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All of our structure-factor coding utilizes the general 
form of the structure-factor expression so that  no 
special coding is needed for particular space groups. 
Consequently, the above expressions may be used 
directly, in the form of 'code words' (Sparks et al., 
1956) appropriate for each particular equivalent posi- 
tion. This, of course, is not possible when the Lonsdale 
expressions are used. 

Atoms in special positions are treated in the same 
manner as atoms in general positions, except that  the 
form factor used in the former case is (m/N)f~, where 
N is the order of the space group and m is the order of 

the special position in question. This procedure avoids 
the need for using different sets of equivalent positions, 
and thus different code words, for atoms in positions 
of different symmetry. 
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The crystal structures of SrZn 5 and BaZn 5 have been determined from Weissenberg and precession 
camera data. The orthorhombic unit-cell dimensions are for SrZn~, a -- 5.32, b ---- 6"72, c -- 13-15/~, 
Z ~-- 4, Pinch; for BaZn 5, a ---- 5.32, b = 8.44, c = 10.78/~, Amain. The structures are related to the 
CaZn 5 structure. 

Introduction 

The crystal structures of SrZn 5 and BaZn 5 were 
determined as part  of a program of study of the com- 
pounds formed by major groups I and I I  and the rare 
earths (A) and minor group II  (B) elements. In the 
barium-zinc and strontium-zinc systems, the struc- 
tures of the corresponding AZn13 compounds have been 
determined (Zintl & H~ucke, 1937, 1938; Ketelaar, 
1937). In the calcium-zinc system, in addition to the 
CaZn13 compound, the structure of CaZn 5 has been 
reported (H~ucke, 1940). Investigation of the barium 
and strontium systems in this region led to the deter- 
mination of two new structures which are related to the 
CaZn 5 structure. 

Experimental  procedure 

A bomb made of 1½ in. × 6 in. steel pipe with a cap at 
each end containing an alundum crucible was used as 
the reaction vessel for the preparation of the AZn 5 
compounds by direct combination of their elements. 
An extra piece of group IIa  metal was used outside 
the alundum crucible to act as a 'getter'. The bomb was 
heated in a resistance furnace to I000 ° C. and allowed 
to cool slowly. 

The crystals formed were brittle, shiny, and dulled 
very slowly in a moist atmosphere. If prepared with 

an excess of group IIa  metal in order to prevent welding 
by AZn13 or zinc, an abundance of crystals could be 
separated by placing the reaction product on a wire 
screen and flushing off the group IIa  rich portion with 
water. A duplicate chemical analysis made on BaZn 5 
by precipitating the barium as the sulfate and the zinc 
as the pyrophosphate showed 28.5% (26.6 %) barium 
and 69.6% (69.5%) zinc, indicating BaZns.l~. X-ray 
analysis alone was used to determine the composition 
of SrZn 5. 

Single crystals were chosen and mounted in 0.3 mm. 
diameter capillaries. Multiple-film Weissenberg (Cu Ka) 
diagrams were taken of the zero to third levels of the 
[100] zone for both compounds. Precession (Me Ka) 
diagrams were taken for the (hk0) and (hO1) data. 
The intensities of the diffraction spots were estimated 
by visual comparison to a graded scale. Absorption 
corrections were made for the Cu K~ radiation by as- 
suming a cylindrical shape of the crystals. 

Determinat ion of the structures 

The cell constants of the orthorhombic crystals are 
given in Table 1. 

Patterson projections were made from (hkO), (hO1) 
and (Okl) data. Both structures appeared to have all 
atoms spaced by 0, ~a or ½a in the a direction. 

24* 
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Table  1. Cell constants 

BaZn 5 SrZn 5 

a (/~.! 5.32±0.01 5.32~:0.01 
b (A) 8.444- 0.02 6.72 4- 0.02 
c (A) 10.784-0.03 13-154-0.04 
U (A a) 484.03 470.12 
Z 4 4 
Dx (g.cm. -a) 6.37 5.86 

Possible space groups A2zam-C~ 2 P2zcn-C9v 
Amam-nlTh Pmen-D~ 

BaZns 
A rough  s t ruc tu re  of B a Z n  s was o b t a i n e d  f rom the  
P a t t e r s o n  pro jec t ions  and  by  t r ia l  and  error. E lec t ron-  
dens i ty  p ro jec t ions  (Fig. 1), e v a l u a t e d  a t  ~ t h s  of a 
cell, were  used  to  ref ine t h e  pa ramete r s .  The  Fo values  
were  f i t t ed  to  Fc by  a leas t -squares  ca lcula t ion  of scale 
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Fig. 1. Electron-density projection of BaZn 5 (a) on to (100), 
(b) on to (010), (c) on to (001). 

and  t e m p e r a t u r e  factors .*  The  backsh i / t  m e t h o d  was 
used  to  correct  t h e  f inal  p a r a m e t e r s  shown  in  Table  2. 
The  s t a n d a r d  dev ia t ions  were  ca lcula ted  by  Cruick- 

Table  2. Final parameters for B a Z n  5 

Space group Amain; (0, 0, 0; 0, ½, ½)+ 

8Zn (g): ¼, y,z; ¼, y, 5; ~,y,z;  ~,y,~; with y----0.226, 
z ---- 0.309. Standard error in peak position = 
4-0.009 h.  

8Zn (e): 0,0, z; 0,0,5;  ½,0, z; ½,0,5; with z----0-204. 
Standard error in peak position = 4-0.004 A. 

4 Zn (c) : ¼, y, 0; 3, y, 0; with y = 0.926. Standard error in 
peak position -- 4-0.008 A. 

4 Ba (c) : with y = 0.335. Standard error in peak position = 
+0.004 A. 

shank ' s  m e t h o d  (Cruickshank,  1949; Cru ickshank  & 
Rol le t t ,  1953). The  d i sc repancy  factor ,  R - 
ZIIFoI-IFoJI--ZIFol, is 0.16 (0-12 for obse rved  re- 
f lect ions only).  Since sa t i s fac tory  a g r e e m e n t  was ob- 
ta ined ,  space group  A21am was n o t  considered.  The  
i n t e r a t o m i c  d is tances  are g iven  in  Table  3. 

Table  3. Interatomic distances in 
Zn(e) : 2 Zn 2.59 

2 Zn 2.64 
2 Zn 2-66 
2 Zn 2-69 
2 Ba 3-73 
2 Ba 3-82 

Zn(g) : 2 Zn 2.59 
1 Zn 2.66 
2 Zn 2.67 
2 Zn 2.97 
2 Ba 3.40 
1 Ba 3-45 
1 Ba 3.89 

h Zn(c) : 

Ba(c): 

B a Z n  5 

4 Zn 2-64 
2 Zn 2-66 
2 Zn 2-93 
1 Ba 3-45 
2 Ba 3-46 

4 Zn 3-40 
3 Zn 3.45 
2 Zn 3-46 
4 Zn 3-73 
4 Zn 3.82 
2 Zn 3-89 
2 Ba 3-85 

S r Z n s  

Three -d imens iona l  P a t t e r s o n  sect ions (Harker ,  1936) 
e v a l u a t e d  a t  U = 0, ~, ½, were  used  to  ob t a in  a rough  
s t ruc tu re  for SrZn 5. The  same m e t h o d  descr ibed  for 
BaZn~ was used  to  ref ine t he  pa ramete r s .  The  (hO1) 
and  (0kl) e l ec t ron-dens i ty  p ro jec t ions  are shown  in  
Fig.  2 and  a tomic  p a r a m e t e r s  in  Table  4.* 

The  d i sc repancy  fac tor  for SrZn 5 is 0.20 (0.13 for 
observed  ref lect ions only).  Since t h e  s t ruc tu re - fac to r  

a g r e e m e n t  was sat isfactory,  space group  P2zcn was n o t  
cons idered  fur ther .  The  i n t e r a t o m i c  d is tances  are 
shown  in  Table  5. 

* Tables of Fo and /~c for BaZn 5 and SrZn 5 have been 
deposited as Document No. 4717 with the AI)I Auxiliary 
Publications Project, Photoduplication Service, Library of 
Congress, Washington 25, D.C., U.S.A. A copy may be se- 
cured by citing the Document number and by remitting 
$1.25 for photoprints, or $1-25 for 35 ram. microfilm. Advance 
payment is required. Make checks or money orders payable to: 
Chief, Photoduplication Service, Library of Congress. 
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Tab le  4. F i n a l  Tarameters for  SrZn~ 

Space group Pmcn 

8Zn (d): x , y , z ;  ½--x, ½--Y, ½+z; ½+x ,y , z ;  x, ½+y, ½--z; 
x, y, z; ½+x, ½+y, ½--z; ½--x, y, z; x, ½--y, ½+z; 
with x = 0, y -- 0.150, z ~-- 0.144. Standard error 
in peak position ---- ±0-003 A. 

4Zn 1(c): ¼, y,z;  ~,y, 5; ~,½+Y, ½--z; L½--Y, ½+z; 
with y ----- 0-601, z ~-- 0.521. Standard error in peak 
position ---- :t:0"006 A. 

4 Zn~ (c): with y ---- 0-660, z ~- 0.715. Standard error in peak 
position -~ ~0.004 A. 

4 Zn a (a): with y ---- 0.455, z ---- 0.202. Standard error in peak 
position = ±0.006 A. 

4 Sr (c): with y = 0.144, z ---- 0.412. Standard error in peak 
position = ±0.003/~. 
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Fig. 2. Electron-density projection of SrZn 5 (a) on to (010), 
(b) on to (100). 

D i s c u s s i o n  

I t  is p e r h a p s  n o t  su rpr i s ing  t h a t  t he  c o m p o u n d s  BaZn5 
a n d  SrZn  6 shou ld  h a v e  d i f fe ren t  s t ruc tu re s  f rom 
CaZn s, b u t  i t  is su rpr i s ing  t h a t  these  s t r uc tu r e s  differ  
f rom one ano ther .  Never the less ,  a n  i n t e r e s t i ng  s t ruc-  
t u r a l  para l le l  can  be t r a ced  t h r o u g h  al l  these  s t ruc tures .  

The  CaZn 5 s t r u c t u r e  is t h e  CaCu 5 t y p e  (Structure 
Reports,  11, 60), a n d  m a n y  examples  of i ts  occurrence  
are known.  A charac te r i s t i c  f ea tu re  of t h i s  s t r u c t u r e  
type ,  as well as of t h e  NaZhla a n d  B a C d l l  t ypes ,  is 
t h a t  t h e  s t r u c t u r e  is d e t e r m i n e d  b y  the  Z n - Z n - t y p e  
contac ts .  These  m e t a l  a t oms  fo rm cages in  wh ich  t h e  
more  e lec t ropos i t ive  e l emen t  resides.  The  cell d imen-  
sions r e m a i n  n e a r l y  t he  same  as a t o m s  of d i f fe ren t  size 
are p laced  in  th i s  cage, as long  as t h e  a t o m s  are  
smal le r  t h a n  the  size of t he  cage. The  condi t ions  for  t h e  

Tab le  5. ~Vear-neighbor distances in  SrZn 5 

Zn(d) : 1 Zn 2.56 A Zna(c ) : 2 Zn 2.56 A 
1 Zn 2.57 1 Zn 2.60 
1 Zn 2.61 2 Zn 2.76 
1 Zn 2.64 2 Zn 2.98 
2 Zn 2.66 1 Zn 3.81 
1 Zn 2.69 2 Sr 3.31 
1 Zn 2.76 1 Sr 3.46 
1 Sr 3.60 1 Sr 3.87 
1 Sr 3.65 
1 Sr 3.73 Sr(c): 1 Zn 3.25 
1 Sr 3.76 2 Zn 3-28 

2 Zn 3.31 
Znl(c): 2 Zn 2.57 1 Zn 3.39 

1 Zn 2.58 2 Zn 3.41 
2 Zn 2.69 1 Zn 3.46 
2 Zn 3.04 2 Zn 3.60 
1 Zn 3.81 2 Zn 3.65 
2 Sr 3.28 2 Zn 3.73 
1 Sr 3.39 2 Zn 3.76 
1 Sr 3.92 1 Zn 3.87 

1 Zn 3.92 
Zn2(c ): 3 Zn 2.58 2 Sr 4.02 

1 Zn 2.59 
2 Zn 2.61 
2 Zn 2.98 
1 Sr 3.25 
2 Sr 3.41 

CaZn 5 s t r u c t u r e  is t h a t  R~  = ~/(8/3)×RB; observed  
s t ruc tu re s  lie b e t w e e n  1.37 a n d  1.58 RB. W i t h  Zn  as 
t he  t y p e  B m e t a l  a tom,  on ly  CaZn 5 (Rca = 1.97 ~) ,  
LaZn5 (RLa = 1.86 /~), a n d  (Th0.eZn0.4)Zn 5 (RTh = 
1"79 J~) h a v e  been  repor ted .  Choosing a zinc rad ius  of 
1.33 A, t h e  m a x i m u m  rad ius  for  a t y p e  A a t o m  would  
be R~ = ~/(8/3)×RB = 1 .633×1 .33  = 2.17 /~. The  
a tomic  r ad ius  is 2.14 A for  s t r o n t i u m  a n d  2.17 A 
for ba r ium.  These  a t o m s  are  a t  t h e  u p p e r  l imi t  in  size, 
a n d  t h e y  fo rm re l a t ed  s t ruc tu r e s  ins t ead .  

I f  one chooses a n  end -cen t e r ed  o r t h o r h o m b i c  cell 
i n s t e a d  of t h e  n o r m a l  h e x a g o n a l  cell of CaZn~, w i th  

aorth * ~ ahex., berth" ---- ~/3 × bhex. , Corth" ~ Chex. 

a n d  t h e n  compares  t h e  (100) p ro jec t ion  of CaZn 5 
(Fig. 3(a)) w i t h  t h e  (100) p ro jec t ions  of B a Z n  6 (Fig. 
3(b)) a n d  S rZn  5 (Fig. 3(c)), a n  i n t e r e s t i ng  para l le l  can  
be observed.  F i r s t ,  t h e  a cell d imens ions  are com- 
p a r a b l e :  

CaZns, a = 5 . 4 0 / ~ ;  SrZns,  a = 5 . 3 2  A;  BaZna,  a = 5 . 3 2 / ~ .  

Secondly ,  t h e  a p p e a r a n c e  of t h e  p ro jec t ions  is s imilar .  
The  basic  s t r u c t u r a l  u n i t  appea r s  to  be a s ix-s ided 
u n i t  w i t h  t h e  ver t i ces  be ing  l inear  cha ins  of Zn  a t o m s  
wh ich  go t h r o u g h  t h e  whole  s t r u c t u r e  pe rpend icu l a r  
to  t h e  p l ane  of t h e  p ro jec t ion .  I n  t h e  CaZn 6 s t ruc tu re ,  
these  cha ins  are l ined  up  so t h a t  t h e  u n i t  is r ec t angu la r .  
I n  t h e  SrZn  5 a n d  B a Z n  5 s t ruc tu res ,  th i s  r ec t ang le  has  
been  changed  in to  a s ix-s ided figure.  The  s t r u c t u r a l  
un i t s  in  t h e  S rZn  5 a n d  B a Z n  5 s t ruc tu re s  are a lmos t  
super imposab le ,  t h e  chief  d i f ference be tween  s t ruc tu res  
be ing  in  t h e  m a n n e r  in  wh ich  t h e  s ix-s ided f igures  pack  
toge the r .  

A t h i r d  compar i son  b e t w e e n  t h e  s t ruc tu re s  is t h e  
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Fig. 3. The (100) orthorhombic projection of (a) the CaZn 5 structure, (b) the BaZn s structure, (c) the SrZn 5 structure. Open 
circles are atoms at x-~ ¼, shaded circles are atoms at x -~ ~. The double concentric circles are zinc atoms at x ~-- 0 and ½. 

comparison of the  M and N layers perpendicular  to 
the  (100) projection.  The M and N layers of the  CaZn 5 
s t ructure  are shown in Fig. 4(a); the  corresponding 
layers for the  BaZn 5 s t ructure  are shown in Fig. 4(b). 
If  a Zn a tom moves from the  M layer of the  CaZn 5 
s t ructure  into the  N layer  to form a puckered hexag- 
onal close-packed net  of Zn atoms, the  Ba atoms and 
Zn atoms remaining in the  M layer are permi t ted  to 
shift  into a zigzag chain and  the  M and N layers of 
BaZn 6 result. The zigzag chain also exists in the  SrZn 5 
s t ructure  and  may  be considered another  common 
feature of the  alkali, alkaline ear th-Zn-  or Hg- type  
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Fig. 4. (a) The projection of the CaZn 5 structure on (001). 
(b) The hal~-cell projection of the BaZn 5 structure on (001). 

The open circles are the atoms in the M layer. 
The shaded atoms are in the N layer. 

intermetal l ic  compound. Similar chains of the  more 
electropositive a toms occur in the  BTaHg (zigzag), the  
KHg2 (zigzag) and the related hTaHg~ (linear) struc- 
tures. Accompanying this puckering is a pronounced 
decrease in me ta l -me ta l  distance along the  chain. I n  
the  CaZn 5 structure,  the  chain runs in the  [001] direc- 
tion, with the  Ca-Ca distance greater  t h a n  in the  meta l  
(6'5%). In  SrZns, the  distance is 6-1% shorter,  and 
in BaZn 5 11-3% shorter. The shortening is 13% in 
NaHg  2, 12 % in NaHg,  and 9 % in K H g  2. 

This project  was carried out  under  Contract  
AT-( l l -1)-72 Project  No. 4 of the  Uni ted  States 
Atomic Energy  Commission. 
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