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U n i t  ce i ls  and  s p a c e  ~ , r o u p s  f o r  t w o  e thera te s  of s o d i u m  t r i d e c a h y d r o d e c a b o r a t e ( 1 - ) .  B y  
HILLYER G. N O ~ E ~ T ,  Jm,  Callery Chemical Company, Callery, Pennsylvania, U . S . A .  

(Received 16 April 1959) 

The discovery of the sal t  sodium tr idecahydrodecaborate-  
(1-)(NaB10HI~) by  Hough & Edwards  (1958) has prompted  
fur ther  invest igat ion of this compound wi th  a view 
toward determinat ion of its s t ructure  by  single crystal  
X- r ay  methods.  A t t empts  to prepare single crystals  of 
the unsolvated mater ia l  were unsuccessful due to its ease 
of hydrolysis  and salt  like properties. Stable macro-  
crystal l ine e thyl  and me thy l  etherates have  been pre- 
pared and prel iminari ly studied by  single-crystal X- ray  
diffraction techniques.  

E t h y l  or me thy l  ether solutions of decaborane (B10H14) 
were reacted with  sl ight excesses of sodium hydr ide  a t  
room temperature .  After f i l t rat ion to remove excess 
sodium hydride,  excess ether was evaporated slowly to 
yield residues in which suitable single crystals  were found. 

B y  chemical analysis,  the  crystal l ine materials  have 
been characterized as the mono-ethyl  etherate,  

NaB10H13. (C2H.~)~O , 

and the bis-methyl  etherate,  

NaB10H1, ~ . 2 (CH3)20 . 

Both  mater ials  are ext remely hygroscopic. The bis- 
me thy l  e therate  mus t  be stored in an undi luted atmo- 
sphere of me thy l  ether  to prevent  effervesence of me thy l  
ether.  

The mono-ethyl  e thera te  crystals  were found to be 
triclinic, wi th  the following unit-cell parameters :  

a = 5 . 6 4 ± 0 . 0 2 ,  b = 7 . 4 2 i 0 . 0 2 ,  c = 9 . 0 5 ± 0 - 0 3  A; 
a = 8 3  °43'___10', f l=86  ° 3 9 ' ±  10', y = 7 4  ° 0 ' ± 1 0 ' .  

Assuming one molecule per uni t  cell, the calculated 
densi ty  is 1.001 g.cm. -3. The observed densi ty  is 0-983 
g.cm. -8. The space group is most  cer ta inly P1.  

Crystals of the bis-methyl  e therate  were found to be 
monoclinic, space group P2~/c, with  unit-cell  parameters :  

a = 1 1 . 4 9 ± 0 - 0 2 ,  b=29-84±0 .02 ,  c = 9 . 7 2 ± 0 . 0 2  A; 
f l=94  ° 5 5 ' ±  5 ' .  

Space considerations indicate t h a t  there are eight mole- 
cules in the uni t  cell. The densi ty  calculated on this basis 
is 0.946 g.cm. -3. 

Weissenberg pa t te rns  of the bis-methyl  e thera te  show 
an abnormal  fall-off of reflection in tens i ty  wi th  increasing 
Bragg angle. Very few reflections are observed beyond  
90 ° of 20. This suggests high thermal  mot ion and/or  
disorder, bu t  a Debye-Scherrer  pa t t e rn  obtained a t  
- 1 0 0  °C. showed no indicat ion of a phase t ransi t ion.  

Fur the r  work on these compounds is not  an t ic ipa ted  
in the near  future.  
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Lazulite,  MgA12(PO4)2(OH)2 , and scorzalite, 

FeA12(PO4)2(OH)e, 

form a complete isomorphous series (Pecora & Fahey ,  
1949, 1950). Barbosali te,  FeFe2(PO4)2(OH)e, the ferric 
analog of scorzalite (Lindberg & Pecora, 1954, 1955), 
is a th i rd  member  of this isostruetural  series; no solid 
solution relations between barbosali te  and the lazul i te-  
scorzalite pair  have been definitely established. 

The present  note describes the crystal  s t ructures fotmd 

* Publication authorized by the Director, U.S. Geological 
Survey. 

revised form 23 April  1959) 

for the three minerals. Table 1 lists the chemical com- 
position of the crystals used and the crystallographic 
data found in the current study. Visually estimated 
intensities obtained with Zr filtered Mo radiation were 
used for the structure determinations. A trial structure 
(common to the three minerals) was established by inter- 
pretation of the Patterson projections on the planes 
normal to a, b, and c, and from consideration of the known 
structure of the closely related tetragonal compound 
'iron lazulite', Fea.5(PO4)2(OH)2, (Katz & Lipscomb, 
1951). The trial structure was refined for lazulite and 
scorzalite by successive electron-density projections to 
yield the atomic parameters shown in Table 2. For 
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Tab le  1. Data for lazulite, scorzalite, and barbosalite 

All monoclinic: P21/c-C~h (No. 14) 

Lazulite Scorzalite Barbosalite 

a 7.16 a .~ 7.15 /~ 7-25 /~ 
b 7.26 7.31 7.46 
c 7-24 7.25 7.49 
fl 120 ° 40'b 120 ° 35' 120 ° 15" 

Cell contents Fe0.2sMgl.77Al~(PO4)4(OH)~C F%.saMg0-47A14(PO4)4(OH)4 c Fe"Fe4(POa)4(OH)4d 
Density (cale.) 3.14 g.cm. -3 3-32 g.cm. -3 3-71 g.cm. -3 
Density (obs.) 3 "12c 3"33c 3"60d 
Source of crystal Minas Gerais, Brazil Victory, South Dakota Minas Gerais, Brazil 

a Lengths, +--0"3%, in A. 
b Angles, __+ 05'. 
c J.  J.  Fahey,  analyst  (in Pecora & Fahey,  1950). 
d M. L. Lindberg, analyst (in Lindberg & Pecora, 1954, 1955). (Observed density obtained on poor, fine-grained material). 

Tab l e  2. Atomic parameters for lazulite and scorzalite 

Atom x y z 
O 1 0-222 0.000 0.901 (lazulite) 

0.219 0-000 0-905 (scorzalite) 

O~ 0.286 0.000 0.589 
0.291 " 0.000 0.589 

O a 0-048 0-253 0.130 
0.046 0.254 0.129 

O 4 0.443 0-244 0.377 
0.432 0.251 0.366 

OH 0.754 0.135 0.749 
0.746 0.130 0.747 

P 0.250 0.113 0"749 
0.249 0.111 0.747 

A1 0.732 0-266 0.004 
0-732 0-267 0.004 

Mg or Fe 0 0 0 

Rho~ = 0.17 Bh0l = 0'4 (lazullte) 
= 0"18 ---- 0"6 (scorzalite) 

Rokl = 0.18 BOkl = 0"8 
= 0"14 = 0"7 

barbosa l i te ,  on ly  t he  e l ec t ron -dens i ty  p ro jec t ion  n o r m a l  
to  a has  b e e n  s tud ied  so far.  This  p ro j ec t i on  is in exce l len t  
overa l l  a g r e e m e n t  w i th  t he  co r respond ing  ones for lazul i te  
a n d  scorzal i te  a n d  yie lds  a p p r o x i m a t e l y  t he  s ame  a tomic  
p a r a m e t e r s .  A t  t he  p r e s e n t  s tage  of r e f i n e m e n t  t he  re- 
s idua l  f ac to r  R0k~=0"15 a n d  the  average  isotropic t em-  
p e r a t u r e  f ac to r  Bokg=0"8 /~2 for  barbosa l i te .  X - r a y  
p a t t e r n s  of t he  o the r  two  pr inc ipa l  zones of ba rbosa l i t e  
a re  comple t e ly  ana logous  to those  of lazul i te  and  scorza-  

tite. 
A d r a w i n g  of t he  basic s t r u c t u r e  c o m m o n  to the  t h r ee  

minera ls ,  us ing lazul i te  as t he  example ,  is shown  in Fig. 1. 
T h e  s t r u c t u r e  consists  of t he  p a c k i n g  t o g e t h e r  of m e t a l  
i o n - o x y g e n  o c t a h e d r a  a n d  p h o s p h a t e  t e t r a h e d r a .  T h e  
p h o s p h o r u s  is b o n d e d  to  four  n o n - e q u i v a l e n t  oxygens .  
T h e  p r o t o n  p r e s e n t  is ass igned to  t he  f i f th  i n d e p e n d e n t  
o x y g e n .  A m a g n e s i u m - o x y g e n  o c t a h e d r o n  a n d  two  
a l u m i n u m - o x y g e n  o c t a h e d r a  share  faces to  f o r m  t r ip le  
groups.  These  t r iple  groups  are  l inked  t o g e t h e r  t h r o u g h  
co rne r - sha red  h y d r o x y l s  a n d  t h r o u g h  c o r n e r - s h a r e d  
o x y g e n s  of t h e  p h o s p h a t e  groups.  E a c h  co rne r  of a 
t e t r a h e d r a l  p h o s p h a t e  g roup  is sha red  w i t h  a co rne r  of 

• o o 0 0 
P Mg AI 0 OH 

Fig. 1. Structure common to lazulite, scorzalite, and barbosa- 
lite, illustrated for lazulite, MgA12(PO4)2(OI-I)2. The view is 
along [010] ; a complete unit  cell is outlined by the parallelo- 
gram, the origin being taken at the lower r ight-hand corner 
with z vertical and positive upwards, and x at  121 ° away 
from z and positive to the left. Certain of the polyhedra are 
omit ted in order to reveal details of the structure. In lazu- 
lite, the average P - 0  length is 1"55 /~, the average Mg-0  
length is 2"0 a A, and the average A1-O length is 1-9~ /~. 

an octahedral group in such a way as to tie the octahedral 
groups together laterally into sheets, and the sheets 
together into a three-dimensional edifice. 

We are very grateful to two of our colleagues for much 
assistance: D. E. Appleman carried out many calcula- 
tions on a digital computer, and H. T. Evans, Jr. pre- 
pared the drawing used in Fig. I. 
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On the c rys ta l  s t r u c t u r e  of p r o t a c t i n i u m  meta l .  By JERRY DONOHUE, Department of Chemistry, Uni. 
versity of Southern California, Los Angeles 7, California, U . S . A .  

(Received 21 November 1958 and in  revised f o r m  24 February 1959) 

T h e  s t r u c t u r e  of p r o t a c t i n i u m  h a s  b e e n  d e t e r m i n e d  b y  n e i g h b o r s  a t  3.212 a n d  t w o  a t  3.238 / l .  Z a c h a r i a s e n  
Z a c h a r i a s e n  (1952) f r o m  p o w d e r  d a t a .  T h e  c rys ta l ]ogra -  p o i n t e d  o u t  t h a t  if t h e  ax ia l  r a t i o  h a d  a n  idea l  v a l u e  of 
p h i c  d e s c r i p t i o n  of th i s  s t r u c t u r e  is t h a t  i t  is t e t r a g o n a l  V § = 0 . 8 1 7  i n s t e a d  of t h e  o b s e r v e d  v a l u e  of 0.825, each  
w i t h  a 1 =3-925 ,  a 3 = 3 . 2 3 8  A, space  g r o u p  I 4 / m m m ,  t w o  m e t a l  a t o m  w o u l d  h a v e  t e n  n e i g h b o r s  a t  e x a c t l y  t h e  
a t o m s  p e r  u n i t  cell. I n  th i s  s t r u c t u r e  each  a t o m  has  e igh t  s a m e  d i s t a n c e .  

Observed 
^ 

1 vw 0.0599 
2 ms 0.0731 

3 w 0-0787 

4 vs 0.0975 
5 w + 0.1567 
6 wm 0.1945 
7 vvw O. 2174 
8 vw 0.2293 

9 s 0.2511 

10 ms 0.2679 
11 vw 0.2917 

12 ms 0.3064 

13 m 0.3841 

14 w-  0.4051 
15 w 0.4599 
16 w + 0.4841 

17 w 0.536 

18 w 0.550 
19 w + 0.557 
20 w- 0.580 

21 m 0.613 

22 w 0.652 

2 3 }  s { 0 . 7 0 4  

24 0.712 

25 w- 0.772 

26 wm 0.842 
27 w-  0.860 
28 vw 0.872 
29 vw- 0.905 
30 w 0.921 

PaO 2 
sin ~- 0 

T a b l e  1. Diffraction data 

Calculated 

Pa 
^ 

PaO Tetragonal Orthorhombic 
sin 2 0 hkl sin 2 0 H K L  sin 2 0 

0.0588 

0.0784 

0-1568 

0.2156 

0.0725 

0.0966 

0.1933 

0.2658 
0.2899 

0.3866 

0.4590 
0.4832 

0.580 

0.652 

0.773 

0.846 

0.870 

020 0.0757 
110 0.0772 200 0.0767 
101 0.0953 I l l  0.0957 
200 0.1544 220 0.1525 

002 0.2268 002 0.2302 
211 0.2497 ~ 131 0.2471 

( 311 0.2492 

040 0.3029 
{ 1 1 2  0.3040 { 022 0.3059 

220 0.3088 400,202 0.3070 
{ 2 0 2  0-3812 { 2 4 0  0.3796 

310 0.3860 420,222 0.3827 
301 0.4041 331 0.4006 

222 0-536 

103 0.549 
321 O.559 

312 0-613 

400 0"618 

042 0.533 
402 0.537 
151 0.550 

511,113 0.556 

440,242 0.610 
422 0.613 

060 0.681 
330 0.695 600 0.691 
213 0.703 351 0.703 
411 0.713 ~ 133,53] 0.708 

( 313 0.710 
420 0.772 ~ 260 0.758 

( 620 0.766 
402 0.844 442 0.840 
303 0.858 333 0.861 

004 0-907 062 0.911 
332 0.922 602,004 0.921 


