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Crystals of chromous acetate are monoclinic with space group C2/c. The unit  cell, of dimensions 
a = 13.15, b =-8.55, c = 13.94 A, fl ~--117 ° 0', contains four Cr2(CttaCOO)4.2H20 molecules. 
Projections of the structure on two crystallographic planes are given and from these it is inferred 
that  chromous and cupric acetate are isostructural. 

The most striking feature of the structure is the close approach of 2.64 /~ between the two 
chromium atoms in a molecule, which, as in the case of the cupric acetate structure, suggests 
direct interaction between such atoms. 

Introduction 

The unusual  s t ructural  features found in cupric 
acetate, Cu2(CH3COO)4.2 H20 (van Niekerk & Schoe- 
ning, 1953), have  led us to examine  the  crystal  struc- 
tures of the acetates of the other t rans i t ion  elements 
in an endeavour  to determine whether  these compounds 
show similar  features. Al thongh pre l iminary  work on 
the acetates of cobalt,  nickel and zinc reveal no un- 
expected results, the  structure of chromous acetate,  
Crs (CHsC00)4 .2H~0 ,  which is briefly described in 
this  paper, is s t r ik ingly s imilar  to tha t  of cupric 
acetate. 

Preparation* 

Crystals  of chromous acetate, in the  form of needles 
and  prisms, were prepared from sodium acetate and 
chromous chloride solutions under  an a tmosphere  of 
oxygen-free ni trogen in an appara tus  similar  in prin- 
ciple to tha t  of t ta t f ie ld  (1950). In i t ia l  conditions 
(a p H  of 1-2 and a t empera ture  of 70-80 ° C.) were 
so chosen tha t  no acetate precipi ta ted on mixing the 
solutions. After adjus t ing the p H  to a value where 
precipi ta t ion just  began, the solution was slowly 
cooled to 0-5 ° C. A typical  analysis  follows: 

C r  u 

Cr 
C 
H 
CHsCOO 

Calculated for 

Cr(CHsCOO)2. H20 Found 
27.65% 25.15% 
27-65 26.02 
25.5 25.2 

4.25 4.48 
62.7 60.45 

Owing to the low solubil i ty of the salt  and its sus- 
cept ibi l i ty  to oxidation, the  pur i ty  could not  be im- 

* By J. F. de Wet. 

proved upon in the  present  apparatus .  The above 
analysis  seems to indicate  one molecule of water of 
crystall ization, confirming the work of Peligot (1844), 
whereas Hatf ie ld  (1950) and others assume tha t  no 
water of crystal l izat ion is present. 

Crystal data 

The crystals, which are reddish in colour, are unstable,  
becoming black on exposure to the atmosphere.  They 
were stored in nitrogen-filled glass tubes, which were 
broken under  xylol whenever  specimens suitable for 
X- ray  examinat ion  were required. They were cut and 
mounted  under  xylol  into thin-walled glass capillaries, 
which were then  sealed. Most of the  crystals are in the  
form of hollow needles with fa i r ly  well developed {110} 
prism faces, the angles between such faces being 72 ° 21" 
and 107 ° 39'. I n  some cases four apparen t ly  octahedral  
faces occasionally develop at  one end of the needles. 
Two of these four faces are of the form {111}..The 
remaining  two are (001) and (101) faces, the angle 
between them being 61 ° 18'. 

I t  is interest ing to note tha t  the crystals can be 
referred to a face-centred or a body-centred latt ice in 
which the axial  lengths are almost  identical.  If  abc 
(hkl) and ABC (HKL) refer to the face- and body- 
centred cells respectively,  then  h = H+L,  lc = - K  
and 1 = - L ,  and the monoclinic angles are 117 ° 0' 
and 125 ° 0' respectively. During this invest igat ion a 
C-face-centred cell has  been retained throughout.  I ts  
dimensions, as de termined from rotat ion and Weissen- 
berg photographs,  are as follows: 

a = 13.15, b = 8.55, c = 13.94 J~, fl = 117 ° 0 ' .  

These values are very  similar  to the corresponding 
ones for cupric acetate:  
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(a = 13.15, b.= 8.52, c = 13-90 A_, fl = 117 ° 0 ') .  

Assuming four Cr2(CHaCO())4.2H20 molecules in a 
cell with the above dimensions, the calculated density 
is 1.78 g.cm. -3, in good agreement with the measured 
value 1.79 g.cm. -3. 

Systematic extinctions occur only for hkl with h+k 
odd, hO1 with h odd and 1 odd and 0k0 with k odd. 
The space group is therefore either Cc or C2/c. By 
analogy with" the corresponding copper compound, and 
considering the successful structural analysis, the cor- 
rect space group is C2/c. 

Pre l i mi na ry  e s t imate  of the s tructure  

Using the multiple-film technique, zero-layer Weissen- 
berg photographs were taken of suitable crystal spec- 
imens rotating about the a and b axes. In order to 
avoid confusion, filtered Cu K~ radiation was used for 
the a-axis rotation, as our Weissenberg instrument 
recorded, in addition to the zero-layer reflexions, also 
first-layer reflexions when Me Ka  radiation was used. 
The intensities of the reflexions were estimated visually 
and corrected for Lorentz and polarization factors. In 
view of the small size of the crystals used, absorption 
and extinction corrections were neglected. 

By comparing these films with corresponding ones 
taken with cupric acetate it was immediately evident 
that  the two compounds are structurally very similar. 
This point is illustrated in Fig. 1, where the P(u, 0, w) 

c/4 > c/4 
., 

(o) (b) 

Fig. 1. P(u, O, w) projection of (a) ehromous acetate,  
(b) cupric acetate.  

projections of chromous and cupric acetate are shown. 
The increased resolution in the case of the cupric 
acetate projection is accounted for by the fact that  in 
this case it was possible to use Cu Kc~ radiation so 
that  more weak spectra were recorded. In the case 
of chromous acetate the method used for mounting 
the crystals, together with the fact that  Me K~ 
radiation was used, restricted the number of spectra 
that  were recorded for such exposure times as were 
experimentally practicable. 

Projection of the s tructure  on two 
crysta l lographic  planes 

Because of the sinMlarity, it was decided to use the 
atomic co-ordinates previously obtained for cupric 
acetate during the preliminary investigations of chro- 
mous acetate. With these co-ordinates the F(hO1) 
values were calculated and the a(x, z) projection shown 
in Fig. 2 was obtained. The f values used for chromium 

~ 
o > c/~-~ 

o Cr 

Fig. 2. e(x, z) projection with contours drawn at arbitrary 
intervals. Crosses show the positions of corresponding atoms 
found for cupric acetate. Origin of projection is as in In- 
ternational Tables. 

are those given in International Tables. For carbon the 
values obtained by Robertson (1935) were used. For 
oxygen proportionately reduced values were used. The 
observed and calculated structure factors are listed 
under Table 1. The agreement is good and leads to an 
R factor of 0.17 when the absent spectra are not taken 
into account. Because of this agreement, and since the 
majority of the atoms on this projection are not 
resolved, further refinement of this projection was not 
considered feasible. 

Again using as atomic co-ordinates those obtained 
for cupric acetate, the a(y, z) projection for chromous 
acetate was similarly evaluated (Fig. 3). For reasons 
pointed out earlier, the observed F(Okl) values were 
in this case estimated from films taken with Cu Kc~ 
radiation, so that  absorption effects probably influ- 
enced these intensities appreciably. Nevertheless, it 
was possible to correlate the two projections and there 
were no inconsistencies. Considering the inaccuracy of 
the intensities, the agreement between the observed 
and calculated /~(0kl) values (see Table 1) is saris- 

0 

Cr 0 

Fig. 3. ~(y, z) projection. Contours, crosses and origin are as 
for Fig. 2. 
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hkt Fo F¢ 
200 147 + 1 6 9  
400 31 - - 5 7  
600 28 --35 
800 63 --85 

'I0,0,0 < 27 - - 3 5  
12,0,0 50 - - 5 5  
14,0,0 < 46 - - 2 8  

O02 188 + 190 
004 < 15 - -  11 
006 < 18 - - 2 2  
008 88 --86 

0,0,I0 < 25 --48 
0,0,12 56 --73 
0,0,14 55 --56 
0,0,16 < 34 --16 

202 307 + 2 7 5  
204 330 + 2 4 6  
206 59 + 3 9  
208 < 25 - -  2 

2 ,0 ,10 36 - - 5 3  
2,0,12 52 - -  76 

202 161 + 1 2 4  
204 97 -- 108 
206 < 18 -- 18 
208 88 - - 8 7  

2 ,0 ,10 118 - -  130 
2,0,12 < 28 --21 
2,0,14 < 31 --20 
2,0,16 < 34 + 1 5  

402 221 +195 
404 256 + 2 3 2  
406 126 + 140 
408 28 + 2 7  

4,0 ,10 < 28 0 
402 113 - -  105 
~04 < 15 --23 
406 I00 -- I04 
408 < 21 --35 

4,0,I0 57 --62 
~,0,12 28 --39 
4,0,14 < 29 +41 
4,0,16 < 32 +55 

602 < 20 --14 
604 80 +89 
606 116 + i16 
608 127 +124 

6,0,10 < 31 + 5 5  
602 < 18 -- i0 
604 80 --96 

Table 1. Observed and calculated structure factors 

hkl Fo Fc 
606 108 --117 
608 59 --64 

6,0,i0 < 24 +28 
6,0,12 < 27 +35 
6,0,14 < 29 +64 
6,0,16 63 + 8 3  

802 < 24 - -  19 
804 < 27 - - 2 5  
806 81 + 72 
808 63 + 106 
802 69 - - 7 7  
804 < 27 --40 
806 62 --52 
808 < 22 -- 4 

8,0 ,10  < 24 + 4 5  
8,0 ,12 52 + 8 8  
8 ,0 ,14  101 + 9 2  
8,0 ,16 63 + 5 5  
10,0,2 l l l  - -  117 
10,0,4 59 --44 
10,0,6 < 24 +42 

_ _  

I0,0,8 < 25 +42 
- - _  

lO,O,lO 83 + 106 
10,0,12 88 + 7 9  
10,0,14 52 + 4 4  
10,0,16 < 31 + ~ 2  

!2,0 ,2  55 - 7 6  
12,0,2 < 24 + 1 
~ , 0 , 4  < 25 + 3 
12,0,6 < 27 + 65 
12,0,8 56 + 8 4  

12,0,10 80 + 7 9  
12,0,12 119 + 7 0  

14,0,2 < 31 + 2 7  
14,0,4 < 29 + 7 0  
14,0 ,6  42 + 7 1  
14,0,8 95 + 89 

14,0,10 52 + 2 9  
14,0,12 < 31 - - 1 0  

020 134 +98 
040 < 20 --37 
060 206 -- 151 
080 53 -- 8 
021 34 --40 
022 60 --59 
023 62 --84 
024 < 19 + 7 

hkt Fo Fc 
025 70 - -  76 
026 < 22 - -  6 
027 145 - -  121 
028 106 - -  75 
029 80 - -  79 

0 ,2 ,10 < 30 - - l l  
0,2,11 < 30 - -  3 
0,2,12 < 30 - - 3 3  
0,2,13 < 27 + 3 5  
0,2,14 44 - - 3 8  
0,2,15 27 + 3 7  

041 < 20 - -  10 
042 36 - -  76 
043 54 - -  68 
044 45 + 28 
045 110 - -  90 
046 73 + 68 
047 123 - -  104 
048 < 29 + 20 
049 44 - - 4 1  
061 38 - - 2 1  
062 150 - -  133 
063 62 - -  34 
064 40 - -  73 
065 < 29 + 33 
066 < 3O + 28 
067 < 27 + 34 
068 < 30 + 46 
069 < 26 - -  14 

0,6,10 40 + 6 6  
0,6,11 < 25 + 6 
0,6,12 39 + 5 5  

081 31 + 2 7  
082 < 25 - -  3 
083 31 + 4 5  
084 < 25 + 2 
085 43 + 75 
086 < 24 - -  10 
087 55 + 74 
088 < 29 + 5 
089 23 + 4 5  

0,8 ,10 34 + 2 9  
0,10,1 < 22 + 2 2  
0,I0,2 < 22 +41 
0,10,3 39 + 3 5  
0,I0,4 < 20 + 8 
0,10,5 < 18 +47 
0,10,6 55 -- 19 

factory, giving an R factor of 0.26 when absent spectra 
are excluded. 

That the atomic co-ordinates found for the cupric 
acetage structure fit the present structure remarkably 
well is further shown by the positions of the crosses 
on the two projections described above. These crosses 
represent the positions of the relevant atoms of cupric 
acetate when plotted on the two chromous acetate 
projections. 

Because of poor resolution, long exposure times and 
difficulties in mounting suitable crystal specimens, no 
further attempt was made to refine the structure. From 
this investigation it is therefore concluded that  the 
atomic co-ordinates and the interatomic distances in 
the structure of chromous acetate are indeed very 
similar to corresponding ones previously described by 

van :Niekerk & Schoening (1953) for cupric acetate. 
Furthermore, the projections confirm the existence of 
one water molecule for every chromium atom in the 
structure. 

D e s c r i p t i o n  of  the  s t r u c t u r e  

TILe most outstanding feature of this binuclear mole- 
cule, Cr2(CH3COO)t. 2H20, is the short Cr-Cr distance 
(2.64 J~), indicating direct interaction between the 
two metal atoms in a molecule. Each pair of metal 
atoms is bridged by the four acetate groups in such 
a manner that  four oxygen atoms, arranged approxi- 
mately at the corners of a square, form the nearest 
neighbours of a chromium atom (1.97/~). Perpendicu- 
larly above and below the plane of the square lie a 
water molecule at a distance of 2.20/~ and a chromium 
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atom at  a distance 2.64 _~. Four  such oxygen atoms, 
a water  molecule and a chromium atom thus  form a 
distorted octahedron about  each of the two chromium 
atoms in a molecule. 

As in the case of cupric acetate, apar t  from van  der 
Waals  forces, hydrogen bonds again appear  to be the 
ma in  forces between the  molecules. Each  chromous 
acetate molecule is l inked by  eight such bonds (2.82 
and 2.89/~) to four neighbouring molecules at different 
levels. For  fur ther  details about  the atomic arrange- 
ment ,  reference should be made  to the paper  de- 
scribing the  structure of cupric acetate. 

Discuss ion  of the bonds  

When  the  paper  on cupric acetate was sent for publi- 
cation, no reliable magnet ic  da ta  were available,  so 
tha t  only the in tera tomic distance suggested a direct 
Cu-Cu bond. Short ly  afterwards Bleaney & Bowers 
(1952) publ ished a paper  containing detailed magnet ic  
measurements ,  and suggested interact ion between the 
copper atoms. These two independent  determinat ions  
make  i t  cerliain now tha t  a bond does exist between 
the copper atoms. F rom the remarkable  s imilar i ty  

between the chromous and cupric acetate structures,  
it  seems reasonable to infer tha t  a direct bond also 
exists between the two chromium atoms. 

The configuration around the chromium atom 
described in this  paper  disagrees wi th  the te t rahedral  
co-ordination proposed by  King & Garner (1950J to 
explain  the d iamagnet i sm they  observed for chromous 
acetate. 

We wish to thank  Mr J.  tI.  Talbot  for his help with 
the calculations and the Council for Scientific and  
Indus t r ia l  Research for permission to publ ish  th is  
paper. 
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T h e  Crystal  Structure  of a cycloNucleoside 
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X-ray analysis has been used to discover the nature of a chemical rearrangement undergone by 
certain nucleoside derivatives to form cyclonucleosides. Crystals of the iodide of 2":3"-isopro- 
pylidene, 3:5"-cycloadenosine are orthorhombic with a---- 5.4, b ---- 15.4, c ---- 18.1 A. The space 
group is P212121 and there are four molecules in the unit  cell. The y and z atomic coordinates were 
determined by use of the heavy-atom method applied to the (100) projection; x coordinates by use 
of 'higher layer projection' techniques. The purine ring system is planar and makes an angle of 
90 Q with the puckered furanose ring to which it is joined by a fl glycosidic linkage. 

Crystals of 5' iodo, 2 ' :3 '  isopropylidene uridine are orthorhombic, P212121, with a----5.42, 
b -- 15.4, c = 16.7 A, and the unit  cell contains four molecules. This substance has been examined 
in the (100) projection only, and shows by contrast a normal covalent iodide structure. 

Introduct ion 

In recent years, one of the projects undertaken in this 
laboratory has  b e e n  the invest igat ion of the crystal  
structures of nucleic acid consti tuents and their  deriva- 
tives. I t  has  consisted ma in ly  in the detai led investiga- 
t ion of pyr imidines  and purines, with par t icular  in- 
terest in their  tautomeric  forms, bu t  i t  was also in- 
tended tha t  more complex uni ts  (i.e. nucleosides and 
nucleotides) should be examined.  

* Now at the Department of Geology, University of Man- 
chester, Manchester 13, England. 

The structures of 2-amino,4-methyl-6 chloropyri- 
midine and 2.amin0,4.6 dichl0r0pyrimidine (Clews & 
Cochran, 1948), 5-bromo,4-6 d iaminopyr imid ine  and  
4-amino, 2-6 dichloropyrimidine (Clews & Cochran, 
1949), adenine hydrochloride hemihydra te  (Broomhead,  
1948 ;Cochran, 1951) and guanine hydrochloride mono- 
hydra te  (Broomhead, 1951) have been reported. 

The present s tudy of certain nucleoside derivat ives  is 
par t  of this  programme, and also provides the  solution 
of a specific chemical problem. An account of par t  of 
this  more recent work, ma in ly  from a chemical  s tand- 
point, has  a l ready been published (Clark, Todd & 


