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T h e  Crys ta l  S t r u c t u r e  of Nb2Be~7* 

BY ALLAN ZALKIN, DONALD E. SANDS AND OSCA_R H. KR]:KORIAN 

University of California, Lawrence Radiation Laboratory, Livermore, California, U.S.A. 

(Received 18 February 1959) 

Nb2Bel7 is rhombohedral with a ~ 5.599 /~, ~ = 82.84 °. The dimensions of the triply primitive 
hexagonal cell are a = 7-409, c ---- 10.84 A. The space group is R'3m, and there is one Nb2Bel~ unit  
in the rhombohedral cell. Each :Nb atoms has 19 Be neighbors at 2.57 to 2.85 A (2-72 /~ average). 
There are four types of Be atoms: Bei has 1 Nb neighbor at 2.57 and 13 Be at 2.23 to 2.47 A; Bell 
has 2 Nb at 2.85 and 10 Be at 2.13 to 2.25/~; Belii  has 2 Nb at 2-62 and 10 Be at 2-13 to 2.47 A; 
Beiv has 3 Nb at 2.68, 2-76, and 2.84 A and 9 Be at 2.10 to 2.31 /~. 

Introduct ion 

Crystal lographic methods  have  been used to establish 
the  existence and  structures of :NbBeg., :NbBe3 (Sands, 
Zalkin  & Krikorian,  1959), and  NbBel~ (yon Bat-  
chelder & l~aeuchle, 1957). 

Powder  photographs indicated the presence of a 
four th  phase, with about  90 tool.% beryl l ium. We 
have  succeeded in preparing single crystals of this  
phase, establishing its composition as Nb2Be~7, and  
determining its structure.  

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

1N-b2:Be17 w a s  prepared b y  reacting a weighed mix ture  
of the  pure elements for one-half hour at  1200-1450 
°C. in an  induct ive ly  heated  mo lybdenum crucible 
with 10 -4 mm.  tIg vacuum.  The s tar t ing mater ia ls  
were 100- to 200-mesh powders with less t han  0.2% 
metal l ic  impuri t ies ;  the s tar t ing composition was 
:NbBe9.7. 

To obtain single crystals for an  X-ray  structure 
study, the above mater ia l  was fused in a BeO crucible 
under  a par t ia l  a tmosphere  of argon. Approximate ly  
90% of the sample fused at  1800 °C., whereas fusion 
was not  detected at 1725 °C. The fused chunk was 
crushed and  sieved, and  a suitable single crystal  was 
selected from the mater ia l  tha t  passed a 200-mesh but  
not  a 325-mesh sieve. 

Chemical  analyses and a densi ty  de terminat ion  were 
run  on the fused portion. Analyses were carried out by  
Schoeller's method  (Schoeller & Powell, 1955). To 
insure complete separation, the p H  was main ta ined  
at  4.2 to 5.5 for the n iobium precipi tat ion and at  
5.5 to 8.0 for the beryl l ium precipitation. A second 
precipi tat ion was performed to give a more complete 
separation. Compositions of two samples were deter- 
mined  as (1) 55"3% Nb and 44.8% Be, and  (2) 54-7% 
:Nb and 44.8% Be; the theoretical  values for Nb~Be17 
are 54.8% :Nb and 45.2% Be. 

* This work  was performed under  the  auspices of the  
U.S. Atomic Energy  Commission. 

Oscillation and  Weissenberg photographs with 
Cu Kc~ radia t ion ()l = 1.5418 A) show a rhombohedra l  
uni t  cell wi th  

a = 5.599±0.002/~,  c~ = 82.84±0.04 °. 

The dimensions of the t r ip ly  pr imi t ive  hexagonal  cell 
a r e  

a = 7.409±0.002 J~, c = 10.84±0.01 A .  

The diffraction s y m m e t r y  is characterist ic of space 
groups R3m, R3m, and R32. 

The volumes of Nb and Be atoms, obtained from 
the e lemental  metals,  are 18 •3 and 8 j~a, respectively;  
assuming these volumes to be addit ive,  the  volume of 
one Nb~Be17 formula uni t  is es t imated to be 172 A 3. The 
volume of the  rhombohedra l  uni t  cell is 171.8+0.2 
A a, establishing the  composition Nb2Be17. The cal- 
culated densi ty  is 3.28 g.cm.-a; the  pycnometr ica l ly  
measured densi ty  of a sample whose composition by  
chemical analysis  is NbBes.4 is 3.31 g.cm. -a. 

The single crystal  selected for the  s t ructural  in- 
vest igation was a plate  of dimensions 0.12 × 0.04 × 0-03 
mm.  The rhombohedra l  c-axis was parallel  to the  
0.12-mm. edge of the  crystal.  

The intensit ies of 100 rhombohedra l  hkO reflections, 
of which 30 were too weak to be observed, were 
measured with Mo K a  radiat ion (2 = 0.7107 J[) on a 
General Electric XRD-5  X-ray  spectrometer equipped 
with a single crystal  orienter. No absorption correc- 
tions were made. 

Determinat ion  of the s tructure  

The apparen t  equivalence in the intensit ies of the  
reflections with the same hexagonal  1 index suggests 
tha t  the locations of the  six Nb atoms are along 
the 3-fold axes of the hexagonal  cell. The var ia t ion 
of the intensit ies as a funct ion of l, and in par t icular  
the near  absence of reflections for which 1 = 8 sug- 
gests t ha t  the  Nb atoms occupy the R-3m positions 6c: 

± (O, O, z) + (O, O, O ; ~3,2 . 3 , 2  2 1 , ~, ~, ~) 
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Posi t ion A t o m  

6 (c) :Nb 
6(c) Bez 

9(e) Bel l  
18(g) B e n i  
18(h) Belv  

T H E  C R Y S T A L  STRLTCTURE OF l ~ b : S e ~  

Table 1. Atomic parameters in Nb~Be~ (hexagonal) 
m y z B ( i  2) 

0.0000 0.0000 0.1599 4- 0.0004 0.56 
0.000 0.000 0.397 4-0.005 0.5 
0.500 0.000 0.000 1.6 
0-297 ~0 .010  0.297 4-0.010 0-500 1-5 
0.164 4-0.004 0.836 4-0.004 0.994 :J=0.003 0.3 

with z ~ 0.16. (International Tables for X-ray Crys. 
tallography, 1952.) 

In  the NbB% (Sands, Zalkin & Krikorian, 1959) 
and l~bBe~ (yon Batchelder & Raeuchle, 1957) 
structures 5.6 ~ distances are associated with linear 
Nb-Be-Nb units and 7.4 A distances with linear 
Nb-Be-Be-Nb units. Applying this association of 
distances to :Nb~Be~ we obtain a trial structure of the 
correct stoichiometry and R3m symmetry.  The beryl- 
lium parameters, in terms of R-3m and hexagonal axes, 
a r e  

6Bei  i n  6(c): ~=(0,0, z )÷ (0 ,0 ,0"  ½, e ~ , ~ ;  , ~, ½, ~), 
with z = 0.40, 

9Bel l  in 9(e): (½,0,0; 0 ,½,0 ;  ½,½,0) 
+ ( 0 , 0 , 0 ;  ½, ~ • ~, ~ 2 

, ~, ½, ~), 
l S ~ e m i n  18(g): 4-(x,O, ½; O,x, ½; x , x ,  ½) 

+ ( 0 ,  O, O; ½, ~ ~,~; ~, ~, ~) 
with x = 0.33, 

18 Bevy in 18(h): *(x,  ~, z; x, 2x, z; 2~, 5, z) 
+ ( 0 , 0 , 0 ;  ½,~,~; ~,~,½) 
with x = 0.167, z = -0 .01.  

These parameters were refined by repeated applica- 
tion of the least-squares method to the rhombohedrM 
hkO data. Isotropic temperature factors for each atom 
were included in the refinements. The Berghuis et al. 
(1955) scattering factors for beryllium were used. 
The niobium scattering factors were calculated from 
the formula 

f =  [(fo+Af')~÷(df")~]½, 

where the fo's are the Thomas-Fermi scattering factors 
(Klug & Alexander, 1954), and Af '  and / I f "  are the 
dispersion corrections for niobium with Me K~ radia- 
tion (Dauben & Templeton, 1955). I t  is easily shown 
that ,  for least-squares purposes, this formula is an 
exceptionally good approximation when the relative 
contribution of the other atoms to the structure 
factors is small. 

After the least-squares refinements the reliability 
factor, R =IIFo-F~]/I ,  IFol , was 0.067. The hex- 
agonal R-3m :Nb~B%~ parameters are listed in Table 1. 
The standard deviations of these parameters were 
evaluated by the method of Cruickshank (1949). 
The calculated and observed structure factors, with 
hexagonal indexing, are listed in Table 2. The inter- 
atomic distances calculated from the parameters of 
Table 1 are listed in Table 3. The probable errors of 
these distances were computed according to Cruick- 
shank & l%obertson (1953). 

Table 2. Calculated and observed structure factors for 
the rhombohedral (001) projection of Nb~B%7 (hexagonal 

indices) 
~ k . ~  ~oFc h 

2 i" 0 ~,6 56 7 
~ ~0 5 5 6 4  9 
6 ~ o  ~o ~0 
8 F 0 ~ ~.1 z3 
I0 ~ 0 21, 20 0 
12 ~ 0 25 22 
i~ ~ o i~ 13 

i 0 1 32 32 86 
3 i z r /  28 

13 <1~, 
0 1 2 23 

0 2 

8 ~ 2 )>, 
io  E 2 <i:~ 
12 ~ 2 <13 

i z 3 49-57 6 o 
3 o 3 ~3-62 8 I" 

i 3 39 .4o lo ~ 

"2 3 3~-32 z~ ~ 6 22 11 8 z zo z~, 4 3  
~ 3 ~ - 2 6  1 3 7  8 6 3 5  1o 0 io  <1~ -11 

-~0 3 2 7 29 28 1 511 <~<I 
3 i~-l~ 5 1 7 2~ 2~ 3 ~ 11 < 8- 3 

i A 33-35 I" 17 16 11 < -1 
0 ~ 26-26 11 ~ 7 i~ 13 9 i 11 < i < 1 
~ ~ ?~-25 13 ~ 7 <16 8 0 61~ 22 2 ~' • 

-22 0 < i < Z 2 5 22 Z? I~. 
24 

11 3 12 
15 z~ ~ ~ <~5-8 86 z 8 <10-2 18 ~z2 z6 15 
lo l ~ ~7 ~ o <9 ~ 13 ~6 is 
7 3 1 5 13 13 i0 1" 8 < 1 2  2 3 5 13 18 16 

-25 5 0 5 15 Z~ Z2 ~ 8 <L~- 2 5 ~ z3 z6 15 
-26 Z io 29 -30 13 

-15 zz ] 5 <13 7 5 2 9 26-~5 o ? i~ <13 z 
-13 13 ~ 5 <13 ~ 7 1 9 25-22 2 6 14 <~ < l 

~ ~ 17-i~ i~ <1~ 1 
5 1 6 ~6 ~5 0 5 io 17 -20 z 7 15 <13 -lO 

6 39 38 ~ ~, I0 2 2 - ~  3 6 25 <12-10 
6 ~ z8 ~ 3 10 z3 -1~ 5 5 z5 lO - 9 
6 ~ 21 6 2 io 21 -18 0 8 16 11 -13 

Table 3. Interatomic distances in Nb~Be17 

Nb-1 Nb 3.4634-0.009/~ Be rn -2  Nb 2.62=i=0.04 A 
-1 Bei 2.57 +0 .05  -2  Be I 2"47±0.07 
-3  Bezi 2.8494-0.003 -2  Beli  2.134-0-01 
-6  Ben i  2.62 =t=0"04 -2  BezlI 2-204-0-08 
-3  Bezv 2.76 4-0.05 -1 BeLII 3.01-b0-15 
-3  Belv 2.84 4-0.05 -2  Beiv 2.304-0-05 
-3  Bezv 2.68 ±0 .05  -2  Bezv 2 .19~0.03  

Bei-1 Nb 2.57 4-0.05 Bezv-1 Nb 2-764-0-05 
-1 Bez 2.23 ±0 .10  -1 Nb 2.844-0.05 
-3  Bell  2.25 ±0 .04  -1 Nb 2-684-0.05 
-6  BeIH 2.47 4-0.07 -1 Bei 2-314-0.07 
-3  Beiv 2.31 4-0.07 -2  Bell  2.164-0.03 

Bel l -2  Nb 2.8494-0.003 -2  BeIH 2.304-0.05 
-2  Bei 2-25 3=0.04 -2  Ben i  2-194-0.03 
-4  BeHI 2.13 ±0 .01  -2  Belv 2.104-0.05 
-4  Bezv 2.16 =t=0"03 

. 

..: IV 

r ~I@,V ...... .~' 

°x  ~ 0 
, I , J Q r  s i n  o~ 

Fig. 1. Elect ron-densi ty  project ion onto rhombohedra l  (001). 
Contours at  arbi t rary  intervals.  Nb  contour  intervals  a t  
10 t imes those for Be. Zero contour  dot ted .  F(000) no t  
included. 
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Table  4. Nb2Be17 powder pattern (hexagonal indices) 

Iobs.* d (A) hkl Iobs.* d (A) hkl 
s 5.50 I01 m-- 2.21 122 
m-F 4.14 012 8-- 2.14 300 
vs 3-70 110 m 2.06 015 
m~- 3.62 003 s 1.85 220 
s-- 3.08 021 s-t- 1.84 303 
m 2.76 202 m 1.80 205 
sZc 2.59 113 m-- 1.76 131 
m 2.50 104 wq- 1.69 312 
m 2.37 211 s-- 1.65 223 

* Visually estimated, CuKc~ (2 = 1.5418 /~) X-rays; 
vs ~ very strong, s ~ strong, m ----= medium, w ---- weak. 

The observed s t ructure  factors in Table 2 were 
used to calculate the  electron densi ty  projected 
parallel  to the  rhombohedra l  c-axis. The phases were 
completely de termined by  the  niobium atoms, and the  
result  (Fig. 1) shows all of the  resolvable beryl l ium 
a toms close to the  least-squares positions. 

For  ident i f icat ion purposes, the powder pa t t e rn  is 
presented in Table 4. 

D i s c u s s i o n  

Fig. 2 shows the  beryl l ium configurat ion about  two 
niobium atoms of the  Nb~Bel~ structure.  Each  nio- 
bium, a t  a posi t ion of C~,--3m point  symmet ry ,  has 
19 beryl l ium neighbors. The model  shown in Fig. 2 
has D3a--3m point  symmetry ,  with 32 beryl l ium atoms 
forming a cage about  the  two niobium atoms. 

The hexagon of Beiv atoms and the  two Bei i -Beiv 
hexagons are no t  planar.  The two hexagons of Beiii  
a toms are required by  the  space group to be planar ,  
bu t  t hey  are not  regular, the  Be~H-BeHI distance 
a l ternat ing between 2.2 and 3.0 ~ .  

Except  for Be~, the  beryl l ium configurat ion about  
a single n iobium a tom is similar to t h a t  about  Nbi~ 
in the  NbBe 3 s t ructure  (Sands, Zalkin & Krikor ian,  
1959). This beryl l ium polyhedron was also found 
around a TiBe 2 group in the  TiBel~ s t ructure  
(Raeuchle & Rundle ,  1952). 

We wish to t h a n k  Mr Lester  Rigdon for the  chem- 
ical analyses, and  Mr Vernon Silveira for some of the  
powder photography .  

Fig. 2. Be configuration about two Nb atoms in Nb2Bo17. 
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