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Abstract 

Semi-empirical SCF-MO calculations were made 
of the energies, and geometric and electronic struc- 
tures of a range of radical ions of type MRs* and Ma- 
Re?’ where M = Al, Si or P, and R = H or CHs. In each 
of the MHa radicals, methylation effects an increase 
in the HMH angle: the structure of AlzMes-, formed 
by y-irradiation of AlzMes, is found to have C, 
symmetry and to resemble a weak complex of AlMe* 
and AlMe4-. Possible identities for the radical, other 
than AlHa-, formed on y-irradiation of LiA1H4 are 
suggested, and a considerable number of plausible 
identities are firmly ruled out. 

Introduction 

It has been deduced [l] from electron spin reso- 
nance data [2-51, that the isoelectronic hydride 
radicals AlHs-, SM;, and PHa’ have very similar 
3s character in the SOMO, and hence very similar 
geometric structures. On the other hand, the corres- 
ponding methyl radicals AlIvIes-, SiMe;, and PMea’ 
appear to exhibit a variation in structure [ 1, 6, 71, 
indicative of considerable flattening upon methyla- 
tion from PHs’ to PMea’, but rather little geometric 
change from SiH; to SiMe;: the original [S] assign- 
ment for AlMea- has recently been questioned [3], 
and it is now suggested [3] that the species originally 
described as AlIvIes- was in fact a bridged dimer Al*- 
Me6- having the SOMO in some way concentrated 
on just one of the aluminium centres, since hyper- 
fine coupling to just one 27Al nucleus was observed 
[3, 51. On the basis of the earlier assignment [S] 
for AIMes-, it was deduced that methylation at alu- 
minium caused an increase in pyramidality, from 
AlHa- to AlMes-, that is the opposite of the change 
found in the phosphorus cation radicals. 

Here we report semi-empirical calculations rele- 
vant to the questions of the structural variations 
between MHs and MMes radicals (M = Al, Si, P); 
the geometric and electronic structure of AlMes- 
and A12Me6-; the impurity-derived radical, denoted 
X [3], formed from y-irradiation of BudN+AlH4-; 
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and possible structures of the dinuclear hydride and 
methyl radicals AlaRi-, SizR6’, and PzR6+ (R = H, 
Me). 

Calculations 

All calculations were carried out using the MNDO 
method [g-10] implemented on a VAX 11/780 
computer, with the published parameterization, and 
UHF wavefunctions for all open-shell species: we 
have demonstrated previously [l l-131 that this 
semi-empirical SCF method yields entirely satis- 
factory results for free radicals containing hetero- 
atoms. 

In general, all internal geometric variables were 
optimised independently and simultaneously, without 
constraints: additionally, the effect of applying speci- 
fic symmetry constraints was also investigated in a 
number of cases. 

Results and Discussion 

The Structures of MH3 and MMe3 
The optimised values of the angles <(HMH) in the 

hydride radicals MHs (M = Al-, Si’, and P’) and 
<(CMC) in the corresponding methyl radicals MMe3 
are recorded in Table I, along with values deduced 
[3, 51 from e.s.r. data, where these are known. The 
calculated value of the angle in SiH; may be com- 
pared with the results of ab initio calculations [ 141 : 
using a basis set of double-zeta quality, the calcu- 
lated value of <(HSiH) was 112.4’, while when 
polarisation functions were added on all atoms, the 
calculated value of the angle was 111.3”. 

The calculated values of the angles <(HMH) and 
<(CMC) show that (i) the bond angle in each 
example MH3 is increased upon methylation, as 
expected for the substitution of a ligand of lower 
electronegativity [ 151 ; (ii) the change upon methyla- 
tion is least for silicon and most for phosphorus, 
although the range spanned by Al-, Si’, and P’ is 
not large; (iii) the range of bond angles spanned by 
the hydrides, 3. lo is smaller than that spanned by the 
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TABLE I. Optimised Molecular Parameters for MHs and MMes Radicals. 

C. Glidewell 

M MH3 

aHte/kJ mol-’ 

Al- +76.6 

Si’ +156.6 

P’ ilO29.9 

aNot reported. bRef. 5. 
is 118.4’. 

MMes 

<(HMH)/’ <(HMH)/’ A&O/kJ mol-’ <(CM(Z)/” <(CMC)/’ 
(talc) (e.s.r.) (talc) (e.s.r.) 

110.5 a -221.7 115.1 107.gb,= 

110.0 112.8b -182.1 113.5 113.3 

113.1 113.gb +664.0 118.1 115.5d 

‘Assignment doubtful (ref. 3): see text. d Value for PEta+ (ref.5): calculated value for PEts+ 

TABLE II. Calculated Spin-Densities and Observed Central-Atom Hyperfine Couplings in MHs and MMes. 

M” MH3 MMes 

P(M) A (W/Gb [A/PI/G P(M) A W/G [A/PI/G 

Al- 0.2673 154c 576 0.1757 324f 1844 
Si’ 0.2162 1 9od 879 0.2050 191s 932 
P’ 0.1396 517e 3703 0.0774 385h 4974 

‘M = 27A1, 2gSi, 31P. bG = 1O-4 T. 
fAssignment doubtful (ref. 3): see text. 

‘Ref. 2. dG. S. Jackel and W. Gordy, Whys. Rev., 176, 443 (1968). ‘Ref. 5. 
gRef. 6. hM. C. R. Symons and G. D. G. McConnachie,J. Chem. Sot., Chem. Com- 

mun., 85 1 (1982). See also ref. 1. 

methyls, 4.6”. So far as these angles are known 
from e.s.r. data [3, 51, the trends in the calculated 
angles mirror those in the experimental values. Of 
the data in Table I, only the observed value for 
AlMe3- is seriously out of line with the other 
angles. 

A further indication that the original assignment 
[S] for AlMe3- may be incorrect [3] is given by a 
comparison of the calculated p(M) values with 
the observed isotropic A(M) values in the two series 
of radicals MH3 and MMe3. These data are recorded 
in Table II. Because there are, as yet, no reliable 
scale factors relating p(M) to A(M) available in the 
MNDO parameterization for M = 27Al, 2gSi or 31P, 
Table II is based upon a comparison of the ratio 
A/p for corresponding radicals MH3 and MMe,. 
For each of M = 2gSi and 31P, the values of A/p are 
adequately similar for MHa and MMe3: however 
when M = 27A1 the ratio A/p is quite different for 
A1H3- and for AlMe3-. Since the assignment for 
AlH3- appears to be entirely secure [2, 31, this 
result is consistent with the geometrical data in 
Table I in casting further doubt [3] upon the original 
assignment [5] for AlMea-. The question of the 
exact nature of the species described earlier as 
A1Me3- will be returned to below. 

The Anion Radical A12Me6- 
The radical originally assigned [5] as A1Me3- 

was produced by y-irradiation of aluminium tri- 

methyl. This compound is dimeric both in the solid 
state and in solution in non-coordinating solvents 
[ 16-181, having a bridged structure, Me,Al(p,- 
Me)2A1Me2, of overall D2,, symmetry. Consequently, 
plausible formulations for the radical species prod- 
uced by electron attachment include not only 
AlMe3- but also A12Meb- for which either an 
unbridged ethane-type u radical (iso-electronic with 
Me6C2+) or a bridged diborane-type structure is 
possible. Optimisations of the structure of A12Me6- 
were therefore made based upon starting connecti- 
vities for the heavy atoms of both ethane-type and 
diborane-type: at the same time, optimisations were 
made for a series of methyl-aluminium fragments: 
AlMe3, A1Me3-, AlMe;, AlMe: and AlMe4-, and 
data for all these species are given in Tables III 
and IV. 

The global energy minimum for A12Me6- is calcu- 
lated to occur for the ethane-type radical structure 
which optimises to D3d symmetry: formation of this 
u radical from AlMe and A1Me3- is calculated to be 
exothermic by ca. 37 kJ mol-‘. It is a genuine u 
radical, analogous to (Me30)3B*B(OMe)3- [ 191, and 
has the same 27A1(3s) spin density at each aluminium: 
consequently this isomer cannot be responsible for 
the six-line spectrum arising from y-irradiation of 
A12Me6, since in that radical only one 27Al nucleus 
(I= 5/2) is coupled to the unpaired electron. 

Free optimisation of the Me2A1(~2-Me)2AlMe2- 
isomer yielded a structure of precise C, symmetry 
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