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INTRODUCTION

The chemical behaviour of aiuminium complexes is influenced to a considerable extent
by the existence of a free unfilled orbital in the aluminium atom, due mostly to the
sp* hybridization, which results in an almost tetrahedral structure for tetravalent
aluminium orbitals. The presence of a low-energy- orbital in aluminium leads in the
case of tri-n-alkvlaluminium compounds to their dimerization via electron-deficient
bonds!; if the aluminium alkvls can accept an unshared electron pair of another
molecule the formation of electron-donor co-ordination complexes takes place. One
group of co-ordination complexes comprises 2 number of compounds in which alu-
minium co-ordinates with negativelv-charged particles thus forming complex tetra-
substituted anions with aluminium as the central atom. The compounds of the
MAIN,; and MAIH,; tvpes (M 1s an alkali metal, X a halogen) where ionic structures
with AIN,- (ref. 2) and AlH,~ anions are present, are included in this group. The
compounds of the MAIR, tvpe, which are studied in this paper, belong to the same
group and it may be assumed that thev will also have an ionic structure with AIR -
anions. This hvpothesis is supported by the fact that complete series of mixed com-
plexes centaining both aikyvls and halides?.%3 or hydrides, e.g., MAIR,H, .5 have
been prepared. Nevertheless, tetraalkyvl complexes differ from others in their size,
complexity and the electronegativity of the co-ordinated groups so that, @ priori, the
possible formation of other structures, ¢.g., bridge structures, is net excluded. The
aluminium tetraalkyvl compounds were first prepared bv Baker and Sisler’ and
Zakharkin and Gavrilenko® using the reaction of alkali-metal alkyvls or pure alkali-
metals with trialkvlaluminium. Dickson and West® have recentlv used these
coempounds as alkvlating agents, but up to the present no attention has been given to
their structure. The only information regarding these compounds was published by
Hein ¢t al.?, who found high electrical conductivities in solutions of alkali-metal alkyvls
in triethvialuminium even at a ratio of the components corresponding to the
formation of the compound, XaAMC,H;} ;. By evaluating the transfer numbers theyv
concluded that the alkaii-metal cations and complex anions were the conducting
particles. In this paper. the infrared spectra of the tetraalkyl compounds are studied
both in the crystal lattize and in ether solution in order to obtain information on their

structure.
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EXPERIMEXTAL

LiAl(C,H;); and NaAl{C,H;), were prepared using the method of Zakharkin® bv
boiling trethylaluminium with Li or Xa in benzene medium. The complexes were
precipitated as white crvstals after concentrating and cooling the solutions; the
cryvstals were washed with heptane and dried s vacuwo. LiAl{CH,), was prepared by
boiling trimethylaluminium and Li in ethyl ether. After removing most of the ether
by distillation, the white flocks obtained were washed with hexane and dried at an
elevated temperature to remove ether completely®. NaAl(CH,), was prepared by
boiling trimethyvlaluminium with Na in tetrahydrofuran (THF). The solid complex,
NaAl(CH,),-THF, obtained was decomposed iz vacuo at a temperature near x00°
and the white powder oi NaAl(CH,); was sealed into ampoules. All operations con-
nected with the preparation and separation of these compounds were carried out in a
nitrogen atmosphere, as thev react vigorously with oxyvgen and water.

Infrared spectra were measured with a UR-10 Zeiss spectrometer. Solid samples
of complexes were prepared using Nuiol techniques in a nitrogen atmosphere; ethyl
ether solutions were measured in KBr cuvettes. The cuvettes were connected to an
all-glass apparatus during their filling to exclude air.

RESULTS AND DISCUSSION

The infrared spectra of the substances in the region 400-r300 cm™! are shown in
Figs. 1 and 2; the wave numbers are given in Table 1.
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Al%s)

Fig. 1. Infrared spectra of : (I), NaAlC,H;),: (11), LiAl{C.H;),.
solution in 0.4 mm KBr cuvette.

, Nujol mull; — — —, ethyl ether

The structures of these compounds may be interpreted in three ways which take
into consideration the different possible deformations of the tetrahedral anion.
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Fig. =. Infrared spectra of: (1), NaAlCH,),;: (1I}, LiAl(CH,),. . Nujol mull; - — —, ethyl ether

solution in 0.4 mm KBr cuvette.
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A weak bond Li---C is assumed in structures (II}) and (III), which mav deform the
tetrahedral structure to a less symmetrical one. The high electrical conductivities
measured® do not agree with the normal bridge electron-deficient bond Li---C- - -AIC,
and, as it will appear later. neither does the relative simplicity of the spectrum in the
region 400—700 cm™ 1. This skeleton would constitute a rare case of a strong electron-
deficient bond between two metals of different electronegativities and it should
exhibit four absorption bands in the region mentioned. Structure (I) assumes a tetra-
hedral anion, which may give rise to one valence vibration of the skeleton, »,(F.), in
the infrared spectrum. Structure (II) should have Cj svmmetry and three valence
vibrations of the skeleton »,(4,), ».(4,), »4(E), which would appear in the infrared
spectrum. Siructure (III) should have C.p svmmetrv with two valence vibrations
1 {B,), ».(B.), which are expected to coincide with »4(1,) and »;(-1,). The criterion for
the analysis of the infrared spectra will be first of all the number of absorption bands
in the region of valerce vibrations ofstructures (I)—(111), which should be found in the
range 400-800 cm™! (¢f. trimethyvl- and triethylaluminium spectra in ref. 10). A very
strong CH,-rocking vibration band of the methy! derivative, and a very strong CH,-
rocking vibration band of the ethvl derivatives may be expected in the regions
slightly above and below 700 cm™}, respectively. In the region above Soo cm—! C-C
and C—H vibrations of methyl and ethyl groups will then appear, and these are
affected onlv slightly by the nature of the neighbouring metal (see infrared spectra
of the tetramethyvl and tetraethyl derivatives of the elements of Group I'V A in refs.
11, I2). Measurements in the region above 800 cm™! were made only on samples
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prepared by the Nujol techniques; in ether solution this region was covered with
veryv strong ether bands.

LiAKCH),
There are essentially two strong bands in the spectra obtained both in ether solution
and Nujol mull in the region of the skeletal valence vibrations censidered (Fig. 1).
The band at 640 cm™! is very broad and is situated in the region where CH.-rocking
vibrations are expected so that it mayv be ascribed to this vibration. CH,rocking
vibrations may- be found in most aluminium ethyl derivatives in the same region:
triethylaluminium and diethvlaluminium halides at 625 cm™!, LiAKC.H;)Cl; at
625 cm™! and diethvlaluminium fluoride at 615 cm—! (ref. 13). Absorptior bands of
CH.-rocking vibration are usually very broad and even in substances with a regular
structure, e.g., in (CaH;);Sn and (C,H;)Pb this vibration may be reveale:] by very
strong broad bands which are split into two maxima (667, 680 cm™ ané 673, 656
cmn—*)*2. The maximum of this band in LiAl(C.H;), is found at the same wave number
in the Nujol mull and ether solution spectra. The band shoulder which is found in the
Nujol mull at 615 cm™ is probably due to the CH.-rocking vibration which is in-
fluenced by the crystal lattice arrangement, as it does not appear in the solation.

trong absorption bands at 526 cm™! and 508 cm~! in the solid complex and in ether
solution, respectively, may be assigned unambiguously to the »#,(F,) vibration of the
tetrahedral anion (structure I). The lower frequency of this vibration in the ether
solution may be explained by the complex solvation in the solvent. Absorption bands of
the ethyl group which are characteristic for most aluminium ethvls and are situated
ato9g3z cm1, g62 cmt, g8 cm™!, 1200 cm~! and 1232 cm! (refs. 1o, x3), are rather
displaced in the infrared spectrum of solid LiANC,H;),. It is clear, however, that the
ethvl groups are sterically affected or their regular structure is perturbed in some
wayv. It is interesting that the ethyvl-group bands remain at the wave numbers given
above in similar complexes of the MAIN,C.H;-tvpet.

NaAl(C.HS),

The infrared spectra of NaAl(C,H;); and LiAl(C,H;); solutions are rather similar to
each other with respect to frequencies and intenxsities of the »,(F.,) valence vibration
bands and CH ,-rocking vibrations (Fig. 1), so that there is no doubt that the structure
of both complexes in the solution is similar. In the Nujol mull of NaAl{C.H;);, how-
ever, both bands are =hifted to coasiderably higher frequencies at 565 cm™—! and 665
cm~. This implies that the Al-C bonds in the lattice are much stronger and also more
covalent. Furthar information on the state of the ethyl groups may be obtained from
the spectral range above Soo cn—!. A very strong band at 1147 cm™! is probably- due
to the same vibration as those which appear in (C.H;),Sn at 119r cm™! and in
(C.H,),Pb at 1155 cm™ as very strong bands and was assigned to the CH,-wagging
vibration!®. The other part of the spectrum is also rather similar to the (C.H;),Pb
spectrum, which suggest rather persuasively that AI(C,H;),~ anions have an accurate
tetrahedral structure in their sodium salt which is not deformed by the Na~* ion field.
In the case of LIAI(C.H),, the anions evidently: have the tetrahedral structure as
there is only one skeletal band at 526 cm-! but the ethvl-group vibrations are prcebablyv
affected by regularlv arranged Li~ ions which can approach cioser to an ethyl group
owing to their small effective radii.

J. Organometal . Chem., 2 (1963) 310—316
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LiAl(CH ),

The situation is not so simple with methy! derivatives as it is in the case of ethyl
compounds. First, a very strong and broad band at 725 cm—! appeared in the spectrum
of LiAI{CH,), ether solution, which may be assigned to the CHjrocking vibration
iin (CH,)/Pb at 765 cm™?, in (CH,),Sn at 770 cm~1}}2. This corresponds to a very
broad band with a maximum at 748 cm~! and a shoulder at 770 cin™! in the spectrum
of the complex in Nujol mull. Furthermore, two strong bands which are certainly
associated with Al-C bond vibrations were found at 575 cm™! and 636 cm—L. In the
region above So0o cm™!, two approximately equally strong bands of the C-H sym-
metrical deformation vibration at 1100 cm™! and 1210 cm™! are found [one band in
(CH,)Sn at 1198 cm™! and one band in (CH,),Pb at 1148 cm—13?2. The discovery of
these two approximately equally strong bands, the two Al-C valence vibration bands
and the split CH,-rocking bands leads to the conclusion that the two pairs of Al-C
bonds in the deformed tetrahedral anion are difierent. The model of structure (III)
where weak Interactions of Li* with two CHj; groups probably lead to small changes
of the force constants of Al-C bonds only, would agree with the conception of this
anion. The relatively high splitting of symmetrical C-H deformation vibrations is
caused by the non-bonded interaction of CH, groups!. In the infrared spectrum of the
ether solution, in addition to the band at 725 cm™! already identified, three other
bands are found; the strongest, being situated at 325 cm™, probably corresponds to
the Al-C valence vibration of a regular tetrahedron. The frequency difference
{approximately 2o cm™! when #»(F,) vibrations of ANC.H;);- and A}CH,),;- are
compared; is approximately the same as that between tetracthyvl- and tetramethyltin
derivatives. The origin of the other two bands of weak and medium intensities at
585 cm™! and 620 cm™!, respectively, cannot be explained satisfactorily. By taking
the spectra of different samples and finally of the partiallv oxidized sample it was
checked that these bands do not belong to any oxidation or hydrolyvsis products.
Thestrongest bandin structure (II), where three skeleton vibration bands are expected,
should be due to the r,(E) vibration with the highest frequency. In the spectrum of the
LiAl(CH,), ether solution, however, the bands at 5385 cm™ and 620 cm™! are too weak
to be Al-C bond vibrations. It seems likelv that most molecules are arranged tetra-
hedrally with the corresponding band at 525 cm™. The bands at 585 cm™ and 620
cm~! should belong in this case either to molecules with symmetry defects or should
originate in ether complexes with the methyl aluminium complex. Ethyl ether is
bound veryv strongly in methyl complexes, it 1s released only it vacieo at an elevated
temperature. Ether residues are revealed in the infrared spectrum by a band at
1028 crmm~! which represents a shift by approximately 100 cm™! to a lower wave number
with regard to free ether. Ether is far more weakly bound in ethyl derivatives so that
the bands corresponding to 585 cm™ and 620 cm™! may not appear in their ether
solutions.

Nadl{CH),

The infrared spectrum of the NaAl(CH ) ether solution is similar to that of LIAI{CH,;),
solution, except for the higher wave number of the strong band at 546 cm~! which
suggests a greater Al-C bond strength in the sodium cemplex. The infrared spectra of
the two complexes are more different in Nujol mull. The pair of Al-C valence vibration
bands are situated in the sodium complex at 550 cm~! and 3594 cm™?, 7.e., at lower

J. Organomztal Chem, 2 (1964) 410-316
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wave numbers and the Sgym-c-g band is single and is situated at 1140 cm™. The
presence of two Al-C valence vibration bands requires the C,, symmetryv of the anion,
z.e.,structure (I11I). The differencesin the band wave numbers, however, are not so high
in the sodium complex as in the lithium complex (fe. 44 cm™ vs. 61 cm™), the
dsym-c-u vibrations are not affected by this difference. A comparison of the
NaAl{CH,), spectrum with that of LiAl{CH,), in an ether solution shows that the
solvated anion of the sodium complex is firmer {a higher wave number of the »,(F.,)
band: whereas the same complex in the solid state has attenuated Al-C bonds most
likely due to the stronger effect of sodium cations.

SUMMARY

Infrared spectra of a number of complexes of the tvpe MAIR, (M = Li, Na; R= CH,,
C.H;) have been measured in ethvl ether solutions as well as in the solid state. The
complexes form tetrahedral AIR ™ anions, the structure of which, however, mayv be
deformed by the arrangement of the cryvstal lattice, or by the co-ordination of solvent
molecules which takes place in the solutions. Regular tetrahedral anions are formed
in the NaAl{C,H;), crystal lattice and most likely also in ether solutions of both ethyl
derivatives. The skeleton of the anion of the solid lithium complex is also tetrahedral,
but the ethyl group vibrations are influenced considerably by the packing of Li+
cations. The anions of methyl complexes are deformed in the solid state to the Car
symmetry; in ether solution thev are probably of tetrahedral structure.
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