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3,396,184
TRIALKYL-DIHALOTANTALUM AND
NIOBIUM COMPOUNDS
Gordon L. Juvinall, Monroviz, Calif., assigmor fo the

United States of America as represenfed by the Ad-
ministrator of the National Aeronautics and Spuce
Administration
No Drawing. Filed July 9, 1965, Ser. No. 470,902
5 Claims. (Cl 260—429)

ABSTRACT OF THE DISCLOSURE

Novel organc-metallic compounds of the formula
RyMX, are disclosed. Rz is an alkyl group containing
from one to four carbon atoms, M is tantalum or niobium
and X is halogen. The compounds are prepared by re-
acting at low temperature under vacuum in an inert or-
ganic sclvent, a dialkyl zinc compound with a tantalum
or niocbium pentahalide and recovering the desired com-

pound. These velatile compounds can be pyrolyzed to 2

deposit a film of metal on a variety of substrates.

ORIGIN OF THE INVENTION

The invention described herein was made in the per-
formance of work under a NASA contract and is sub-
ject to the provisions of Section 305 of the National Aero-
nautics and Space Act of 1958, Public Law 85-568 (72
Stat. 435; 42 U.S.C. 2457).

This invention relates to new metallic compounds use-
ful in metal film deposition. More particularly, this in-
vention relates to new organc-metallic compounds of nio-
bium and tantalum useful for film deposition.

Prior to this invention organo-metallic compounds of
Group VA were formed as arene complexes. One of the
important reasons for forming the Group VA metal com-
pounds, particularly in the case of niobium and tantalum,
was for utilization in metal film deposition processes so
as to produce substrates coated with these metals. These
particular metals have the property of superconductivity
and find utilization in advanced applications in electronic
computers and data processors in circuitry involving miui-
aturization.

An object of this invention is to provide new organo-
metallic derivatives of tantalum and niobium which are
capable of adaptation for improved processes in metal
film deposition.

Another object of the invention is to provide new or-
gano-metallic compounds of nichium and tantalum
which are capable of vaporization to leave the metal
film deposited on substrates herebefore unsuitable for this
purpose.

The above and other objects of the invention are ac-
complished by new compounds having the following gen-
eral formula:

RsMX,

wherein R is an alkyl group of from 1 to 4 carbon atoms;
M is a metal selected from the class consisting of tanta-
lum and niobium; and X is a halogen. Thus, it can be
seen that the compounds of the invention are sigma
bonded alkyl compounds of niobium and tantalum. Pref-
erably, R in the above formula is a methyl group, since
the volatility of the compounds will tend to decrease with
increased chain length of the alkyl group. Compounds
wherein R is a methyl group and the halogen is chlorine
are found to possess excellent filny deposition character-
istics.

Other additional compounds which obviously fall
within the above formula and are thus contemplated as
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part of this invention include trimethyldichlorotantalum,
tributyldiodonicbium, tripropyldichlorotantalum, triethyl-
difluorotantalum and the like.

The compounds of the invention are prepared by a
novel reaction involving low temperature exchange of
alkyl groups and halogen between dialkylzine and the
pentahalides of nicbium and tantalum respectively. For
example, one of the preferred compounds of the inven-
tion, trimethyldichloroniobium is formed according to
the following equation:

3(CH3)9Zn4-2NbCl— 2 (CH3) sNbCly - 3ZnCl,

Cbviously, the tantalum compounds are formed in ac-
cordance with the same reaction.

Formation of the compounds in accordance with the
above equation involved reacting the pentahalide in a
conventional organic solvent in vacuo with the dialkyl-
zinc. The dialkylzine is added in small increments due
to the exothermic character of the reaction. After each
addition, the reaction mixture is allowed to warm itself
to room temperature while being agitated. After the final
addition of the dialkylzinc all of the volatiles are removed
and the final product is trapped at a low temperature.
Generally, the entire reaction is carried out in a high
vacuum systern. It is believed that the formulation of
the compounds of the invention will be readily under-
stood from the following detailed examples.

Example T

In the formulation of the compounds of the invention,
a glass vacuum system was utilized having a 50 milliliter
glass bulb as the reaction vessel. The system was initially
pumped down to a pressure of 2X 105 mm, Hg before
addition of the reactants. Thereafter, the pressure of the
system was equal to the sum of the vapor pressures of
the volatile mraterials in the reaction mixture, At the start
of the preparation, 7.45 mmoles of NbCly and 15 milli-
liters of pentane as a solvent were supplied in vacuo fo
the reaction vessel. The reaction vessel was cooled to
~78° C. by means of a Dry Ice pack. 18.26 mn 5 of
dimethylzine were added to the reaction vessel E i
portions because of the exothermic nature of the reac-
tion.

After each portion of the dimethylzine was added to
the reaction vessel, the cooling bath was removed and
the reaction mixture was allowed to warm to apy i
mately room temperature and agitated. Upocn H
of the final portion of the dimethylzing, all of the volatile
materials in the reaction mixture were removed at room
temperature while the desired end product, trimethyl-
dichloroniobium, was trapped at —36° C. The com-
pound was then sublimed from the trap into an analytical
ampoule, NMR tube, etc. The vyield of trimethyl
chloroniobinm was 12.7% based on NbCI; utilized. The
trimethyldichloroniobium formed golden vellow crystals
which sublimed readily in vacuum at room temperature.
The compound darkened and released methane when left
at room temperature for several hours. However, the com-
pound was stable indefinitely at —78° C.

The formula of the compound formed in the example
was established by hydrolyzing freshly prepared samples
in vacuo with aquecus KOH. The resultant methane was
measured directly by means of a Sprengel pump. The
niobium was determined gravimetrically as the pentoxide.

i

5 The chloride was also determined gravimeirically. The

methane was subsequently shown to be guantitatively pure
by means of infrared and mass spectroscopy. All the
analytical data were determined independently on the
same weighed sample. Additionally, the mass spectrum
of the compound indicated a monomeric structure.
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Example 11

The procedure for forming the niobium compound in
Example { was repeated utilizing 4.29 mmoles of tantalum
pentachloride and 11.29 mmoles of dimethylzinc and 15
milliliters of pentane. The reaction yiclded 0.720 mmoles
of trimethyldichlorotantalum. The trimethyldichloro-
tantalum formed pale yellow crystals of similar volatility
o the niobium compound in Example L.

The tantalum compound of this example appeared to
be more thermally unstable than the niobium analog. The
stabilities of both the niobium and tantalum compounds
were adversely affected by small quantities of impurities.
Both compounds additionally were highly reactive toward
air and water. The formula of the tantalum compound
was established by the same means set forth in Example
1 for establishing the formula of irimethyldichioronio-
bium.

Example III

To demounstrate the plating ability of the compounds
chis invention, films were plated on the inside of a
/) 7 tube. The quartz tube utilized was of a double
wall construction and had an outside diameter of 31
millimeters and an inside diameter of 16 millimeters. The
surface to be plated was heated by means of a resistive
coil heater in vacuo to 700° C. The compound of the in-
vention trimethyldichlorotantalum or trimethyldichloro-
niobium made in accordance with the previous examples
was then admifted at a pressure of less than 1 mm. Hg

into the tube. This was accomplished by cooling the com- 3

pound in a mixture of ice and salt which lowered the
vapor pressure (o the required value. The material was
then passed over the heated surface in the quartz tube
in a monrecirculating flow system for 10 to 12 hours.
Wolatile pyrclysis products were pumped into the vacuum
systern and trapped. It was found that the niobium film
produced was a superconductor. It was produced like the
film from the tantalum compound in a band approxi-
mately 20 millimeters wide on the quartz tube. It was
found that attempts to speed up the process by changing
the pressure did not result in film of equal quality to that
produced at pressures less than 1 mm. Hg. The films pro-
duced at higher pressures were heavier, flaky and to a
degree not adherent in their coating ability.

Example IV

Miobium film was plated on a piece of gold foil in ac-
cordance with the above process wherein the foil was
heated to approximately 700° C. in vacuo. The gold foil
measured 277 x 2”7 and was covered with a bright uni-
form niobium mirror. This example demonstrates an im-
portant feature of the invention in that it indicates the
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process utilizing the novel compounds of this invention
is applicable to any metal which can be gold plated. Gold
was of particular interest in that it was mot corrosive,
with regard to the hologen containing compounds of the
invention.

It has been fouad that the metal films, resulting from
the pyrolysis of the volatile compounds made in ac-
cordance with this invention, are plated under much
milder conditions than the older processes, depending
upon the gas phase reduction of the pentahalides or upon
metal evaporation. The flexibility of the invention may be
appreciated from the fact that seletced areas in a system
may be heated and the metal films will be deposited on
these hot spots. Furthermore, it is possible, with this in-
vention, to easily deposit a good, uniform niobium mir-
ror on the inside wall of a tube, something heretofore
considered as extremely difficult to do.

What is claimed:

1. Organo-metallic compounds having the general for-
mula:

R;MX,

whereinn R is an alkyl group of 1 to 4 C atoms, M is a
metal selected from the class consisting of niobium and
tantalum, and X is a halogen.

2. (CH;)3TaCl,

3. (CH;)3MNbCl,

4. The method of forming organo-metallic compounds
comprising reacting at low temperature under vacuum in
an inert solvent a dialkylzinc compound of the formula
RoZ, with a pentahalide of a metal selected from the
class comsisting of tantalum and niobium, and recover-
ing a compound of the general formula:

RyMX;

wherein R is an alkyl group of 1 to 4 C atoms, M is a
metal selected from the class consisting of niobium and
tantalum, and X is a halogen.

5. A method according to claim 4 in which the re-
action is conducted at a low temperature of about —78°
C. under a vacuum of about 2X10~% mm. Hg vacuum
and the compound is recovered at low temperature.
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