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Introduction 
A n u m b e r  of t r ihal ides ,  in r eac t ion  w i th  alkal i  hal ides ,  
fo rm complexes  in a s o m e w h a t  lmusua l  3 : 2  ra t io ,  t he  
fo rmula  t h e n  be ing  A3B2X9. F o r  some c o m p o u n d s  of th is  
type ,  K3W~C19 (Brosset ,  1935) a n d  CsaT1,C19 (Hoa rd  & 
Goldste in ,  1935; Powel l  & Wells,  1935), the  c rys ta l  s t ruc-  
t u re  has  been inves t iga ted .  I n  t he  case of KaW2C19, Paul -  
ing (1947) showed  t h a t  the re  is some ev idence  t h a t  t he  
u n e x p e c t e d  m a g n e t i c  behav iou r  is due  to bond  fo rma t ion  
be tween  t h e  t r i va l en t  ions:  t he  W - W  dis tance  is shor te r  
t h a n  w o u l d  be expec t ed  for a n  ionic c o m p o u n d .  An in- 
d ica t ion  of cova len t  cha r ac t e r  is t h a t  KaW~CI 9 is dia-  
magne t i c .  

I n  v i ew of th is  u n u s u a l  b e h a v i o u r  we p r e p a r e d  some 
re l a t ed  compounds ,  n a m e l y  CsaCr2C19, Cs3V2C19 a n d  
CsaTi2C19. The  s t r u c t u r e  d e t e r m i n a t i o n  of t h e  first- 
n a m e d  c o m p o u n d  is descr ibed  here .  

Preparation 
Cs3Cr2CI 9 is o b t a i n e d  b y  fusing a m i x t u r e  of t h e  two  
chlor ides  in t he  ra t io  3 :2  in a sealed qua r t z  tube .  W h e n  
t h e  tube  was  h e a t e d  a t  725 ° C. for a few days ,  hexagona l  
needles  a p p e a r e d  in t h e  u p p e r  p a r t  of t he  tube .  Since t h e  
c rys ta l s  are  n o t  f o r m e d  in t he  m e l t  i t  is necessa ry  to  
check  t h e  compos i t ion .  The  chlor ine  c o n t e n t  was  de ter -  
m i n e d  b y  chemica l  ana lys is  (ca lcu la ted :  38.83 % ; found  : 
38.83 %, 38.91%).  

Crystallographic investigation 
P h o t o g r a p h s  were  t a k e n  b o t h  w i t h  Cu K ~  a n d  Me Kc~ 
r ad i a t i on  a b o u t  t h e  c a n d  t h e  a axis.  

F r o m  osci l la t ion a n d  Weissenberg  p h o t o g r a p h s  t a k e n  
w i th  Cu r ad i a t i on  t he  space g roup  was  f o u n d  to  be e i the r  
P63mc or P63/mmc. The  c e n t r o s y m m e t r i c  space g roup  
was  t r i ed  f irs t ;  s ince on its basis a sa t i s fac to ry  s t r u c t u r e  
could  be found ,  we will leave t he  n o n - c e n t r o s y m m e t r i c  
g roup  ou t  of cons idera t ion .  

The  cell cons t an t s  a re  

a = 7.22±0-01,  c = 17-935=0.02 A, c/a = 2 .48 .  

The  dens i t y  was  d e t e r m i n e d  to  be 3.36 g .cm.  -a. F r o m  
th is  va lue  t h e  n u m b e r  of molecules  pe r  u n i t  cell was  
f o u n d  to  be 2; th is  gives  a ca l cu la t ed  dens i t y  of 3.37 
~ . c m ,  - 3 .  

The  cell d imens ions  ind ica te  t h a t  C1 a n d  Cs m i g h t  fo rm 
a close p a c k i n g  w i t h  six layers  of four  a t o m s  e a c h :  

a = 7.22 = 2dcl; c ---- 17.93 ~ 6×½dc1~/6. 

The  fac t  t h a t  m a n y  ref lexions w i t h  h-- /c- - - -3n a n d  
l = 2n a re  s t rong  led us  to t he  a s s u m p t i o n  t h a t  four  of 
t he  Cs ions are  p laced  in pos i t ion  (f)  of t he  space g roup  
6Jmmc; z m u s t  be a b o u t  ~'~ as ref lexions 001 w i th  1 = 6n 
are  v e r y  s t rong.  T h e  o the r  two  Cs a t o m s  t h e n  lie pre-  
s u m a b l y  in (b). W i t h  t he  above  Cs posi t ions,  each  l ayer  
w o u l d  con ta in  one Cs a t o m  a n d  th ree  C1. The  on ly  
p laus ible  pos i t ion  for the  four  Cr a t o m s  is t h e n  on 

4( f )  (with z ~ - -~) ,  w h e r e  t h e y  a re  o e t a h e d r a l l y  sur-  
r o u n d e d  b y  C1 ions. 

The  exac t  co-ord ina tes  were  f o u n d  f rom a F o u r i e r  
syn thes i s  of hOl reflexions.  P h o t o g r a p h s  of a ve ry  small  
sub l imed  crys ta l ,  t a k e n  w i t h  Me K a  r ad ia t ion ,  se rved  
as a basis for th is  synthes is .  I~  a first  a p p r o x i m a t i o n  
t h e  signs were  ca lcu la ted  f rom the  Cs a n d  Cr posi t ions.  
H o w e v e r ,  all signs could  be ca l cu la t ed  w i t h o u t  am-  
b igu i ty  a f te r  t h e  ffi'st Fou r i e r  synthes is ,  wh ich  gave  also 
t h e  C1 coord ina tes .  
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Fig. 1. Projection of the electron density. Contours at inter- 
vMs of 10 e.A -2. The lowest contour line is broken and cor- 
responds to a density of 5 e.A -9". 

A second p ro jec t ion  (Fig. 1) gave  us  t h e  fo l lowing 
coord ina te s :  

2 Cs~ in (b), 
4 Csii  in  (f)  w i t h  z ---- 0.077; 
4 Cr in (f)  w i t h  z ---- 0.837; 
6 Cli in (h) w i t h  x---- 0.508, 

12Cl i i  in  (b) w i th  x =  0.824 a n d  z----0.092. 

T a k i n g  into  a c c o u n t  an  a p p r o p r i a t e  t e m p e r a t u r e  factor ,  
these  co-ord ina tes  give va lues  for  t h e  s t r u c t u r e  fac tors  
as shown  in Tab le  1. 

The  q u a n t i t y  R = ~ (IFc[--IFo])-~lFot was  t h e n  
hOl hOl 

ca lcu la t ed  to h a v e  the  va lue  0.151; in t h e  ca lcu la t ion  
t h e  ref lexions 006 a n d  0r0fl2 were  o m i t t e d  because  t h e y  
were  suspec ted  to  have  s t rong  ex t inc t ion .  

Discussion 
The  s t r u c t u r e  is shown in Fig .  2, w h i c h  gives a sec t ion in 
t he  mi r ro r  p lane  (1130). (Atoms n o t  ly ing  on a th ree fo ld  
axis  are  r e p e a t e d  b y  those axes  in f ron t  of a n d  b e h i n d  
t h e  p lane  of d rawing . )  I t  bears  a s t rong  resomblanco  to  
t he  s t r uc tu r e  of K3W2C19. The re  is, however ,  one s t r ik ing  
d i f ference:  t he  d is tanco  W - W  across t he  m i r r o r  p l ane  
a t  (x, y, 1) is excep t iona l ly  shor t ,  whe reas  t h e  Cr a t o m s  
are  sh i f ted  f rom this  p lane  t o w a r d s  t he  ou te r  C13 layers  
of t he  g roup  Cr2C19, in acco rdance  w i th  Pau l ing ' s  rulo for  
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h l  
1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  

.F  o 

21 
12 
72 

7 
0 

120 
26 

- - 1 7  
- - l I  
-4-73 

- - 8  
4 3  

• 4-100 
- - 1 7  

0 2 18 --  14 
0 4 24 - - 1 8  
0 6 77 - - l l 5  
0 8  0 - - 2  
0 10 15 --  I5 
0 12 96 .4.119 
0 14 15 - - 9  
0 16 15 - - 4  
0 18 57 - - 6 3  
0 20 10 -4-10 
0 22 26 --21 
0 24 57 -4- 59 

l l  7 + 6  
1 2 36 --  30 
1 3 36 - -  34 
1 4 34 -4- 35 
1 5 43 - 44 
1 6  7 - - 8  
l 7 8 .4.14 
1 8 37 -4- 39 
l 9 36 -4- 34 
1 10 11 - - 1 2  
1 l l  17 4 1 6  
1 12 8 - - 9  
1 13 24 -4-16 
1 14 33 - - 3 2  
1 15 16 --  19 
1 16 18 -4-16 
I 17 44 - - 41  

T a b l e  1. Observed and calculated F(hO1) values 

h l  Fo Fc 
1 18 0 - - 6  
1 19 l0  - - 8  
1 20 31 4 29 
l 21 20 + 23 

2 1 30 -4- 27 
2 2 56 --  70 
2 3 62 -4- 82 
2 4 61 -4-80 
2 5 52 + 54 
2 6 12 - -11  
2 7 48 --  48 
2 8 64 -4- 59 
2 9 70 --  67 
2 10 46 - -51  
2 11 13 - - 1 4  
2 12 0 - - 3  
2 13 16 -4-18 
2 14 44 - - 4 6  
2 15 37 -4-40 
2 16 43 -4-49 
2 17 30 -4-30 
2 18 20 - -  14 
2 19 22 - - 2 2  
2 20 39 + 37 
2 21 32 - - 3 4  

3 1  0 - - I  
3 2  0 - - 5  
3 3 22 - - 1 2  
3 4  0 - - 3  
3 5  0 .4.1 
3 6 33 --  33 
3 7  0 -4-3 
3 8 22 --  19 
3 9 16 -4-10 
3 10 22 --  28 
3 11 0 - - 3  

F o =- 0 

of Cs3Cr2C19 

h l  F .  F~ 

3 12 55 + 56 
3 13 0 - - 3  
3 14 22 -4-17 
3 15 9 - - 7  
3 16 10 4 13 
3 17 0 4 5  
3 18 12 - - 2 4  
3 19 0 -4-3 
3 20 31 - - 2 2  

4 1 21 - - 2 0  
4 2 49 --  52 
4 3 55 - -  62 
4 4 56 + 59 
4 5 44 --  43 
4 6  11 - - 9  
4 7 38 -4- 39 
4 8 54 + 53 
4 9 57 -4- 57 
4 l0  41 - - 4 2  
4 11 0 4 1 3  
4 12 0 - - 2  
4 13 15 - -  15 
4 14 39 - - 4 1  
4 15 34 --  36 
4 16 46 + 4 4  
4 17 29 - - 2 8  
4 18 0 - -  13 
4 19 19 -4-20 
4 20 33 -4- 34 

5 1 10 -4-8 
5 2 16 - -  16 
5 3 23 + 24 
5 4 15 -4-16 
5 5 44 4 37 
5 6 17 --  16 
5 7 25 --  20 

o r  t o t a l l y  a b s e n t .  t oo  w e a k  to  e s t i m a t e  

h l  Fo F~ 
5 8 26 + 27 
5 9 20 --  25 
5 l 0  0 4 0  
5 l l  21 - - 1 8  
5 12 0 4 2  
5 13 0 - - 3  
5 14 27 - - 2 8  
5 I5 0 4 15 
5 16 0 + 4  
5 17 38 -4-}-38 

6 1  0 -4-0 
6 2  0 - - 6  
6 3  0 + l  
6 4  0 - - 7  
6 5  0 + 0  
6 6 65 --  72 
6 7  0 - - 0  
6 8  0 - - 2  
6 9  0 - - 0  
6 10 10 - -  12 
6 1 1  0 + 0  
6 12 70 -4-[-83 

1 1 l0  4 9  
7 2 22 - - 2 I  
7 3 21 --  19 
7 4 27 4 25 
7 5 15 - -  18 
7 6  0 + 5  
7 7  0 - -1  
7 8 26 4 25 

8 1  0 + 1 3  
8 2 27 - - 3 4  
8 3 35 -4- 39 
8 4 35 4 39 
8 5 20 -4- 28 
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Fig .  2. T h e  m i r r o r  p l a n e  1150. 

• p o l y h e d r a  s h a r i n g  f a c e s .  M o r e o v e r ,  CsaCr2C19 is p a r a -  
m a g n e t i c ,  c o r r e s p o n d i n g  t o  a m o m e n t  /~obs.----3"82/ZB; 
#calc.---- 3"87/~B f o r  Cr I I I  h a v i n g  t h r e e  u n p a i r e d  d e l e c -  
t r o n s .  T h i s  is t h e  v a l u e  e x p e c t e d  e i t h e r  f o r  i o n i c  C r  a+ 
o r  f o r  c o v a l e n t l y  b o n d e d  CrI I I  in  o c t a h e d r a l  d2sp a c o n -  

f i g u r a t i o n .  

(a) (b) 

Fig.  3. (a) T h e  Cr2Cl.~- ion.  (b) P r o j e c t i o n  of t h e  W~CI a -  ion  
on  001. 
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The shift of the  Cr atoms causes a pyramida l  distort ion 
of the  octahedra  in the  Cr~CI~ group, the  angle ~ being 
176 ° (Fig. 3(a)); in K3W~C19 a similar distort ion is found 
but  in tha t  case c~ is slightly larger t han  180 °. A fur ther  
distort ion occurs in the group W2C19 because the  CIII 
layers are ro ta ted  about  the 'axis' W - W  unti l  the  upper  
and  lower C1 a triangles differ 37 ° 30' in az imuth  (Fig. 3(b)) ; 
in the  regular C1 configuration, as found in CsaCr2C19, 
this difference is 60 ° . 

The following distances are observed in Cs3Cr~CI~: 

Cr-Cli = 2.52 A CII-CII --- 3.43 .k Csi-CII ---- 3.61 A 
Cr-C1H ---- 2.34 Cln-C1H ---- 3.40 Csi-C1H ---- 3-59 
Cr-Cr == 3-12 CsII-CII = 3.68 

CsH-Cll~ -~ 3.62, 3.63 

Finally,  powder  photographs showed tha t  the earlier 
ment ioned  compounds  CsaV2C19 and  CsaTiaC19 are iso- 
morpheus  wi th  the  compound described above. 

The dimensions of the uni t  cell are:  

CsaV2C19: a ~- 7.24, c = 17-94/k, c/a = 2.48.  
CsaTi2C19: a -~ 7.32, c -- 17.97/k, c/a -~ 2.45.  

The authors  wish to express their  thanks  to Prof. Dr  
C. H.  MacGillavry and  Prof. Dr  A. E.  van  Arkel for their  
constant  help and  interest  dur ing the  investigation. 
They  are also indebted to the F.O.M.R.E.  organizat ion 
for the  use of the  apparatus .  
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Die yon Zahn & Spoor (1956) dargestell te Verbindung 
(I) kristallisiert in gut  ausgebfldeten pr ismatischen Na- 
deln, monoklin,  l~adelachse [101]. 

j ( C H ~ ) 6 ~  

N H  N H  

\ ( C H . ) . /  
(I) 

Die R6ntgonuntersuchung lieferto die folgenden Ab- 
messungen der Elementarzel le :  

c o ---- 10,20:t:0,03/k, b 0 -- 15,33:t:0,02, a 0 ----- 9,006:t:0,01 , 
fl = 112 ° 4 1 ' ± 6 ' .  

Bei Annahme  yon vier Molekiilen in dor Elementar -  
zelle berectmet  sich daraus  die Dichte---1,014~:0,004 
g.cm. -a, die mi t  der  bei 20 ° C. gemessenen Dichte  1,002 
g.cm. -a hinreichend fibereinstimmt. 

Beim Versuch eine Kristal lnadel  quer zur Nadelachse 
durchzuschneiden,  spaltet  sich dieselbe sehr leicht in ein 
faseriges Nadelbiindel,  das dem Zerschneiden in der  
Querr ichtung grossen Widers tand  entgegensetzt .  Diese 
Eigenschaft  zeigt, dass die zwischenmolekularen An- 
ziehungskr~fte im Gitter in R ich tung  der Nadelachse 
offenbar wesentl ich grSsser sind als senkreeht  dazu. Da  
andererseits die Methylengruppen der Molekiile im Ver- 
gleich zu den Aminogruppen nur  einen kleinen Bei t rag 
zur zwisehenmolekularen Anziehung liefern diirften, kann  
m a n  annehmen,  dass in Rich tung  [101] Molekiilketten 
im Kristal lgi t ter  vorliegen werden,  deren Einzelmolektile 
fiber N-H-N-Br f i cken  zusammenh~ngen.  

Eine voile S t ruk tu rbes t immung  ist z. Zt. n icht  beab- 
sichtigt. 
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I n  the course of the  analysis of the  crystal  s t ructure  of the  stable one. In  the  following, we shall call the  former 
chloroacetamide (Katayama,  1956), the  au thor  found a the fl-form and  the  la t ter  the a-form. 
new form of this compound which has str ikingly almost The difference between the cell dimensions and  space 
the  same cell dimensions and belongs to the same space groups of these two forms (Table 1) is found only in the 
group as the one analysed by Dejace (1955). The former value of fl, fl being 98 ° 49' in the a-form and  102.5 ° in 
was named  ten ta t ive ly  an unstable form and  the la t ter  the E-form. Penfold & Simpson (1956) recent ly  repor ted 


