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The mass spectra of trimethylaluminurm, dimethylaluminum chloride, methylaluminum dichloride, aluminum trichloride,
and dimethylaluminum hydride have been determined. The existence of a dimer is clearly shown for dimethylaluminum

chloride and methylaluminum dichloride.

Mass spectrometry is incapable of demonstrating the existence of a dimer of

trimethylaluminum. Aluminum trichloride exhibits a large number of fragments with many peaks at m/e values greater
than the dimer. The dimethylaluminum hydride spectrum indicates species characterized as monomers, dimers, trimers,
tetramers, pentamers, and hexamers. Some possible implications of this with respect to hydrogen bridge bonding in alumi-

num compounds are discussed.

Introduction

The mass spectra of boron hydrides,'—3 alkyl-
boranes,*~" and boron trihalides®~!! have been studied.
In the boron series only the hydride exhibits a bridge
bond.#1?2 These bridge bonds survive electron impact
to give a distribution of ions extending downward
from the molecule ion.! The analogous aluminum
compounds exhibit methyl, hydrogen, and halogen
bridging. The mass spectral study!? of these compounds
is therefore of interest for information it might yield
regarding bridge bonding.

Trimethylaluminum is a dimer in the vapor phase
to 70°.1% After a shaky start at structural deter-
mination involving electron diffraction®®=' and Raman
data,’® the correct structure was proposed by
Kohlrausch and Wagner on the basis of the Raman
spectra.’® Lewis and Rundle? unequivocally showed
the presence of a methyl bridge in crystalline tri-
methylaluminum by X-ray diffraction. Nmr data
in hydrocarbon solvents have shown that there is a
single peak for methyl protons at room temperature

(1) J. L. Margrave, J. Phys. Chem., 61, 38 (1957).

(2) W, S. Koski, J. J. Kaufman, C. F. Pachucki, and F, J. Shipko, J. Am.
Chem. Soc., 80, 3202 (1958),

(3) I. Shapiro, C. O. Wilson, Jr., J. F. Ditter, and W. J. Lehmann,
“Borax to Boranes,” Advances in Chemistry Series, No. 32, American
Chemical Society, Washington, D. C., 1061, pp 127-138,

(4) B. C. Tollin, R, Schaeffer, and H. J. Svec, J. Inorg. Nucl. Chem., 4,
273 (1957). i

(8) G. Schornburg, R. Koster, and D, Henneberg, Z, Anal, Chem., 170,
285 (1958).

(6) D. Henneberg, H. Damen, and R. Koster, Ann., 640, 52 (1961).

(7) C. O. Wilson, Jr., and I, Shapiro, Anal. Chem., 82, 78 (1960).

(8) R. W, Law, J. Chem. Phys., 25, 1086 (19586).

(9) J. Marritt and J. D. Craggs, J. Eleciron, Control, 8, 194 (1957).

(10) W. 8. Koski, J. J. Kaufman, and C. F. Pachucki, J. Am. Chem. Soc.,
81, 1326 (1959).

(11) R. F. Porter and E, E. Zeller, J. Chem. Phys., 88, 858 (1960).

(12) G. Utry in “The Chemistry of Boron and Its Compounds,” E. L.
Muetterties, Ed., John Wiley & Sons, Inc., New York, N. Y,, 1967, p 326.

(13) R. E, Winters and R, W. Kiser, J. Organometal. Chem. (Amsterdam),
10, 7 (1967). .

(14) A. W, Laubengayer and W. F, Gilliam, J. Am. Chem. Soc., 68, 477
(1941). .
(15) L. O. Brockway and N. R, Davidson, bid., 88, 3287 (1941),

(16) A, Buraway, Nature, 185, 269 (1945).

(17) H. A. Skinner and L. E, Sutton, sbid., 186, 601 (1945).

(18) F. Feher and W. Kolb, Naturwissenschaften, 27, 615 (1939).

(19) K. W. F. Kohlrausch and J. Wagner, Z. Physik. Chem,, B82, 185
(1942), '

(20) P. H. Lewis and R. E. Rundle, J. Chem. Phys., 21, 986 (1953);
R. G, Vranka and E. L. Amma, Abstracts, Annual Meeting of the American
Crystallographic Association, Bozeman, Mont,, July 1964, p 61.

but the peak splits when the temperature is lowered to
—75°.21-2%  This indicates that in a solution at room
temperature a rapid exchange between terminal and
bridged methyl groups renders all protons magnetically
equivalent on an nmr time scale. When the tem-
perature is lowered to —75°, the exchange is slowed
sufficiently for the detection of protons in different
chemical environments by nmr spectroscopy. On the
basis of the vapor-phase infrared spectra, Gray?* has
confirmed the Dy, symmetty proposed earlier.!®

Fischer and Rahlfs® established that aluminum
chloride vapor is a dimer by vapor pressure and vapor
density measurements. The structure, consisting of
two chlorine bridges, was established by electron
diffraction.®# The mass spectra of aluminum tri-
fluoride showed, among other fragments, the peaks
corresponding to the monomer, dimer, and trimer.2

Methylaluminum dichloride and dimethylaluminum
chloride are dimeric in the vapor phase. Brockway
and Davidson?® proposed that the structures consist of
two aluminum atoms and two bridging halogens.
Although the proposal for the existence of methyl
bridges on the basis of the Raman spectra®® confused
the situation for a while,23:3! the most recent irifrared?4
and nmr?? evidence supports Brockway’s -earlier
conclusion. Gray?* further states that the methyl
groups in methylaluminum dichloride are in the ‘rans
configuration. Laubengayer and Lengnick® have
reported that diethylaluminum fluoride exists as a
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tetramer with the fluorine nmr spectrum indicating a
cyclic structure of aluminum with fluorine bridge
bonds.

Dimethylaluminum hydride has not been studied as
extensively as the above compounds. Wartik and
Schlesinger?® found a degree of association of about 2.4
on the basis of vapor density molecular weight in the
temperature range of 83-95°. The dimeric value was
approached at 167°. When the molecular weight was
determined in isopentane solution by vapor tension
lowering, values corresponding to the trimer were
observed,

Experimental Section

Instrumentation.—The mass spectra were obtained on an
AEI MS-12 single-focus instrument which was operated at 70
eV and a resolution of about 1000 for the routine spectra with
the source temperature kept as low as possible. This was ac-
complished by keeping the source heater off and the filament off
until just prior to a run. The indicated source temperature was
between 60 and 100° for all runs. All of the samples except
aluminum chloride were admitted to the source through the
standard gas leak., A solid probe was used for aluminum chlo-
ride.

Trimethylaluminum.—This compound was used as obtained
from the Ethyl Corp. without further purification.

Dimethylaluminum Chloride.—Methylaluminum sesquichlo-
ride obtained from the Ethyl Corp. was treated with sodium
chloride in order to complex the methylaluminum dichloride in
the mixture.?## Several drops of sesquichloride were condensed
into a large excess of sodium chloride dried by heating to about
80° under vacuum for several hours. All operations were carried
out in a standard vacuum line. After 12 hr, the dimethyl-
aluminum chloride was distilled from the sodium chloride.

Methylaluminum Dichloride.—Methylaluminum sesquichlo-
ride obtained from the Ethyl Corp. was condensed into aluminum
trichloride on a vacuum line. Because of the difficulty of mea-
suring exact amounts of sesquichloride, the aluminum chloride
was present in less than a stoichiometric amount. The reaction
was slow. After 12 hr of heating at 60°, there was still a bit of
solid aluminum chloride left even though it was in contact with
unreacted dimethylaluminum chloride. The reaction mixture
was distilled at room temperature into a liguid nitrogen cooled
trap. After removal of the excess sesquichloride, a residue of
methylaluminum dichloride remained. The compound was
analyzed by condensing water above the aluminum compound
and allowing the trap to warm gradually from —195° to room
temperature. The methane generated was toeplerized and
meastured. The chloride was determined gravimetrically as
silver chloride.

Anal. Caled: CH4:Cl™ = 1:2.
Cl—, 75.3 mg; CH:Cl™ = 1:2.04.

Aluminum Trichloride..—ACS Reagent grade aluminum tri-
chloride was sublimed under vacuum. The solid probe of the
mass spectrometer was filled with the material on the sublimer
cold finger by carrying out the operation in a glove bag filled
with dry nitrogen. The retracted probe was removed from the
glove bag and immediately placed in the antechamber of the
solid probe introduction system.

Dimethylaluminum Hydride.—Dimethylaluminum hydride
was prepared from trimethylaluminum and lithium aluminum
hydride according to the method of Wartik.?® The product
was analyzed by hydrolyzing with water, toeplerizing the meth-

Found: CH,, 1.04 mmol;
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Inorganic Chemistry

ane and hydrogen mixture, and analyzing the mixture on a mass
spectrometer.

Anal. Caled: H2:CHg for (CHg)pAIH = 0.50.
Hg:CH4 = (0.51.

Found:

Results

Because the cracking  patterns of the aluminum
compounds were not studied with the view of obtaining
data for analytical determinations, the fragmentation
patterns listed should be used only for gauging relative
intensities.

Aluminum Chloride.—Table I shows the monoiso-
topic spectrum for aluminum chloride. Species assign-
ments are shown with intensities normalized to the
AlLCl* peak. There is no sharp termination of peaks
in the spectra. At higher m/e values than the dimer
peak, peaks occur in groups of 12-15. There are at
least 20 such groupings distinctly identifiable in the
m/e range 261-630. The intensities are of the order
of 19, but range as high as 39, of the base
peak. Chlorine isotope patterns for six ‘and seven
chlorines can be picked out in some of the groups
below m/e 470. However, no satisfactory species
assignment could be made. At m/e values higher than
630, an order of magnitude drop in peak intensities is
observed. These small peaks seem to continue in a
pattern similar to those found in the m/e 261-630
region.

TanLp I
Mox0180TOPIC PATTERN OF ALUMINUM CHLorIDE (C1%)

Rel

m/e Species intens

27 Al 13.6

62 AlCI+ 23.4

97 AICIL* 64.1
132 AlCI;+ 20.7
229 ALCI* 100.0
264 ALClL+ 1.04

Methylaluminum Dichloride.—The monoisotopic

spectrum for methylaluminum dichloride is shown in
Table II. Unlike the spectrum for aluminum tri-
chloride, the region above the dimer peak was essentially
clean. The CH;AICl+ peak was arbitrarily chosen as
the normalizing peak. The important peaks are
attributable to species formed by loss of one substituent,
either a methyl or chlorine from the monomer or dimer.
As in the group IVa organometallics, carbon-hydrogen
cleavage to give species of the type MCH," is relatively
rare. Also consistent with the other organometallics
is the observation that metal hydride species are
formed. The analyses of the metastable peaks give
definite evidence for the formation of hydrides by
electron-impact processes. However, there is also the
possibility that they might be formed by thermal
reactions in the source.

Dimethylaluminum Chloride.—The monoisotopic
spectrum for dimethylaluminum chloride with species
assignment is shown in Table III. As in the methyl-
aluminum dichloride spectrum, the CH3AICI+ peak was
chosen as the normalizing peak. The spectrum com-
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TaBLE II

MonNo1soToPic MAss SPECTRUM OF
METHYLALUMINUM DICHLORIDE

Pattern

m/e Species coeff
12 c+ 4.3
13 CH*+ 14.0
14 CH,* 30.5
15 CH;* 54.3
16 CH,* 29.9
26 CoH, + 1.3
27 Alt 164.0

CH;* 5.0
28 AlH* 2.7

C.H,* 0.8
29 AlH,t 1.1

CH;t 2.0
35 Cl+ 5.6
36 HClt 3.2
41 AICH,t 4.0
42 AICH,+ 12.1
43 HAICH;* 2.9
49 CH,Cl1+ 6.7
57 Al(CH;) * 54.9
62 AlCI+ 62.2
63 HAICLt 12 .4
77 CH,AICIT 100.0
92 (CH;»AICL* 1.8
97 AICL T 230.5

112 AICH,Cl,* 18.6

132 AlCL T 9.6

153 A13C12H2 + or 0 . 5

A12C12C2H5 +

169 Al (CH,)Clet 4.1

189 AlL(CH,)Cl + 22.0

209 AlLCH,Cl, + 39.6

pares in many respects to the methylaluminum dichlo-
ride spectrum, The AICI*+ and AICL;* peaks are
smaller and the AICH;+ and Al{CHj;),* peaks are larger
as expected. It is interesting, however, that the
hydride peaks are approximately of the same size for
both compounds. Since the hydride is thought to
originate from rearrangement of hydrogen from the
methyl group, one might expect to see larger hydride
peaks from the dimethylaluminum chloride. In this
spectrum, as well as the methylaluminum dichloride
spectrum, the relative intensity of the hydrocarbon
peaks, for example, the methane peak, was especially
sensitive to the conditioning of the mass spectrometer.
In general, the hydrocarbon peak was greatest after the
original introduction and decreased with subsequent
introductions.

Trimethylaluminum.—The monoisotopic spectrum
for trimethylaluminum is shown in Table IV. The
striking difference between this spectrum and the
methylchloroaluminum compounds is the unimportance
of the dimer peak. The spectrum is essentially that
for monomeric trimethylaluminum. The peaks ob-
served above the monomer parent ion are all less than
19, of the parent peak. The largest dimer species
observed for aluminum chloride, methylaluminum
dichloride, and dimethylaluminum chloride are AL,ClyT,
AlL(CH,).Cl;+, and Al,(CHj)sCly*, respectively. The

m/e

12
13
14
15
16
26
27

28

29

35
36
41

42
43

57
62
63
69
70
71
72
73
77
85
92
97
149
153

169
189

TaBLE III

MoNOISOTOPIC MASS SPECTRUM OF
DIMETEYLALUMINUM CHLORIDE

Species

Cct

CH*

CH,™*

CH;*

CH,*

CH. *

Al

C.H;*

AlH™*

C.H,+

AlH,*

CH,*

Cl+

HCI*

AICH, *

C3H5 +

AICH;

HAICH;

CH7t

Al(CHy)*

AICTH

HAICI*

ALCH;*

HALCH;*

H.ALCH, +

H,ALCH, *

HALCH; +

AICH:C1+

Al (CH;)»H™*

Al(CH;),Cl1*

AICL,*

AL(CH;).Cl1+

A12C12C2H5+ or
AlLCLH,*

AlL(CH;):Cly *

AL(CH;).Cly*

TABLE IV

Rel

intens

o
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Mono1soToPIC MASS SPECTRUM OF ALUMINUM TRIMETHVL

m/e

12
13
14
15
16
27

28

29

30
42
43
57
72
102
115
129
145
203

Species

c+
CH*

CH,*

CH,t

CH,*

Alt

C.H;t

AlH*

AlH,t

C.H;st

AlH;*
AICH,*
HAICH;t
Al(CH;) +
AI(CHy)s *
AL(CH;)H;
AL(CH;)HT
Al (CHy)s ™t
Aly(CH,)H, *
Aly(CHy)eHs ™

Rel

intens

—

—
[
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TABLE V

MonoisoToric Mass SPECTRUM OF
DIMETHYLALUMINUM HYDRIDE

Rel

m/e Species intens
12 (Ohs 0.3
13 CH* 1.1
14 CH,* 2.9
15 CH;t 16.5
16 CH,™ 17.4
26 CH,* 1.4
27 Al+ 33.2
CoH3t 2.9

28 AlH* 1.7
CH,* 0.8

29 AlH,* 2.6
CoH;+ 2.4

30 AlH,* 0.3
CoH* 1.3

41 AlCH,* 1.3
CoH; T 2.7

42 AlCH:* 13.7
CsHt 0.9

43 HAICH;* 13.7
CH; 2.2

44 H,AICH; + 3.9
57 Al{CHj3), ™ 100.0
58 HAI(CH;) 5.3
59 ALHT 11.9
72 Al(CH,);* 2.9
73 ALCH;H,* 7.1
83 ALCH;CH,* 1.6
85 HAL(CH;), ™ 1.3
87 AL(CH;),H,* 1.7
99 AIz(CH3)3+ or 0.9

ALH(CHy):,CH,*

100 AL(CH;)H+ 1.1
101 Al (CHs)Ho 39.6
115 Aly(CH3)H T 3.2
116 AlL(CHa)H, T 0.2
117 AL(CH;):Hg* 0.8
131 AlL(CH;)Hs* 2.2
145 Al (CHg)Hat 0.2
159 Al(CH;)sH, 0.2
173 Al (CH;)eHa* 0.3
175 AlL(CH:)H;+ 1.4
189 Al (CH;)sHe ™ 1.9
205 Al (CH;y)eHyo * 0.2
219 Al(CH,)H,* 0.8
233 Al;(CH;)sHs T 0.1
247 AL(CH;)Hy* 0.1
249 Alg(CH,)sHpe ™ 0.3
263 Alg(CHj3)eHyy * 0.3
277 Alg(CH;3)Hyot 1.4

corresponding dimer peak AL{CHj);T was estimated to
be of the order of 0.005% of the base peak for tri-
methylaluminum. There were two other dimer peaks
which could be assigned to AL(CH;);H;* and
AlL(CH;),H*. Small peaks at m/e 145 and 203 were
ascribed to Aly(CH3).H,* and AL(CH;)eHst. There is
good evidence to believe that these latter two are a
function of the pressure. None of the peaks above the
monomer peak was more than 0.2%, of the base peak.
Dimethylaluminum Hydride.—The monoisotopic
spectrum for dimethylaluminum hydride is shown in
Table V. The important dimer peak is identified as

Inorganic Chemistry

TaABLE VI
METASTABLE REACTIONS

Aluminum Chloride
(Monoisotopic Metastables C1%)
Obsd Caled

Methylaluminum Dichloride
(Monoisotopic Metastables Cl1%)
Obsd Calcd
ALCH;CL T — AICH;Clt + AICK 28.5 28.4

Dimethylaluminum Chloride
(Monoisotopic Metastables C1%)

Obsd Calcd
Al (CH;)3Cly™ — AI(CH), ™ + 19.2 19.2
AICH,CL,

Al(CHj;),* — AICH; T + CH; 30.9 30.9
Al(CHj;),* — AICH;T + CH, 29.5 29.5
Trimethylaluminum

Obsd Caled
Al(CH3), ™ — AlT 4+ (CHai). 12.8 12.8
AI(CH3)2+ —_ A1H2+ + C2H4 147 148
Al(CHj)et — AICH;T + CH; 30.9 30.9
(weak) HAI(CH;)+ — Al+* + CHy 16.9 17.0
(weak) AlH, ™ — Al+ 4+ H, 25.2 25.1
(weak) AIH+ — AlT + H 26.1 26.0

Dimethylaluminum Hydride

Obsd Caled
(weak) AI(CH;)yt — AlH,t + C,H; 14 .7 14.8
(weak) AL (CH3)}H*+ — AI(CH;)* + 28.2 28.3

Al(CH;).H

(weak) A1(CHj),* — AICH,* + CH, 30.9 30.9
Al(CH;)e* — HCH;ALT + CH. 32.2 32.4
Aly(CH3 ) H+ — Al(CH;s)st + AICH:H 45.1 45.1
AlL(CH;):H; T — AL (CH;):H: T + H, 126.8 127

AL(CH;),H,*.  Asin the case with aluminum chloride,
groups of peaks were found above the dimer peak. Un-
like the aluminum chloride spectrum, assignments
could be made for many of these peaks and identified as
trimer, tetramer, pentamer, and hexamer species. The
region above the hexamer peaks was clean. This con-
trasted with the aluminum chloride spectrum which
showed smaller and smaller peaks extending on out with
no clear-cut termination.

Metastable Peaks.—The ion decompositions leading
to the metastable peaks observed in the spectra are
listed in Table VI. These peaks are consistent with
the species listed in Table I-V.

The only metastable transition observed in the
aluminum trichloride spectrum is the decomposition of
the parent dimer ion to Al;Cl; T, the ion which also gives
the most intense peak in the spectrum.

Methylaluminum dichloride also exhibits one meta-
stable peak. It is due to the decomposition of the
dimer ion ALCH;ClL+ to AICH;Cl* and AICl;.  In the
normal spectrum, the ion AICH;Clt is intense. Some
of the AICL,* may arise from this rearrangement to
AlCl; followed by a loss of chlorine as well as from the
direct loss of a methyl group.

The dimethylaluminum chloride spectrum shows
three metastable transitions. One of these, the
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Al(CHjs)et decomposition to AICH;3;* and CHj, is ob-
served in all three compounds of this series containing
at least two methyl groups. However, the metastable
peak due to the Al(CHg).* decomposition to form
AICH,* and methane is not observed in the trimethyl-
aluminum and dimethylaluminum hydride spectra.
The third metastable peak is due to the decomposition
of the dimer ion Al,(CH,y)sCl:* to AI(CHs),t, the most
intense ion observed in the spectrum, and AICH;Cl,
whose counterpart ion is interestingly not observed.

The only metastable peaks observed for trimethyl-
aluminum originate from monomer ions. This is con-
sistent with the spectrum which indicates a virtual
absence of dimer ions. One of the strong metastable
transitions and three of the weak transitions produce
Alt ions. Thus there are several paths for the forma-
tion of the strong Al* peak in the spectra. The
metastable transition in which A1(CHj),* decomposes
to AlH,*+ and C;H, indicates one pathway for hydride
and C, ion fragment formation. Various ions of both
types are found in the spectra.

The dimethylaluminum hydride spectrum shows
many of the same metastable peaks as trimethyl-
aluminum. These metastables which are found in
both spectra involve the decomposition of the A1(CHs),*
ion. It is noted that the AlH,* ion is formed from
Al(CHs).t ion as in trimethylaluminum and that no
metastable transition could be found in which AIH,+
is formed from an ion containing the original hydridic
hydrogen in the molecule. One of the two dimer ion
metastables forms Al(CH;);t. The observation of
this transition points to a pathway for the formation
of Al(CH;);+ and removes most of the apprehensions
regarding the possibility that the relatively small
Al(CH,);* peak in the spectrum is due to trimethyl-
aluminum impurities.

Discussion

Mass spectral evidence indicates that hydrogen
bridge bonds are present in a greater variety of ion
species than chlorine or methyl bridge bonds. The
methyl bridge is either extremely weak or particularly
susceptible to electron impact. In the trimethyl-
aluminum spectrum there were only a few small peaks
above the m/e corresponding to the monomer. None
of these small peaks could be assigned to species arising
from simple fragmentation of the dimer. All of the
peaks for which assignment could be made were for
species which contained hydridic hydrogen from re-
arrangement reactions. This would seem to indicate
that when more than one aluminum is found in a species
it is held together by hydrogen bridges rather than by
methyl bridges. Unlike the molecular weight and
spectroscopic techniques, the mass spectrometric
method is not capable of detecting the presence of
methyl bridging in the gas phase. The two methyl-
aluminum chloride spectra, on the other hand, indicate
that chlorine forms a simple dimeric bridged structure
in the gas phase. The high molecular weight species
observed in the aluminum trichloride spectrum is very

Mass SPECTRA OF BRIDGE-BONDED ALUMINUM COMPOUNDS 269

likely due to the very short path length between the
solid probe and the source. It is to be noted again
that this is the only compound of the series whose
spectrum was determined using the solid probe. Ap-
parently a large number of different species were
formed from the sublimate because the chlorine-35
and -37 patterns could not be identified easily beyond
the dimer and species assignment could not be made.
That there might be fragmentation from a polymer
was indicated by the grouping of peaks in families
going toward higher mass numbers. Another anomaly
in the aluminum trichloride spectrum is the low in-
tensity of the parent Al,Cls*+ peak. That the intensity
of this peak is so very much less than the corresponding
dimeric peaks for the methylaluminum chlorides would
seem to indicate that the differences in sample intro-
duction make comparisons of bridge bonding on the
basis of mass spectra not too meaningful. The species
ascribable to hydrogen bridging observed primarily
in dimethylaluminum hydride could be clearly as-
signed to dimer, trimer, tetramer, pentanier, and hexa-
mer species. Of the three bridge-forming moieties
studied, hydrogen appears to be involved in the largest
variety of structures.

Because the spectrum of dimethylaluminum hydride
cuts off rather abruptly after the hexameric species,
one can conclude that these species are primarily ring
or cluster arrangements rather than linear fragments.
Under this assumption the dimeric species is postulated
to have the tetramethyldiborane structure. The tri-
meric species is an arrangement wherein the alumi-
nums are located at the corners of a triangle. This
means that the hydrogen bridge bonds are getting
more linear in that the aluminum orbitals contributing
to the three-center bond are more nearly along the
aluminum-aluminum axis, thus forcing the hydrogen
s orbital to move closer in order to maintain the same
amount of orbital overlap. This, however, is believable
in that the boron-hydrogen-boron bond angles in
boron hydrides are found to vary over wide limits,
a result consistent with the geometry of the hydrogen
s orbital. If the cyclic structure is extended, the
aluminum orbitals get closer and closer to the alumi-
num-aluminum axis. Indeed, for the five- and six-
membered rings, the orbitals can be exactly on the
axis. This would lead to a hydrogen bridge bond more
linear than any previously observed. An alternate
possibility is to place the aluminums at the corners
of polyhedra. For example, a tetramer may have a
tetrahedral arrangement, a pentamer, a trigonal-bi-
pyramidal or square-pyramidal arrangement, and a
hexamer, a trigonal-prismatic or octahedral arrange-
ment. An interesting observation regarding poly-
hedral geometry is that the number of hydrogens ob-
served in the species suggests the assignment of a hy-
drogen bridge bond at each edge of the polyhedron.
This leads to a number of considerations such as comn-

(36) R. M. Adams, ““Boron, Metallo-Boron Compounds and Boranes,”
Interscience Publishers, New York, N, Y., 1864, pp 509, 510,
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nectedness of the polyhedra, number of formal bonds,
and extent of d-orbital participation. The evidence
presented here, however, is not sufficient to remove
these considerations from the purely speculative classifi-
cation.

Whatever the structure of the aggregate species,
the results are in agreement with Wartik's molecular
weight observation for dimethylaluminum hydride.?
The principal species in the gas phase is most probably
the dimer. Trimers, however, are possible and exist
in the vapor phase and most certainly in solution.
The tetramers and hexamers would not be expected
with unrearranged dimethylaluminum hydride because
there would be insufficient hydrogen bridge bonds.
They are observed when the electron impact causes
rearrangements producing an average of more than one
hydride per aluminum. They should also be observed
if methylaluminum dihydride were to be prepared.
So far this compound has not been characterized. The
results presented not only suggest a possible approach
to the synthesis of the dihydride but also suggest that
the structural studies of the dihydride may be quite
interesting.

An interesting generalization that we have observed
is that most of the ion species obey the rule that the
number of substituents is 3z — 1, where # is the number
of aluminum atoms in the species. This rule holds
true for rearranged species as well as for species which
can be formed without rearrangement. Calculations
on the basis of this rule are very valuable in identifying
the ion species, in particular those of the polymeric
species. These identifications confirm the observation
that the C-Al bond is more easily broken than the
C-H bond of the methyl group attached to the central
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aluminum atom. This observation is in accord with
the results reported for the group IVa metal alkyls. 743
The rule is also an indication that ions of the type
AlLA,B,, where x + y = 3n — 1, are ions which have a
high probability of being observed in the mass spectra.

The cause for the high hydrocarbon peaks on first
introducing the sample is most probably hydrolysis.
The hydrocarbons found in studying -other organo-
metallic compounds substituted with ethyl and higher
alkyls indicate that the hydrocarbon is an alkane rather
than an alkene. The former is a hydrolysis product
whereas the latter is formed by thermal decompositions.
The hydrolysis probably takes place on the walls of
the sample introduction system even though the
sample system is maintained at a high vacuum. Par-
tially hydrolyzed material might also exist in the
sample itself. The sample is carefully fractionated in
a vacuum system, but hydrolysis could conceivably
take place upon transfer to the sample container.

Acknowledgment.—We wish to acknowledge helpful
discussions with Dr. Robert Bohn and the assistance
of Mr. Oliver W. Norton in obtaining the mass spectra.
Assistance of the University of Conmnecticut Research
Foundation is gratefully acknowledged.

(37) V. H. Dibeler and F. L. Mohler, J. Res. Natl. Bur, Sid., 47, 337
(1951).

(38) V. K, Dibeler, ¢b:d., 49, 235 (1952).

(39) V. H. Dibeler, Anal. Chem., 2T, 1958 (1955).

(40) R. A. Khmel'nitskii, A. A. Polyakova, A. A, Petrov, F. A, Medvedev,
and M. D, Stadnichuk, Zk, Obshch. Khim., 38, 773 (1965).

(41) E. Heldt, K. Hoppner, and K. H, Krebs, Z, Anorg. Aligem, Chem,,
347, 95 (1966),

(42) G. P. van der Kelen, O. Volders, H, vanOnckelen, and Z. Eeckhaut,
ibid., 8388, 108 (1983).

(43) D. B. Chambers, F. Glockling, and M. Weston, J. Chem. Soc., 4,
1759 (19687).

CONTRIBUTION FROM THE Evans CHEMICAL LABORATORY,
THE OHIO STATE UNIVERSITY, COoLUMBUS, OHIO 43210

Preparation of Trialuminum Triboron Heptakis(dimethylamino)pentahydride'®

By R. E. HALL®™ anp E. P. SCHRAM!®

Received October 18, 1968

Treatment of bis(trimethylamine)-alane, [(CH;);N],AlHs, with tetrakis(dimethylamino)diborane(4), [(CH;),N]4B,, results

in the formation of the following known compounds:
In addition, a new species was prepared, Al;B;[N(CHjs)z]7Hs, which most likely contains three B-Al bonds.

tion of this new compound is discussed.

Introduction

As part of a continuing effort to prepare metal-
metal or metal-metalloid bonds,?:® the reduction of bis-
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Hi: (CHB)EN: [(CHZi)ZNBHZ]Q; [(CHa)zN}QBH, and (CHa)aNBHJ

Characteriza-

(trimethylamine)—alane, [(CH,;);:NLAIH;, by tetrakis-
(dimethylamino)diborane(4), B,[N(CHjs):)s, was inves-
tigated.

Experimental Section

Apparatus and Procedures.—All reactions were carried out in
a standard vacuum line equipped with mercury float valves and
stopcocks lubricated with Apiezon N grease. Experimental
equipment was attached to the vacuum line with Viton A O-ring



