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Summary

The mass spectra of Me, AIOPh dimer and trimer were recorded. A skeleton
fragmentation was mainly observed at low temperature. Higher temperature
spectra (of the trimer) have many more peaks which were only partly assigned.
The spectrum of the trimer indicates the presence of ions with at least 5 alumi-
nium atoms. Based on these ions the existence of higher associated intermediates
in the reassociation reaction

trimer - dimer

is proposed.

Introduction

To date several papers concerning mass spectroscopy of organoaluminium
compounds have been published. They deal with fragmentation of trialkyl-
aluminium- [ 1,2], alkylaluminium chlorides, aluminium trichlorides [1,3,4],
methyl aluminium hydrides {1,2], and oxygen-containing organoaluminium
compounds [2,4—6] as well as organoaluminium compounds with an aluminium
nitrogen bond [7—10]. In most of these compounds parent ions of associated
molecules were either not observed or of low intensity. Usually the strongest
peak of the spectrum obeyed the (8n — 1) rule [1] *. On the basis of this, one

* For the majority of the abundant ions containing aluminium the number of substituents is 3n — 1,
where n is the number of aluminium atoms.



' may, raw some conclusmn about the degree of assocxatlon by carefully a551gn-

' mg the fragmentaﬁon ions. R

" Most data on-tke. organoalummmm compounds assoclatlon were obtamed
usmg cryoscopic, vapour pressure and ‘NMR measurements [11]. In a series of -
papers the- mvesugatlon of degree of association of several phenoxyaluminium
compounds was presented [12—14]. Some of them appear to have variable state
of association {12;15]. The freshly sublimed compounds were found to be
dimers while storage for several days of the solution in hydrocarbons of un--
hindered compounds led to the formation of nearly or entirely trimeric species.
" For both types of associated molecules, cyclic structure was proposed Up till
now there has been no attempt to explain how the change of associatioi: occurs.
One can expect the mass spectroscopic methods of investigation to be useful in
momtormg tran51ent species occurrmg in the process

tnmer—> mtermed1ate-> dimer N - (1)

Such reaction is likely to proceed under the conditions applied in mass spectrom-
etry apparatus (high temperature, vacuum).

To examine this supposition we carried out investigations of the mass spectra
of Me, AlOPh which, according to previous results, displays a variable state of
association.

Results and discussion

The mass spectra of Me, AlOPh and its ring deuterated analogues are shown in
Tables 1, 2 and 3. In Table 1 the spectra of sublimed compounds are collected.
Tables 2 and 3 present the spectra of crystals obtained from the seasoned solutlo*l
after-evaporation of the solvent.

“Assignment of peaks is given in the tables only in obvious cases and these are
confirmed by the ring deuterated analogues. The complex fragmentation of -
compounds causes difficulty in assigning all peaks, especially with higher m/e
ratio.

The composmon of all possible fragments of Me, AIOPh with masses ranging
from 47 to 800 was calculated, assuming splitting of A1—O—Al, A1—C and C—0O
bonds only * and furthermore
n, < nZ substituents € 3n,,
forn <7
where ny is the number of aluminium atoms in the molecules.

. The masses taken into account were those of aluminium atoms, the methyl
group, the phenoxy group and oxygen. As an additional parameter we also
included the possibility of the existence of Al—H bonds in the 1ons ‘but only in
order to complete the sum of substituents to 3n,,.

-The calculated data, despite limitations and omitting the presence of
hydrogen substituents at the aluminium atom, shown that there are at least
two poss1ble compositions for. any mass above 200 and 3 to 10 possibilities for

: (continued on p. 383)

* The aromatic ring fragmentation and other processes in the 1onmtlon chamber were also’ observed
(see Table 3). They were omitted in the calculation for the sake of clarity.’ ;
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m/e above 300. Many of these can be excluded immediately as for example
Al40,, but it is still difficult to chocse the correct peak composition. Never-
theless the results of calculation have proved useful in cases where peaks of
deuterated and undeuterated compounds were compared.

The spectrum of sublimed Me,AlOPh indicates the presence of a species with
degree of association not higher than that of the dimer of Me, A10Ph, Although
the very weak peaks detected above the parent ion of the dimer (300) increase
in intensity at elevated temperature (95°C) they are still weak and in all bt two
cases do not exceed 0.7% of the base peak. These peaks correspond with the
Me3Al,(OCgHs); and Me, Al (OC¢Hs). inns formed. Since sublimation does not
cause any other alternation than change of degree of association, it can be
suggested that Me3;Al,(OPh)3 and Me, Al,(OPh)3 are formed in a disproportiona-
tion process occurring in the ionization chamber *. In spectra recorded at
120°C these ions are still more abundant. At higher temperatures the fragmen-
tation becomes more complex as indicated by increased numbers of peaks in the
spectra. The new peaks arise mainly from three processes: (i) aromatic ring
fragmentation; (ii) formation of an Al—H bond; and (iii) loss of protons from
methyl groups (Table 3). Other processes were also found to occur in the ionisa-
tion chamber. The isotopic change of peaks with m/e ratio 191, 253 and 369 was
4 and 8 mass units. This could be explained by formation of methane from the
methyl group and from hydrogen of the aromatic ring in a secondary process

(eq. 2).
—CHy4 —CHg
Al,Me3(OC¢Hs)," —— Al,Me,(OCHL)(OCsHs)" —— Al,Me(OCH,4),* (2)
285 269

In all spectra a reasonably strong peak of tropylium ion is present. The forma-
tion of hydrocarbon ion with 7 carbon atoms indicates that methylation of the

\ / H
Al

phenyl ring with subsequent fragmentation is taking place. At room temperature
the trimeric species are thermodynamically more stable than the dimers.

(hiegAlOPh)3‘=(Me2AlOPh)2

The spectrum of the trimer differs drastically from that of the dimer. A large
number of peaks with m/e up tc about 850 was cbserved. Assignment of peaks
occurring at above 450 (molecular weight of the trimer) based mainly on the
comparison of the spectra of aromatic ring deuterated and undeuterated com-
pounds proved the presence of ions with at least 5 aluminium atoms. The occur-
rance of these peaks apparently cannot be attributed to crystal lattice interaction

(continued on p. 386)

* Disproportionation was also observed in the spectrum of Et; AIDMP run at 120°C where even the
parent ion of EtA1{DMP), dimer was observed (DMP = 2,6-dimethylphenoxy group).
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" becaise at Ieast-some'of them Hhould then also be: observed in the spectrum of
th , .merlc specles. Smce the € ange of assoc;atlon from tnmer to dmler was_

1 ates formed in: the tnme _—dlme prbcess. The opposxte process doesnot take -
- place at elevated: temperatures and therefore the spectrum of the dimer is (nearly)
“clean’ above the molecular ion. The change of association to the dimer at elevated
i.temperature was also observed for. (MegA.lH)3 [16]. In the mass spectra of these -

- trimeric.compounds Tanaka and Smith observed ions with clear-cut termination

* at the mass of the hexametric species [1]. They suggest the existence of stable -
“hexametric units with a cyclic or cluster arrangement. Our data show that peaks

_ with higher masses correspond rather to the high molecular weight associates
'formed as intermediates in the process trimer - intermediate - dimer. The life’
time of these aggregates has to be longer than their presence in the ionisation
cha.mber. Their structure can be linear but the ex1stence of a cyclic-linear or
cluster arrangement is also p0551ble

f_Experxmental »

The mvestlgated dlmethylalurmmum phenoxide was prepared according to
the method given in the literature {12,13]. The trimeric compound was obtained
from the sublimed dimer which after dissolving in heptane was kept at least
' 6 days in solution. After evaporation of the solvent under vacuum the Me, AlIOPh

obtamed dlsplays a cryoscopically measured molecular weight of 445 (calc. for
}tnmel 450). Mass specira were obtained using a JEOL JMS-01 SG double
: focussmg mass spectrometer. Ionisation voltage 75 V, ionisation current 100 A,
acceleratmg voltage 6 kV. For high resolution measurements ilford Q-2 photo
jplates were used. The glass capillaries containing the investigated compounds
‘were’ broken m a helium stream and introduced into the ion source by a direct
inlet system
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