure 4. It consists of a steel outer 

tube bent into a 90º elbow. This steel tube supports, via a Swagelok connection, a double-bore 

alumina rod that is actually inserted into the plasma environment. A tungsten wire runs through 

the alumina rod and is allowed to protrude approximately 3 mm into the plasma only at the very 

tip of the probe. The tungsten is otherwise electrically insulated from the plasma by the alumina. 

Inside the alumina rod, the tungsten wire makes contact with a piece of magnet wire; it is this 

magnet wire which is connected to the source meter. 

 

Figure 4: Langmuir Probe 

2.3.1.2 Charge Detection Mass Spectrometer 

 

Using a charge detection mass spectrometer (CDMS), the characteristics of the dust 

particles that traverse the plasma environment may be determined. The CDMS used in this work 

represents a variation on earlier classes of inductive charge detectors.  The basic device consists 

of a retarding screen and charge sensor tube of known length. A cross section of the instrument 

showing the sensor tube and collimating aperture, which guides the particles into the instrument, 

is shown in Figure 5. 

 

 

Alumina 

rod Steel 

tube 

Swagelok 
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Ref [7] © 2007 AIAA. All Rights Reserved. 

When the particle travels through the detection tube, the voltage induced through the 

amplifier circuit to ground from the current induced in the tube is plotted as a function of time. 

Due to the low level of induced charge the dust particle creates passing through the tube, an 

amplifier circuit must be used. This amplifier circuit introduces some noise into the system. 

Figure 6 shows a typical plot of the output from the CDMS [5]. This curve has two 

distinct peaks. The first peak corresponds to the entry of the dust particle into the sensor tube and 

the second to the exit of the particle from the tube. By integrating Ohmôs Law using the data in 

this plot, the charge of the particle may be determined. The time of flight may be determined by 

measuring the interval between the peaks. 

Figure 5: CDMS Instrument in Cross Section 
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Figure 6: Typical Plot of CDMS Voltage vs. Time 

Ref [5] © 2008 Worcester Polytechnic Institute. All Rights Reserved. 

The charge of the dust particle is determined from Equation 18. 

ή=
1

2
᷿

ȿὠ1 ὲȿ

Ὑ1
Ὠὲ

ὸὪ
ὸὭ

 

where q is the charge of the particle, V1 is the voltage from the graph, ti and tf are the first and 

last time the voltage drops below the noise voltage, and 
1

2
 is used to incorporate the average of 

the signal entrance and exit for better data accuracy [7]. The result of this calculation is the 

charge on the dust particle in coulombs. 

2.3.2 Facilities  

 

Many experimentally generated plasmas are at low pressures. This is done so that the 

required energy input is of a practical magnitude. Thus, vacuum chambers must be used to 

conduct experiments. For this experiment, the Vacuum Test Facility (VTF) located in Higgins 

Lab was used. This 50ò x 72ò cylindrical chamber is capable of a high vacuum with a base 

Equation 18 
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pressure in the mid 10
-7
 torr range [8] and is large enough to contain the dusty plasma discharge 

chamber. The VTF is shown in Figure 7. In order to achieve this vacuum, three methods of 

pumping are used.  

 

Figure 7: Vacuum Test Facility 

 

Pumping down the chamber from atmospheric pressure of 760 torr down to 7 torr  is 

fairly simple and uses a piston pump. Piston pumps are effective at quickly removing large 

amounts of air from a vacuum chamber. They are used first to allow the operation of other 

pumps which cannot handle the gas load at atmospheric pressure. 
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The second stage involves operation of a Roots 

blower which is an interlocking gear-like mechanism on 

two counter-rotating shafts to force the air from the 

chamber. These shafts spin at speeds of more than three 

thousand revolutions per minute. The clearance between 

lobes is 0.2 to 0.6 mm [10]. If operated at atmospheric 

pressure, the work load would be too great and the roots 

blower would overheat. Roots blowers are only effective at 

pressures less than 50 torr and greater than 50 millitorr. At 

lower pressures, oil begins to backstream, and the power required to operate the pump is 

prohibitive at higher pressures. The operation of a Roots blower is shown in Figure 8. 

At pressures below 50 millitorr, the cryopump takes over and brings the pressure down as 

low as 10
-7

 torr. A cryopump operates by freezing (or trapping) the gas molecules in the 

chamber. A set of plates is cooled as low as 15 Kelvin using a helium refrigerator. When a 

molecule comes into contact with the plates it is condensed; the temperature is brought below its 

boiling point and the molecule is effectively removed from the chamber further lowering the 

pressure [11]. 

Figure 8: Roots blower time lapse 

operation 

Ref [9] © 2008 Chemtech Services. All 

Rights Reserved. 
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Figure 9: Cross Section of Cryopump Design 

Ref [12] © 2009 PHPK Technologies. All Rights Reserved. 

 

2.4 Electrospray  
 

Processes common in laboratory and industrial settings frequently require a spray of fine 

liquid droplets to be delivered in precise and often small volumes. For many applications, the 

best source of these droplets is an electrospray. Such a device uses strong electric fields to 

exploit an instability in liquids which permits jets of varying sizes and volumes to be produced 

simply and efficiently. Electrosprays have applications in fields as varied as painting, silicon 

circuitry production, mass spectrometry of organic molecules, and the application of insecticides 

[13]. This technique is unique in that it spans a vast range of scales, from nanotechnology to 

macroscopic coating applications. 

Electrospray is important to this research because it provides a means of delivering 

carefully controlled volumes of liquid droplets to our plasma discharge chamber. This would 

enable the effect of a plasma environment on liquids, a situation that occurs in practice when 

studying the properties of hydrocarbon combustion, to be determined. The more conventional 
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delivery of liquid fuel droplets in this case is through an atomization procedure using nozzles or 

other mechanical injectors. By using an electrospray, it is possible to control the size of the 

droplets introduced into the plasma environment. Control over the size of the droplets introduced 

will make the determination of other effects from the plasma easier to discern. 

The first true electrospray effect was observed in 1914 by John Zeleny [13] and further 

described in the 1960s by Sir Geoffrey Taylor [13]. It is for the latter that the Taylor cone, a 

distinguishing feature in electrospray production, has been named. In a typical electrospray 

device, a high voltage is applied to a liquid in a small capillary. Charges on the surface of the 

liquid cause the liquid to form a cone-shaped structure, the Taylor cone. The conical shape 

increases the maximum charge that the liquid can sustain [14]. From the narrow jet formed by 

the Taylor cone, the liquid droplets are formed due to flow instabilities within the jet. Droplet 

breakup may then occur due to the repulsive force of the electric field. This effect is enhanced by 

evaporation of the liquid droplets; the result is a higher charge density which makes the Coulomb 

force yet more effective in repelling the droplets [13]. This fissile mechanism has been termed a 

ñCoulombic explosionò [15]. A liquid droplet that has begun to experience such breakup is said 

to have reached the Rayleigh limit [15]. A photograph of a functioning electrospray appears in 

Figure 10. 
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Figure 10: Electrospray showing capillary, Taylor cone, jet, and spray 

Ref. [16] © 2006 Journal of Fluid Mechanics 

Liquids are normally constrained and cohere through surface tension. If the droplets 

composing the liquid are charged, an external electric field can exert a force on the liquid. It is 

possible for the electric repulsive force to exceed the attractive force of surface tension.  In 1882 

Lord Rayleigh observed that the application of a sufficiently strong electric field to a conducting 

liquid would cause the liquid to form a jet. The production of a jet of liquid droplets as a result of 

this effect was described by Zeleny in 1914 [13]. Liquids used in electrospray must be 

electrically conducting to permit the fluid to acquire a charge and carry a current through the jet 

and resulting spray. Various ionic liquids and mixtures are commonly used in electrosprays. 

Rayleigh defined a parameter called the fissility, which describes the probability that a liquid 

sample will disintegrate through this effect. Fissility is the ratio of Coulomb energy to twice the 

surface energy and is defined as follows: 

ὢ=
ή2

64“„‐0Ὑ
3
 Equation 19 
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where 

 

q is the charge applied to the droplets, Ὑ is the droplet radius, ‐0 is the permittivity of 

vacuum, and

 

s is the surface tension. [13]. For values of 

 

X  greater than 1, the chance of a liquid 

sample disintegrating increases as the electric force becomes larger than the surface tension [13]. 

While Rayleigh believed that such disintegration would occur for values of X  much greater than 

1, some studies have also shown disintegration at values as a low as ὢ= 1. Achtzehn and his 

colleagues at the Institut für Physik in Ilmenau, Germany, [17] observed the disintegration 

process in ethylene glycol droplets. They determined that the onset of instability was 

independent of droplet size and temperature. They were also able to take photographs showing 

the beginning of droplet fission. [17] The figure shows a droplet with a jet beginning to form.  

 

Figure 11: Onset of instability in ethylene glycol showing the formation of the jet 

Ref. [17] © 2005 European Physical Journal. All Rights Reserved 

 

Electrosprays have extensive applications in a wide variety of fields. Having more 

precise control over liquid droplet size would enable optimization of processes such as fuel 


