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electronegati~it ies~~ E of the X (Y )  atoms. For PF3 
and PC&, where the atom X is missing, the electronega- 
tivities are regarded as zero. Regular curves are ob- 
tained for the bond angles (Figure 5 )  and also for the 

P-F and P-Cl bond lengths in PFh and PClj apparently 
fit in the curves if they are, rather arbitrarily, plotted 
against l /zE(F) and '/&(C1), respectively. 
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The molecular structures of 1,2-, 1,7-, and 1,12-dicarba-cZoso-dodecaborane(l2), B I o C ~ H I ~ ,  o-, m-, and p-carborane, respec- 
tively, have been determined from clectron diffraction studies of their vapors. Each structure is a slightly distorted icosa- 
hedron. The structure of p-carborane with Djd symmetry was characterized most precisely with the following parameter 
values: B-C = 1.710 f 0.011 A&, B2-B3 = 1.792 i 0.007 b, B2-B7 = 1.772 f 0.013 b, B-H = 1.22 f 0.02 -4, and C-H 
= 1.15 f 0.09 b. Each error limit is the geometric mean of 3 times the least-squares standard deviation and 3 times an 
estimated O.lyo standard deviation in the scale factor. A "diameter" along the C .  . .C  axis is about 10% shorter than a 
"diameter" along a B 8 . B axis. o- and m-carborane have much lower symmetry, Cze, and unique structures could not be 
determined. In m- 
carborane, B-C(av) = 1.726 f 0.010 b and B-B(av) = 1.805 f 0.008 A. The B-B bond lengths in the icosahedral 
carboranes suggest the trend that B-B bonds nearer carbon atoms are longer. 

In o-carborane, C-C = 1.65 i 0.05 b, B-C (av) = 1.711 f 0.014 b, and B-B(av) = 1.793 i 0.010 b. 

Introduction 
Three isomers of the icosahedral carborane2 BloC2H12  

are kn0wn.3-~ The isomers, 1,2-, 1$7-, and 1,12-dicar- 
ba-closo-dodecaborane(12), will be called 0-, m-, and 
9-carborane, respectively. Crystal structures of a 
variety of derivatives of 0- and m-carborane have been 
determined. In  each the structure of the boron carbon 
cage is a slightly distorted icosahedron. Since the car- 
boranes are nearly spherical, crystals of the compounds 
are disordered with a statistical population of borons 
and carbons a t  each site. Even in crystals of many of 
the substituted carboranes there is some disorder. 
Therefore, not much precise structural information is 
known. Russian electron diffraction workers have re- 
ported results on o - ~  and m-carborane,8 C, C'-dimethyl- 
o-~arborane,~ and a C, C'- and a B,B'-diiodo-m-carbo- 
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rane.'" These reports confirm the icosahedral structures 
of the ortho and meta isomers and report average bond 
lengths. We undertook electron diffraction studies of 
the three unsiibstituted carboranes to  determine the 
structure of 9-carborane, to  characterize the distortions 
from icosahedral symmetry, and to deduce structural 
relationships among the isomers. 

Experimental Section and Data Analysis 
Samples of the three carborane isomers were purified by prepa 

rative vapor phase chromatography and were obtained from 
Dr. H. A. Schroeder of Olin Corp. The electron diffraction 
patterns were recorded on the University of Oslo apparatus with a 
nozzle temperature of 70". Exposures were taken a t  two nozzle 
to plate distances, 48 aFd 19 cm, which covered the scattering 
ranges 1.5 5 s 5 20 A-1 and 7 5 s o  2 45 bw1, respectively. 
The electron wavelength was 0.064606 A. Four plates from each 
range were studies for each compound. These were photo- 
metered and converted into molecular scattering intensity curves 
by correcting for nonlinearity of response of the photographic 
emulsion, for plate flatness, and for the shape of the rotating 
sector and by subtracting a background intensity." The 
intensity and background values are given in Tables IA and IB.  
A theoretical intensity curve was calculated according to 

s M ( s )  = CCAu exp( -ZJs2/2) sin ( s r i , ) / ~ $ j  
i j  

( i l j )  

where A i j  = ZiZj/(l - F B , / Z B ) ~ .  2, and F ,  are the atomic 

(IO) V. S. Mastryukov, A. F. Zhigach, and V. N. Siryatskaya, Acta 

(11) The  reduction of the data  is discussed in detail by 0. Bastiansen and 
C v y s t d o g v . ,  Sect. A ,  26, S165 (1969). 
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TABLE IA 
INTENSITY AND BACKGROUND DATA (48 CM) 

FOR p-, 0-, AND ?%-CARBORANE 
-Para- -Ortho,  -Meta- -Para- -Or tho ,  -Meta- 

S I B  I B  I B  s I B  I B  I B  

TABLE IB 
INTENSITY AND BACKGROUND DATA (19 CM) 

FOR $-, 0-, AND 112-CARBORANE 
-Para- -Ortho, - M e t a p  -Para- -Ortho--. -Meta- 
I B  I B  I B  s I B  I B  I B  

number and form factor,12 respectively, of atom i, Zi, is the 
root-mean-square amplitude of vibration, and r z j  is the inter- 
atomic distance. This curve was fitted to the experimental 
intensity curve by a least-squares method based on a program 
written by Dr. Hans Seip.I3 The variable parameters are the 
interatomic distances and the amplitudes of vibration. Inde- 
pendent parameters were selected for each compound and the 
interatomic distances were calculated from them according to 
the symmetry of the model structure. Experimental and 
theoretical radial distribution functions were obtained by calcu- 
lating Fourier transforms of the intensity curves. 

(12) D. Nicolas, C. Tavard, and M. Kouault, J .  Chim. Phys., 64, 540 
(1967). 

(13) A. Almenningen, 0. Bastiansen, R. Seip, and H. M. Seip, Acta Chem. 
Scand., 18,2115 (1964). 

Results 
p-Carborane.-The least-squares refinement of the 

molecular scattering intensity curve of 9,-carborane 
(Figure 1) was carried out assuming Dbd symmetry. 

p-  CARBORANE hAA 
o-CARBORANE 

I I I I 

IO 20 30 40 

S ( 8 ' ' )  

Figure l,---sMexp(s) (solid line) and the difference between 
i t  and the theoretical intensity calculated from the best model 
(dotted line) for p-, 0-, and m-carborane, respectively. 

Six parameters define the structure: the Cl-B2, B2- 
B3, B2-B7, C-H, and B-H distances and the H-B2-B7' 
angle. The 28 different interatomic distances were cal- 
culated from these. Shrinkage effects were neglected. ' 
The least-squares refinement procedure rapidly con- 
verged to give the values listed in Table 11. Since a 
diagonal weight matrix was used in the least-squares 

TABLE I1 
STRUCTURAL PARAMETERS OF p-, 0-, AND m-CARBORANE 

Para Ortho Meta 
1.653 i 0.049 r(C-C),a b 

Y(B-C), 8, 1.710 i 0,011 1.711 i 0,014 1 . 7 2 0 i  0,009 
1.831 f 0.052* r(B-B), b 

1.792 i 0.007c 1.802 i 0.013d 1.791 i 0.015 
1 .772  i 0.013 1.789 i 0.009 1.817 i 0.013 

r(C-H), b 1.15 i 0.09 1. 15e 1.156 
v(B-H), b 1.216 i 0,021 1. 216e 1.2113~ 
LH-B2-B7, deg 130.0 i 1.8 
Z(X-X),f A 0.063 i 0.005 0.063 1.0.006 0.057 i 0.007 
l(X-H), b 0.093 i 0.017 0 ,  093e 0 .  093e 
E(X-X-X), b 0.075 i 0.005 0.076 f 0.009 0 .077  i 0.007 
l(X-X-X-X), b 0.071 i 0.014 0.069 1. 0.032 0.070 i 0.026 
1 (H-X-X) , 0.127 i 0.033 0 . 1 4 4 i  0.029 0.130 h 0.024 
Z(H-X-X-X), b 0.129 1. 0,024 0.136 f 0,034 0 . 1 3 3  i 0 , 0 2 8  
l(H-X-X-X-X),l 0.098 zk 0.061 0.07 i 0 . 1 2  0 . 1 0  i 0.13  
Ria 7 . 7  13 .6  9 . 9  

Each distance given is the center of gravity of the probability 
distribution, y g ( 0 ) ,  and was obtained from r,(O) = r,(l) + Zz/rg(l) 
where ~ ~ ( 1 )  is the electron diffraction distance, Le. ,  the center of 
gravity of times the probability distribution. The B-B 
distances in m-carborane are, from top to bottom, B2-B3, 
B2-B6, B5-B6, and those more distant from the C atoms. 

The B-B distances in p-carborane are, from top to bottom, 
B2-B3 and B2-B7. d The B-B distances in o-carborane are, 
from top to bottom, B6-Bll and B7-Bl1, i.e., the B-B bond 
lengths girdling the C atoms and those more distant from the C 
atoms. e Assumed values. u Rt = 
1OOZ1A1/ZlsMexP(s)/ : H. M. Seip, T .  G. Strand, and R. Steilevik, 
Chem. Phys. Lett., 3,617 (1969). 

f X is either a B or C atom. 
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method and correlation among data points was thereby 
ignored, the standard deviations calculated from the 
variance-covariance matrix are too small. Therefore, 
the error limits reported for distances are the geometric 
mean of 3 times the standard deviation obtained from 
the least-squares analysis and 3 times an estimated 
0.001rt1 standard deviation due to scaling errors. For 
angles and vibrational amplitudes the reported errors 
are 3 times the least-squares standard deviations. 

The experimental radial distribution curve is shown 
a t  the top of Figure 2. Immediately beneath i t  is 

111 A p-CARBORANE 

I /I \ \  / 1 0-CARBORANE 

m-CARBORANE 

- -  L / A  ._..I ~ - .. --I 

.I. .- ..... ..... ...-. . _ . . A  ._._ -., 
I I I 1 I 

I 2 3 4 5 
r ( 8 )  

Figure 2.-The experimental radial distribution curve (solid 
line) with a damping constant of 0.0015 and the difference be- 
tween i t  and the curve calculated from the best model (dotted 
line) for f i - ,  0-, and m-carborane, respectively. 

plotted the difference between the experimental and 
theoretical radial distribution functions. The small 
peak a t  1.2 is due to the B-H and C-H distances, the 
large peak a t  1.8 A includes all the bonded distances 
within the icosahedral skeleton, the broad peak a t  2.9 A 
is mainly due to distances between boron and carbon 
atoms once removed from each other, the small peak a t  
3.4 A is mainly caused by B * * . B diameters, the peak a t  
3.9 A is due to  distances between hydrogen atoms and 
the boron or carbon atoms three bonds removed, and the 
small peak about 4.6 A is composed mainly of distances 
from a hydrogen atom to the boron diametrically oppo- 
site. 

The values obtained for the bond lengths-1.710 
i 0 011 A for C-B, 1.772 * 0.013 and 1.792 + 0.009 A 
for B-B, and 1.22 f 0.02 A for B-H-are similar to 
bond lengths in related compounds. The 0.020-A dif- 
ference between the longitudinal and latitudinal B-B 
bonds is approximately 3 times the sum of the standard 
deviations of the two distances and is most likely real. 
The only unusual feature appearing in the structure is 
the external angle of 130.0 f 1.8" between the B-H 
bond and the longitudinal B-B bond (Figure 3 ) .  All 
other external angles range between 114.5 and 117.8". 
In  a regular icosahedron the angle would be 121.7". 
The molecule's structure is that of a regular icosahedron 

m r 

Figure 3.--A scaled, perspective view of P-carborane. The 
volumes of the spherical atoms are shown proportional to their 
scattering power, L e . ,  atomic member: C. K. Johnson, "ORTEP, 
a Fortran Thermal-Ellipsoid Plot Program for Crystal Structure 
Illustrations," Report ORNL-3749, Oak Ridge National Labora- 
tory, Oak, Ridge, Tenn., 1965. 

which has been shrunk about 10% along the C .  8 . C  
diameter and this distortion is probably related to the 
unusually large H-B-B bond angle. The H-C . . .  C-H 
diameter is 5.35 ( 5 )  A v s .  5.78 (3) A for the H-B . .  .B-H 
diameter. The agreement between the experimental 
data and the theoretical curves based on models of 
Dbd symmetry is excellent. Allowing a less symmetrical 
model with more parameters would not be expected to 
improve upon the agreement. 

0- and m-Carborane.-A glance at  the molecular 
intensity curves in Figure 1 and the radial distribution 
curves in Figure 2 reveals that the structures of all 
three isomers are very similar and the distortions from 
icosahedral symmetry are not large. Determination of 
unique molecular structures of 0- and m-carborane 
(Figures 4 and 5 )  is considerably more difficult than the 

Q 

x 
Figure 4.-A scaled, perspective view of o-carborane 

determination of the structure of p-carborane due to the 
lower symmetry of 0- and m-carborane. Even assuming 
Cz, symmetry there are ten different bond types within 
the icosahedral cage which all lie in the range 1.6-1.8 A 
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TABLE I11 

MODELS OF 0-CARBORANE 
STRUCTURAL PARAMETERS OF SEVERAL 

----No. of parameters--- 
3 4 5 

c-c, A 1 .635  (14)u 1 651 (16) 1 .620  (17) 
B-C, 1 .707  (4) 1 .707  (5) 1 . 7 1 0  (4) 
B-B, 1 .791  (1) 1 .800  (4Ib 1 . 8 0 0  (5)b 

1 .787  (3Icsd 1 .810  (8Ic 
1 . 7 4 5  (1l)d 

Z(C-C, B-C, B-B), A 0 .063  (2) 0 .063  (2) 0.057 (4) 
Rle 1.36  1 . 3 6  1 3 . 5  

a The distances are r,(l) (see footnote a, Table 11) and the 
least-squares standard deviations in units of thousandths of 1 a 
are enclosed in parentheses. B3-B7, B7-Bll. B6-Bl0, 
B10-B11, Bll-B12. B9-Bl0, B9-B12. e See footnote g, 
Table 11. 

Figure 5.-A scaled, perspective view of m-carborane. 

and which are not resolvable by electron diffraction 
techniques. Therefore, i t  was necessary to apply fur- 
ther constraints. In  one set of calculations, one to six 
bond lengths selected in a variety of permutations were 
refined with the remaining cage bond lengths held con- 
stant. No conclusions could be drawn from these re- 
sults, however, since the values obtained varied so much 
from one model to the next. Another set of constraints 
was based on the results of semiempirical molecular or- 
bital calculations of Hoffmann and Lipscomb,14 who as- 
sumed regular icosahedral symmetry. Constraints 
were applied to the model structures in which a linear 
relationship between overlap population as calculated 
by Hoffmann and Lipscomb and bond length was as- 
sumed, A variety of constants in the linear relation- 
ship were tried but no conclusive results were obtained. 

The following approach did yield useful conclusions, 
however. A three-parameter model of o-carborane was 
refined. The three parameters were the C-C, B-C(av), 
and B-B(av) distances. The output of this refinement 
was used as the input for a four-parameter model. I n  
this model the B-B distances were split into two groups: 
one group consisted of the six B-B distances which form 
a “girdle” about the carbon atoms and the other group 
consisted of the B-B distances more remote from the C 
atoms. The results of this refinement were used as in- 
put for a five-parameter model in which the remote B-B 
bond distances were separated into two categories, 
those most distant from the carbons and those inter- 
mediate in distance. Similarly, a six-parameter model 
was attempted but it would not refine. The parameter 
values obtained for each model are listed in Table 111. 
A similar series of refinements was carried out on m- 
carborane. The simplest model had two independent 
parameters: the B-C(av) and B-B (av) bond lengths. 
The parameter values from the best two-parameter 
model were used as starting values for a three-parameter 

(14) R.  Hoffmann and W. N. Lipscomb, J .  Chem. Phys. ,  86, 3489 (1962). 
Using a method based on model SCF-MO calculations for small molecules, 
F. P. Boer, Ph D. Thesis, Harvard University, 1965, has calculated another 
set of electronic properties of the carboranes. The values obtained from the 
two  methods are qualitatively similar. 

model in which the B-B bond lengths were divided into 
two groups: those girdling the carbon atoms and the 
rest. The four-parameter model allowed the B2-B3 
distance to vary independently of the other girdling 
bonds, and in the five-parameter model, the latter dis- 
tances were separated into two groups: those of the 
type B3-B4 and those of the type B4-B5. The param- 
eter values obtained for each model are listed in Table 
IV. The constraints described above are not unique. 
For example, in o-carborane there are many ways in 
which the ten independent cage distances allowed by 
Cz, symmetry can be classified into four groups, For 
each of the models above, except for the three-parameter 
o-carborane and two-parameter m-earborane, several 
classifications were tested. Those discussed above were 
selected because they present a reasonably self-consis- 
tent picture of structural trends in the carboranes. 

In  each of the least-squares refinements of 0- and m- 
carborane, in addition to the geometric parameters dis- 
cussed above and a scale factor, six amplitudes of vibra- 
tion were simultaneously refined. The vibrational 
amplitudes for the C-C, B-C, and B-B bonded pairs 
could not be distinguished but were set equal and re- 
fined as one vibrational amplitude. The other five 
families of vibrational amplitudes were the B . . . B  or 
B - - C once removed, the B * B and C * . C diameters, 
theH.  . B  or H -  . eConceremoved, the H .  + . B  or H .  . . C  
twice removed, and the H . . B or H C three bonds 
removed, i.e., H to  B or C diametrically opposite. The 
values of the vibrational amplitudes varied negligibly 
as the number of independent distances was changed. 
The values obtained from the four-parameter models of 
0- and m-carborane are listed in Table 11. 

Contributions to the scattered intensity by H . + H 
distances were ignored, shrinkage effects were neglected, 
and the B-H and C-H bond distances and average vi- 
brational amplitude were held fixed a t  the values found 
in 9-carborane. No attempt was made to determine 
the directions of the C-H and B-H bonds in 0- and 
m-carborane. Each was assumed to  form equal angles 
with the other bonds extending from the boron or 
carbon atom. 

Discussion 
The C-C, B-C, and B-B bond lengths obtained in 

this study are consistent with values determined from 
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TABLE IV 
STRUCTURAL PARAXETERS O F  SEVERAL MODELS O F  Wl-CARBORAKE 

7 ----_-__-___- Tio. "f 

2 3 4 5 6 

B-C, 1.724 (2)" 1.720 ( 3 )  1.719 (2) 1.720 (2) 1.719 (5) 

1.816 (4) 1.803 (8)d 1.798 (10)d 

B-B, A 1.803 (1) 1.798 (3)b-d 1.830 (17)$ 1.835 (16)b 1,834 (17)'' 
1,790 (4)"'d 1,771 (8)" 1.777 (13)c 

1.818 (3) 1.812 (14)e 
1.826 (12) 

Z(B-C, B-B), A 0.063 (1) 0.059 (2) 0.057 (2) 0.056 (2) 0.056 (2)  
R I ~  10.1 9.9 9 . 9  9 . 8  9 . 8  

1,815 (4) 

The distances are ~ ' ~ ( l )  (see footnote a,  Table 11) and the least-squares standard deviations are enclosed in  parentheses. B2-B3. 
B3-B4. B4-B5. B2-B9, B2-BS. f Seefootnoteg, Table 11. 

X-ray studies of 0- and m-carborane derivatives. 
Tables V and VI.) 

(See 
The average bond lengths in the 

c-c (1-2) 
B-C (2-3) 

(2-7) 
B-B ( 3 - 7 )  

(7-11) 
(6-10) 
(10-11) 
(11-12) 
(10-12) 
(9-12) 

TABLE V 
BOND LESGTHS IX 0-CARBORASE 
o-BloCls- o-BloHla- o-BloBrP- o-BloBrrHc- 
HnCzHf (CCH?Br)$ HsC?H2C (CCHa)sd 

1 .67  1 . 6 3  1.65 
1 .73  1 . 7 3  

1.783 1 773 1 .78  
1.80  

1 s i J  1 . 8 1  

O-B,0- 
C2Hixe 
1 6 5  

1,708 

1.800 

1 787 

J ,  A. Potenza and IT. S. Lipscomb, Inorg. Chem., 3, 1673 
D. Voet and 1%'. S. Lipscomb, ibid., 3, 1679 (1964). 

J .  A .  
e This work. 

(1964). 

Potenza and W. S. Lipscomb, i b i d . ,  5 ,  1483 (1966). 
J ,  A .  Potenza and 1%'. N. Lipscomb, ibid., 5 ,  1471 (1966). 

TABLE VI 
BOKD LESGTHS (A) IS WZ-CARBORANE 

?n-BioBrzHsC2H2a m-BloC2Hnh 

1.719 
1.74, 
1.89 1.828 

1.790 

B-C (1-2) 
(1-4) 
(1-5) 

B-B (2-3) 
(2-6 1 1.72) 1.775 
(4-5) 1 .83j  
(6-11) 
(6-10) 
(5-9) 
(9-10) 

1.816 
1.70 
1.77 

a H. Beall and W. N. Lipscomb, Inorg. Chem, 6, 874 (1967). 
'' This work. 

icosahedral cages of 0- and m-carborane, 1.763 (2) and 
1.776 (2) A, respectively, are in excellent agreement with 
the results of the Russian electron diffraction workers, 
1.76' and 1.775 (10) 4h,s respectively. The more exten- 
sive data presented in this study have allowed a more 
precise characterization of the distortions in the icosa- 
hedral molecules. The only surprising feature is the 
rather large H-B2-B7 angle in p-carborane, 130.0 * 
1.8". It is about 13" larger than any other similar 
angle in the molecule and is about 8" larger than the 
angle expected for a regular icosahedron. 

There appears to be a characteristic pattern in the 
variations of the various B-B bond lengths in the car- 
boranes. B-B bond lengths nearer carbon atoms are 

longer than B-B bond lengths more remote. This 
result contradicts a previously reported conclusion. l5 
In 9-carborane the B-B bond length girdling the carbon 
atoms is 1.792 * 0.007 A and the bond length bridging 
the two pentagonal pyramid caps is 1.772 i 0.013 A. 
In o-carborane a similar pattern can be seen in the re- 
sults of the four- and five-parameter models in Table 
111. X-Ray structural studies of o-carborane deriva- 
tives, whose crystals displayed no disorder effects there- 
by allowing determination of the separate bond lengths, 
also demonstrate the trend of longer B-B bond lengths 
in the vicinity of carbon atoms. These results are 
suminarized in Table V .  The bond lengths listed have 
been averaged to a C2r structure which allows ten inde- 
pendent cage bond lengths. These have been averaged 
again according to the constraints used in our four- 
parameter model. The bonds are listed in order from 
those nearest the carbon atoms to those most remote. 
The general trend of longer bond lengths nearer carbon 
atoms is clear. This trend does not appear in the m- 
carborane results (Table IV), except for the unique 
B2-B3 bond. One m-carborane crystal structure has 
been reported which is not complicated by disorder. 
I ts  structure is compared to our four-parameter model 
in Table VI. As in Table V the bond lengths have been 
averaged to Cz, symmetry and reaveraged according to 
the constraints of our four-parameter model. The 
bonds are listed in order from those nearest the carbon 
atoms to those most distant. The trend of longer B-B 
bond lengths nearer carbon atoms appears in the X-ray 
results. The long B2-B3 bond length observed in 
m-BloBrzHsCzH2 by Beall and Lipscomb represents one 
extreme of the trend since each of the boron atoms is 
bonded to two carbon atoms. The structural trends 
among the B-B bond lengths are consistent with the 
concept of the more electronegative carbon atoms drain- 
ing electron density away from their immediate sur- 
roundings thereby weakening and lengthening neigh- 
boring bonds. Calculations of charge densities and 
overlap populations in the carboranesI4 agree qualita- 
tively with this picture. 
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The reactions of lithium, sodium, and potassium hydrides with magnesium chloride, bromide, and iodide in diethyl ether and 
tetrahydrofuran, as a route to reactive magnesium hydride, have been studied. Magnesium hydride was formed in quan- 
titative yield by the reaction of sodium hydride with magnesium bromide in tetrahydrofuran and by the reaction of 
sodium hydride or potassium hydride with magnesium iodide in diethyl ether. In the latter reactions the sodium iodide 
by-product was separated from magnesium hydride by extraction with tetrahydrofuran, and potassium iodide was sepa- 
rated by extraction with diglyme. Commercially available lithium hydride was found not to react with magnesium halides 
in tetrahydrofuran a t  room temperature although some reaction was detected a t  reflux temperatures. Lithium hydride 
prepared by hydrogenolysis of tert-butyllithium was found to react slowly with magnesium bromide in tetrahydrofuran and 
not a t  all with magnesium chloride in the same solvent 
alkali metal hydrides were used in these experiments. 

Introduction 
There are three general methods for preparing mag- 

nesium hydride.' The equations used to represent 
these methods are 

175' 
(CzH5)zMg --f MgHz + 2CzH4 (1) 

(2) LiAlHa 4- 2Mg(CzH& + 2MgHg + LiAl(CZH& 

Mg + Hz - MgHz 
570' 

200 atm 
(3 1 

The pyrolysis of diethylmagnesium2 (eq 1) produces 
an active form of magnesium hydride which is pyro- 
phoric in air and reacts violently with water and other 
protic compounds. The reaction of lithium aluminum 
hydride with diethylmagne~ium~ (eq 2 )  also produces 
active magnesium hydride. The formation of magne- 
sium hydride from the elements (eq 3) occurs at 570" and 
200 atm using magnesium iodide as a ~ a t a l y s t . ~  This 
method is obviously an economic one and the magne- 
sium hydride prepared by this method is commercially 
available. Unfortunately MgH2 prepared by this 
method is quite unreactive even to air and water. 

* To whom correspondence should be addressed. 
(1) K.  M .  Mackay, "Hydrogen Compounds of the Metallic Elements," 

(2) E.  Wiberg and R. Bauer, Z. Natuvforsch. B, 6,  396 (1950). 
(3) G. D. Barbaras, C. Dillard, A. E. Finholt, T. Wartik, K. E. Wilzbach, 

(4) E. Wiberg, H .  Goeltzer, and R. Bauer, Z.  Naluufousch. B ,  6, 394 

Wilmer Brothers Ltd., Birkenhead, Cheshire, England, 1966, p 39. 

and H.  I .  Schlesinger, J. Anzev. Chem. SOL., 78, 4585 (1951). 

(1951). 

No complexes of the type M,MgH2+n were detected when excess 

In  1951 Wiberg,5 in a short note concerning the prep- 
aration of BeH2, made a one-sentence statement that  ex- 
cess lithium hydride and magnesium chloride in diethyl 
ether react to form either magnesium hydride or Li,- 
MgHz+,. Since a mixture of excess LiH and MgH2 
could not be distinguished from Li,MgHz+, except by 
powder diffraction analysis, one cannot be sure what 
was formed in this reaction and to what extent. No 
subsequent report has appeared. 

The reaction of alkali metal hydrides with magnesium 
halides in ether solvents represents a substantially more 
convenient and economic route to reactive magnesium 
hydride than the methods now available. Ideally it 
was hoped that in a particular solvent an insoluble metal 
hydride would react with a soluble magnesium halide to 
form insoluble MgHz and soluble magnesium halide. 
Thus active MgHz could be easily isolated in a pure form 
by filtration. We therefore decided to explore the gen- 
eral scope and utility of the reaction MH 4- MgX2 
(where M = Li, Na, K and X = C1, Br, I) in an attempt 
to produce active magnesium hydride free from the al- 
kali metal halide by-product. We also wished to deter- 
mine whether Li,MgHz+, is formed in the reaction of 
LiH and MgCl2 and, if so, isolate the compound. 

Experimental Section 
All operations were carried out either in a nitrogen-filled glove 

(5) E .  WibergandR. Bauer,ibid., B, 6, 171 (1951). 


