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T h e  ex i s t ence  of b e r y l l i u m - b o r o n  p h a s e s  w i t h  compos i -  
t ions  n e a r  Be2B , BeB  2 a n d  B e B  6 was  r e p o r t e d  by  Mar-  
kovski i ,  K o n d r a s h e v  & K a p u t o v s k a i a  (1955), h e r e a f t e r  
r e f e r r ed  to  as M . K . K .  A f o u r t h  phase ,  be ry l l i um- r i ch ,  
was  obse rved ,  b u t  i ts c o m p o s i t i o n  was  n o t  e s t ab l i shed .  
Markovsk i i ,  K o n d r a s h e v  & G o r y a c h e v a  (1955) f o u n d  
t h a t  Be2B has  t h e  CaF,, s t r u c t u r e  w i t h  a = 4 - 6 7 0 A .  
I n  a d d i t i o n  to  ve r i fy ing  these  resu l t s ,  we h a v e  p r e p a r e d  
a n d  s t u d i e d  s ingle  c rys ta l s  of BeB  2 and  'BeB6'  , a n d  we 
h a v e  o b t a i n e d  a p o w d e r  p a t t e r n  of t he  be ry l l i um- r i ch  
phase .  

S a m p l e s  of t he  b e r y l l i u m  bor ides  were  p r e p a r e d  by  
s i n t e r i ng  p res sed  p o w d e r e d  m i x t u r e s  of t he  e l e m e n t s  in 
BeO cruc ib les  u n d e r  an  a r g o n  a t m o s p h e r e .  H o m o g e n i z a -  
t i on  was  ca r r i ed  o u t  a t  1400 to  1600 °C. T h e  a m o r p h o u s  
b o r o n  used  c o n t a i n e d  96% b o r o n  a n d  a b o u t  3°~) o x y g e n ,  
w i t h  less t h a n  1~o me ta l l i c  impur i t i e s .  S t )ec t roscopic  
ana lys i s  of t h e  b e r y l l i u m  m e t a l  s h o w e d  0.1 to  0 .2% each  
of Si, Fe ,  Mn,  Mg, a n d  Al, a n d  t r ace  a m o u n t s  of Cr a n d  
Cu. 

T h e  p o w d e r  p a t t e r n s  were  p h o t o g r a p h e d  w i t h  Cu K ~  
r a d i a t i o n  ().= 1-5418 A). I n t e n s i t i e s  were  e s t i m a t e d  vis- 
ua l ly  b y  c o m p a r i s o n  w i t h  a s t a n d a r d  scale.  T h e  in- 
c reased  c o m p l e x i t y  of ou r  p o w d e r  p a t t e r n s  ove r  t hose  
p u b l i s h e d  d i a g r a m m a t i c a l l y  by  M . K . K .  m a y  be  d u e  to 
ou r  h i g h e r  s in t e r ing  t e m p e r a t u r e s .  

, B e 6 B '  

C h a r a c t e r i z a t i o n  of th is  m a t e r i a l  is sti l l  i n c o m p l e t e ;  
no  c h e m i c a l  ana ly se s  h a v e  been  p e r f o r m e d ,  n o r  were  
s ingle  c rys t a l s  o b t a i n e d .  M a x i m u m  re la t ive  i n t e n s i t y  of 

T a b l e  1. Powder pattern of 'B%B '  

I d I d 
5 3.51 A 5 1.762 

20 3.32 7(1 1.732 
45 3.03 5 1.683 

5 2.68 (c) 100 1-671 
]5 2.43 5 1.647 

5 2.386 5 1.597 
85 2.346 (c) 10 1.560 
l0 2.253 5 1.521 
10 2.186 (a) 15 1.472 
10 2.045 (a) 35 1.438 
40 1.979 (b) 5 1.416 

5 1.912 5 1.384 
15 1.791 (b) 

A 
(b) 

(a) = broad lines. (c) = Be2B 
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(c) 

(b) = Be lines, lines. 
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t he  p o w d e r  d i f f r ac t i on  l ines of th is  p h a s e  was  ach i eved  
wi th  an  ini t ia l  B e : B  ra t io  of a b o u t  6:1.  T h e  f i rs t  25 
l ines of th is  p a t t e r n  are  l is ted in Tab l e  1. P u r e  b e r y l l i u m  
a c c o u n t s  for  severa l  of t h e  i n t ense  lines,  a n d  s o m e  Be.,B 
is also p r e sen t .  

B e 2 B  

O u r  p o w d e r  p a t t e r n  of BezB is l i s ted  in Tab le  2; a few 
a d d i t i o n a l  l ines d u e  to  'Be6B'  a re  n o t  i nc luded .  Th is  
p a t t e r n  gave  a = 4 .663/~ .  

Tab l e  2. Pou,der pattern of Be,,B 

I d hkl I d hkl 
60 2.69 A 111 10 1.070 A 331 
25 2-335 200 5 1.043 420 

100 1.648 220 60 0.953 422 
15 1.407 311 20 0.898 511 
l0 1.347 222 30 0.824 440 
30 1.166 400 20 0.788 531 

B e B  2 

Chemica l  ana lys i s  of m a t e r i a l  p r e p a r e d  w i th  t he  ini t ia l  
B e : B  ra t io  a p p r o x i m a t e l y  1 :2  gave  29.3+0.2° :~)Be,  

. O /  w e i g h e d  as Be() ,  a n d  70"8 + 0  5 ~o B, t i t r a t e d  as bor ic  
acid.  T h e  p re sence  of a b o u t  1% BeO in t h e  s ample ,  as 
i n d i c a t e d  by  t h e  p o w d e r  p a t t e r n ,  is w i t h i n  t h e  l imi t s  of 
t he  a c c u r a c y  of t h e  ana lys i s .  T h e  s t o i e h i o m e t r y  com-  
put .ed f r o m  these  f igures  is BeB2.01 + 0.0a- 

Single  c rys ta l s  were  se lec ted  f rom s a m p l e s  of c rushed  
BeB. ,  a n d  osc i l la t ion  a n d  W e i s s e n b e r g  p h o t o g r a p h s  
t a k e n  w i t h  C u K a  r a d i a t i o n  (2.=1.5418 A) s h o w e d  a 
h e x a g o n a l  u n i t  cell w i t h  

a = 9 . 7 9 + 0 . 0 2 ,  c = 9 . 5 5 + 0 . 0 2 A .  

T h e  L a u e  s y m m e t r y  is l '6 /mmm, a n d  t h e r e  are  no  sys- 
t e m a t i c  ex t i nc t i ons .  T h e  d e n s i t y  of a p o w d e r e d  sample ,  
m e a s u r e d  by  p y c n o m e t e r ,  was  2.42 g . cm. - a ;  h o w e v e r ,  
f lo t a t ion  tes t s  on  i n d i v i d u a l  f r a g m e n t s  s h o w e d  a v a r i a t i o n  
f r o m  2-32 to 2.48 g . cm.  -a. T h e  d e n s i t y  r e p o r t e d  by  M . K . K .  
was  2 . 3 5 g . c m . - L  Th i s  d e n s i t y  r ange  ind ica t e s  36 to 
38 B e B  2 g r o u p s  pe r  u n i t  cell. 

T h e  in tens i t i e s  of 361 i n d e p e n d e n t  ref lec t ions ,  of wh ich  
103 were  too  w e a k  to be obse rved ,  were  m e a s u r e d  
v i sua l ly  on  m u l t i p l e - f i l m  ~,Veissenberg e x p o s u r e s  t a k e n  
w i t h  Cu K~x r ad i a t i on .  T h e  s t a t i s t i ca l  d i s t r i b u t i o n  of 
in t ens i t i e s  (Howells ,  Phi l l ips  & Rogers ,  1950) was  h y p e r -  
cen t r i c  (L ipson  & "~Voolfson, 1952) w i t h  no  app rec i ab l e  
d i f fe rence  b e t w e e n  t h e  d i s t r i b u t i o n s  for t h e  t h r e e - d i m e n -  
s ional  d a t a  and  for t he  p ro j ec t i ons .  T h e  p r o b a b l e  space  
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group  is t he re fo re  P 6 / m m m .  Effor t s  to i n t e rp re t  the  three-  
d imens iona l  P a t t e r s o n  func t ion  h a v e  so far  been  un-  
successful.  We plan to e x t e n d  the  q u a n t i t y  and  qua l i ty  
of the  d a t a  by  c o u n t e r  t echniques .  

Table  3. Powder pattern of BeB.z 

I d hk.l I d hk.l 
75 9.5 A 00"1 40 2.339 A 31"0 (b) 

55 8.5 10"0 15 2.287 j 3l'1 
~0.4 

25 6.38 lO.1 10 2.260 21..3 
~5 4.91 1 ~ 0  25 2.18s (~) 
65 4.36 11.1 40 2.14'2 11.4 
20 4.24 20.0 5 2.083 (c) 
l0 4.17 10.2 40 2.060 (b) 
50 3.87 20-1 15 2.024 (c) 
25 3.49 (c) 10 1.,(t48 32.0 
10 3-37 (c) 5 1.894 31.3 

25 3.20 [ 00"3 5 1.862 j 21.0 
31.0 ~ 10.5 

21.1 
10 3.04 21.1 30 1.820 30.4 (a) 

50 2.98 10.3 10 1.762 40.3 
25 2.83 30.0 25 1.742 20.5 
35 2.71 30.1 30 1-694 50.0 

100 2.66 21.2 60 1.661 32.3 
75 2.54 20.3 75 1.(i3l 33.0 

50 2.45 22.0 40 1.598 iJ 00.6 50.2 (b) 
I 22-1 (a) 50 1.582 30-5 10 2.385 

t)0.4 

(a) = broad lines. (b) = Be(). (c) = unidentified impurity.  

Table  3 lists the  f irst  38 lines observe(1 on the  p o w d e r  
p a t t e r n  of BeB,,. Besides 13eB 2 and  Be(),  this  p a t t e r n  
shows a t r ace  of an uni( tenfi t ied i m p u r i t y .  

, B e B  6' 
Chemical  analys is  of ma te r i a l  prepare( t  wi th  the  initial  
B e : B  a tomic  ra t io  1:6 gave  12.8 + 0.2 % Be, 86.3 + 0.5 %)B. 
These  d a t a  suggest  a phase  BeBs.8s=:0.,z5 con ta in ing  
1.5 +_ 1.1% B e e .  

A single c rys ta l  of this  b r i ck - red  phase  was se lected 
f rom c rushed  ma te r i a l  and  examine( t  by  oscillation and  
Weissenberg  me thods .  A tetrag<mal un i t  cell, nea r ly  
ident ica l  wi th  t h a t  of A1Br~ (Hal la  & Well, 1939), was 
f()und. Us ing  the  Al1312 d imens ions  

a = 10.16, c = 14.28 A 

(Kohn,  K a t z  & Giardini ,  1958), 28 BeB 6 groui)s per  uni t  
cell give a ca lcu la ted  dens i ty  of 2.33 g . c m . - L  The  dens i ty  
m e a s u r e d  by  l ) y c n o m e t e r  is 2"35 g.cm.  -a, and  t h a t  re- 
po r t ed  by M.K.K.  is 2-33 g.cm. -3. 

As in the  case of A1Br,, the  (t iffraction s y m m e t r y  and  
s y s t e m a t i c  ex t inc t ions  are  cha rac te r i s t i c  of space groups  
1'4a212 and  P41212. Compar i son  of single c rys ta l  photo-  
g raphs  shows a genera l  s imi la r i ty  in the  in tensi t ies  in the  
two ma te r i a l s ;  however ,  p r o n o u n c e d  di f ferences  in in- 
( t ividual ref lec t ions  are  f r e q u e n t l y  a p p a r e n t .  

A t e t r a g o n a l  po lymor t )h  of e l emen ta l  boron  d imen-  
s ional ly resembl ing  A1Ba2 has  been  r epo r t ed  by  Tal ley,  
L a P l a c a  & Pos t  (1960). W h e n  melte(t  a n d  s u b s e q u e n t l y  
cooled, this p o l y m o r p h  t r a n s f o r m s  to f l - rhombohedra l  

boron  ; the  only  a p p a r e n t  change  when  a sample  of 'BeB 6' 
was m e l t e d  (at  2300 ~:C.) and cooled was the  a p p e a r a n c e  
on the  p o w d e r  i )a t te rns  of t h ree  w e a k  lines a t  3.70, 3.36, 
and  3"06 A. 

The  first  32 lines of a typ ica l  p o w d e r  p a t t e r n  of 'BeB~' 
are  listed in Table  4. 

Table  4. Powder patterns of 'BeB 6' 

I d hkl I d hkl 
15 8.3 A 101 5 3.06 A 302 
15 7.2 l l0  20 2.93 312 

80 6.42 l l l  5 2.80 j 214 
[ 320 

1(t5 
10 5.81 102 55 2.76 303 

321 

80 5.08 ~ 11'2 40 2.66 ~ 115 
i 2O0 ( 313 

5 4-77 20l ]5 2.61 322 (a) 
224 

10 4.54 210 20 2.53 400 

100 4.32 j 103 15 2.49 j 205 
( 211 ~ 401 

90 4-14 202 35 2.46 j 304 
~ 41o 

215 
40 3"96 113 35 2.422 323 

4 l l  
314 

55 3-84 212 15 2.3.()0 • 402 
330 

10 3"58 j 004 45 2"332 412 (b) 
( 2~o 

225 
5 3"46 ) 203 20 2.247 403 (a) 

! 221 421 

20 3"29 ) 213 35 2"187 f 305(b) 
• 301 [ 413 

114 
5 :1.21 222 10 ')'161 ] 206 

310 - ~ 422 
20 3"13 311 50 2"058 423 (b) 

(a) = broad. (b) = BeO. 

F u r t h e r  s tudies ,  of compos i t ions  r icher  in boron,  are  
p lanned .  Our  p re sen t  d a t a  do not  exc lude  the  possibi l i ty 
t h a t  BeB 0 represen t s  the  low-boron  side of a h o m o g e n e i t y  
range  t h a t  e x t e n d s  to pure  boron,  the  p resence  of beryl -  
l ium l ) rcvent ing  the  high t e m p e r a t u r e  t r ans i t ion  to fl- 
r h o m b o h e d r a l  boron.  
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