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I n t r o d u c t i o n  

A complete invest igat ion of the magnes ium-boron  
sys tem has not  been reported in the l i terature a l though 
a number  of different compositions have  been suggested 
for in termediate  phases which m a y  occur in the system. 
Winkler  (1890) proposed Mg~B 2 as one of the products  
of the  reaction between magnesium and  boron trioxide, 
and  MggB s as a product  of the act ion of magnes ium on 
sodium tetra-borate.  Moissan (1892) believed t ha t  Mg3B2 
as well as other borides m a y  be formed. Travers & R a y  
(1912) studied the mechanism of the reaction between 
magnesium boride and water  and found their  results 
were not  in accord wi th  those expected for the compound 
Mg3B2. They  pointed out, however, t h a t  the  bet ide 
Mg4B 2 would account  satisfactori ly for the results which 
t hey  obtained. R a y  (1914) invest igated the products  of 
the reaction of magnesium wi th  boron trioxide and wi th  
boron, and  concluded tha t  Mg3B~ is the only compound 
formed. He  s ta ted t ha t  Mg3B 2 decomposes a t  elevated 
temperatures  into magnesium and  a mixture  of crystal- 
line and  amorphous boron. Stock (1933) has considered 
MgaB ~ as the compound which reacts wi th  acids to yield 
the boranes. 

E x p e r i m e n t a l  

Because of the vola t i l i ty  of magnes ium and  the h igh 
mel t ing point  of the phases involved, conventional  meth-  
ods of thermal  analysis  were impracticable.  Ident i f icat ion 
of the intermediate  phases was made principal ly by  X- ray  
diffraction methods.  

Commercially available amorphous boron is too im- 
pure to be used in a s tudy  of this  k ind and a t t empts  to 
pur i fy  i t  were not  successful. A number  of methods  have 
been reviewed by  Laubengayer ,  Newkirk  & Brandour  
(1942) for the preparat ion of pure boron, bu t  the yield 
of most  of these is too small to be of practical  value. 
A method  described by  Kiessling (1948), wi th  slight 
modifications to improve the yield and pur i ty ,  was 
adopted for this  s tudy.  Samples from various runs 
showed a pur i ty  of over 99 % and a spectroscopic analysis  
showed the presence of less t han  0.1% Si and  0.01% Fe. 

Cylindrical samples were prepared for this  s tudy  by  
pressing pure boron and freshly prepared magnes ium 
wool, in the desired ratio, in  a steel die a t  10,000 Lb.in.  -2. 
These were heated  in cylindrical crucibles, tu rned  from 
steel~ which could be sealed b~r forcing a polished steel 
p lug into the open end in a hydraul ic  press. The crucibles 
were lined wi th  magnesium oxide or wi th  sheet t an ta lum.  
The crucibles and contents,  wi th  the plug l ight ly  pressed 
in place, were degassed in vacuum at  200 ° C. and  flushed 
wi th  argon before sealing under  pressure. The final 
heat ing was conducted in a quartz  sys tem in an  atmos- 
phere of argon. Powdered samples for the X- ray  diffrac- 
t ion studies were ground under  dry  mineral  oil. Fi l tered 
Cu K s  radiat ion was used. Intensi t ies  of the reflections 
were es t imated visual ly by  the triple-film technique 
applied to two sets of film wi th  exposure t imes of l½ 
and  3 hr.  respectively. 

E x p e r i m e n t a l  r e s u l t s  

A series of preparat ions wi th  decreasing magnes ium 
content  gave diffraction pa t te rns  which contained the 
lines of ma~o~esium and a second crystall ine phase. The 
intensit ies of the lines of the new phase increased to a 
m a x i m u m  while those of magnesium decreased to the  
vanishing point  as the series approached a composit ion 
corresponding to the compound MgB 2. Samples of this  
composition dissolved almost completely in dilute hydro-  
chloric acid. Compositions richer in boron than  t h a t  
corresponding to MgB~ were progressively less soluble in 
dilute acid. The acid insoluble residue was found by  
analysis  to agree in all instances wi th  the compound 
MgB 4 and gave a diffraction pa t t e rn  which was dis t inct ly  
different from tha t  of the soluble phase. The pa t te rns  of 
the two phases appeared simultaneously for all composi- 
t ions between MgBg. and MgB 4. Two other crystal l ine 
phases wi th  characterist ic diffraction pa t te rns  appear  in 
the system. The ident i ty  of these and the s t ructure  of 
MgB4 is being studied. 

All lines of the diffraction pa t t e rn  of the acid-soluble 
phase could be accounted for by  a pr imit ive hexagonal  
cell wi th  

a = 3.084±0.001 .~, c = 3.5224-0.002/~.  

On the basis of the composition, MgB~, the observed 
density,  2.667 g.cm. -a, requires one molecule per un i t  
cell. 

Observed intensit ies were in complete agreement  wi th  
those calculated for a s t ructure  isomorphous wi th  AIB 2 
(Hofmann & J~niche, 1935, 1936) and a number  of 
other diborides which have been invest igated b y  i i e s s -  
ling (1949) and by  Norton,  Blumentha l  & Sindeband 
(1949). The B - B  distance in the hexagonal  ne t  of boron 
atoms is 1-780±0.001 /~. 
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