
1 

DIMETHYLALUMINUM HYDRIDE COMPOSITION, PROCESS FOR PRODUCING 

TBE SAME AND METHOD OF REDUClNG VISCOSITY OF 

DIMETHYLALUMINUM HYDRIDE 

FIELP OF THE TNVENTION 

The present inver.tion relates to a dimethylaluminum 

hydride composition, a process for producing the same and a 

method of :ceducing the viscosity of dimethylalurninu.m. 

hydride. More par;ticularly, it relates to a 
I 

dimethylaluminum hydride1composition having a viscosity of 

not more than about 2000 mPa·s ( "mPa·s is equivalent to 

"centipoise .. ) at normal temperature ( 25°C) , which is 

superior ill handling p:roperties, a process for producing the 

same and a method of reducing the viscosity of 

dimethylaluminum hydride to not more than about 20000 mPa·s 

at normal temperature under atmospheric pressure-

BACKGROUND OF THE INVENTION 

Dimethylaluminurn hydride (hereinafter abbreviated to 

"DMAH") is mainly used as an aluminum raw material in a 

chemical vi~por deposition process (e.g. metal organic 

chemical vapor deposition, metal organic molecular beam 

epitaxy, etc.). In the process, the dimethylaluminum 

hydride is introduced into a vapor deposition device 

accordin9 to a method (l) comprisinq supplying a carrier 9as 

',,~~::: 
.. •. :!_;:~ •.... 

n ... ~ ... 
! .. 

t 
. 
~ 

~ r· " ' 1 · .. ~ ·' · . 

'. ', 



--------------------------------------------- ---

2 

such as hydrogen whose flow is cont.rolled by a mass flow 

controller into a DMAH solution in a storage container, 

bubbling t::'le solution by the carrier gas and then 

introducin·; the bubbled carrier gas saturated wi t.h DMAB into 

a vapor de:?osition device; method { 2) comprisinq directly 

heating a ~MAH storage container to evaporate OMAH at a 

temperature below its boiling point and introducing DMAH 

vapor into a ~apor deposition device while controlling the 

flow using a mass flow controller; and method (3) comprising 

pressuri~i::i<J a DMAH storage container using a carrier gas 

such as hydrogen or nitrogen, transferring OMAH in the 

container to an evaporator in the liquid state, heating DMAH 

in the evaporator to evaporate DMAH and supplying a carrier 

qas to int;roduce DMAH vapor into a vapor deposition dei.rice. 

Howev1:tr, DMAH has the following problems on use. That 

is, it is difficult. to transfer DMAH from a storage 

container ·c.o the device to be used and to conduct bubbling 

at the tim.1~ of the vapor deposition reaction because DMAH 

has high viscosity, i.e., from several thousands to several 

ten thousands at room temperature. F.rom the manufacturing 

point of v:Lew, it is difficult to transfer or deactivate 

DMAH as cornpared with other normal organic aluminums because 

DMAH has a self-ignition property and hiqh viscosity. A 

method of reducing the viscosity of dimethylaluminum hydride 

has thus bt!en desired. 
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SUMMARY O? THE INYENTION 

Under these circumstances, the present inventors have 

intensively studied methods of reducing the viscosity of 

dimethylalllminum hydride even at normal temperature under 

atmospheri1:: pressure. As a result, it has been found that a 

remarkable effect of reducing the viscosity of DMAH is 

obtained when a very small amount of a Lewis base is added 

to DMAH. ·~hus, the present invention has been accomplished. 

An ob:ject of the present invention is to provide a 

di.methylaluminum hydride composition having a low viscosity 

at norm.al temperature under atmospheric pressure, which is 

easily handled .. 

Anoth1~r object of the present invention is to provide a 

process fo~c producing the same. 

Still another object of the present invention is to 

provide a method of reducing the viscosity of 

dimethylalmninum hydride. 

These objects as well as other objects and advantages 

of the pre:1ent invention will become apparent to those 

skilled in the art from the following description. 

In sutnmary, the present invention provides a 

dimethylaluminum hydride composition having a viscosity of 

not more than about 2000 mPa·s at 25°C, comprising 

dimethylaluminum hydride and at least one Lewis base in an 

amount of 0.01 to 10 \ by weight of di.11\ethylaluminum 
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hydride, an.d a process for producinq the same. 

The pl:-esent invention .further provides a method of 

reducing the viscosity of dimethylalumitrnm hydride to not 

lllOre than about 2000 mPa·s at normal temperature (25°C) under 

atmospheric:: pressure, which comprises adding at least one 

Lewis base to dimethylaluminum hydride in an amount of 0.01 

to 10 i by weight of dimethylaluminum hydride. 

DETAII.EO DESCRIPTIOli 

The present invention relates to a DMAH composition 

comprising dimethylaluminum hydride and a Lewis base in an 

amount of usually from 0.01 to about 10 % by weight, 

~referably from about 0.03 to about 1.0 % by weight, based 

on DMAB, wherein the viscosity of the DMAa composition at 

normal temperature ( 25')C) is not more than about 2000 mPa·s, 

normally not more t.han about. 1000 mPa·s, and preferably from 

about 10 t<> about 500 mPa·s. such a composition is extremely 

superior in handling properties. 

According to a typical process for producing the DMAB 

composition, a Lewis base is added in the amount of usually 

from 0.01 to about 10 \ by weiqht, preferably f~om about 

0.03 to about 1.0 t by weight based on DMAH, followed by 

mixing. 

The DMAH to be used is not a specific one, and ia DMAH 

having a viscosity of more than 2000 .mPa·s at normal 



5 

temperature, normally from several thousands to several ten 

thousands rnPa·s, particularly from about 4000 to 20000 mPa·s 

and more p1!rticularly from about 4000 to 10000 mPa·s at 

normal temperature (25 °C), vhich is commercially available 

or obtainable by a known synthetic method, for example, by 

reacting dimethylaluminum chloride with alkali metal hydride 

or by reacting trim.ethyl.aluminum with lithium aluminum 

hydride ( f!.g,, USP 4,924,019 and J. Am. Chem~ Soc. 75, 835 

(1953)). 

The LE~wis base used in the present invention refers to 

a compound having at least one sin9le pair of electrons and 

which can be coordinated with DMAH. Example$ of the Lewis 

base include orqanic compounds containing at least one 

element se1ected from the element groups Vb and VIb in the 

Periodic Table and organic compounds containing at least one 

element selected from N, P, As, o and s. Specific examples 

thereof include ethers such as diethyl ether, dibutyl ether, 

methyl butyl ether, anisole, diphenyl ether, benzyl ether, 

dimethoxyethane, dietlloxyethane, tetrahydrofuran and 

dioxanei amines such as triethylamine, trioctylamine, 

dim.ethylprc>pylamine, dimethyldodecylamine / 

dimethylaminotrimethylsilane, dimethy1allyla.mine, 

diisopropylethylamine, dimethylaniline, benzylethylaniline, 

tetramethylethylenediamine, tetramethyldiaminopropane and 

tetra.methylhexainethylenediamine; heterocyclic compounds 
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having at least one nitro9en atom in a ring structure such 

as pyridini~, dimethylaminopyridine, collidine, pyrazine, 

dimethylpy:razine, pyrazole, quinol ine, isoquinoline, 

triazine, ·:riazole / quinaldine, imidazole and 

benzylmethylimidazole; sulfides such as dimethyl sulfide, 

diethyl su:lfide and diphenyl sulfide; heterocyclic com.pounds 

having at least one sulfur atom in a ring structure such as 

thiophene; phosphines such as triethylphosphine and 

triphenylphosI>hinej organoarsine such as triethylarsine, 

etc. Amon9 them, diethyl ether, dibutyl ether, 

tetrahydro:!uran, triethylamine, dimethyldodecylamine and 

dimethylaniline are preferred. 

The Lewis base may be normally added to DMAB at normal 

temperature in an amount of usually from about 0.01 to about 

lO % by weight, preferably from about 0.03 to about 1 % by 

·weight of l)MAH, followed by mixing. Afte:r; the operation, 

there can be obtained a OMAR composition having a viscosity 

of not more than about 2000 mPa·s even at normal temperature 

(25 °C) under atmospheric pressure, which is superior in 

handlinq pJ:-operties. 

The upper limit of the amount of the Lewis base may be 

usually decided by the permissible purity of DMAH as limited 

by its application. 

When the Lewis base is added in an amount of from 0.01 

to 1 ' by weight of DMAH, a sufficient effect of reducing 

.I 
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the viscos.ity of the resultinq compo:sition can usually be 

obtained ii:i handling DMAH at normal temperature, i.e. a 

viscosity JJf not more than about 2000 mPa·s, preferably not 

more than •:ibout 1000 mPa·s, and more preferably not more than 

about 500 mPa·s. 

The L1!wis base to be used can suitably be selected 

dependin; 1)n the application of the DMAH. The Lewis bases 

containing oxygen generally have a better effect in reducing 

the viscos.ity. When even a very small amount of oxygen 

impurity exerts a deleterious influence on the use of the 

DMAH compo1:Jition, other Lewis bases such as compounds 

containing at least one nitrogen atom ( i.e. amines and 

heterocyclic compounds ha1ring nitrogen atom in a ring 

structure ) are preferably used. 

A proc::ess comprisin9 adding the Lewis base to DMAH, 

followed by mixing, is only shown as an example cf a process 

for producing the DMAff composition according to the present 

invention. As a matter of course, the process of previously 

adding the Lewis base at the time of synthesizing DMAH may 

be used in the present invention if the amount of the Lewis 

base in tht~ OM.AB composition is sufficient for the purpose 

of reducing the viscosity. 

The DMAH composition whose viscosity is reduced 

accordin9 i:.o the present invention may be used as an 

aluminum raw material in the chemical vapor deposition 
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process af·:er . introduction into a vapor deposition device 

according ~o a method comprisinq bubbling a carrier gas such 

as hydrogen qa.s in a solution comprising the OMAR 

composition to form a vapor of DMAH, or a method comprising 

heating a :3olution comprisinq the DMAH composition in an 

evaporator to evaporate DMAH and supplyin9 a carrier gas 

therein. 

The method for evaporatin9 the OMAH composition, method 

for introducing into the vapor deposition device, method for 

using in the vapor deposition device and devices used for 

these metht:>ds may be methods or devices which have hi":.herto 

been known, and are not specifically limited. 

As de13cribed above, a DMAH composition of the present 

invention has a viscosity of not more than about 2000 mPa·s 

at normal temperature, normally not more than about 1000 

m.Pa·s, which is superior in handling properties. The 

viscosity of DMAB can be easily reduced by an extremely 

simple operation of adding a very small amount of a Lewis 

base to DMAH. Therefore, the industrial utility value of 

the DMAB composition as the aluminum raw material in the 

chemical vapor deposition process is quite si9nificant. 

The following Examples and Comparative Example further 

illustrate the present invention in detail but are not to be 

construed to limit the scope thereof. 

In the present invention, analysis of concentration of 
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ether in DMAH and viscosity analysis of DMAH were conducted 

hy the method described below. 

Analy13is of ether; After OMAH was diluted with 

dodecane, 1:.he resultinq solution was hydrolyzed. Then, the 

content of the ether (diethyl ether and THF) in water, 

dodecane and gas were respectively determined by gas 

chromatogr.:tphy, and the content was converted into the ether 

concentration to DMAH. As the amount of the et.her 

calculated by tha above analysis was found to be identical 

to the amount actually added, all o:f the amounts of Lewi5 

base in the Examples and of heptane in the Comparative 

Example arc~ shown by the amounts added. 

Viscm:iity analysis of OMAH: After DMAH as a sample was 

supplied t<:> one of t.wo containers connected to each other 

with a capillary, an inert gas was introduced into this 

container under pressure and transferred to another 

container. At this point, the transfer amount and time were 

measured, and then they were substituted into the 

Poiseuille's equation to determine viscosity. 

Example 1 

Dieth3~l ether twas added to commercially available DMAH 

(17 g) (manufactured by Sumitomo Chemical Industries co., 

Ltd., visco·sity: 7700 mPa·s, pu:rity of 99. 999 % calculated 

from inorganic material analysis in the amount shown in 

Table l and, after stirring with a magnetic stirrer, the 
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viscosity c>f the resul tin9 DMAH composition was rneasu:red at 

roo:m tempej:atu:re ( 25 °C) • The results are shown in Table l. 

<Table l> 

Experiment No. Ainount of diethyl Viscosity of DMAH 

ether added composition 

1 None 7700 

2 0.09 300 

3 0.13 180 

4 0464 45 

5 4.28 19 

The amount of diethyl ether added is represented by % 

by weight based on D~H. 

Example 2 

According to the same manner as that described in 

Example 1 t!xcept for adding THF in place of diethyl ether in 

the amount shown in Table 2, the mixture was stirred with a 

magnetic s1:.irrer, and then the viscosity of the resulting 

DMAH compO~iition was measured at room temperature (25 ~c) • . 
The resultH are shown in Table 2. 
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<Table 2> 

Experiment No. Amount of THF Viscosity of DMAH 

added composition 

l None 7700 

2 0.03 1200 

3 0.15 135 

Examp.l.e 3 

According to the same manne.t" as that described in 

Example 1 1:nccept for adding tr iethylamine in place of 

diethyl ether in the amount shown in Table 3, the mix~ure 

was stirred with a magnetic stirrer, and then the viscosity 

of the resultiilg DMAH COinFosition was measured at room 

temperatur1! (25 °C). The results are shown in Table 3. 

<Table 3> 

Experiment No. Amount of Viscosity of DMAH 

triethylamine added composition 

1 None 7700 

2 0.14 1100 

3 0.71 140 

Comparative Example l 

According to the same manner as that described in 

Example 1 except for adding heptane in place of diethyl 
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ether in the amount shown in Table 4, the mixture was 

stirred with a magnetic stirrer, and then the ~iscosi~y of 

the resulti.1'\g DMAB composition was measur-ed at room 

temperature (25 °C). The results are sho~ in Table 4. 

<Table 4> 

F.:xperiment No. Amount of heptane Viscosity of .DMAH 

added composition 

l None 7700 

2 2.9 5600 

3 17.l 1500 

4 31.4 640 

Example 4 

N,N-d:lmethylaniline was added to co:mmercially available 

DMA.H {17 9) (manufactured by Sumitomo Chemical Industries 

Co., Ltd., viscosity: 10000 m.Pa·s, purity of 99.999 % 

calculated from inorqanic material analysis ) in the amount 

shown in Table 5 and, after stirring with a magnetic 

stirrer, the viscosity of the resulting DMAH composit.ion -was 

measured at. room temperature (25°C). The results are shown 

in Table 5 .. 
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<Table 5> 

Experiment No. Amount of Viscosity of 0.MAH 

N,N-dimethylaniline composition 

1 None 10000 

2 0.10 860 

3 0.25 220 



What is claimed is: 

l. A dimethylaluminum hydride cOlllpcsition having a 

viscosity of not more than about 2000 mPa·s at 25 ~c, 

comprising dimethylaluminum hydride and at least one Lewis 

base in an amount of from 0.01 to 10 % by weight based on 

the dimethylaluminum hydride. 

2.. The dimethylalu.."llinum hydride composition according 

to claim l, wherein the amount of the Lewis base contained 

is from 0.1)3 to 1.0 \ by weight based on dimethylaluminum 

hydride. 

3. The dimethylaluminum hydride composition according 

to claim lJ wherein the viscosity is not more than 1000 mPa·s 

at 25 °c. 

4. The dimethylalurninum hydride composition according 

to claim 2,, wherein the viscosity is not more than 500 mPa·s 

at 25 °c. 

5. Tl'l.e dimethylaluminum hydride composition according 

to claim 1 1• wherein the Lewis base is an organic compound 

containing at least one element selected from element qrcups 

Vb and VIb in the Periodic Table. 

6. The dimethylaluminum hydride composition according 

to claim 1,. wherein the Lewis base is an organic coJl1:pound 

containinq at least one element selected from the group 

consisting of N, P, As, O and s. 

7. The dimethylaluminum hydride composition according 

I lllllll llllll lllll 11111111111 
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to claL~ l, wherein the Lewis base is selected from the 

group cons:i.sting of diethyl ether, dibutyl ether, methyl 

butyl ethe:r, anisole, di phenyl ether, ben2yl ether, 

dimethoxyethane, diethoxyethane, tetrahyd:;ofuran, dio:xane, 

triethylamine, trioctylamine, dimethylpropylam.ine, 

dimethyldodecylamine, dimethylaminotri.methylsilane, 

dimethylallyla.mine, diisopropylethylamine, dimethylaniline, 

benzylethylaniline, tetramethylethylenediam.ine, 

tetramethyldiam.inopropane, tetramethylhexamethylenediamine, 

pyridine, dimethylaminopy.ridine, collidine,_pyrazine,. 

dimethylpy:::azine, pyrazole, qui no line, isoquinoline, 

triazine, triazole, quinaldine, imidazole, 

benzylmethylimidazole, dimethyl sulfide, diethyl sulf:ide, 

diphenyl s1llfide, thiophene, triethylphosphine, 

triphenylphosphine and triethylarsine. 

8. The dimethylaluminum hydride composition according 

to claim 7 ·' wherein the Lewis base i& selected from the 

group consisting of diethyl ether, dibutyl ether, 

tetrahydroi:uran, triethylamine, dimethyldodecylamine and 

dimethylaniline. 

9. A process for producing a dimethylaluminum hydride 

compositio~ having a viscosity of not mare than about 2000 

mPa·s at 25 °c, which comp4ises adding at least one Lewis 

base to diraethylaluminum hydride in an amount of from 0.01 

to 10 % by weight of the dimethyla1uminum hydride. 

I lllllll llllll lllf I 11111111111 
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10. i\ method of reducing the viscosity of 

THIS SHEET HAS BEEN I 
REPLACED 

dimethylaluminum. hydride to not more than about 2000 mPa·s, 

which comp::=ises adding at least one Lewis base to 

dimethylaluminum hydride in an amount of 0.01 to 1 ~ by 

weight of ·:he dimethylaluminum hydride. 

11 • ~rhe method according to claim 1O 1 wherein the 

amo\lnt of ·:-.he Lewis base is from 0. 03 to 1. a ' oy weiqht 

based on th.a dimethylaluminum hydride. 

12. '.rhe method according to claim 10, wherein the 

viscosi t:y is not more than 1000 m.Pa·s at 2 5 °C. 

13. •rhe method accordin9 to claim 10, wherein the 

viscosity :Ls not more than 500 mPa·s at 25 °c. 

14. !rhe method according to cl.aims 10, wherein ~he 

Lewis base is an organic compound containing at least one 

element selected from groups Vb and VIb in the Period.io 

Table. 

15. ~l'he method according to claim 10, wherein the 

Lewis base is an organic compound containinq at least one 

element se:Lected from the group consisting of N, P, As, 0 

and s. 

16. ~l'he method according to claim 10, wherein the 

Lewis base is selected from the group consisting of diethyl 

ether, dibutyl ether, methyl butyl ether, anisole, diphenyl 

ether, ben:tyl ether, di.methoxyethane, diethoxyethane, 

tetrahydrofuran, dioxane, triethylamine, trioctylamine, 

I lllllll llllll lllll lllll II llll 
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di:methylprc,pylamine, dimethyldodecylamine, 

THIS SHEET HAS BEEN 
REPLACED 

dimethylaminotrL"nethylsilane, dimethylallyl~ine, 

diisopropy:Lethylami.ne, dimethylaniline, benzylethylaniline, 

tetramethylethylenediamine, tetramethyldiaminopropane, 

tetramethylhexamethylenediamine, pyridine, 

dimethylam:Lnopyridine, collidine, pyra:dne, 

dimethylpy:::-azine, pyrazole, quinoline, isoquinoline, 

triazine, triazole, quinaldine, imidazole, 

henzylmethylimidazole, dimethyl sulfide, diethyl sulfide, 

diphenyl s1Jlfide, thiophene, triethylphosphine, 

triphenylphosphine and triethylarsine. 

17. ~rhe di.methylaluminum hydride composition according 

to claim 16, wherein the Lewis base is selected from ~be 

group cons:i.sting of diethyl ether, dibutyl ether, 

tetrahydro:furan, triethylamine, dimethyldodecylamine and 

dimethylan:Lline. 
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