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A b s t r a c t  

Colourless t ransparent  crystals of NavAusS6 were prepared by reacting a stoichiometric 
mixture of Na2S, gold and sulphur at  1070 K. The compound is orthorhombic, oP72, 
space group Pbcn  (number 60) with a =  10.424(6)/~, b = 7.024(6)/~, c =22 .27(1) /~  and 
Z =  4. The compound crystallizes with a new structure type, which was determined from 
single-crystal diffractometer data (Mo Ka radiation). The structure was solved by direct 
methods and refined to a conventional R of  0.062 (Rw ffi 0.059) for 685Fo with F02 > 4a(Fo2). 
The outstanding feature of NavAusS6 -- in a partial  ionic description -- is the coexistence 
of two very different anionic species -- infinite ~ (AuS)- chains and isolated (AuS~) 3- 
dumbbells -- in its structure. In both anions gold is doubly coordinated by sulphur; 
Au-S  distances are close to 2.30/~; and S -Au-S  bond angles vary from 170.3 ° to 180 °. 
The Na + ions which separate  the anions are in a distorted tetrahedral sulphur coordination. 
The crystal structure is based on a cubic body-centred packing of chalcogen atoms; the 
principles of this packing are discussed. 

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

T h e  i n v e s t i g a t i o n  o f  c o m p o u n d s  o f  t h e  c o i n a g e  m e t a l s  c o n t a i n i n g  d l° 
i o n s  is  o f  c o n s i d e r a b l e  i n t e r e s t  w i t h  r e s p e c t  t o  p o t e n t i a l  a t t r a c t i v e  d l ° - d  1° 
i n t e r a c t i o n s  w h o s e  o r i g i n  is  s t i l l  a m a t t e r  o f  c o n t r o v e r s y  [ 1 , 2  ]. A u ( I )  c o m p o u n d s  
m e r i t  p a r t i c u l a r  a t t e n t i o n  in  t h i s  c o n t e x t  b e c a u s e  o f  t h e  i m p o r t a n c e  o f  
r e l a t i v i s t i c  e f f e c t s  in  t h e s e  s y s t e m s .  

T h e  m a j o r i t y  o f  e x p e r i m e n t a l  d a t a  h a s  b e e n  o b t a i n e d  o n  c o o r d i n a t i o n  
c o m p o u n d s  o f  A u ( I )  [3, 4] ,  w h i l e  s t r u c t u r a l  i n f o r m a t i o n  o n  " i n o r g a n i c "  Au(I) 
c o m p o u n d s  i s  c o m p a r a t i v e l y  s c a r c e .  

T h e  s t u d y  o f  a l k a l i  t h i o a u r a t e s ( I )  - -  w h i c h  c a n  b e  r e a d i l y  o b t a i n e d  t h r o u g h  
m e l t  r e a c t i o n s  - -  m a y  in  t h i s  r e s p e c t  s e r v e  a s  a c o n t r i b u t i o n  t o  fill t h i s  g a p .  

I n v e s t i g a t i o n s  in  t h e  N a - A u - S  s y s t e m  h a v e  l e d  t o  t h e  d e t e c t i o n  o f  a 
n o v e l  t h i o a u r a t e ,  NavAusS6,  w h o s e  s t r u c t u r a l  f e a t u r e s  wi l l  b e  p r e s e n t e d  in  
t h i s  p a p e r .  

*Dedicated to Professor W. Bronger and Professor Ch. J. Raub on the occasions of their 
60th birthdays. 
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2. Exper imenta l  detai ls  

Starting materials for the preparat ion of NaTAusS6 were gold flake (20 
~m, 99.99%; from Degussa), elemental sulphur (99.99%; from Alfa Ventron) 
and X-ray pure Na2S which was obtained by gently dehydrating doubly 
recrystallized Na2S. 9H20 under  vacuum. Stoichiometric amounts of the 
intimately mixed components  were sealed into an evacuated silica tube. The 
sample was gradually heated to 1070 K, kept at this temperature  for 3 days 
and then allowed to cool to ambient  temperature  with a constant cooling 
rate of 2 K h - i .  Colourless tabular crystals of NaTAusS8 could be isolated 
from the crushed ingot. Since the compound is sensitive to moisture it has 
to be handled under  inert conditions. 

3. Structure de terminat ion  

Preliminary X-ray investigations performed with rotating-crystal and 
Weissenberg techniques (Cu Ka) revealed orthorhombic symmetry. Reflections 
with Okl where k ¢ 2 n ,  hO1 where l : / :2n and hkO where h + k ¢  2 n  were 
systematically absent,  uniquely indicating the centrosymmetric  space group 
Pbcn .  

A small crystal with the approximate dimensions 0.075 × 0.075 × 0.05 
mm 3 was finally selected for the structure determination. The crystal was 
sealed at random orientation into a thin-walled glass capillary and transferred 
to a computer-control led four-circle diffractometer (Nonius CAD4). Graphite 
monochromated  Mo Ka ( ) t=0 .71069 /~ )  was used as radiation. 

Intensity data were collected over one octant  of the reflection sphere 
up to 2 0 =  52 ° . Since the inspection of the peak profiles for some intense 
reflections indicated a slight broadening, an w-0 scan mode was applied 
(maximum scan time, 120 s; conventional background peak background 
(BPB) scans). The scan width was varied according to 1.2 ° ÷ 0.35 ° tan 0. The 
regularly measured intensities of three control reflections showed no significant 
changes during the period of data collection, indicating good crystal and 
electronic stability. 

A total of 1887 reflections was measured, from which 1603 were unique 
and not  systematically absent. 685 reflections with F02> 4o(F02) were con- 
sidered to be significant. The high number  of "unobserved"  reflections is 
due to a p ronounced  pseudo-Bravals centring of the crystal structure. 

The lattice constants  given in Table 1 were determined by least-squares 
refinement f rom 24 reflections (20> 30 ° ) centred at four different settings. 

The crystal s t ructure was solved by direct methods (Multan 11/82) [5] 
(210 unitary s t ructure  factors with Emt~> 1.36 and 3918 a2 relations). The 
positions of the Au atoms could be located from the E map calculated from 
the phase set with the highest figure of merit. The remaining atoms were 
taken from a series of subsequent  difference Fourier  syntheses. Refinement 
with isotropic t empera ture  factors converged at R -- 0.07 (unit weights). The 
final refinements with anisotropic temperature  factors converged at R = 0.062 
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TABLE 1 

Crys ta l lographic  da ta  for  NaTAu6S6 

Pearson symbol oP72 
Lattice constants (/~) 

a 10.424(6) 
b 7.024(6) 
c 22.27(1) 

Space group Pbcn  (No. 60) 
Cell volume (~3) 1630.6 
Cell contents 4 
Relative formula mass, RFM 1338.15 
Theoretical density (g cm -3) d 5.45 
Absorption coefficient (cm -1) ftMo K, 456.6 

Structure refinement 
Crystal dimensions (mm 3) 0.075 × 0.075 × 0.05 
Unique reflections 1603 
Observed reflections 685 
a cut-off  4 a(Fo) 2 
Refined parameters 74 
R = ~(~0[ - ~¢1)/~'01 0.062 
Rw = [F-(w~F0l- IF¢l)2/~w~Fol2] 1/2 0.059 
w = a(~F02l 2 + 0.0 1F02) 2 ] -1/2 

( R w = 0 . 0 5 9 )  for  685  FoS a n d  84  ref ined p a r a m e t e r s .  The  final sh i f t :e r ror  
ra t io  was  less  t han  0 .01.  A s u b s e q u e n t  di f ference Four i e r  m a p  was  fea ture less .  

A tomic  sca t t e r ing  f a c t o r s  for  the  neu t ra l  a t o m s  and  a n o m a l o u s  d i spe r s ion  
co r r ec t i ons  w e r e  t a k e n  f r o m  ref.  6. Absorp t ion  ef fec ts  w e r e  a p p r o x i m a t e l y  
a c c o u n t e d  fo r  b y  a spher i ca l  a b s o r p t i o n  co r rec t ion  ( p ~  = 1.5). All ca lcu la t ions  
were  p e r f o r m e d  on  a DEC MicroVAX 3 5 2 0  c o m p u t e r  us ing  p r o g r a m s  f r o m  
the  Enra f -Nonius  c rys t a l log raph ic  sof tware  p a c k a g e  [7]. Atomic  coo rd ina t e s  
and  equ iva len t  i so t rop ic  t h e r m a l  p a r a m e t e r s  a re  g iven in Tab le  2. I n t e r a tomic  
d i s t ances  and  b o n d  angles  a re  r e p o r t e d  in Tab le s  3--6. (Lists  o f  o b s e r v e d  
and  ca lcu la t ed  s t ruc tu re  f ac to r s  and  an i so t rop ic  t he rma l  p a r a m e t e r s  have  
b e e n  d e p o s i t e d  with  the  F a c h i n f o r m a t i o n s z e n t r u m  Energie ,  Phys ik  Mathemat ik ,  
u n d e r  C.S.D. No. 5 6 1 5 7 . )  

4. D i s c u s s i o n  

Na~AusS6 is, in addi t ion  to  Na~AuS2 [8], K4AuoS5 [9], KAuS [10] and  
the  i so typ ic  c o m p o u n d s  RbAuS and  CsAuS [11], the  s ixth  alkali  t h ioau ra t e  
which  -- so  fa r  --  h a s  b e e n  s t ruc tura l ly  charac te r ized .  I ts  c rys ta l  s t ruc tu re  
is o f  a n e w  type .  Surpr i s ing ly  no  d i sc re te  o l igomer ic  anionic  g r o u p s  are  
f o rmed ,  a s  one  would  p r o b a b l y  e x p e c t  f r o m  the  s to ich iomet ry .  I n s t ead  two 
th ioau ra t e  spec i e s  o f  different  d imens iona l i t i es  coex i s t  in the  c rys ta l  s t ruc ture .  

One  o f  the  s pec i e s  is an  isolated,  s t r ict ly l inear  dumbbe l l  an ion  [ S - A u - S  ] 3- ,  
f o r m e d  b y  Au(1)  and  S(1),  which  c o r r e s p o n d s  to the  an ions  found  in Na~AuS2. 



TABLE 2 

Atomic coordinates  and equivalent  isotropic thermal  parameters  a for NaTAusS6 b 
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Atom Wyckoff x y z B ~  
posi t ion 

Na(1) 4c 0.000 -- 0 .004(4)  c 0.250 
Na(2) 8d 0 .262(3)  0 .504(3)  0 .5920(9)  
Sa (3 )  8d 0 .378(2)  0 .338(3)  0 .3792(9)  
Na(4) 8d 0 .607(2)  0 .120(3)  0 .544(1)  
Au(1) 4a  0.500 0.500 0.500 
Au(2) 8d 0 .0023(6)  0 .4711(3)  0 .32740(8)  
Au(3) 8d 0 .2453(3)  0 .7288(3)  0 .2519(2)  
S(1) 8d 0 .357(1)  0.250(2)  0 .501(1)  
S(2) 8d 0 .134(1)  0.212(2)  0 .3370(6)  
S(3) 8d  0 .378(1)  0.759(2)  0 .6660(7)  

2.0(5) 
3.4(6) 
1.9(5) 
1.8(5) 
1.03(4) 
1.54(3) 
1.48(3) 
1.1(2) 
1.1(3) 
1.5(2) 

aB~ = (Bll +B22 +B38)/3. 
bSpace group Pbcn, No. 60. 
CEstimated s tandard deviations are given in parentheses .  

TABLE 3 

Interatomic dis tances  (/~) and bond  angles for Na + cation coordinat ion in Na~AusS 6 

Bond Distance Angle bonds  Angle 

Na(1) -S(2)  2.84(1) a S(2) -Na(1) -S(2)  115.0(5) ° 
Na(1) -S(2)  2 .84(1)  S(2) -Na(1) -S(3)  124.3(2) ° 
Na(1) -S(3)  2 .89(1)  S(2) -Na(1) -S(3)  96.0(2) ° 
Na(1) -S(3)  2 .89(1)  S(2}-Na(1)--S(3) 96.0(2) ° 

S (2) -Na(1) -S(3)  124.3(2) ° 
S (3) -Na(1) -S(3)  103.2(5) ° 

Na(2)--S(1) 2 .87(2)  S(1) -Na(2) -S(1)  91.9(5) ° 
Na(2) -S(1)  2 .93(2)  S(1) -Na(2) -S(3)  133.5(6) ° 
Na(2) -S(3)  2.71(2) S(1) -Na(2) -S(3)  101.8(4) ° 
Na(2)--S(3) 2 .80(2)  S(1) -Na(2) -S(3)  102.5(4) ° 

S (1) -Na(2) -S(3)  123.1(6) ° 
S (3) -Na(2) -S(3)  106.2(5) ° 

Na(3) -S(1)  2 .80(2)  S(1) -Na(3) -S(2)  100.3(4) ° 
Na(3) -S(2)  2 .86(1)  S(1)-Na(3}-S(2)  122.1(5) ° 
Na(3) -S(2)  2 .80(1)  S(1)-Na(3)--S(3) 111.4(4) ° 
Na(3) -S(3)  2 .82(1)  S(2) -Na(3) -S(2)  98.4(4) ° 

S (2) -Na(3) -S(3)  127.7(5) ° 
S(2)-Na(3}-S(3)  98.3(4) ° 

Na(4) -S(1)  2 .91(1)  S(1)-Na(4)--S(1) 107.0(4) ° 
Na(4) -S(  1 ) 2.81 (1) S (1 ) -Na(4) -S(1 )  125.9(4) ° 
Na(4) -S(1 )  2.94(1) S (1 ) -Na(4) -S(2 )  104.4(5) ° 
Sa(4)---S(2) 2.91 (1) S(1)-Na(4)--S(1) 92.9(4) ° 

S (1) -Na(4) -S(2)  133.3(5) ° 
S (1) -Na(4) -S(2)  95.8(4) ° 

aExperimental  s tandard deviations are given in parentheses .  
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TABLE 4 

(AuS2) 3- anion coordination 

Bond Distance (/~) Angle bonds Angle 

Au(1)-S(1) 2.310(7) ~ S(1)-Au(1)--S(1) 180 ° 
Au(1)-S(1) 2.310(7) 

aEstimated standard deviations are given in parentheses. 

TABLE 5 

Geometry of the ~ (AuS)- chain 

Bond Distance Angle bonds Angle 
(x) 

Au(2)--S(2) 2.288(8) a S(2)-Au(2)-S(3) 170.3(2) ° 
Au(2)-S(3) 2.310(9) 

Au(3)-S(2) 2.30(1) S(2)-Au(3)-S(3) 179.3(3) ° 
Au(3)-S(3) 2.30(1) Au(1)-S(2)-Au(3) 101.8(3) ° 

Au(1)-S(3)-Au(3) 103.2(4) ° 

aEstimated standard deviations are given in parentheses. 

The o the r  is an infinite cha in  buil t  by  the  r e m a i n i n g  gold  and  su lphur  a r r a n g e d  
in an  a l t e rna t ing  s e q u e n c e  of  doub ly  c o o r d i n a t e  a toms ,  fo rma l ly  c o r r e s p o n d i n g  
to  the  t h ioau ra t e  cha in  found  in KAuS [10].  In the  crys ta l  s t ruc tu re  bo th  
anionic  g r o u p s  are  o r ien ted  in p l anes  para l le l  to  (001 )  (Fig. 1). The i r  re lat ive 
o c c u r r e n c e  is in the  ra t io  1:4; hence  the  c rys ta l  chemica l  f o r m u l a  o f  NaTAusS~ 
m a y  be  wr i t t en  as  (Na+)7(AuS2) ~- [ I ( A u S ) -  ]4. 

The  I ( A u S ) -  chain  in the  p r e s e n t  c o m p o u n d  shows  an  in te res t ing  
c o n f o r m a t i o n  which  is r a t he r  different  f r o m  tha t  found  in KAuS. While  the  
la t ter  is a z igzag cha in  with all a t o m s  lying in the  s a m e  p lane  (S-Au--S b o n d  
angle,  180°; A u - S - A u  b o n d  angle ,  90°), the  infinite an ion  he re  m a y  be  
desc r ibed  as  a twis ted  cha in  wi th  a four - fo ld  t rans la t ion  per iod,  as  shown  
in Fig. 2(a) .  The  A u - S - A u  b o n d  ang les  of  101 .8(3)  ° and  103 .2(4)  ° a p p r o a c h  
the  t e t r ahed ra l  angle  indicat ing sp  a hybr id iza t ion  of  the  S a toms .  The  su lphur  
coo rd ina t ion  o f  Au(3)  is l inear  while  the  b o n d  angle  on Au(2)  is sl ightly 
b e n t  ( S - A u - S  b o n d  angle ,  170.3°).  In the  s t ruc tu re  the  cha ins  run  paral le l  
to  the  [110]  and  [ - 1 1 0 ]  d i rec t ions ,  c ro s s ing  o v e r  e a c h  o the r  on  the  Au(2)  
pos i t ions  as  shown  in Fig. 2(b) .  The  i so la ted  ( S - A u - S )  3-  g r o u p s  show a 
he r r ingbone- l ike  a r r a n g e m e n t  in the  p l a n e s  t h r o u g h  z = 0 and  z = ½. 

The  A u - S  b o n d  l eng ths  in b o t h  an ionic  g r o u p s  are  u n i f o r m  and  c lose  
to  2 .30  /~, a va lue  a lso  found  in the  o the r  th ioaura tes ( I ) .  The  A u - S  b o n d  
lengths  s h o w  no  d e p e n d e n c e  on  the  connec t iv i ty  o f  the  S a toms ;  b o n d s  to  
the  t e rmina l  S a t o m s  and  to b r idg ing  S a t o m s  are  of  essent ia l ly  equa l  length.  

The  crys ta l  s t ruc tu re  con ta ins  four  i n d e p e n d e n t  Na  + ions which  are  each  
s u r r o u n d e d  by  four  S a t o m s  in a f l a t t ened  t e t r ahed ra l  coord ina t ion .  In the  
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TABLE 6 

Cation--cation contacts up to 4 /~ 

Bond Distance (/~) 

Na(1)-Au(3) 3.12(1)a' b 
Na(1)-Au(3) 3.17(1) b 
Na(1)-Na(3) 3.34(2) b 
Na(1)-Au(2) 3.76(2) b 
Na(2)-Au(1) 3.21 (2) 
Na(2)-Au(2) 3.30(2) 
Na(2)-Na(2) 3.52(2) b 
Na(2)-Na(4) 3.53(2) 
Na(2)-Au(3) 3.93(2) 
Na(2)-Na(3) 3.96(3) 
Na(3)-Au(2) 3.09(2) 
Na(3)-Au(1) 3.18(2) 
Na(3)-Au(3) 3.22(2) 
Na(3)-Na(4) 3.32(3) 
Na(3)-Na(4) 3.65(3) 
Na(4)-Au(1) 3.05(2) 
Na(4)-Au(2) 3.14(2) 
Na(4)-Na(4) 3.40(3) 
Au(2)-Au(2) 3.448(2) 
Au(2)-Au(3) 3.539(5) 
Au(2)-Au(3) 3.556(5) 
Au(2)-Au(3) 3.613(5) 
Au(2)-Au(3) 3.632(5) 
Au(3)-Au(3) 3.513(2) 

aEstimated standard deviations are given in parentheses. 
bWwice. 

[001] d i rec t ion  the  Na ÷ ions s epa ra t e  the (AuS2) 3- g r o u p s  f r o m  the chains  
- e x c e p t  Na(1) ,  wh ich  is l oca ted  in an interst i t ial  site b e t w e e n  the  th ioau ra t e  
chains.  The  a v e r a g e  N a - S  d i s t ances  in the individual t e t r a h e d r a  v a r y  f r o m  
2.82 to  2 .88 /~ ;  t he se  va lues  are  c o m p a r a b l e  wi th  the  s u m  o f  the  ionic radi i  
for  t e t r a coo rd ina t e  Na ÷ ( r = l . 1 3 / ~ )  and  S 2- ( r = l . 7 0 / ~ )  [12]. 

In  c o n t r a s t  to KAuS [10] and  K4Au6S5 [9] no A u - A u  con t ac t s  c loser  
than  3 . 4 5 / ~  are  found .  Since typica l  d is tances ,  for  wh ich  A u - A u  a t t r ac t ions  
a re  d i scussed ,  o c c u r  in the  r ange  3 . 0 - 3 . 2  /~, such  in te rac t ions  m a y  r a the r  
be  ruled ou t  for  the  p r e s e n t  c o m p o u n d .  

The crys ta l  s t ruc tu re  of  NaTAu5S8 r e p r e s e n t s  one  o f  the  ra re  e x a m p l e s  
of  a s t ruc tu re  wh ich  can  be  der ived  f r o m  a b.c.c ,  an ion  packing .  Since for  
ionic s t r uc tu r e s  th is  type  of  p a c k i n g  is c o m m o n l y  r e g a r d e d  as  u n f a v o u r a b l e  
with r e s p e c t  to c .c .p,  and  h.c.p,  an ion  pack ings ,  the  under ly ing  g e o m e t r y  of  
the  c rys ta l  s t r u c t u r e  o f  NaTAusS6 will be  desc r ibed  in m o r e  detail .  

As can  be  s e e n  f r o m  Fig. 3, the  a r r a n g e m e n t  o f  S a t o m s  m a y  be  e x p r e s s e d  
as a t i l ing of  b o d y - c e n t r e d  cubes .  The  unit  cell con ta ins  12 (sl ightly d is tor ted)  
cubes ,  wh ich  a re  o r i en t ed  in such  a way  tha t  two c o p l a n a r  face  d iagona ls  
a re  o r ien ted  in the  [010] and  [001] d i rec t ions  respec t ive ly ,  while  the  edge  
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C 
Fig. 1. Perspect ive view of the  crystal s t ructure  of  Na~AusS6 along the  [100] direction: O, Au 
atom; O, S atom. Sodium posi t ions are omit ted for the  sake of clarity. 

normal to them is collinear with the a axis which comprises two edge lengths. 
3 Based on the unit cell volume of 1630 A the edge length for an 

undistorted body-centred cube is calculated as ao - -5 .14  ~. The ideal lattice 
constants can be expressed as a=2ao=lO.28 1~, b=21~ao=7.27 1~ and 
c = 21~(3ao) = 21.81/~. The actual cell dimensions follow these values closely 
within a few per  cent. 

The b.c.c, packing can be conceived as a space-filling arrangement  of  
flattened te t rahedra  with the edges ao (twice) and (31~/2)ao (four times). 
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, 

'Ill/~'3"~:'~ ~q S(2) 

AU(2) 

(a) (b) 
Fig. 2. (a), two ~(AuS)- chains viewed in projection along [110]; (To), view of the ~(AuS)- 
chains as seen in projection along [001]. 

The centres of the te t rahedra  are located on the faces of the basic body- 
centred cube at the positions (0, ±¼, ½)('~(Fig. 4) and represent  the potential 
cationic sites. However, because of  their short  distances neighbouring centres 
are not  simultaneously accessible for occupation. 

In NaTAu~S6 a fraction of these sites is occupied by sodium, whereas 
gold -- in order to attain a linear coordination -- is shifted from the centre 
of the te t rahedron to one of its shorter  edges, thus centring half of  one 
body diagonal of the body-centred cube. 

Simple considerations on the idealized crystal structure lead to an Na-S 
distance of  (51'~/4)ao=2.87 ~ which compares  well with the actual mean 
Na-S distance of 2.85/~.  Idealized S - N a - S  bond angles in the tetrahedron 
are 2 arctan 2 = 126.7 ° (twice) and 2 arcsin [(3/5) 1~] = 101.5 ° (four times). 
Though the actual angles are different, these values may principally explain 
the sequence of  the S -Na - S  bond angles found in the structure. The idealized 
Au-S distance is calculated as (3u2/4)ao = 2.23/~,  which is too short for  an 
Au-S bond length. Hence the distortion of the actual packing from the 
idealized b.c.c, model  may be largely due to the necessity of attaining Au-S 
bond distances of  reasonable length. 

With respect  to the occupat ion of  the body-centred cubes by the cations, 
two different types can be distinguished in the structure (Fig. 5). Type 1 
contains the (S-Au-S)  s -  group as its body half-diagonal; all faces are occupied 
by Na +. Type 2 contains an S - A u - S - A u - S  fragment of  the chain and has 
only four occupied faces. 
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Fig. 3. View of the idealized structure of NavAusSs, stressing the underlying b.c.c, packing of 
S atoms: O, S atom; O, Au atom; ®, Na atom. The crystallographic a axis comprises twice 
the edge length of the basic body-centred cube. 

The validity o f  the  s t ruc ture  in terpre ta t ion  deve loped  above  m a y  also 
be  es t imated  f rom Table 7 which  lists the  posi t ional  pa rame te r s  calculated 
for  the ' idealized model ,  showing  a g o o d  a g r e e m e n t  with the exper imental  
values.  

The appea rance  of  the unusua l  b.c.c,  an ion  pack ing  in Na~AusS8 may  
be  due to its pecul iar  geomet r i c  condi t ions  which  mee t  the coord ina t ion  
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Fig. 4. The body-centred cube and 

/ / /  

its )otential tetrahedral centres. The small open circles 
indicate that positions are at unfavourably short distances to the Au atom (O) and therefore 
must remain void. One of the remaining sites on each face of the cube may be occupied by 
Na ÷. (The sites on the rear are omitted.) 

0 ~/, O 0  

0 ,~, 0 ( )  

0 OY' 0 ~ 
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O io 

0,,, / O  

:" ° o;;,0 
Fig. 5. Two different types of body-centred cube in the structure of NaTAusS8 containing a 
fragment of the ~(AuS)-  chain (left) or the isolated (AuSz) 3- group (right) respectively. The 
numbers indicate the heights in fractions of the cube edge a0. 

demands of the metal atoms. It is interesting to note that the crystal structure 
of Na~AuS2 [8] is based on the same type of  packing. Compared with the 
very different composition, the volume change of  the elementary body-centred 
cube with respect to NaTAusS8 is relatively small. This means that the packing 
is rather insensitive to changes in the Na:Au ratio provided the metal:sulphur 
ratio is maintained. 

In this context it may be of interest that investigations in the NaeS-Au2S 
pseudobinary section indicate the existence of  still another thioaurate with 
higher gold content. This thioaurate crystallizes with a large unit cell 
(V=  4VNa,A~S6)- Pronounced substructure effects have, however, so far been 
a severe obstacle to solving the crystal structure by direct methods. It is 
likely that this new compound is based on a b.c.c, sulphur packing as well, 
and we are confident that in this case the application of  the geometric packing 
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TABLE 7 

Idealized positional parameters for NaTAusS ~ obtained under the assumption of an undistorted 
b.c.c, packing of chalcogen atoms 

Atom x y z 

Na(1) 0.000 0.000 0.2500 
Na(2) 0.250 0.500 0.5833 
Na(3) 0.375 0.375 0.3750 
Na(4) 0.625 0.125 0.5417 
Au(1) 0.500 0.500 0.5000 
Au(2) 0.000 0.500 0.3333 
Au(3) 0.250 0.750 0.2500 
S(1) 0.375 0.250 0.5000 
S(2) 0.125 0.250 0.3333 
S(3) 0.375 0.750 0.6667 

p r i n c i p l e s  d i s c u s s e d  h e r e  wi l l  f ina l ly  l e a d  t o  a s u c c e s s f u l  d e t e r m i n a t i o n  o f  

t h e  s t r u c t u r e .  
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