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1"09 J~ and  free ro ta t ion  of the  methyl  groups) are 
2.33 A. 

Standard deviations 

The s t anda rd  deviations of the  atomic positions 
were calculated from Cruickshank's  formulae.  F rom 
the hkO data ,  a ( x ) - - a ( y ) =  0.013 /~ for carbon, 
0.011 A for ni trogen and  0.010 A for oxygen. The 
s t anda rd  deviations of the individual  bond lengths are 
0.018 ~ for C-C, 0.017 A for C-N, and 0.015 A for 
N-O.  

D i s c u s s i o n  

Within  the  limits of exper imental  error all the carbon 
a toms and the nitrogen a tom lie in one plane, but  since 
the  z-coordinates have  been determined with less 
accuracy than  the  x and y paramete rs  it is possible 
t h a t  small deviations from strict  p lanar i ty  have  not  
been detected. The oxygen a toms lie one above and 
one below the plane of the carbon and nitrogen atoms 
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Fig. 3. Bond lengths and valency angles. 
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a t  distances of 0-95/~, so t h a t  the  nitro group is t i l ted 
out of the  aromat ic  plane, the  angle of t i l t  being 66.4 ° . 
This ti l t  is very  similar to t h a t  found in 9:10-dini tro-  
an thracene- -63 .7  ° (Trotter,  1959c). 

The molecular dimensions shown in Fig. 3 indicate 
t h a t  the  repulsive forces between the  oxygen a toms 
and the  neighbouring methyl  groups cause consider- 
able distortions of the  valency angles from the normal  
120 ° , in addit ion to the  large deviat ion of the  ni tro 
group from coplanar i ty  with the  aromat ic  ring. The 
mean  bond lengths (with s t andard  deviations) are 

Car-Car -- 1.383±0.007 
Car-C~l = 1.509+0.010 
Car--l~ = 1"476±0"017 
I~--0 = 1"216±0"011 

Intermolecular distances 

All the  intermolecular  contacts correspond to normal  
van  der Waals  interactions.  The shortest  oxygen-  
oxygen distance is 3.66 J~ between O 1 of the  s t anda rd  
molecule and  02 of the  molecule with coordinates 
(~, l - y ,  ½+z). The shortest  oxygen-ca rbon  separa- 
t ion is between 02(x, y, z) and  C4(~, Y, - ½ + z )  where 
the  distance is 3.29 A, while the  shortest  ca rbon-  
carbon contact  is 3.67 A between C3(x, y, z) and 
C3(~, ~, ½+z). The shortest  contact  involving ni t rogen 
is 4.12 A. The perpendicular  distance between the  
planes of the  aromat ic  rings = ½c = 3.63 A. 
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The intermetallic compound Au2M_n possesses interesting 
magnetic properties which seem to require an examina- 
tion of its crystal structure. The first a t tempt  to solve 
this was by Raub, Zwicker & Baur (1953) in the course 
of their study of the gold-manganese equilibrium diagram, 
but their tentative assignation of the lattice gives a 

* Present address : School of Metallurgy, Newcastle Univer, 
sity College, Newcastle, N. S. W., Australia. 

t Present address: Research Department, Messrs. Ferranti 
Ltd., Wythenshawe, Manchester. 

fractional number of molecules per unit cell. The solution 
of the structure was taken up in this department during 
resistivity studies on the alloy, and a satisfactory deter- 
ruination of the space lattice by one of us has been quoted 
previously in the paper by Smith & Street (1957). I t  
has now proved possible to solve the structure with 
reasonable accuracy from powder data alone. 

Samples of Au~M_n powder were heat-treated at 660 
°C. for 24 hours and quenched, and diffraction photo- 
graphs taken using a Unieam evacuable 9 cm. camera 
and filtered Cu or Fe Ks radiation. From the measured 
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d values ,  t he  lines were  iden t i f i ed  wi th  B u n n  char t s ,  
a n d  the  p a r a m e t e r s  so obsa ined  were  co r rec ted  for ab- 
sorp t ion  us ing the  m e t h o d  of T a y l o r  & F l o y d  (1950). 
These  m e a s u r e m e n t s  gave  the  la t t ice  as t e t r agona l ,  
a 0 ---- 3.363 ik, c/a ~ 2 .555- -va lues  wh ich  differ  s l ight ly  
f r o m  those  p rev ious ly  publ i shed .  The  X - r a y  d e n s i t y  
w i t h  2 molecu les  per  u n i t  cell, is 15.33 g.cm. -3, c o m p a r e d  
w i t h  an  e x p e r i m e n t a l l y  d e t e r m i n e d  va lue  of 15.1 g.cm. -3. 

The  cha rac te r i s t i c  absences  w i t h  h + k + l  odd im- 
m e d i a t e l y  ident i f ied  the  la t t ice  as b o d y - c e n t r e d ,  a n d  a 
s t u d y  of t h e  space-group  tab les  r evea l ed  t h a t  on ly  two  
were  possible : 

IZm2: ~h~ at 0, 0, 0; 1, ½, ½; Au at 0, ½, ~; ½, 0, ~; 
14/mmm: ~h~ at 0 ,0 ,0 ;  ½,½,½; Au at 0 ,0 ,~;  0 ,0 ,~ .  

The  f o r m e r  was,  however ,  exc luded ,  as t he  {112} line was  
n o t  de t ec t ed ,  a n d  [Fc[ c a n n o t  be m a d e  zero for  th is  line 
in th is  space group,  w h a t e v e r  t h e  va lue  of z. On the  o the r  
hand ,  t h e  l a t t e r  g roup  gives [Pc1 = 0 for t he  {112} line 
w i t h  z ~_ ~-. 

Values  of F 0 were  t he re fo re  d e t e r m i n e d  for  each  line 
a f t e r  m i c r o d e n s i t o m e t r y  of t he  fi lm. S t a n d a r d  tab les  
were  used,  b u t  t h e  i n t r o d u c t i o n  of the  abso rp t ion  fac tor ,  
w h i c h  inc ludes  an  u n k n o w n  pack ing  f r ac t ion  for t h e  
powder ,  of necess i ty  in t roduces  er rors  which,  w i t h  the  
r a d i a t i o n  used,  m a y  be apprec iab le .  Graphs  of [Fc[ were  
m a d e  for  seven  se lec ted  lines for va lues  of z b e t w e e n  
¼ a n d  s a. A compar i son  of 2' 0 a n d  [Pc[ t h e n  a l lowed the  
va lue  of z to  be chosen for  bes t  fi t  as z ---- (0.354-0.01); 
t h e  a g r e e m e n t  w i t h  t h e  o the r  lines t h e n  appea r s  satis- 
f a c to ry ,  as can  be seen f r o m  Table  1. A scale d r a w i n g  of 
t h e  s t ruc tu re ,  t a k e n  on the  (110) p lane  con ta in ing  the  
2 m a n g a n e s e  a toms ,  is shown in Fig. 1. The  M n - M n  
s e p a r a t i o n  is t h u s  4.91 _~, a n d  each  Mn a t o m  is sur- 
r o u n d e d  b y  gold a t o m s  a t  a d i s tance  of e i ther  2.64 A or 
3-01 A. Coupl ing b e t w e e n  t h e  m a n g a n e s e  a t o m s  m u s t  
t he re fo re  t a k e  place via two  gold a toms .  

Af t e r  th is  w o r k  was  comple ted ,  our  a t t e n t i o n  was 
d r a w n  to  a pape r  b y  Herp in ,  Meriel  & Meye r  (1958) who 
h a d  i n d e p e n d e n t l y  solved t h e  s t r u c t u r e  b y  n e u t r o n  
d i f f rac t ion .  The i r  a c c u r a c y  was  h o w e v e r  lower, a n d  gave  

3- 

Fig. 1. Scale model of Au~Mn. Atomic diameter of Au and Mn 
3-0 and 2.6 A respectively, a 0 = 3.364 and c o = 8-596 A. 
Distance between centres of a Mn atom and either of its 
two Au atoms = 0.35%. Section is (110) face. 

Table  1. Table of d values, Fo and IFcl for observed and 
possible reflexions from Au~Mn 

hkl d Fo IFcl 
101 3.1265 130 132 
110 2.3652 280 280 
I03 2.1914 250 259 
112 - -  - -  45 
200 1.6762 264 258 
114 1.6021 138 138 
105 - -  - -  28 
202 - -  - -  35 
211 1.4774 138 99 
006 1.4519 242 230 
213 } 
204 1"3325 138 140 

116 1.2405 240 172 
220 1-1867 232 220 
107 1.1676 138 151 
222 --. - -  60 
301 - -  - -  124 
206 1"0995 138 162 
008 - -  - -  20 
310 1.0625 134 204 
224 } 
303 1.0463 134 127 

312 - -  - -  66 
118 - -  - -  40 
217 } 
314 0.9584 90 132 

305 - -  - -  21 
109 0-9332 102 90 
226 0.9207 130 147 
208 - -  - -  23 
323 0.8872 100 147 

0,0,10 } 
316 0.8592 130 140 

Additional calculated vMues 

hkl 'd' IFcl 
105 1.5282 28 
222 1.1392 60 
301 1-1097 124 
008 1-0695 20 
312 1.0263 66 
305 0.9347 21 
208 0.90227 23 

The  a u t h o r s  wish to  t h a n k  Dr  R.  L. Gordon,  of t he  
Sa fe ty  in Mines R e s e a r c h  E s t a b l i s h m e n t  for  t h e  use of 
t he i r  m i c r o d e n s i t o m e t e r ,  a n d  Mr O . S .  Mills, of t he  
U n i v e r s i t y  of Manches te r ,  for  he lpful  discussions.  One of 
us (J. R.) g ra t e fu l ly  ac lmowledges  t h e  rece ip t  of a 
m a i n t e n a n c e  g r a n t  f rom the  I n s t i t u t e  of Phys ics .  
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