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Introduct ion 
P a l l a d i u m  di f luor ide ,  c o n t a m i n a t e d  w i t h  me ta l ,  was  f irst  
p r e p a r e d  b y  Ruf f  & Ascher  (1929), who  c h a r a c t e r i z e d  
t h e  c o m p o u n d  b y  i ts  X - r a y  p o w d e r  p a t t e r n ,  w h i c h  in- 
d i c a t e d  t h a t  i t  fo rms  t e t r a g o n a l  c rys ta l s  of t h e  ru t i le  t ype .  
E b e r t  (1931) c o n f i r m e d  t h e  ear l ier  w o r k  a n d  gave  un i t -  
cell d imens ions  b u t  d id  n o t  comple t e  t h e  s t r u c t u r e  de te r -  
m i n a t i o n .  T h e  r ecen t  d e v e l o p m e n t  in these  l abora to r i es  
of a m e t h o d  for  t h e  p r e p a r a t i o n  of pu re  pa l l adous  
f luor ide  has  p r o v i d e d  samples  su i tab le  for  such a s t ruc-  
t u r e  d e t e r m i n a t i o n  (Ba r t l e t t  & H e p w o r t h ,  1956). 

Exper imenta l  
PdF~ was  p r e p a r e d  b y  t h e  r e d u c t i o n  of pa l lad ic  f luor ide  
w i t h  s e l en ium t e t r a f luo r ide  a n d  t h e  sample  was  h e a t e d  
in t h e  t e t r a f l uo r ide  v a p o u r  a t  280 °C. for  30 minu te s .  
This  t e m p e r a t u r e  is s o m e w h a t  h ighe r  t h a n  t h a t  used  for 
t h e  p r e p a r a t i o n  of pure  samples  of t he  d i f luor ide  (which 
were  u n f o r t u n a t e l y  poor ly  crys ta l l ine)  a n d  the  resu l t ing  
m a t e r i a l  c o n t a i n e d  a smal l  q u a n t i t y  of p a l l a d i u m  me ta l .  
Since pa l l adous  f luor ide  is h y d r o l y s e d  in mois t  air ,  t h i n  
wa l led  X - r a y  spec imen  capil lar ies ,  0.5 ram.  d i a m e t e r  
(suppl ied b y  P a n t a k  L td ,  Slough) were  fi l led a n d  sealed 
off in a d r y  box.  

X - r a y  p o w d e r  p h o t o g r a p h s  were  t a k e n  a t  18±2  °C. 
in a 19 cm. U n i c a m  camera ,  us ing  c rys ta l - re f l ec ted  F e K a  
r a d i a t i o n  (a12 = 1.93597; a2~ = 1.93991 /~) f rom a l i th-  
i u m - f l u o r i d e  m o n o c h r o m a t o r .  D u p l i c a t e  films, w h i c h  
showed  low b a c k g r o u n d  in tens i t ies ,  were  mic ropho to -  
m e t r e d  w i t h  a D o b s o n - t y p e  i n s t r u m e n t  bu i l t  f rom a 
des ign b y  Tay lo r  (1951), a n d  va lues  of t he  i n t e g r a t e d  
in tens i t i es  in a r b i t r a r y  un i t s  were  o b t a i n e d  b y  m e a s u r i n g  
a reas  u n d e r  t he  p lo t t ed  p h o t o m e t e r  curves  w i t h  a plan±- 
me te r .  F o r  a n y  line in a p o w d e r  p h o t o g r a p h ,  t h e  i n t e n s i t y  
is g iven  by  

I = constant/7~kZ(1 + c o s  2 2a cos 2 20)/(sin 2 0 cos 0) 

× p . A .  exp [ - - B  (sin 0/2) 2] 

w h e r e  a is t he  angle  of reflex±on in t h e  m o n o c h r o m a t o r ,  
a n d  o the r  symbols  have  the i r  usua l  mean ings .  I n  ca lcula t -  
ing  in tens i t i es  H6n l ' s  abso rp t ion -edge  effect  was  t a k e n  
in to  a c c o u n t  ( James ,  1948, pp.  160, 608); t he  abso rp t ion  
a n d  an  a r b i t r a r y  t e m p e r a t u r e  fac to r  were  o b t a i n e d  b y  
s t a n d a r d  m e t h o d s .  

Results  
All obse rved  X - r a y  ref lexions,  were  w i t h  t he  excep t ion  
of t he  fa in t  l ines of p a l l a d i u m  me ta l ,  i n d e x e d  on a te t -  
r agona l  cell of t h e  ru t i l e  t ype .  Since on ly  one of t he  
p a l l a d i u m  ref lexions  ove r l apped  w i t h  a d i f luor ide  re- 
f lexion the  p resence  of m e t a l  d id  n o t  in te r fe re  w i t h  t he  
s t r u c t u r e  d e t e r m i n a t i o n .  The  d imens ions  of t he  bi- 
mo lecu l a r  u n i t  cell a re  c o m p a r e d  be low w i t h  those  g iven 
b y  E b e r t .  

a (h) b (h) c/a 
4.956±0.002 3.389±0.002 0.684 Present work 
4.93 3.38 0.687 Eber t  

L a c k  of sha rpness  in  t h e  reso lu t ion  of t h e  r e f l e x f o ~  
a t  h igh  Bragg  angles  p r e v e n t e d  t h e  d e t e r m i n a t i o n  of the-  
cell d imens ions  w i t h  g r ea t e r  accu racy .  B y  t r i a l  a n d  error- 
m e t h o d s ,  exce l len t  a g r e e m e n t  b e t w e e n  t h e  obse rved  a n d  
ca l cu la t ed  in tens i t ies  (see Tab le  1) was  o b t a i n e d  b y  

Tab le  1. Calculated and observed X-ray data for P d ~  2 
(Fe Ka radiation) 

Sin s 0 Relative intensities 
, ,  ,~ 

hbl "Calc. Obs: "Calc. O b s .  

110 0 0764 0-0773 99 100 
101 0"1199 0.1211 107 109 
200 0.1528 0-1540 34 ~ 47 46 
111 0.1581 0.1591 13 J 

210 0.1910 0.1915 5 5 
211 0.2727 0.2741 228 23~ 
220 0.3056 0-3066 63 63 
002 0.3268 0-3283 39 38 
310 0-3820 0.3830 65 72 
221 0.3873 - -  2 - -  
112 0.4032 0.4045 87 86 
301 0.4255 0.4268 129 124 
311 0.4637 - -  2 - -  
202 0.4796 0.4807 46 42 
320 0.4966 - -  6 - -  
212 0.5178 0-5188 5 vw 
321 0.5783 0.5790 98 96 
400 0.6112 0.6120 39 36 
222 0.6324 0-6331 92 95 
410 0-6494 0.6507 5 vvw 
330 0-6876 0.6873 61 61 
312 0.7088 0.7088 139 146 
411 0.7311 0.7310 171 173 
420 0.7640 0-7639 90 / 
331 0-7693 - -  2 / 168 171 
103 0.7735 0.7743 76 
113 0.8117 0-8126 6 vvw 
322 0.8234 - -  1 - -  
421 0.8457 0.8451 8 vvw 
213 0.9263 0.9257 385 
402 0.9380 0.9372 191 } 577 553 

p lac ing  t h e  a t o m s  in t h e  fol lowing pos i t ions  of space 
g roup  D ~ - P 4 J m n m .  (International Tables for X-ray 
Crystallography, 1952, No.  136): 

2 Pd a t o m s  a t  0, 0, 0; ½, ½, ½. 
4 F  a t o m s  a t  ± ( u , u , u ) ;  ± ( u + ½ ,  u--½,½).  

Va lue  of u = 0 .310±0.003.  

Discuss ion  

PdF~ is i sos t ruc tu ra l  w i t h  MnF~, FeF2, CoF2, NiF~ a n d  
Z n F  2. E a c h  p a l l a d i u m  a t o m  has  six f luor ine  a t o m s  form-  
ing an  a lmos t  r egu la r  o c t a h e d r o n  a r o u n d  it .  The  P d F  6 
coo rd ina t i on  o c t a h e d r a  are  jo ined  b y  shar ing  corners .  
The  i n t e r a t o m i c  d i s tances  are  g iven  in Tab le  2. 

I t  is of in te res t  t h a t  t h e  c o m p o u n d  is t he  on ly  k n o w n  
p a r a m a g n e t i c  c o m p o u n d  of d i v a l e n t  p a l l a d i u m  a n d  has  
an  effect ive  m a g n e t i c  m o m e n t  of 1.84 /tB a t  room tern- 
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Table 2. Interatomic distances in P d F  2 

4 Pd-F  2.155 /~ 
2 Pd-F 2.171 
8 F-F  3-060 
2 F-F  2-664 
2 F-F  3.389 

making  the magnet ic  measurement .  They  also t h a n k  
Imper ia l  Chemical Industr ies  Limited,  General Chemicals 
Division, Widnes for the use of the necessary fluorine cell. 
One of us (R. M.) is indebted to the Uni ted  K ingdom 
Atomic Energy  Author i ty  for a main tenance  grant .  

l~eta~ure. The spin-only value for two unpaired electrons 
is 2.83 /~B. Since iron, cobalt and nickel difluorides are 
antiferromagnetic it is probable that the low value of the 
magnetic moment may arise from antiferromagnetic 
effects. 

The authors  t h a n k  Prof. P. L. Robinson and  Dr K.  H. 
J ack  for thei r  interest  and  encouragement  and are 
indebted  to Dr  N. Gill and Prof. R . S .  Nyholm for 

R e f e r e n c e s  

BARTLETT, N. & HEPWORTH, M. A. (1956). Chem. and 
lnd. 1425. 

EBERT, F. (1931). Z. anorg. Chem. 196, 395. 
JAMES, R. W. (1948). The Optical Principles of the Dif- 

fraction of X-rays. London:  Bell. 
RUFF, O. & ASCHER, E. (1929). Z. anorg. Chem. 183, 193. 
TAYLOR, A. (1951). J.  Sci. Instrum. 28, 200. 

Acta Cryst. (1958). 11 ,748  
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F r o m  an X- ray  crystal  analysis of meso-erythri tol ,  

CH2OH. C*I-IOH. C*HOH.  CH2OH 

which has ' asymmetr ic '  carbon a toms (indicated by aster- 
isks), interest ing features of the s t ructure  were found. 

The space group, C~A-I4z/a, previously assigned to 
meso-erythr i to l  was confirmed (Burgers, 1926; Schoen- 
feldt,  H e r m a n n  & Hassel,  1926). A rede te rmina t ion  of the 
unit-cell  dimensions gave the following values 

a = 12.81-t-0-03, c = 6.81-t-0.02 .£,. 

There are eight molecules in the uni t  cell. In  accordance 
wi th  the  conclusions given by  Burgers ( 1926), and  Schoen- 
feldt,  He rmarm & ttassel  (1926), each molecule is found 
to be s i tua ted  at  the centre of symmet ry .  

An approximate  e lectron-densi ty  project ion on (001) 
was obta ined wi th  the aid of inequal i ty  and image- 

(0,¼b) 

(o,o) (b,o)  

Fig. 1. The (001) electron-density projection; 
contours at arbitrary intervals. 

seeking methods  applied to (h/c0) spectra.  The approx- 
imate  x and  y parameters  of the  a toms were then suc- 
cessively refined by the syntheses of e lectron-densi ty  and  

c).) 
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Fig. 2. The structure of meso-erythritol projected on (011), 
showing the hydrogen bonds by dot-dash lines. Single 
circles indicate carbon, and double circles oxygen atoms. 

difference electron-densi ty.  Using the x and y values for 
each a tom obtained from the refined e lect ron-densi ty  
project ion on (001), an effort was made  to conform t,o a 
plausible molecular  s t ructure  in the crystal  so as to give 
an approximate  value of z for each a tom.  Ref inement  of 
z parameters  was done in the same way as x and  y 
parameters .  The electron densi ty  projected on (001) is 
shown in Fig. 1. and the s t ructure  is i l lustrated in Fig. 2. 
R factors are, at  the present  stage of ref inement ,  19-8 
and  14.6% respectively for (hk0) and  (hO1) spectra wi th  
an isotropie t empera tu re  factor B = 2.2 ~t 2. 

Bond distances for the outer  and inner ca rbon-carbon  
bonds, C*-C and C*-C*, were computed  to be 1-54 and 
1.55 /~, and those for the outer  and  inner ca rbon-oxygen  
bonds, C-O and  C*-O, to be 1.47 and 1.46 A. 


