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Abstract 

The crystal structure of the prototype phase of dical- 
cium barium cyclopropanecarboxylate is described. 
Ca2Ba[(CH2)2CHCOO]6, Mr=728,  cubic, Fd3rn 
(O7), a = 18.409 (9) A, V=  6239 A3, Z =  8, Dx = 1.55, 
D m = l ' 5 6 ( l ) M g m - 3 ;  R=0"034,  Rw=0.032 and 
Rc = 0-037 for 516 reflections. As in the isomorphous 
compound dicalcium barium propionate, the struc- 
ture is disordered with the organic groups statistically 
in two sites related by a pseudomirror plane. X-ray 
diffuse scattering measurements show that there are 
correlated locally ordered regions in the form of 
platelets perpendicular to (100) and elongated along 
the (110) directions, corresponding to regions of 
opposite chiralities. The correlation lengths are found 
to be 23.4(5) A projected along [110] and 4-1 (1) 
projected along [001]. It has been found that at room 
temperature the crystal is normally orthorhombic, but 
that X-ray dosage stabilizes the prototype phase at 
this temperature. The orthorhombic-cubic transition 
in the absence of X-ray dosage is at about 308 K. 

Introduction 

As part of an extensive study of the relationship 
between the physical properties and crystal structures 
of dicalcium metal propionates, Stadnicka & Glazer 
(1980) published an account of the structure and 
disorder of dicalcium barium propionate, DBP. It 
was found that the space group was Fd3m ( 0  7) and 
that the twofold axes of this space group implied a 
statistical two-site disorder of the propionate group 
about its long axis (it is important to note that we 
use the term 'disorder' here in the general sense of 
either static or dynamic disorder, as structure deter- 
mination alone cannot distinguish the two). X-ray 
diffuse scattering studies revealed streaks in the h > 0, 
k > 0 ,  l >  0 quadrant directed along [ l i0]  (and in its 
symmetry-equivalent directions in other quadrants of 
reciprocal space), whose cross-sections were more 
elongated along [001] than along [110]. These streaks 
were found to pass through all reciprocal-lattice posi- 
tions in the hkO plane given by h + k  = 8n. Diffrac- 

tometer measurements by Singh & Glazer (1981) 
showed that the profile cross-sections along [ 110] and 
[001] could be described very closely by the simple 
one-dimensional disorder model of Wilson (1962), 
applied independently to each direction, to give short- 
range correlation lengths of 24.5 (5) and 4.6(1) 
respectively. The disorder was interpreted in terms 
of approximately two-dimensional 'platelets' of local 
order of opposite chiralities (in this connection note 
that Fd3m contains both 41 and 4 3 axes).* 

A structural study of the Sr salt, DSP, at room 
temperature (Glazer, Stadnicka & Singh, 1981) 
confirmed these ideas, since the structure was of a 
single chirality, P41212 (D~), and it was possible to 
use the positions of Ca and Sr to explain the 
anisotropic temperature factors of Ca and Ba in DBP 
in terms of a superposition of chiral states produced 
by P4t2~2e P43212® threefold rotations about cubic 
[111]. A low-temperature structural study by Stad- 
nicka, Glazer, Singh & Sliwifiski (1982) enabled the 
spontaneous polarization of DSP in its ferroelectric 
phase to be calculated. 

Optical simulations of the diffuse scattering in DBP 
by Welberry (1982) gave additional support to the 
disorder model proposed and demonstrated that the 
cations produced the major contribution to the diffuse 
intensity. 

At the same time, we have tried to produce entirely 
new materials of this type to see what the effect would 
be of changing the organic group in the crystal. Crys- 
tals of dicalcium metal acrylates (Stadnicka & Glazer, 
1982) were grown and, in particular, the Ba compound 
DBA was found to have a phase transition from an 
orthorhombic phase of space group Pnma (D~ 6) or 
Pn21a(C9~) to a cubic phase of space group 
Fd3m ( 0  7) at about 382 K. On the basis of this work 
we were able to propose a scheme for all the known 
phases found in these materials (Fig. 1). 

In the present paper we describe work on a new 
compound of the series, DBC. Cyclopropanecar- 
boxylic acid was chosen because the molecule is 

* A fuller discussion of this model can be found in Glazer, 
Stadnicka & Singh (1981). 
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similar in size and shape to the disordered propionate 
group in DBP, viz: 

0 C,(3) 0 C(3) 

\ C ( 1 ) - - C ( 2 ) / r  \ C ( 1 ) - - C ( 2 )  / 
/ \ 1  / "-, 

0 C(3) 0 C(3') 

Preliminary-work 

Crystals of DBP were grown by slow evaporation of 
an aqueous solution of the cyclopropanecarboxylate 
salts in stoichiometric proportions. The resulting crys- 
tals were optically clear and highly reflective, and 
approximately octahedral in shape, similar in appear- 
ance to DBA (Stadnicka & Glazer, 1982). 

Between crossed polars some evidence for 
anisotropic optical extinction was found, but not very 
clearly. The crystals showed a mottled appearance 
with some regions dark and others light, as if they 
were of poor quality, despite their excellent appear- 
ance in ordinary light. However, on heating to above 
308 K good isotropic extinction was observed suggest- 
ing a phase transition to a cubic phase near this 
temperature. On cooling the crystals to liquid- 
nitrogen temperatures the extinction became sharp 
and anisotropic, confirming this view of a phase 
transition above room temperature. Hence, the 
mottled effect referred to above results from the crys- 
tals at room temperature being at just below the 
transition temperature and has nothing to do with 
crystal quality. 

X-ray Weissenberg photographs taken with Cu Ka 
radiation showed that the unit cell can be described 
by a = b = c, a =/3 = 3/= 90 ° to within the resolution 
permitted by the camera. The diffraction pattern was 

J 7 J DBP I Fd3m(0")l DBA 
_ ~ D B C  

,/'" ~ DBA(382K) 
F .'" F~DBP(2 53K) ,,/,//,,.'/ ' " ~ C 1 3 0 8 K )  

[P41212(D:~) ]DSP Pnma(D~hB¿ DBpDBA 
I P4 :ffr2(D^ |DLP l k DBC [ 3, ~)/ ' -  / 
- ~ ,.,, oo 

"'.~.,. F oo ° 
DSP(281K) "".. . / 
DLP(333K) "-.... -IDsA ~ Pn2,a(C,,,) I 

/ P2'2 '2 ' (D') ]  DLA 
L | 

I P4, (C~) I DSP / , . / ' / "  
P4 or . / DLP / • 3 (C:~) / / F ,.....-"F 

,P( 104K1 / . . , "  

Fig. l. Schematic diagram of successive phases for the dicalcium 
metal propionates, acrylates and carboxylates. The full lines 
indicate known transitions and dashed lines potential continuous 
phase transitions, so far unreported. The letter F denotes a 
ferroelastic phase transition. 

similar to that of DBP, except that there were some 
weak extra reflections on hkO of the type h + k ~ 4n. 
The diffraction spots were exceptionally sharp and 
the whole pattern indicated that the crystal was of 
unusually high quality. After several days of exposure 
to X-rays, it was noticed that the extra reflections had 
disappeared and the remaining pattern, which was 
still very sharp, could be indexed as Fd3m (07h). 
Optical examination of the crystal showed it to be 
isotropic, and hence we concluded that X-ray dosage 
had stabilized the high-temperature phase at room 
temperature. (It would be interesting to establish how 
low in temperature one could go and still see this 
unusual effect.) 

Low-temperature Guinier-Simon photographs of 
powdered DBC were taken over the range 113 to 
323 K. It was seen that several of the high-temperature 
cubic lines were split at very low temperatures just 
as in DBA, but to a smaller extent. Recent X-ray work 
by Singh & Wondre (1984) on DBP shows a similar 
transition at about 268 to 263 K. From this we see 
that all three Ba compounds probably undergo the 
same type of transition (with the order of transition 
temperatures given by DBP< DBC < DBA) from the 
prototype Fd3m ( 0  7) phase to a ferroelastic phase 
of symmetry Pnma (Dt~ 6) or Pn21a (C9v), and there- 
fore belong to the Aizu (1969) ferroic species 
m3mFmmm(ss) or m3mFm2m(ss). The extra reflec- 
tions found in fresh DBC crystals therefore arise from 
the fact that at room temperature before heavy X-ray 
dosage they are in the orthorhombic phase. On the 
basis of these results DBC has been added to the 
scheme in Fig. 1. 

Crystal structure of prototype phase 

( a ) Experimental 

A single crystal of natural shape approximately 
0.20 x0.27 x0.29 mm was mounted along [001]. After 
several days of exposure to'Mo Ka radiation at room 
temperature, Weissenberg photographs showed no 
hkO reflections with h + k ~ 4n, thus confirming that 
the crystal was in its prototype phase. 

This crystal was then used for X-ray intensity 
measurement on a Stoe Stadi-2 diffractometer with 
graphite-monochromated Mo Ka radiation pro- 
duced with a Philips PW 1730. The cubic unit cell 
was refined by least squares from the 20 angles of 15 
measured high-angle reflections. 

Data were collected on ten reciprocal-lattice layers 
(l = 0 , . . . ,  9). F centring was assumed in accordance 
with the Weissenberg reflections. In each layer a check 
reflection was measured after every 20 reflections; in 
general the variation was less than 2%. Between each 
layer measurement the intensities of the 800 and 080 
reflections were checked to eliminate intensity drift 
with time. Lorentz-polarization corrections were 



K. S T A D N I C K A  A N D  A. M. G L A Z E R  141 

Table  1. Fractional coordinates, thermal parameters and bond lengths and angles 

(a) Fractional coordinates (daggers indicate atoms given site-occupancy factor of one-half) and temperature factors (/~2) {T= 
exp [-27r2(Ui lh2a .2 +2 U~2hka*b* +...)]} 

Point 
Site symmetry x y z UI2 /-/22 /-/33 /-/23 U~3 U~2 

Ba 8(a) 43 m 0 0 0 0.0346 (2) Ull Ul, 0 0 0 
Ca 16(c) 3m ~ -~ ~ 0.0679 (5) U,, U,l -0.0215 (4) /./23 /./23 
O 96(g) m 0.1536(2) 0.0394(1) 0.0394(1) 0-139(3) 0-102(1) Uz2 -0-048(2) 0.001 (11) U~3 
C(I) 48(f) mm 0.1883 (3) 0 0 0.050 (2) 0.076 (2) /./22 0.003 (3) 0 0 
C(2)t 96(g) m 0.2655 (4) -0.0188 (3) -0-0188 (3) 0.047 (3) 0.131 (4) U22 -0.021 (5) -0.001 (2) U~3 
C(3)t 192(h) 1 0-3175 (4) -0.0110 (4) 0.0432 (4) 0.083 (3) 0.239 (6) 0-164 (5) -0.007 (5) -0-050 (4) -0-008 (4) 

(b) Bond lengths (A) and angles (°)-compared with DBP 

DBC DBP DBC DBP 
Ba-Ca 3.986 (2) 3.936 (1) Ca-O-Ba 96.7 (I) 97.0 (2) 
Ba-O 3.008 (4) 2.965 (5) O-C(I)-O' 116. I (5) 115.5 (8) 
Ca-O 2-289 (3) 2.253 (4) O'-C(i)--C(2) 140.9 (5) 139.0 (8) 
O-O' 2.054 (6) 2.039 (8) O-C(1)-C(2) 103.0 (5) 105.6 (7) 
O-C(I) 1-210 (4) 1.205 (5) C(1)-C(2)-C(3) 114-0 (5) 113 (1) 
C(1)--C(2) 1.502 (9) 1.57 (2) C(3)-C(2)-C(3') 56.2 (3) -- 
C(2)-C(3) 1.497 (8) 1.36 (2) C(3')-C(3)-C(2) 61-9 (3) -- 
C(3)--C(3') 1.41 (10) --  

app l i ed  a n d  c o m m o n  reflect ions on even a n d  odd  
layers  s h o w e d  tha t  no a rb i t r a ry  scale fac tors  be tween  
layers  were  needed .  In all 2489 reflections were  
measu red .  A b s o r p t i o n  correc t ions  (/ZMo K~ = 
15.39 cm -~) were  m a d e  with the SHELX76 p r o g r a m  
(Sheldr ick ,  1976), with m a x i m u m  and  m i n i m u m  t rans-  
miss ion  fac tors  o f  0.783 a n d  0.764. It was  f o u n d  tha t  
all hkO reflections with  h + k ~ 4n had  intensi t ies  less 
t han  40- a n d  so they were  omit ted .  

(b) Refinement 

Afte r  merg ing  the  d a t a  acco rd ing  to po in t  g r o u p  
m3m (R =0 .009 ) ,  571 i n d e p e n d e n t  reflect ions resul-  
ted. O f  these,  55 with  Fo <40 . (Fo)  were  omi t t ed  to 
give 516 i n d e p e n d e n t  reflections.  Sca t te r ing  fac tors  
for  neu t ra l  a toms  were  a s s u m e d  [ taken  f rom Interna- 
tional Tables for X-ray Crystallography (1974, p. 99; 

f '  a n d  f "  f rom p. 149)]. 
As the  s t ruc ture  was  expec ted  to be i s o m o r p h o u s  

with DBP,  the  Ba, C a  a n d  O ions were  t aken  to be 
in the  specia l  pos i t ions  

Ba 8(a)  0, 0, 0 
C a  16(c) ! l 1 8, ~, 

O 96(g)  0" 1532, 0.0397, 0"0397. 

A Four i e r  m a p  b a s e d  on these  a toms  revea led  the 
pos i t ions  o f  the C(1) [48( f ) ]  a n d  C(2) [96(g)]  a toms.  
This m a p  s h o w e d  C(2) to be s tat is t ical ly d i s t r ibu ted  
in two pos i t ions  across  the (011) mi r ro r  p lane  and  
lying in the  (011) mi r ro r  p lane .  Subsequen t  di f ference 
Four i e r  m a p s  gave  the  C(3) posi t ions ,  which  t h rough  
the  d i so rde r  inheren t  in this s t ruc ture  occur  in fou r  
genera l  pos i t ions  re la ted  by the (011) a n d  (011) mi r ro r  
p lanes .  

Af te r  several  cycles o f  re f inement  (SHELX76) with 
an i so t rop ic  t e m p e r a t u r e  fac tors  on all a toms  a n d  

weights  acco rd ing  to w =  k[0.2(Fo)+gF2] -1, g con- 
verged  to 0.0001, a n d  the  a g r e e m e n t  fac tors  were  
R = 0.034,  Rw = 0.032 and  R c  = [~  w(AF)2/ 

wF2o]~/2=0.037. A difference m a p  s h o w e d  tha t  
there  was  no res idual  e lec t ron dens i ty  g rea te r  t han  
0.1 e ~ - 3  (the H a t o m s  could  not  be obse rved  because  
o f  the large a m o u n t  o f  d i so rde r  in the  s t ructure) .  The 
only h igh cor re la t ion  was  82% be tween  the scale 
f ac to r  a n d  U~ for  Ba, as seen in DBP.  Table  1 lists 
the  final f rac t iona l  coord ina te s  a n d  t e m p e r a t u r e  
fac tors .*  

(C) Description of the structure 

In Fig. 2 the Ba, C a  a n d  O a toms  are shown.  The 
c o o r d i n a t i o n  o f  the  ca t ions  by O is prec ise ly  the  same  
as in D B P  [cf. Fig. 5 in S t adn icka  & G l a z e r  (1980)], 
tha t  is wi th  12-fold c o o r d i n a t i o n  a r o u n d  Ba a n d  six- 
fold in the shape  o f  a t r igonal  an t ip r i sm a r o u n d  Ca.  
F r o m  Tab le  1 we see tha t  all B a - C a ,  B a - O  a n d  C a - O  
d is tances  are be tween  1.3 a n d  1.6% la rger  in D B C ,  
despi te  a 2 .2% increase  in (densi ty)  ~/3, showing  tha t  
the B a - O  a n d  C a - O  b o n d  s t rengths  are w e a k e r  in 
this case.  This can  be seen also in the  fact  tha t  the  
d i s tances  be tween  O a t o m s  in different molecu les  are 
s ignif icant ly la rger  in D B C  than  in D B P  [2.971 (6) 
a r o u n d  Ba and  3.48 (1) /~  a r o u n d  Ca,  cf. 2.918 (8) a n d  
3.43 (1) .~]. O t h e r  d i f ferences  be tween  the  two struc- 
tures  are  the smal le r  t e m p e r a t u r e  fac tors  ( abou t  3 2 -  
3 6 % )  for  Ba and  C a  in D B C ,  a n d  a di f ferent  or ienta-  
t ion o f  the  m a j o r  axes  o f  the O the rma l  e l l ipsoids  - 
in D B P  they  are d i rec ted  t owards  Ca  whe reas  here  

* Lists of structure factors have been deposited with the British 
Library Lending Divison as Supplementary Publication No. SUP 
38926 (4 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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they are directed more towards Ba. The large decrease 
in thermal-ellipsoid magnitudes despite an increase 
in bond lengths is unusual, as one would expect more 
thermal amplitude if more space is available: this 
contrary observation may support the idea that in 
DBP most of the observed thermal ellipsoid is caused 
by disorder rather than by normal thermal motion. 
Clearly in DBC this disorder is less significant. We 
note that the ellipsoid for Ca is a disc flattened per- 
pendicular to [111], whereas for Ba it is a sphere. The 
same shapes are found in DBP and were explained 
by Glazer, Stadnicka & Singh (1981) by superposition 
of opposite chiral structures, as a result of supposing 
DBP to consist of chiral microdomains. 

In Fig. 3 the organic molecule is shown as a stereo- 
plot and this should be compared with Fig. 6 in the 
DBP paper. Apart from the cyclopropane ring the 
most obvious difference is in the O thermal ellipsoids 
which point along the molecular a x i s - i n  DBP they 
were perpendicular to this axis. This effect is also 
seen in Fig. 4. In addition C(1) and C(2) look more 
isotropic when viewed along the molecular axis along 
[100] for the molecule chosen. It is interesting to note 
also that in DBC the C(3) atoms lie above and below 
the molecular plane (Fig. 4b), whereas in DBP the 
whole molecule is planar (Fig. 4c). For the particular 
molecule drawn in Fig. 3 the (011) plane is a 

a I 

b 

o 

Fig. 2. The coordination of Ba and Ca by O. Thermal ellipsoids 
are shown for each atom. The cations shown are at positions: 
Ba 0, 0, 0; Ca ~, ~, ~; and aa ~, ¼, ~ along [ill]. 

Ba Ba 

I~c(O 0 0 

c, , ,  c, , ,  

Fig. 3. Stereoplot of the cyclopropanecarboxylate group and neigh° 
bouring Ba and Ca. 

pseudomirror to give the statistical two-site disorder 
of the molecule (not shown in the diagram). The bond 
lengths and angles are given in Table 1 and can be 
seen to be similar to those in DBP. The molecular 
geometry agrees well with that found in t-2,t-3- 
dimethyl-r-1-cyclopropanecarboxylic acid (Luhan & 
McPhail, 1972). 

In Fig. 4(a) are shown the thermal ellipsoids projec- 
ted onto the molecular plane. The anisotropy of C(1) 
and O can be explained very well by superimposing 
two molecules disordered across the (01 l) plane. C(l), 
which was refined as a single atom, is in reality two 
disordered C(1) atoms very close together to give the 
anisotropy shown in the diagram. By keeping the 
O-C(1 )-O angle as 116 ° (as in Table 1 ) and the C( 1 )-O 
distances equal we find that each O ellipsoid results 
from the superposition of two O atoms. The large 
anisotropy seen in C(2) and C(3) suggests a further 
disordering or motion in agreement with the view 
expressed by Glazer, Stadnicka & Singh (1981) that 
in these types of compound the metal-O-Ca interac- 
tions are the overriding features, with the organic 
parts tightly anchored at the carboxylate end and the 
C(2), C(3) 'tail' fitting in where it can. As the 'tail' is 
farthest from the cations it has more room to move 
about. The view in Fig. 4(b) is consistent with an 
additional rocking of the molecule about its axis. As 
in DBP, we may suggest that the cyclopropane group 
oscillates about the molecular axis and occasionally 
flips over to its alternative site: such a dynamic model 
is consistent with the magnetic-resonance observa- 
tions in DBP (Nakamura, Suga, Chihara & Seki, 1968; 
Bhat, Dhar & Srinivasan, 1982). If true, the two-site 
disorder described here has a dynamic rather than a 
static character. It is interesting to note from Fig. 4(b) 
that the two C(3) atoms in DBC correspond not to 
the two disordered C(3) atoms in DBP but to the two 
extreme positions of one C(3) atom during its oscilla- 
tion about the molecular axis. The disordered C(3) 
positions in DBP correspond to the disordering of 
the whole cyclopropane ring in DBC by the 
pseudomirror plane. 

C(3~, o 

O ~  0 C13) C{2) 
(a) (b) (c) 

Fig. 4. (a) Two cyclopropanecarboxylate groups superimposed to 
explain the apparent thermal ellipsoids of C(l) and O, as viewed 
on the molecular plane. (b) One cyclopropanecarboxylate group 
viewed down the molecular axis. (c) One propionate group 
viewed down the molecular axis. 
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Fig. 5 shows a projection of all the atoms in a slice 
between z=0 .175+0 .125 ,  and this should be com- 
pared with Fig. 4 of Stadnicka & Glazer (1980). The 
shaded ellipsoids represent those of one molecular 
fragment ordered according to maximization of the 
C(3)-C(3) intermolecular contacts. We note that the 
shortest distance is (2) 3.351 A, a little shorter than 
the expected van der Waals distance (the H atoms 
are above and below the cyclopropane ring and there- 
fore are not so important in determining the inter- 
molecular contacts). Therefore, when compared with 
distance (3) 3-778 ,~ we would expect a tendency for 
the molecules A and F to adopt an arrangement 
where distance (3) is more likely to occur, at least 
over a limited local region of the crystal. Similarly 
distance (1) 3.627/~ is also short and again would 
tend to order the molecules A, B, C and D as shown. 
Note, however, that molecule E cannot be fixed once 
A, B, C and D are chosen because distance (1) is 
found for both positions of C(3) in E. On the other 
hand, if we order E with respect to A and C, then B 
and D cannot be ordered. This demonstrates that 
local ordering will occur independently in two- 
dimensional regions (platelets) perpendicular to the 
three (100) directions. This picture is very similar to 
that in DBP and results in ordered regions of opposite 
chiralities. The C(3) intermolecular contacts deter- 
mine the degree of correlation across the ordered 
regions through the above mechanism. 

nicka & Glazer, 1980; Singh & Glazer, 1981). No 
noticeable change in the streaks was observed with 
X-ray dose. It was decided to make a quantitative 
study of the hkO reciprocal-lattice plane to compare 
with that for DBP. 

The same crystal that was used for the structural 
work was employed here. With the same diffractom- 
eter and radiation, a 0.8 mm collimator and 0.5 × 
0.5 mm detector slit at 120mm from the crystal, 
intensity measurements were made at steps of reso- 
lution ~ a *  and ~b* Each point was measured for 
90 s. The numbers of counts at each point were 
rounded off to the nearest 50 and plotted on a large- 
scale map of the hkO plane, with a value of 100 counts 
as the cut-off value above background. 

The results of this measurement are shown in Fig. 
6 which should be compared with Fig. 1 in Singh & 
Glazer (1981). The diffuse streaks shown in Fig. 6 are 
weaker than those seen in the DBP paper because a 
smaller crystal was used for this study. However, it 
was noticed that the Bragg intensities in DBP were, 
despite this, considerably stronger in DBC. Neverthe- 
less, it can be seen that along rows g_iven by Ihl +lkl = 
8n the intensity is elongated in [110] for the upper- 
fight quadrant  (and along [110] for the lower-right 
quadrant), and the pattern is in broad agreement with 
that found in DBP. 

X-ray diffuse scattering 

X-ray photographs taken with a stationary crystal and 
unfiltered Cu radiation showed evidence of diffuse 
streaks rather similar to those found in DBP (Stad- 

v o%o  
0 ,o  

'J ~Ca C(3) ,C(2) (~0  

Fig. 5. Projection of  a section of  the structure on to (001) with 
z = 0.175 + 0.125. Thermal ellipsoids are drawn for each atom 
with C(2) and C(3) shown in both disordered sites either side 
of  the pseudomirror plane. The shading indicates one ordered 
arrangement of  C(3) and C(2) if it is assumed that intermolecular 
C(3)-C(3) contacts are maximized. The distances marked are (1) 
3.627, (2) 3-351 and (3) 3-778 A. 

® % 

~ ( ~ ,  ~ , ~  

, ~ ®  e - % 

k ,  

Fig. 6. Diffuse scattering in the hkO reciprocal-lattice plane of  
DBC. 
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A more quantitative measurement was made by 
scanning carefully across the streak passing through 
880, along the section AA, in order to measure the 
profile along [110], and vertically through B in the 
12,12,0 streak to measure the profile along [001]. 
These sections were chosen so as to be well away 
from Bragg points and to exclude the effect of any 
wavelength harmonics from the graphite mot;o- 
chromator that might still get through the pulse-height 
discrimination of the counting chain. Each point in 
the profile was measured for 30 min. The profiles were 
corrected for the effect of the detector slit width by 
deconvolution by the method of Stokes (1948). No 
Lorentz-polarization or absorption corrections were 
applied as these are negligible over the range of 
measurement. 

Figs. 7 and 8 show the profiles obtained. The pro- 
files were analysed in the same way as Singh & Glazer 
(1981), that is by assuming one-dimensional stacking- 
type disorder in the [110] and [001] directions to give 
the streaks along [ l l0] .  This is a reasonable approxi- 
mation because the cross-section of the streaks is very 
anisotropic and therefore the intensities along the two 
orthogonal directions across the streaks can be treated 
as essentially independent. Therefore, for each of 
these two orthogonal directions the intensity can be 
described by the Wilson (1962) formula: 

Io[1-(1-2a)  2] 
I =  

1-2(1  - 2 0 0  cos H +(1 - 2 a )  2 

for the profile along I110] 

/ o [ 1 - ( 1 - 2 / 3 )  2] 
I -  

1 - 2 ( 1 - 2 / 3 )  cos K + ( 1 - 2 b )  2 

for the profile along [001]. 

a and /3 are the probabilities of a mistake in the 
sequence of structural units along [ l l0 ]  and [001] 
respectively. H = 2 ~ A . S  and K =2r rB.S ,  where A 
and B are the repeat vectors along the one- 
dimensional chains in these two directions, and S is 

the appropriate scattering vector in each case. Io rep- 
resents intensity derived from the difference in trans- 
form of the two disordered species responsible for 
the diffuse scattering. The above formula was fitted 
by least squares to the two sets of data, by refining 
in each case a scale factor, background and a or fl 
appropriately. 

For the [110] direction the repeat distance between 
streaks is 4a'x/2, as successive streaks pass through 
the points 440, 880, etc. The value of a was determined 
to be a = 0 . 1 2 2 + 0 . 0 0 2 ,  with the theoretical curve 
shown in Fig. 7. 

For the [001 ] direction the repeat distance between 
streaks is 8a* and this leads to a least-squares value 
of fl = 0.357 + 0.003. 

These values of a and/3 can be used to give some 
idea of the mean domain size projected in the 
appropriate directions. For the [110] direction this is 
given by [ ( l -  a)/a] x repeat distance, with a similar 
formula for /3 in the [001] direction. For [110] the 
repeat distance is given by a/4x/2 and for [001] it is 
a/8. 

We calculate the mean projected domain sizes to 
be 23.4+0.5  A, along [110] and4.1 +0 .1 /~  along[001] 
(cf. 24.5 + 0.5 and 4.6 + 0.1/~, in DBP). Although these 
values are slightly less than in DBP the differences 
are probably not significant. 

We see then that the type of short-range order in 
DBC is very similar to that in DBP and again probably 
corresponds to ordered chiral domains in the same 
way. Although the difference between the two com- 
pounds is in the organic group, this result is not 
inconsistent with Welberry's view that the cations are 
the major contributors to the diffuse scattering 
intensity Io. It is interesting to see that despite the 
smaller cation displacements, as suggested by their 
smaller anisotropic temperature factors compared 
with DBP, there is a negligible effect on the correlation 
lengths, pointing again to the earlier suggestion that 
the degree and direction of correlation is determined 
principally by the C(3)-C(3~ intermolecular contacts. 
It is important to realize that, while the cations are 

6 

X 

~ 5  

4 

3 
- ~r/2 - ~/4 H 0 ~'/4 

Fig. 7. Section along [110] through the 880 streak: points are 
experimental measurements; full line is theoretical fit with a = 
0.122. 

x 5 

_c 4 

--....__ 

3 .  

-x -r/2 K 0 r/2 

Fig. 8. Section along [001] through 12,12,0 streak: points are 
experimental measurements; full line is theoretical fit with/3 = 
0.357. 
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the dominant contributors to the intensity of the 
diffuse streaks (as shown by Welberry), it is the 
organic groups which determine the correlation range 
between the cations, as seen by the fact that the widths 
of the streaks are very similar in both DBP and DBC. 
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Abstract Introduction 

[ ( C H 3 ) 2 N H 2 1 4 M o 6 0 2 o . 2 H 2 0  is monoclinic, space 
group P2,, with a=19.800(8), b=10.294(2),  c=  
7.605 (3) /~, fl =90.68 (4), V= 1549.9 (9)/~ Z = 2 
and Dx = 2.39 gcm -3. It crystallizes in the form of a 
bundle composed of a number of fibrous crystals 
having their c axes along the needle axis. The con- 
stituent crystals are in completely random orientation 
around the needle axis. The crystal structure has been 
determined from photographic intensity data collec- 
ted with a polycrystalline needle in the equi-inclina- 
tion Weissenberg geometry around the needle axis. 
The pattern-fitting technique was applied to obtain 
structure factors of overlapping reflections. The struc- 
ture was refined to a final R value of 0.15 for 944 
reflections. The structure is composed of infinite 
chains of polymolybdate anions, [M06024o]oo, running 
along the c axis, dimethylammonium cations and 
water molecules, connecting the chains laterally. 
[Mo602ao]oo is a new type of isopolymolybdate anion. 

0108-7681 / 84/020145-06501.50 

Alkylammonium polymolybdates(VI) and polytung- 
states(VI) have received considerable attention in 
view of their interesting photochemical properties. 
Recent findings on their ability to photoelectrolyze 
water stimulated extensive studies on the crystal and 
molecular structures and photoreactivity of poly- 
molybdate complexes in their +6 oxidation state. We 
have already reported some aspects of structures, 
photoreduction (Mo vl to Mo v) properties, and appli- 
cation to water decomposition (Isobe, Marumo, 
Yamase & Ikawa, 1978; Yamase, 1978; Yamase, 
Ikawa, Ohhashi & Sasada, 1979; Yamase & Ikawa, 
1979, 1980; Yamase, Sasaki & Ikawa, 1981). As part 
of a systematic study, we synthesized crystals of the 
title compound, which shows excellent photochromic 
property (Yamase, Ikawa, Kokado & Inoue, 1973; 
Yamase & Ikawa, 1974; Arnaud-New & Schwing- 
Weill, 1973). We then attempted to analyze the crystal 
structure with particular interest in elucidating the 
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