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ABSTRACT

The organic donor ethylenemethylenedithiotetrathiofulvalene (MET), a 

derivative of the bis(ethylenedithio)tetrathiofulvalene (BEDT-TTF or ET) organic 

donor, has been electrochemically oxidized with tetrabutylammonium salts of

PFg‘ and CIO4" to form MET/PFg and MET/CIO4 crystals. The resulting crystals

were or will be studied to determine crystal structure, electron spin resonance, 

and conductivity.

X-ray crystallography was performed on 7 different crystals. Initial structure 

analysis consisted of Weissenberg and /or Precession X-ray analysis. These 

procedures yield information on crystal symmetry and lattice parameters.
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INTRODUCTION

Organic superconductivity is a relatively new phenomenon, which was 

discovered in 1979 (1). The first organic superconductor, tetramethyltetraselena- 

fulvalene hexafluorophosphate, (TMTSF^PFg was observed at 0.9 degrees

Kelvin at 12,000 atmospheres of pressure. Since then, research on 

superconductivity has drastically increased. Within the first year of the discovery, 

five other synthetic organic compounds were found to be superconductors, one of 

those being an ambient pressure superconductor. The critical temperature at 

which a material goes superconducting has increased at an average rate of 0.3 

degrees Kelvin per year (1).

J. M. Williams, senior chemist and group leader in the Chemistry Division at 

Argonne National Laboratory, has been involved in a great deal of research with 

organic superconductivity (Personal Comments). The group's research has been 

centered around the organic donor bis(ethylenedithio)tetrathiofulvalene 

(BEDT-TTF or ET). ET has been electrochemically grown with numerous anions 

to form crystal structures. It has generally been found that ET molecules in a 

crystal stack in the manner of a flat pancake-like structure and numerous phases 

of the different crystals have been found. Recently the group has been working
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with new donor molecules which are structurally related to ET. These donors are 

prepared by substituting one or both of the ethylene groups in ET with methylene 

and/or propylene groups (Figure 1). At present, crystals from the MT and the PT 

donor molecules have been electrochemically grown with numerous different 

anions and are being, or have been, characterized for their structure, electron 

spin resonance (ESR), and conductivity. At present, the group is working with 

preparation of MET, EPT, and MPT crystals.

FIGURE 1 STRUCTURE OF ET AND ITS DERIVATIVES

(CH2)

m=n=1 
m=n=2 
m=n=3 

m=1; n=2 
m=1; n=3 
m=2; n=3

BPDT-TTF (PT) 
MET 
MPT 
EPT

<9H2>n

The purpose of synthesizing these derivatives of ET is to determine if any of 

the derivatives will yield crystals which have the property of superconductivity.
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Many of the organic superconductors recently found have contained the organic 

donor ET, and Williams' group is interested in determining if the analogues will 

yield similar compounds. The manner in which the molecules stack within the 

crystal affects the conductivity of the crystal. Using the different symmetrical 

donors (ET, MT, and PT) and the asymmetrical donors (MET, EPT, and MPT), the 

group is trying to determine the effects of symmetry on stacking within the crystals 

and, consequently, on the electrical properties.

The donor MET, in which one ethylene group on an ET molecule has been 

replaced with a methylene group, has recently been synthesized and purified.

Two different types of MET crystals, PFg' and CIO4'’ were electrochemically

grown. In growing these crystals, the goal was to determine the conditions which 

would yield the crystals with the highest quality, and also to determine if different 

phases of the crystals exist. The quality of the crystals depends on many factors, 

but only the solvent and current density were considered in these studies.

X-ray analysis is used to determine the crystal structure and may also be 

used to determine different phases of a certain crystal type. Also, it is possible to 

determine if the crystal’s actual composition is the same as the theoretical 

composition. This is done by comparing the experimentally determined unit cell 

volume with the minimum unit cell volume possible for the expected crystal.
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LITERATURE REVIEW

Superconductivity is a phenomenon in which a material has the ability to 

conduct an electrical current with zero resistance. The current is not dissipated 

as heat, but in theory, will continue to flow forever (3). This usually occurs when 

the material has been cooled below a certain temperature. This temperature is 

referred to as the critical temperature, Tc, of the material and is characteristic of

the material (2).

Another characteristic of superconductivity was discovered in 1933 by K. W. 

Ochsenfeld (1). This characteristic is known as the Meissner effect. The 

Meissner effect refers to the generation of an internal magnetic field within a 

superconductor when it is placed in an external magnetic field. The internal 

magnetic field tends to expel the external magnetic field, which results in the lines 

of force of the external field bending around the surface of the superconductor 

rather than passing through it.

In 1957, John Bardeen, Leon Cooper, and J. Robert Schrieffer proposed a 

theory of superconductivity which is known as the BCS Theory of 

Superconductivity (1,3). Bardeen, Cooper, and Schrieffer theorized that 

superconductivity occurs when electrons in a conductor form loosely bound pairs 

called Cooper pairs. The BCS Theory is dependent on lattice distortions within 

the crystal. As an electron moves through the crystal lattice, the electrostatic
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attraction between the electron and the positive ions generates a ripple or 

distortion in the lattice. The passage of the negatively charged electrons pulls the 

positive ions together. Restorative forces cause the lattice to vibrate. Because 

these vibrations are slower than the motion of the electron, the positive ions 

remain close together and create a net positive charge in the lattice. Another 

electron is drawn to this area and a Cooper pair is formed. At high temperatures, 

this effect is overcome by random, thermal vibrations of the lattice, but is present

below the Tc of the material. Superconductivity results due to the highly

coordinated movement of the centers of mass of the Cooper pairs. This differs 

from electrical conductance in an ordinary metal, which is caused by the net 

motion of individual valence electrons. The properties of the Cooper pairs differ 

sufficiently from those of an electron that they may be treated as a new type of 

conduction particle (1).

Theoretically, the resistivity of a perfectly regular metallic lattice would be 

zero at absolute zero because there is a minimal, insufficient amount of 

vibrational energy available in the lattice for scattering the electrons. In a 

superconductor, zero resistance may occur at a finite temperature due to the fact 

that Cooper pairs are put in motion by an electric field and acquire a net 

momentum (1). This net momentum does not decay due to scattering because 

scattering of a Cooper pair requires much more energy than the binding energy 

holding the electrons together and that energy requirement is much larger than
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the vibrational energy available to the lattice at low temperature. At higher 

temperatures thermal vibrations tend to break up the pairs. Conductivity tends to 

increase as the temperature decreases due to fewer vibrations at lower 

temperatures. The critical temperature of a superconductor is related to the 

stiffness of the crystal lattice, or its resistance to deformation by a passing 

electron. The critical temperature varies inversely with the square root of the 

mass of the ions in the lattice (1).

In 1964, W. A. Little proposed an alternative mechanism for the formation of 

Cooper pairs (1). This alternative does not depend on lattice distortions. In his 

theory, Little hypothesized that a superconductor could result from a chain of 

organic molecules. Cooper pairs would be conducted along a spine of carbon 

atoms and organic molecules attached to the spine would carry out the mediating 

role of the deforming lattice. A loosely bound valence electron of a hydrocarbon 

traveling along the spine of carbon atoms would repel the outer electrons. This 

repulsion creates a region of net positive charge on the regions of the 

hydrocarbon molecules nearest the carbon spine. A second electron moving 

along the spine would be attracted to this area, and, thus, indirectly, attracted to 

the first electron. Because the mass of the electron is 1/100,000 of the mass of a 

typical positive ion in an ordinary metal, the tendency to form Cooper pairs would 

increase by a factor of the square root of 100,000 or roughly 300 (1). 

Electron-pairs should be more firmly bound than in the BCS type of pairing, 

which should stabilize the superconducting state. This may result in room
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temperature superconductivity (3). Although Little's theory has generated much 

interest in organic superconducting materials, much controversy remains 

regarding his theory.

Heike Kamerlingh Onnes was the first person to observe superconductivity 

(1, 3). In 1911, he succeeded in liquifying helium gas, which allowed him to 

observe superconductivity in frozen mercury, Tc=4.15 K. Metallic properties in an

organic compound were determined in 1972 by Dwaine Cowan, John Ferraris, 

Alan Heeger, and A. F. Gareto in tetrathiofulvalenetetracyanoquinodimethane 

(TTF-TCNQ) (2). It was not until 1979 that superconductivity was discovered in

* an organic material. Klaus Bechgaard and Denis Jerome detected

superconductivity in tetramethyltetraselenafulvalene hexafluorophosphate, 

(TMTSF^PFg, with a Tc of less than 1 K at 12 kilobars of pressure (1,2). The

high pressure helps to stabilize the metallic state down to the temperature at 

which superconductivity occurs. The first ambient pressure organic

superconductor, (TMTSF^CIO^ Tc=1.2 K, was discovered by Bechgaard and

Klaus S. Jacobsen. Since then, more organic superconductors have been 

discovered, mostly using the organic donor, bis(ethylenedithio)tetrathioful- 

valene (BEDT-TTF or ET) (Table 1 )(2).
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TABLE 1 ORGANIC SUPERCONDUCTORS

Crystal
(TMTSF)2PF6
(TMTSF)2CIO4
(ET)2ReO4
(ET)2I3
(ET)2 IBr2 
(ET)2Aul2

Critical Temperature 
1.0 K (12 kilobars pressure) 
1.2 K
1.4 K (4 kilobars pressure)

2 3 1.4 K 
2.8 K 
5.0 K

Useful applications of organic superconductors may include: electric 

motors with increased efficiency, more powerful electromagnets, supercomputers 

(3), electrical transmission lines with increased efficiency (4), and spacecraft 

electronics (5). The organic superconductors are complementary to the idea of a 

supercomputer in that they theoretically cause no output of heat, which would 

remove the size limitations of the computer and thus increase its efficiency. A 

distinct advantage of organic superconductors is that it may someday be possible 

to modify these superconductors by molecular engineering to meet specific 

requirements (1).

Although the uses may be many, there is still a great number of problems in 

the application of these materials. These problems include brittleness, the high

cost of preparation, and the extremely low Tc's of the materials. Brittleness of

organic superconductors prevents their formation into wires and other forms 

which other conducting materials assume. The present organic superconductors
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become superconducting at temperatures near absolute zero. Cooling these 

materials to such low temperatures requires liquid helium which is very 

expensive. Use of these materials would be much more practical if it were

possible to increase the Tc to 35 K (-238 degrees Celsius) or higher, as this is the

temperature at which liquid hydrogen may be used as a coolant. This would 

greatly reduce the cost of utilizing organic superconductors as liquid hydrogen is 

much less costly than liquid helium.

To date, it appears that conducting solids have the general features of a 

large planar skeleton consisting mainly of carbon, nitrogen, sulfur, and selenium.

* The skeleton is surrounded by clouds of electrons. The large planar skeleton is 

necessary to allow close stacking of the molecules so that the electrons may 

travel from molecule to molecule. The mode of stacking and the manner in which 

the planar moieties communicate electronically in the solid may or may not favor 

electron delocalization and high electrical conductivity (5). Selenium-based 

orbitals have a greater spatial extent which leads to more extensive interactions 

of molecular orbitals along a stack. This may potentially result in a greater 

bandwidth for a conduction band (2). The clouds of electrons are n-electrons, 

which are capable of interacting to take up a range of energies to form the energy 

bands (5). These electrons interact to create electrical conductivity along the 

stacks when electrons are removed from, or added to, energy bands. Interactions 

perpendicular to the stacks are weak, giving the solid anisotropic electrical

9
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properties (5). Such a material is referred to as a quasi-one dimensional 

conductor, meaning that, although the material is three dimensional, an electrical 

current is conducted in only one dimension (1,5).

Reflection of x-ray beams by a crystal was discovered by Laue in 1912. 

Since this discovery, x-ray crystallography has developed into a major field and 

is utilized to determine crystal structures and also to understand the properties of 

solids or to identify unknown compounds (8). Bragg described X-ray diffraction 

as a "reflection" process by a large number of parallel planes passing through the 

crystal. Bragg's law of x-ray diffraction is as follows:

nX.=2dsin0 X=wavelength of x-radiation used
0=angle incident and

diffracted beams form with the 
crystal planes

n=any integer 
d=interplanar spacing

Bragg's law states that:

1. For a particular wavelength, the diffraction angles are determined solely by 
the interplanar spacing values, or by the type and size of the crystal lattice.

2. It is possible to determine d values and, hence, the lattice of a crystal directly 
from a knowledge of the glancing angles and the wavelength of x-radiation 
used.

Each crystal species diffracts x-rays in a characteristic pattern. This enables one 

to distinguish and identify different crystals.

X-ray diffraction patterns are best interpreted with the use of the reciprocal
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lattice concept. This is because it is easier to picture a collection of points in 

reciprocal space than to visualize a complex of interpenetrating planes in a 

crystal.

When performing x-ray analysis one should consider the type of radiation 

used and filtering of the radiation. Choice of x-radiation is affected by the nature 

of the experiment and absorption characteristics of the sample. 

Short-wavelength radiation is usually used to record a larger number of 

reflections. The Precession camera, which uses molybdenum radiation, is an 

example of a method using short-wavelength radiation. Conversely, when one 

wishes to have better resolution of the recorded reflection points, 

long-wavelength radiation is used. The Weissenberg method makes use of 

copper radiation, which has a long wavelength. However, the properties of the 

specimen are what is usually used to determine which type of radiation to use. 

Absorption of x-rays by an element increases with increasing wavelength, up to 

what is known as the absorption edge where it will discontinuously decrease to 

some small value. If the wavelength of the radiation is somewhat shorter than the 

absorption edge, then the element will strongly absorb the radiation and 

fluoresce. This fluorescent radiation tends to increase background radiation and 

will make it difficult to determine the diffraction maxima of the crystal. Therefore, it 

is best to use radiation which is not in this range. Generally the radiation of a 

particular element tends to be heavily absorbed by elements whose atomic 

number is smaller by two or three numbers.
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X-ray tubes emit a continuous spectrum of x-ray, with some of the radiation 

exhibiting sharp peaks within this spectrum. The spectrum is characteristic for 

each type of radiation. For alignment photos, unfiltered radiation can be used. 

However, if only one set of reflections is desired, the radiation must be filtered 

so that only one wavelength of radiation reaches the crystal being analyzed. This 

is done by using a filter which allows radiation of one wavelength to pass 

through. The wavelength that is transmitted is one which has a characteristic

high peak in the spectrum of that particular x-radiation. Generally, the ka

wavelength of radiation is the wavelength which has a characteristic high peak, 

as seen with both copper and molybdenum radiation.
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MATERIALS AND METHODS

CRYSTAL SYNTHESIS

The organic crystals are electrochemically grown in a pyrex H-cell with a fine 

porosity glass frit between the two chambers of the H-cell (Figure 2). The organic 

donor and the anion, which is in the form of a tetraalkylammonium salt, are 

dissolved in an organic solvent. The cell is set up with the anionic solution in the 

cathode chamber, and the cationic solution in the anode chamber. A small

amount of the anionic solution is transferred to the anode chamber so that an

equal volume of solution is in each chamber. Each solution is then purged with 

argon and platinum electrodes are inserted into each chamber, which is then

sealed. The concentration of the anionic and of the cationic solutions is on the 

order of 10'2M and 10'4M, respectively. The cells are then connected to a 

variable D. C. constant current source which has a range of 0-5 gamps. The 

current density is usually less than or equal to one microampere per centimeter 

squared. The cell is then kept in a constant temperature box and daily 

observations are made on a cell sheet regarding crystal growth, solution color 

and volume, box temperature, voltage fluctuations, etc.

Before the cell is set up, the H-cell and electrodes must be cleaned. The 

H-cell is cleaned by first soaking it overnight in aqua regia solution. After

13
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soaking in aqua regia, each H-cell is washed with laboratory detergent. A 

vacuum system is then used to draw distilled water through the frit of the H-cell, 

two times each way. This step is repeated twice, first with triply distilled water and 

then with anhydrous methanol. The cells are then placed in an oven (T=130 

degrees Celsius) and dried for at least twenty-four hours. The platinum 

electrodes are cleaned by running an electric current through them while they are 

soaking in 1 M sulfuric acid, reversing the current twice, after four minutes each, 

and then letting it run for eight minutes. The electrodes are then rinsed with 

distilled water and placed to soak first in distilled water and then in methanol, ten 

minutes in each solution. The electrodes are then dried with a heat gun for fifteen 

minutes (6).

FIGURE 2 ELECTROCHEMICAL H-CELL AND ELECTRODE INSERT
COPPER WIRE
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MET batch AK-I-80A was prepared by Aravinda M. Kini. Tetrabutylammonium

salts of CIO4' and PFg ' were synthesized according to Stephens et al. (6) and

(7), respectively. All salts were stored in dessicators over calcium sulfate. Prior 

to use, the organic solvents which were used to dissolve the MET and the

tetrabutylammonium salts were freshly distilled and dried over P2O5, then

passed through an alumina column. The solvents available for use were

trichloroethane(TCE), tetrahydrofuran(THF), and methylene chloride(CH2Cl2).

The purpose of dehydrating all of the materials and solvents is to prevent 

water from entering the system in which the crystals are grown. Water in the 

system results in poor crystal quality due to a degradation of the electrochemical

reaction.

When the crystals are at the desired stage of development, they are collected 

in a process referred to as "cell harvesting". The anode electrode is carefully 

remove from the H-cell chamber so as to prevent the crystals from falling off the 

electrode. Fresh solvent is then used to wash the crystals off the electrode into a 

Buchner filtering apparatus. The crystals are vacuum washed with more fresh 

solvent and dried on the filtering apparatus for 10-15 min. Once the crystals are 

dry, they are placed in a glass specimen dish which is sealed with parafilm. The 

crystals are stored at room temperature until the physical properties are to be

determined.
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CRYSTAL STRUCTURE ANALYSIS

X-ray structure analysis was performed using Weissenberg and Precession 

cameras. Initial alignment photos were taken to orient the crystal so that it was 

rotating about a crystal axis. After this procedure was done, zero and upper layer 

photographs were taken from which the crystal system and lattice parameters

were determined.

The crystal to be analyzed is mounted on a thin glass fiber with epoxy glue. 

The fiber, in turn, is mounted on a brass pin. Once the crystal is mounted on the 

pin, the pin is placed on a goniometer head, which is then attached to the x-ray 

camera where the crystal will be exposed to the x-ray beam and reflections from 

the crystal are recorded. Translational arcs on the head may be used to adjust 

the alignment of the crystal once it is mounted on the glass fiber.

The alignment photos are taken using unfiltered radiation, which contains a 

continuous spectrum of radiation. Once the crystal is aligned, zero and upper 

layer photographs are taken using filtered radiation and a layer-line screen. The 

purpose of filtering the radiation was explained earlier, and use of the layer-line 

screen allows only those reflections from a single, reciprocal lattice layer to be 

recorded on the film. Calculations are then made from these photographs to 

determine lattice parameters. Crystal symmetry can be determined by examining 

the reflections recorded on the film using the intensity and the arrangements of
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the recorded reflections.

The Weissenberg camera uses copper radiation, which has a wavelength of 

1.5418 A when filtered with a nickel filter, and x-ray film is used to record 

reflections. Alignment photos are taken while the crystal is oscillating around an 

axis. For layer photographs, an additional translational movement parallel to the 

axis of oscillation is used. In alignment photos, the crystal oscillates over 20 

degrees, while in layer photos, the crystal rotates 180 degrees. An advantage of 

the Weissenberg method is that it is capable of recording the largest portion of 

the reciprocal lattice with a single mounting of the crystal.

Precession cameras utilize molybdenum radiation, which has a wavelength 

of 0.7107 A when filtered with a zirconium filter. As opposed to Weissenberg 

method, Polaroid film is used to record reflections. The Precession camera differs 

from the Weissenberg in that it has a much more complex rotation pattern. This 

complex rotation allows the reciprocal lattice to be seen directly on the film

without distortion.

Exposure times varied according to the camera being used and the size of 

the crystal. Generally, the layer photographs were exposed to the radiation nine 

times longer than the alignment photos because filtering the radiation reduces 

the amount of radiation reaching the crystal and longer exposure time is

necessary.
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RESULTS

MET/PFg

The PFg crystals yielded mostly flakes, except for one batch which yielded a

twinned crystal (Table 2). The twinned crystal was cut into two pieces and 

structure analysis, ESR, and conductivity tests were done on both. This crystal 

was found to stack with a 1:1 ratio of MET to PFg and have an ESR linewidth of

5.1 gauss. Conductivity tests later showed it to be an insulator.

TABLE 2 MET/PF6 CRYSTAL SYNTHESIS

Batch Solvent
Current
Densitv

Crystal
Quality

MM15 TCE 0.23 one good crystal, rest thin flakes; ESR, 
structure, and conductivity tests done 
(Table 4, Figure 3).

MM23 CH9CI9 0.51 thin flakes
MM37 THF 0.50 thin flakes
ST-l-21 THF 1.00 thin flakes



FIGURE 3 STRUCTURE OF MET/PF6
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met/cio4

The CIO4 crystals yielded at least two types of crystals (Table 3). The first

batch using TCE and low current density yielded very thin plate crystals which did 

not singly elicit an ESR response. Batch MM-35 seemed to yield the best 

crystals. ESR of the needle phase revealed a peak-to-peak line width of 22.8 

gauss. The conductivity of the needle has not been analyzed at this time.

TABLE 3 MET/CIO4 CRYSTAL SYNTHESIS

Batch Solvent
Current
Densitv

Crystal
Quality

MM21 TCE 0.23 thin plates, grown together as trees
MM29 ch2 ci? 0.30 irregular shaped blocks
MM35 THF 0.50 needles, few thin plates, and few 

irregular shaped blocks; Structure and 
ESR done; conductivity to be done on 
needle (Table 3, Figure 4).
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FIGURE 4 STRUCTURE OF MET/CIO4



X-RAY STRUCTURE ANALYSIS

TABLE 4 X-RAY STRUCTURE ANALYSIS RESULTS

Parameters*

Volume
1600

Crystal Batch 
TTF-Ni(PT)2 ST-I-14C 
TTF-Au(DT)2 HW

13.058 16.153 17.585 90.0 90.0

PARAMETERS UNAVAILABLE AT THIS TIME

(PT)2l3t AK-l-83 6.865 9.136 16.368 85.26 86.44 67.66 946

TMTSF/I3 25. 67 25.67 11.33 90.0 90.0 90.0 7446

P-et2i3 KSW-142 6.615 9.100 15.286 94.3 95.5 109.7 856

P-et2i3 TA-81 SAME AS PREVIOUS CRYSTAL

MET/CIO4 MM-29 10.255 5.842 10.246 90.0 104.3 90.0 613

MET/CIO4 MM-35 SAME AS PREVIOUS CRYSTAL

met/pf6 MM-15 10.521 5.901 9.892 90.0 105.0 90.0 614

mpt/pf6 ST-l-25 17.02I 13.11 9.47 104.8 93.0 106.1 2114

*a, b, c and a, p, y are the unit lengths of the axes (A) and the interaxial angles (°)of the crystal

lattice, respectively.

fCrystal was thought to be ET/lnl4.
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DISCUSSION

The twinned crystal of MET/PFg was analyzed for structure, ESR, and

conductivity. This crystal was found to stack with a 1:1 ratio of MET to PFg (Figure

3). The organic materials which have been found to be superconducting 

generally stack with a 2:1 ratio of donor to anion, thus this crystal was predicted to 

be an insulator or a semi-conductor. The ESR linewidth of the crystal was 5.1 

gauss, which is in the estimated ESR range of insulating materials. The 

conductivity tests which were performed later showed these hypotheses to be

correct.

It appears that the best conditions under which to electrochemically grow

these MET/PFg crystals is with the organic solvent TCE at a low current density.

The flakes may have resulted due to the crystals being formed too quickly. This 

might be overcome by growing the crystals at lower current densities. It may also 

be that the flakes were caused by the nature of the organic donor MET itself. As 

this molecule is asymmetrical, with one end being an ethylene group and the 

other end being a methylene group, irregular or asymmetrical stacking of the 

MET molecules could result in flakes, and prevent the formation of high quality 

crystals. It might be important to repeat the crystal growth with the same
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conditions as Batch MM-15 which yielded the single crystal, as it is likely that the 

crystal does not ordinarily form under these conditions (Table 2).

Analysis of the MET/CIO4 crystals is still being performed. As with PFg,

flakes of crystals resulted from the electrochemical growth. These thin plates did 

not singly elicit an ESR response. Batch MM-35 yielded better quality crystals of 

needles, plates and blocks. ESR of the needle phase revealed a peak-to-peak 

linewidth of 22.8 gauss. This ESR linewidth is in the range of other 

superconducting materials, which indicates that the crystal may have some 

conducting properties. Conductivity tests have not yet been performed. The 

structure of the needle is still being analyzed, but the structures of two plate 

crystals have been determined (Table 4, Figure 4).

The best electrochemical growing conditions of MET/CIO4 crystals seem to

be with the solvent THF and a current density of 0.05 microamperes per 

centimeter squared or higher. The crystals grown at lower densities with different 

solvents tend to be clumped together. This may have been a result of the lower 

current density or of the different solvent, or both.

As CIO4 did form good crystals with MET, it may be that the resultant flakes

that occurred in both of the crystal species grown are not due solely to the

asymmetry of the MET molecule. The PFg‘ and CIO4' anions used most likely
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contribute to the formation of flakes.

Recently there have been new superconducting materials discovered, with

a high Tc of 70 K. These new materials are not organic, but rather are inorganic.

This has resulted in a drastic decrease in research in the field of organic 

superconductors. At present, Williams' group is centering its research on the 

inorganic aspect of superconductivity, although it is still experimenting in some 

areas of organics.
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