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ABSTRACT

The tetrabutylamonium salt (CH3<CH2 )3 ^NBl^OH was 

synthesized from KBF3OH and (CH3(CH2)3)4HS04. This 

salt was then grown electrochemically with the organic 

molecule TMTSF. Synthesis work was also done on the

TMTSF molecule. The anion chosen was selected for its

unit cell volume and its polarity.
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INTRODUCTION

Superconductivity, conducting an electrical current 

without resistivity, was thought to be a property unique

to certain metals and metal alloys. In 1911, Heike 

Kamerling Onnes (13) found the resistance of a mercury 

wire fell to zero at 4.2 degrees Kelvin. The temperature 

at which the transition to superconductivity takes place 

is called the transition temperature (Tc). Due to our 

inability to direct synthesis of new metals with high 

Tc' s, there is very little hope for a room temperature 

superconductor of an inorganic type.

In 1979, Bechgaard, Jerome and Ribald (9, 10) found 

the organic salt bi-tetramethyltetraselenafulvalene 

hexaflurophosphate (TMTSF^PFg to undergo an anisotropic 

superconducting transition at .9 degree K. under an 

applied pressure of 12 kbar (8). Since then, five more 

organic compounds have been found to superconduct with 

the general form (TMTSF^X (X= TaFg”,SbFg-, AsFg-, ReOq-, 

and CIO4-) (5). All of these derivatives have supercon

ducting Tc' s = IK, and except for (TMTSF^ClOq-, the 

only ambient pressure superconductor known (2), they 

all require an applied pressure of 8-12 Kbar to induce

the superconducting state.
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My work concerned finding a new (TMTSF)2X salt 

that had a unit cell volume similar to that of 

(TMTSF)2C104 (16) (Vc=674.5 A). This was done in line

with Dr. William's hypothesis that a tailored unit 

cell volume could predict superconductivity. A unit 

cell volume similar to that of (TMTSF)2C104 was desired 

for a possible ambient pressure superconductor.



LITERATURE REVIEW

Superconductivity is characterized by a magnetic

effect, first observed in 1933 by Meissner and Ochsenfeld, 

called the Meissner effect (10). When a superconductor 

is placed in a magnetic field, it generates its own 

magnetic field, expelling the other one. The lines 

of force of the external magnetic field will bend around 

the superconductor as opposed to passing through it. 

A test for the Meissner effect is a good test for super

conductivity .

In 1957, John Bardeen, Leon Cooper, and J. Schrieffer 

formulated a theory for superconductivity in metals 

(1). They stated that superconductivity is a state 

of matter that arises when the electrons form loosely 

bound pairs now called Cooper pairs. The electrons 

move at the same speed in an opposite direction. Highly 

coordinated motion of these pairs results in supercon

ductivity .

The formation of the Cooper pair seems contrary 

to thought, as two electrons should repel one another. 

As the valence electron moves through a lattice, the

electrostatis attraction between the electron and the

positive ions generates a ripple in the lattice. The
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passing of the negative electrons pulls the positive 

ions together in their wake. This causes a net positive 

charge which attracts another electron. Conduction 

in a superconductor is caused by the net motion of the

centers of mass of the Cooper pairs.

In 1964, W.A. Little (11, 12) proposed an alternative

mechanism for the formation of Cooper pairs, independent 

of lattice distortions. Little suggested using a large, 

strongly polarisable, organic molecule to provoke an 

attractive interaction between electrons as they move 

along an organic chain. A spine of carbon atoms would 

act as the path of conduction for the pairs and the 

organic molecules would complete the role of the lattice. 

The molecules would have loosely bound valence electrons 

and be easily polarized. The atoms traveling along 

the spine would repel the outer electrons creating a 

net positive charge near the spine. Another electron

would be attracted and the pair formed.

In 1973, a group at Johns Hopkins introduced the

first highly conducting anisotropic organic crystal, 

tetrathiafulvalene-7,7,8,8,-tetracyano-P-quinodimethane 

(TTF-TCNQ) (10). That same year, a group at the Univer

sity of Pennsylvania reported superconducting fluctuations 

at 60 degrees K in TTF-TCNQ. These results could not 

be repeated, but it is accepted that TTF-TCNQ undergoes 

a Peierls transition around 58 degrees K and is not

a superconductor (3).
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In 1974, Klaus Bechgaard, Dwaine Cowan, and Aaron 

Bloch synthesized the organic compound TMTSF (3, 4). 

Tetramethyltetraselenafulvaline is a two ring molecule 

with each ring containing two selenium atoms (Fig. 1)

4) (6, 7). In 1979 the compound (TMTSF^PFg was found

to undergo an anisotropic superconducting transition 

(8, 9, 16).

Dr. Jack Williams and Mark Beno of Argonne National

Laboratories have done x-ray diffraction examinations 

of the temperature (T=298 and 125K) dependent changes 

in the molecular structures of six (TMTSF^X salts (X=PFg-,

AsFq-, Br04_, FSO3-, BF4-, and CIO4-) (16). The changes 

in the extended Se atom sheet network in the crystallo

graphic a-b. plane, induced by different anions and/or 

reduced temperature, are key features in understanding 

the relationships between structural architecture and

physical property changes in TMTSF congeners. It is 

shown that by varying the anion size while maintaining
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tetrahedral or octahedral ion geometry, very systematic 

and predictable changes occur in the observed unit cell

volume and the overall Se-Se network distances. This

can be used to explain why pressure is associated with 

induced superconductivity in some TMTSF salts, why

(TMTSF)2C104 may or may no t continue to be a unique

derivative,, and what size octahedral or tetrahedral

anion will likely lead to new superconducting derivatives.

They have also shown that (TMTSF)2X unit cell volumes

may be predicted using tabulated single atom ionic radii 

thereby allowing the synthesis of new anionic derivatives, 

or alloys, with tailored unit cell volumes which may 

have superconducting transition temperatures which are 

greater than that for (TMTSF)2C104 (Tc=l.l K).



MATERIALS AND METHODS

All reagents were generally the best grade obtain

able, triethylamine (Baker) and trimethylphosphite (Strem) 

were distilled just prior to use, while other reagents 

were used as obtained. They were as follows: phosgene

iminium chloride (Aldrich), 3-bromo-2-butanone (Eastman 

Kodak), sodium hexafluorophosphate (Aldrich), hydrogen 

selenide (Scientific Gas Products) tetrabutylammonium 

hydrogen sulfate (Aldrich), Potassium bifluoride (Fluka 

Chemicals), and Boric Acid (Aldrich). The following 

solvents were distilled before use: chloroform (over

Alumina), dichloromethane, ether (over FeSC>4) , benzene, 

and heptane. Methyl alcohol and ethyl acetate were 

used as obtained. Triply distilled water and aqua regia 

were used where called for. Phosgene iminium chloride, 

trimethylphosphite, and hydrogen selenide are all air 

and/or moisture sensitive and can only be used in a 

dry, inert atmosphere (7).

Synthesis of TMTSF (Fig. 2)

1. Oxy-butyl-diselenocarbamate

Initially, 5 ml (335.9 mmoles) of freshly distilled 

triethylamine was added to 150 ml of chloroform (distilled
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over Alumina). This solution was degassed with argon 

with a fine frit gas dispersion tube for 30-45 min,

and then cooled to -10 degrees C (ice-acetone bath).

Under the flow of argon, hydrogen selenide was then

bubbled through the solution using a gas dispersion

tube (fine frit) for approximately 30-60 sec, until 

the reaction was complete as observed by the detection 

of excess l^Se by the formation of a red solid in a 

trap of aqueous KOH-H2O2. The solution was then purged 

with argon for 30-45 min to remove any excess Il2Se, 

catching any excess in the KOH-H2O2 trap.

An additional 5 ml of triethylamine was then added 

to the reaction flask via syringe. A tube-shaped flask 

containing 2.9 g (18 mmoles) of phosgene iminium chloride, 

which was loaded in a dry box, was attached to the reac

tion flask under a flow of argon and the solid was slowly 

added to the solution over a period of 10-15 min. The

reaction flask was then allowed to warm from -10 C to

room temperature and the solution was stirred for 2

hr over which time the color changed from orange to

very dark brick red. The solution was then cooled to

0 C and 1.9 ml (18 mmoles) of 3-bromo-2-butanone was

added dropwise (5 min) using a syringe equipped with

a stainless steel needle. The mixture was then allowed
to warm to room temperature and stirred for another

2 hr. The solvent was then removed with vacuum, and

the resulting solid was extracted with 6-50 ml aliquots
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of dry ether. After the extractants were combined, 

the solvent was removed by vacuum to give 3.7 g of a 

yellow oil or oily solid (I) which was used without 

further purification in the next step of the synthesis.

2. 1-3-diselenolium hexafluorophosphate

Under a flow of argon to insure a dry atmosphere,

10 ml of H2SO4 (cone.) containing a few drops of acetic 

anhydride to assure dryness was cooled to -10 C. Then

3.4 g (12 mmoles) of oxy-butyl-diselenocarbamate (I) 

dissolved in 2-3 ml of acetic anhydride was added dropwise 

via glass pipette with stirring. The reaction mixture 

was then slowly heated to 58 C (internal temperature) 

and stirred for 5 min at that temperature. It was then 

cooled in an ice bath, poured onto 25 g of ice (from 

triply distilled water), and then immediately filtered, 

first through a coarse frit and then through a fine 

frit glass funnell. Next, the filtrate was treated 

with a filtered solution of 3 g of NaPFg dissolved in 

10 ml of water, causing immediate formation of a tan 

colored precipitate. The precipitate was separated 

by filtration and washed with 3-25 ml aliquots of dis

tilled water. The precipitate was then dissolved in 

100 ml of dichloromethane, and dried with MgSO^j. It 

was filtered and the solvent removed by vacuum to give

2.4 g of the tan colored salt, 1-3-diselenolium hexa

fluorophosphate (II).
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3. 1,3-diseleno-2-selone

Two and four tenths grams of the above salt (II) 

were suspended in 100 ml of 70% aqueous MeOH, the solution 

degassed with argon, and then cooled to -30 C (xylene-liq. 

N2 slush bath). Under a flow of argon, to exclude any 

outside air, hydrogen selenide was bubbled through the 

solution, again using a gas dispersion tube (fine frit), 

for approximately 15-20 sec (until excess is detected 

in the KOH-H2O2 trap) causing the suspension to turn 

bright orange. The mixture was warmed to room temperature 

and stirred for 2 hr with a continuous flow of argon 

over the solution to remove any excess H2Se, again des

troying it in a KOH-H2O2 trap. During this time the 

mixture changed from orange to bright red in color.

Next, argon was bubbled through the solution for 

20 min to remove any remaining I^Se. The resulting 

product was then filtered, washed with 50 ml of distilled

water, dissolved in 75 ml of dichloromethane-benzene 

(3:1), dried with MgSOq, and the solvent removed. The 

red-orange crystals were removed, the container was

washed with dichloromethane and the wash water concen

trated by vacuum to give 1.4 g of the selone (III). 

The selone was purified by recrystallization in heptane.

4. Tetramethyltetraselenafulvalene (TMTSF)

Initially, 1.4 g (4.8 mmoles) of the selone (III)

was suspended in 5 ml of benzene and refluxed under
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argon. Then 0.75 ml (6 mmoles) of freshly distilled 

trimethylphosphite was added via syringe and the mixture

was refluxed under argon for 90 min. The mixture was

cooled in an ice bath, filtered and the resulting violet 

crystals washed with cold ether. The mother liquor

is concentrated by evaporation by vacuum to give addi

tional product. The products were combined to give 

a 1.8 g of needle-shaped violet crystals of TMTSF (IV). 

The product can be further purified by gradient sublima
tion onto Teflon, (165 C, 10-5 torr).

Synthesis of Tetrabutylammonium hydroxyfluoroborate

1. Potassium hydroxyfluoroborate (14, 15)

The synthesis used was first done by Wamser in 

1948 (15). All steps were conducted in polystyrene 

beakers. Initially, 100 g of potassium bifluoride were 

dissolved in 250 ml of triply distilled water. This 

was allowed to stand at room temperature for 3 hr. The 

solution was then filtered by gravity into a plastic 

beaker. The filtered solution was stored at room tempera

ture for 12 additional hr and filtered again.

After filtration, the beaker was placed in an ice 

water bath. With continual stirring, 30 g of boric 

acid was added. The mixture was then placed in an ice 

bath for 2 hr. The solution was filtered and 32.6 g 

of the salt potassium hydroxyfluoroborate (I) was placed
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in the oven to dry.

2. Tetrabutylammonium hydroxyfluoroborate

Initially, 3.1 g of tetrabutylammonium hydrogen

sulfate were dissolved in 30 ml of triply distilled 

water. In a separate beaker, 1.2 g (I) were dissolved 

in triply distilled water. With continual stirring, 

the two solutions were mixed together. The new mixture 

was stored at room temperature for 14 hr. One and six 

tenths grams of the salt tetrabutylammonium hydroxyfluoro

borate (II) were recovered upon filtration.

Electrolytic Growth of Tetramethyltetraselenafulvaline 

hydroxyfluoroborate (TMTSF^BFgOH.

The crystal growing apparatus consists of a glass 

H-cell (15 ml capacity) with a fine porosity glass frit 

and two platinum wire electrodes. The power supply 

consists of a constant current regulator with a range 

of 0 to 5 uamps. The crystal growing apparatus was covered 

with aluminum foil and enclosed in a styrofoam constant 

temperature box kept at 22.5 C.

The cell was cleaned and thoroughly dried before 

each use in the following manner: fresh aqua regia

was drawn through the frit using a water aspirator three 

times in each direction changing the acid each time. 

Tap water, followed by triply distilled water, was drawn 

through the frit in exactly the same manner. Finally,
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the cell was placed in an oven at 125 C to dry after 

rinsing three times with methyl alcohol.
The platinum electrodes are cleaned electrolytically

in 1M H2SO4. Initially the positive terminal of a 6 

volt battery was connected to the anode and the negative

terminal was connected to the cathode. After 5 min the

terminal leads are changed. This continues until six 

switches have been made making sure that the positive 

terminal is connected to the anode on the final change. 

The electrodes are rinsed thoroughly with triply distilled 

water and then with methyl alcohol and allowed to air 

dry.

ml of dry TCE

alumina column.

In order to set up the cell for crystal growth, 

the solutions needed consisted of 0.491 g (1.5 mmoles) 

of (CH3<CH2)3)4~NBF3OH in 10 ml of dry 1,1,2-trichloroeth- 

ane (TCE), and 0.02688 g (.06 mmoles) of TMTSF in 5 

TCE is distilled and dried using an 

First, 5 ml of the TMTSF solution is

added to the anode compartment. Immediately following, 

5 ml of the tetrabutylammonium hydroxyfluoroborate salt 

solution is added in equal amounts to each the anode 

and cathode compartments to give equal heights of solution 

on each side. The solution in each compartment (cathode 

compartment first) is purged for 30 sec with Argon using 

a disposable pipette. The pressure vents are covered

with parafilm and the electrodes placed in their respec

tive compartments and adjusted so that all of the platinum
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wire is covered by the solution but not touching the

bottom of the cell. The anode and cathode leads from

the constant current regulator were connected together 

to adjust the current to its initial setting. Finally, 

the leads were connected to the corresponding electrodes

and the cell was covered with aluminum foil to exclude

light which may cause premature oxidation of the TMTSF 

solution which is characterized by an orange or green 

color. The initial current was 0.5 uamps, but this 

was raised 1 uamp per day, to a maximum of 4.5 uamps.

The crystals were harvested when the TMTSF solution 

had lost its pink color signifying the end of the reac

tion. This was done by carefully lifting out the anode 

and lightly brushing the crystals off the platinum elec

trode on to a suction filter with a small brush. After

the cathode had been removed the remaining contents

of the cell were poured over the crystals. The cell 

was rinsed several times to remove any remaining crystals.

Finally, the crystals were washed with 10 ml of TCE, 

dried for 10 min on the suction filter, and stored in

a glass sample vial.



RESULTS

Tetramethyltetraselenafulvalene (TMTSF) crystallizes 

as violet needles which decompose at 250 degrees C. 
The N^H NMR spectrum in d-CHClg (1% TMS) is a singlet 

at d=1.98. The UV-vis spectrum in CH2CI2 is max, 508 

± 5 nm., 299 ± 1 nm (5). The infrared spectrum, obtained 

by subliming TMTSF onto a NaCl plate exhibits bands 

at 2970 (m), 2902 (s), 2840 (m) , 1617 (m), 1434 (vs), 

1145 (m), 1062 (s), and 665 (s) (17). At Argonne, we

did not run a UV-vis spectrum, but our NMR results and 

infrared spectrum corresponded exactly.

TMTSF was made throughout the 4 mo period and stored 

in a cold light-free, argon environment. Slight modifica

tions from the procedure of Bechgaard (2, 4), were made 

to increase our yields. These modifications included 

increasing the time alloted for purging with argon and 

purifying the selone by recrystallization with heptane. 

These changes gave the yields shown in Table 1.

The salt sample was dried at 120 degrees C before 

testing, showing a 0.76% weight loss. The salt was 

tested by Midwest Analysis and the results obtained 

are seen in Table 2. Midwest also reported that the 

salt was slightly heterogenous. The melting point was

15
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151-156 degrees C. The (Cl^CCHg^^NBFgOH- anion is 

stable in basic solution but will decompose to the BF4~

anion in acid.

The TMTSF crystals were weighed after harvesting, 

0 giving a yield of 89% (.02624 g). The molecular weight

of the molecule is 980.82. Currently x-ray crystallo

graphy studies are being done to determine whether the 

molecule is the new molecule (TMTSF)2BF3OH or a mixture

of (TMTSF)2BF3OH-BF4.



DISCUSSION

A major part of the time involved with this project 

concerned finding a new (TMTSF)2X salt of octahedral 

or tetrahedral symmetry that had a unit cell volume 

as close to that of (TMTSF)2C1C>4 as possible. The Vc 

for the CIO4- derivative at T425K is 673.3 A. The next 

smallest Vc for a (TMTSF)2X molecule known to superconduct 

is X=PF6", Vc=668.1 and X=FSO3, Vc=671.3. The Vc's 

for these anions increases as the temperature increases 

while maintaining proper symmetry.

The work done researching for anions of proper 

size at first proved to be a nearly impossible task. 

One of the other research participant's students, Steve

Compton, wrote a computer program in which the unit 

cell sizes of various (TMTSF)2X derivatives at 125 K 

could be found. Undesirable cell size possibilities

were weeded out by setting upper and lower limits on

the cell volumes. The limits set were for cell volume 

sizes between 665-685 A. The Vc for (TMTSF)2“ BF3OH 

is 668.1 A. BF3OH- is of particular interest due to 

its polarity. This may have an effect on the ability 

to superconduct. The formula used for obtaining the

unit cell volume at 125 K was V= 1.743V + 642.40.

17
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The TMTSF synthesis work done was not original 

work. The synthesis had already been done previously. 

Changes were made in the procedure in order to increase 

yields and increase purity. The yield drops below 50%

Q from Step 1 to Step 2 having a large effect on the end

product. This may have been due partially to the three

filtrations and several transfers. Even with extreme

care it was impossible to get the yield above 48%.

The crystallography studies are currently being 

done on the (TMTSF)2BF3OH crystals. If the compound 

shows the typical 2:1 relationship, then superconductivity 

tests will be done. In conclusion, the (TMTSF^BFgOH 

salt grown is a new molecule, but whether it has the 

ability to superconduct is still unknown.



TABLE 1

STEP PRODUCT YIELD

1 Ia 72%

2 IIb 48%

3 IIIC 84%

4 ivd 82%

Yields of Products in TMTSF Synthesis

aproduct I is oxy-buty1-diselenocarbamate
^product II is 1-3-diselenolium hexafluorophosphate

cproduct III is 1,3-diseleno-2-selone
dproduct IV is TMTSF

TABLE 2

Theoretical Theoretical
(CH3(CH2)3)4NBF3OH (CH3(CH2)3)4NBF4 Calculated Calculated

C 58. 72% 58.36% 58.66% 58.92%

H 11. 39% 11.02% 11.15% 10.99%

N 4. 28% 4.25% 4.13% 4.48%

F 17. 42% 23.08% 17.97% 17.95%

Chemical Analysis of Tetrabutylamonium 
Ilexafluorophosphate
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SYNTHESIS OF TMTSF (Fig. 2)
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