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The Crystal Structure of AuSeBr 
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Gold selenide bromide, AuSeBr, crystallizes with space group Pnma and eight formula units per unit cell. 
The lattice parameters are: a = 6.77 A, b = 12.22 A, and c = 7.38 A. The crystal structure was deter- 
mined from a complete set of three-dimensional Mo-K~ diffractometer data. Two gold atoms on mirror 
planes of the space group and one nonmetal atom of each kind in general positions form infinite ribbons 
parallel to the a axis. In these ribbons Au(1) is bonded to two Br atoms at 2.46 A and two Se atoms at 
2.45 A, while Au(2) makes four bonds at 2.49 A to Se atoms only. In both cases the coordination is of a 
planar distorted square type. For the bridging Se atom the coordination is trigonal pyramidal. The Br 
atom occupies terminal positions. The ribbons are interlocked into sheets perpendicular to the b axis. 

Introduction 

G o l d  chalcogenide hal ides have not  been 
k n o w n  unti l  recently. The existence o f  tel lur ide 
hal ides  is now well es tabl ished (1). The  p repa ra -  
t ion  o f  pure  selenide halides proved  to be very 
difficult. Mos t  o f  the evidence had to be based 
on a few small  crystals grown in anhydrous  HBr  
and  HC1, respectively (2). The structure deter-  
mina t ion  o f  gold selenide bromide ,  AuSeBr ,  
therefore  seemed to be the best  way to suppor t  
the publ ished results. N o  indica t ion  with respect  
to  the existence o f  sulfide hal ides could be 
ob ta ined  so far. 

Wi th  AuSeBr  the first s t ructure within this 
g roup  o f  compounds  has been determined.  

Experimental and Crystallographic Data 

Crysta ls  of  AuSeBr  are o f  da rk-grey  metal l ic  
colour .  Oscil lat ion,  Weissenberg  and precession 
p h o t o g r a p h s  confirmed the o r tho rhombic  sym- 
met ry  and the content  and  app rox ima te  d imen-  
sions o f  the unit  cell as repor ted  by  Rabenau ,  
Rau,  and  Rosenste in  (2). Improved  lat t ice 
pa rame te r s  were ob ta ined  by  a least-squares  fit 
o f  angular  measurements  on a d i f f rac tometer :  
a = 6 . 7 7 ( 1 )  A,  b =  12.22(1) A,  c = 7 . 3 8 ( 1 )  A.  
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With  eight  fo rmula  units AuSeBr  in the unit  cell, 
the ca lcula ted  densi ty  is 7.75 g cm -3. The 
measured  value (2) is 7.8. The systematic  extinc- 
tionsOklfork + l = 2n + 1 and hk0 for  h = 2n + 1 
po in t  to Pn21a and  Pnma as possible  space 
groups.  The lat ter ,  cen t rosymmet r ic  one, proved 
adequa te  for  a successful s t ructure  de te rmina-  
t ion.  1 

A crystal  o f  app rox ima te  d imensions  0.13 × 
0.13 x 0.09 m m  3 was used for  the in tensi ty  
measurements  on an au toma t i c  dif f ractometer .  
The ins t rument  o f  the Siemens type  was pape r  
tape  cont ro l led  and run in the 0/20 scanning mode.  
Wi th  Nb-f i l tered M o - K ~  rad ia t ion  871 in- 
dependen t  reflections up  to a l imi t  o f  20 = 60 ° 
were measured ,  o f  which 262 were classified as 
unobserved  by  the cr i ter ion I <  ai. Wi th  the 
l inear  abso rp t ion  coefficient as high as 761.0 cm -1 
no  correc t ion  for abso rp t ion  was a t tempted .  

Structure Determination and Refinement 

The structure was found  f rom the Pa t t e r son  
funct ion  to be made  up  o f  two independen t  gold  

1 In order to achieve the conventional setting, as given 
above, for this space group, the b and c axis directions of 
the earlier work (2) have been interchanged. In (2) the 
space group was incorrectly given. 
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TABLE I 

ATOMIC POSITIONAL PARAMETERS GIVEN IN FRACTIONS OF 

THE LATTICE TRANSLATIONS a 

Atom X Y Z 

Au(1) 0.5870(3) 0.25 0.3583(3) 
Au(2) 0.3344(3) 0.25 0.7493(3) 
Se 0.5843(6) 0 . 1 2 4 3 ( 3 )  0.6166(5) 
Br 0.5878(7) 0 . 1 0 3 8 ( 4 )  0.1286(5) 

a Estimated standard deviations given in parentheses 
refer to the least significant figures. 

atoms on mirror  planes o f  the space group and 
one selenium and one bromine a tom in general 
positions. After four  cycles o f  full matrix refine- 
ment  minimizing the function ~ w(lFol - [Fc[) 2 
the initial R-factor o f  0.40 was reduced to 0.15. 
Due to the extremely high absorpt ion the iso- 
tropic thermal parameters converged at very 
small values" BAu(1 ) : 0 . 0 8 ,  BAu(2 ) : 0.09, Bse = 
0.10, and BBr = 0.75 A 2. After three more  cycles 
in the anisotropic mode, R was 0.124 for the 
observed reflections. 

2 The estimated standard deviations for interatomic 
distances and angles as resulting from the least-squares 
values of Table I are 0.005 A. and 0.2 °. Nevertheless, 
because of the high absorption, all numbers in Figs. 1-3 
have been rounded to two decimal places for distances 
and unit positions for angles. 

The a tomic scattering factors were taken f rom 
(3), the reflections were weighted according to 
w = l . 0  for  IFol ~ g  and w=g2/IFol 2 for  
[ F o [ > K  with K = 2 0 0 . 0 .  The final a tomic  
coordinates and their s tandard deviations are 
listed in Table I. The anisotropic thermal 
parameters are not  given, since they did not  stay 
positive definite. 

Results and Discussion 

The crystal structure o f  AuSeBr consists o f  
infinite a tomic ribbons parallel to the crystallo- 
graphic a axis. Within these ribbons, one o f  
which is depicted in a perspective view in Fig. 1, 
the gold a toms extend four  coplanar  bonds to 
the nonmetal  atoms. The assignment o f  selenium 
and bromine with their very similar scattering 
factors to the nonmetal  a tom positions was based 
on the general structural behavior o f  these 
elements and considerations o f  favorable charge 
distribution. 

A t o m  Au(1), off the axis o f  the ribbon, makes 
two terminal bonds to Br a toms o f  length 2.46 A 
and two bonds to the bridging Se a toms at 2.45 A. 
A t o m  Au(2), very close to the central line o f  the 
ribbon, bonds only to Se atoms at equal distances 
o f  2.49 A. With angles at the two Au  atoms 
ranging f rom 78 to 95 ° and f rom 76 to 104 ° , 
respectively, the ligand atoms form distorted 
squares. The coordinat ion o f  the Se a tom is 
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FIG. 1. Perspective view of an atomic ribbon of the crystal structure of AuSeBr. The only crystallographic symmetry 
is a mirror plane through all the gold atoms. Independent bond lengths in A~ and bond angles are given? 
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FIG. 2. Projection of the crystal structure of AuSeBr down the b axis. Shortest distances in A between ribbons trans- 
lated by c are shown. The elements of crystallographic symmetry are not shown. 

trigonal pyramidal, the three Au-Se-Au angles 
being 85, 86, and 86 ° . Thus, the ribbon-type 
structure of AuSeBr presents an elegant way of  
realizing 1 : 1 : 1 stoichiometry together with the 
usual planar 4-fold coordination for Au(lII) and 
of utilizing the different preference of the non- 
metal atoms for bridging versus terminal 
positions. 

The three shortest Au-Au distances of 3.34, 

3.35, and 3.38 A are much larger than the shortest 
Au-Au contact in metallic gold at 2.88 A but 
somewhat smaller than the corresponding value 
of 3.43 A in the planar AuzC16 molecule (4). The 
Au-Br bond is similar in length to the average of  
2.43 observed for RbAuBr4 (5). 

The arrangement of neighboring ribbons is 
shown in Figs. 2 and 3. The shortest metal-  
nonmetal distances at 3.71 and 3.74 A are between 
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FIG. 3. Projection of the crystal structure of AuSeBr in direction of the negative e axis. Close approaches in A between 
two ribbons related by symmetry are shown. The elements of crystallographic symmetry are not shown. Heights of 
Au(1) and Au(2) in A upon the plane of drawing is given. 
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r ibbons  t rans la t iona l ly  equivalent  in the c axis 
direct ion.  Such r ibbons  are in te r locked  (Fig.  2) 
and  thus fo rm sheets pe rpendicu la r  to the b axis. 
Approx ima te ly ,  such a sheet can be regarded  as 
the result  o f  congruent  s tacking o f  two ident ical  
c lose-packed layers  o f  nonmeta l  a toms  with  the 
gold  a toms  in cer tain pos i t ions  enclosed in 
between.  Stacking o f  the sheets, then, is ana logous  
to  hexagonal  s tacking o f  c lose-packed layers.  
Some s tacking d i sorder  was ind ica ted  by  weak  
s t reaking  para l le l  to  b* o f  reflections on the 
Weissenberg  films. 
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