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The crystal structure of tetrakis(diacetamide)cal- 
cium(II) chlorate monohydmte, [oz(DA)4](c103)2* 
H?O, has been determined from three-dimensional 
X-my data. The complex has the cell parameters a = 
12.399(3) A, b = 7.900(2) A, c = 14.725(3) A, /3 = 
98.35(2)“, Z = 2. The unit cell is monoclinic, space 
group P2/c. The structure was determined by direct 
methods and refined anisotropically by blockdiago- 
nal least squares to a conventional unweighted R of 
0.11. 

The calcium ion is 8coonlinated and its coordina- 
tion sphere can be described as a square antiprism 
formed by eight carbonyl oxygens from 4 diacetami- 
de ligands; two ligands are related to the other two 
by a two-fold rotation axis. One of the amide nitro- 
gens is hydrogen bonded to a chlorate oxygen. In 
addition, hydrogen bonding between an amide nitro- 
gen and an uncoordinated water molecule results in 
the formation of infinite chains parallel to [IOO]. 
Calcium-oxygen distances fall within the range 
2.41-2.44 .&. 

Introduction 

The crystal structures of a number of diacetami- 
de complexes of the alkaline earth metals [l-3] have 
all proven to be interesting in that they led to high 
coordination numbers (9 for Sr++, 10 for Ba’+), or 
as in the case of magnesium, one of the diacetamide 
molecules was held in the secondary coordination 
sphere, via hydrogen bonding, with a coordinated 
water. The crystal structure of [Ca(DA)4](ClO&* 
Hz0 (DA = diacetamide) was undertaken in order to 
complete the series and determine whether it is 9- 
coordinate and isostructural with [Sr(DA)4(H20)] - 

(ClO,)*. 

Experimental 

Preparation 
[Ca(DAhl(CWz*fW was prepared by solid- 

solid interaction using stoichiometric amounts of 

*Author to whom correspondence should be addressed. 

Ca(C10&*2Hz0 and diacetamide. The materials 
were ground together and dried in vacua. Crystals 
suitable for X-ray work were obtained by dissolving 
the powder in absolute methanol and allowing the 
solvent to evaporate slowly at room temperature. 

X-my Study 
Since the crystals were highly hygroscopic, they 

were mounted inside quartz capillaries for all X-ray 
measurements. The cell parameters were initially 
determined from oscillation and Weissenberg photo- 
graphs taken of crystals mounted on the b and c 
axes. The only systematic absence was h01, 1 odd, 
showing the space group tp be either PC (noncentro- 
symmetric) or P2/c (centrosymmetric). 

The intensity data collection was done on an 
Enraf-Nonius CAD-4 diffractometer using CuK, 
radiation using a crystal of approximate dimensions 
0.10 X 0.16 X 0.22 mm. The auto-indexing option 
was employed and the lattice parameters determined 
were a = 12.399(3) 4 b = 7.900(2) A c = 14.725(3) 
A and /3 = 98.35(2)‘. Density measurements by flota- 
tion method showed there were 2 molecules per unit 
cell (dab, = 1.48 g/cm3, dcalc = 1.52 g/cm3). The 
values obtained were in agreement with the para- 
meters derived from film data. 

All data were scaled to a single intensity control 
reflection which was measured after every twenty- 
five reflections. A total of 2898 reflections was 
collected of which 2392 were considered observed 
based on the criterion I > 1.5 uI. 

Solution and Refinement 

The structure was solved by direct methods using 
computer programs obtained from the National 
Research Council of Canada [4]. Three origin defm- 
ing reflections plus four additional reflections were 
needed to determine the entire set of phases consist- 
ing of 393 reflections with /El’s > 1.5. The space 
group P2/c was considered more likely due to the 
statistical distribution of I El‘s. The choice of P2/c 
was subsequently found to be correct. 
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TABLE 1. Fractional Atomic Coordinates and isotropic Thermal Parameters. 

Atom 

Ca 
01 

02 
Cl 

c2 

c3 

c4 

NI 
05 

06 
Cs 
c6 

c7 

C8 
N2 

07 

08 
09 

010 

Cl 
Hlo 
El20 

H30 
HII 
H12 

H13 

H21 

Hz2 

H23 

1171 

H72 

li73 

Ha1 

fls2 

H83 

_ 

x/a Ylb Z/C B 

0.5 (0) 0.3813 (2) 0.25 (0) 2.9 
0.3903 (4) 0.1409 (6) 0.1944 (4) 3.6 
0.3 124 (4) 0.4609 (6) 0.1996 (4) 3.4 
0.2962 (5) 0.0997 (8) 0.1974 (5) 3.0 
0.2254 (5) 0.3905 (8) 0.1998 (5) 3.2 
0.2566 (6) -0.0793 (9) 0.1916 (6) 4.5 
0.1189 (6) 0.4846 (10) 0.1901 (8) 4.6 
0.2158 (4) 0.2178 (7) 0.2101 (4) 3.0 
0.4911 (4) 0.6232 (6) 0.3472 (4) 3.8 
0.4102 (4) 0.3144 (6) 0.3830 (4) 3.7 
0.4260 (6) 0.6745 (8) 0.3932 (5) 3.5 
0.3487 (6) 0.3969 (9) 0.4223 (5) 3.5 
0.4198 (8) 0.8570 (10) 0.4217 (6) 4.8 
0.2623 (8) 0.3175 (12) 0.4713 (7) 5.6 
0.3510 (5) 0.5697 (8) 0.4281 (4) 3.6 
0.1817 (9) 0.7296 (18) 0.5052 (7) 11.9 
0.0835 (14) 0.7736 (28) 0.3646 (8) 19.9 
0.1280 (16) 0.9559 (25) 0.4348 (19) 28.4 
0.0 (0) 0.0892 (10) 0.25 (0) 4.8 
0.0899 (2) 0.8140 (3) 0.4567 (2) 5.6 

-0.0093 0.0835 0.2070 0.7 
0.1703 0.2028 0.1798 6.1 
0.3 145 0.6139 0.4611 2.5 
0.1937 -0.1052 0.1207 6.8 
0.2473 -0.1193 0.2465 3.9 
0.3301 -0.1551 0.2264 7.9 
0.0474 0.4107 0.1469 4.6 
0.1237 0.5640 0.2109 5.4 
0.0917 0.5070 0.1001 13.3 
0.4126 0.9206 0.3495 15.9 
0.3876 0.8799 0.4679 7.8 
0.4639 0.8499 0.4913 4.4 
0.2900 0.3421 0.5489 3.9 

0.1714 0.3435 0.4166 9.3 
0.2581 0.2151 0.4726 3.3 

Aweptable positions for the calcium and chlorine 
atoms were determined from an E-map. The calcium 
was found to lie on a two-fold rotation axis: l/2, y, 
l/4 where y = 0.3813. A three-dimensional Fourier 
map using calcium and chlorine as the phasing model 
revealed the positions of the other non-hydrogen 
atoms. The oxygen of the water was found in the 
special position: 0, y, l/4 where y = 0.0833. Assign- 
ment of individual isotropic temperature factors 
followed by block-diagonal least squares refinement 
of the coordinates, thermal parameters and scale 
factor gave an R of 0.18. 

[5]. Absorption corrections were not applied. The 
function minimized in the least squares calculation 
was R = Cw( IF,I-k IF,I)‘. All observed reflections 
were given unit weight and unobserved reflections 
were not included in the summation. A table of 
observed and calculated structure factors is available 
from the Editor. 

Results and Discussion 

The hydrogen atoms were located from a diffe- A number of 8- and 9- coordinate complexes have 
rence electron density map and their positions were appeared in the literature [6] with the majority com- 
refined isotropically giving a final R-factor of 0.11. posed of monodentate ligands such as CN-. Some 
The fractional coordinates and isotropic thermal pa- Group II metals with oxygen donors have also been 
rameters of all atoms are given in Table I. Anisotropic reported [7] . However, data are limited where multi- 
thermal parameters are given in Table II. dentate ligands are involved. The coordination 

The mean atomic scattering factors had been number varies from one metal to another in the 
corrected for real and imaginary dispersion effects Group II-A series. A coordination number of 10 was 
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TABLE II. Anisotropic Thermal Parameters (X 103) as Mean Square Amplitudea. 

Atom Ull uz2 u33 u23 u13 u12 

Ca 39 (3) 38 (4) 39 (4) 0 6 (1) 
01 34 (2) 31 (3) 87 (4) -12 (3) 16 (3) -: (2) 
02 34 (2) 28 (3) 82 (4) 5 (3) 13 (3) -2 (1) 
Cl 37 (4) 30 (3) 56 (4) -2 (3) 8 (3) -2 (3) 
c2 36 (4) 31 (3) 65 (4) 3 (3) 14 (3) 3 (3) 
c3 58 (5) 30 (4) 92 (7) -7 (4) 14 (5) -5 (4) 

c4 36 (4) 43 (5) 143 (9) 5 (5) 24 (5) IO (4) 
Nl 31 (3) 31(3) 67 (4) -2 (3) 13 (3) -2 (2) 
05 48 (3) 34 (3) 87 (4) -13 (3) 24 (3) --6 (2) 

06 62 (3) 30 (3) 67 (4) 3 (3) 22 (3) 2 (2) 

Cs 43 (4) 27 (3) 71 (4) -10 (3) -7 (3) 1 (3) 

c6 55 (4) 42 (3) 55 (4) 1 (4) 14 (3) -4 (4) 

c7 95 (6) 65 (4) 93 (7) -4 (4) 51 (5) 20 (4) 

c8 85 (8) 32 (6) 82 (8) -19 (4) 12 (2) 4 (2) 

N2 51(4) 41 (3) 62 (4) -8 (3) 22 (5) 4 (3) 
07 207 (14) 311 (16) 124 (7) 98 (10) 106 (9) 195 (12) 

08 282 (16) 458 (9) 110 (8) -58 (13) -28 (9) 23 (19) 

09 224 (23) 196 (22) 758 (41) 25 (8) 83 (15) -37 (19) 
010 62 (2) 60 (3) 62 (1) 0 9 (3) 0 

CI 66 (1) 85 (2) 92 (2) 9 (1) 15 (1) 11 (1) 

aThe form of the anisotropic thermal parameter is exp (-2x2 (Uil h2a*2 + U22k2b*2 + U3312c*? + 2&3klb*c* + 2U13hla*c* + 

2U12hka*b*)}. 

TABLE III. Bond distances and Bond Angles. TABLE 111. (continued) 

Bond Distances (A) Bond Angles (“) Bond Distances (A) 

G--H21 1.2 

C4d22 0.7 

C4-H23 1.2 

C7-H71 1.2 

C7-H72 0.8 

C7-H73 1.1 

Cede1 1.2 

C8-H82 1.2 

C8-H83 0.8 

010 -H 10 0.6 

N1 -Hz0 0.7 

N2 -H30 0.8 

Ca-0 1 
Ca-0, 

Ca-Os 

a-o6 

N,-Cl 

N1-C2 

C,Xs 

c2+4 

N2-G 

N2-C6 

G-c7 

C6-c8 

Cl-01 

c2-02 

c5-05 

C6-06 

aa7 

a-08 

Cl-09 

W010 

N2-07 

Ca-N, 
Ca-N2 

Olr% 

OS-06 

csH11 

CrH12 

C3-H13 

2.405(5) 

2.407(5) 

2.402(5) 

2.449(5) 

1.395(8) 

1.381(8) 

1.495(10) 

1.498(10) 

1.393(9) 

1.368(g) 

1.505(10) 

1.511(13) 

1.214(8) 

1.210(8) 

1.203(9) 

1.212(9) 

1.412(11) 

1.384(18) 
1.275(21) 
2.990(6) 
2.822(13) 

3.701(S) 
3.741(6) 

2.712(6) 

2.719(7) 

1.2 

0.9 

1.1 

01-Ca-02 

Os-Ca-0, 

O,-Ca-Os 

02-Ca+ 

NI-CCI-OI 

o,-c1-c3 

Nl-G-C3 

Cl-N,-c, 

O,-C2-N, 

N,-C2-C4 

o,-c5-N2 

05-c5&7 

N2-CS-C7 

CrN2-C6 

N,-C6-C, 

06-C6-N2 

o,-cl-o, 

0,-c1-09 

08-c1-09 

68.6(2) 

68.2(2) 

139.4(2) 

110.0(2) 
122.0(6) 

123.9(6) 

114.0(6) 

124.9(6) 

123.1(6) 

114.4(6) 

123.0(7) 

123.0(9) 

114.7(6) 

125.4(6) 

113.2(7) 

123.9(7) 
108.1(g) 

104.3(11) 
106.3(g) 

Bond Angles (“) 

found for [Ba(DA)s] (ClO4)s [2] but its Ca counter- 
part [8] exhibited a coordination number of 8. 

Tetrakis(diacetamide)monoaquostrontium(II) per- 
chlorate, [Sr(DA)4(H20)](C104)2, is 9coordinate with 
8 of the coordinated oxygens contributed by the four 
bidentate diacetamide ligands and the ninth 
oxygen contributed by the water to form to vertices 
of a monocapped square antiprism. However, [Ca- 

(DAM(CW~*HZO is not isostructural but instead 
forms a slightly distorted 8coordinate square anti- 
prism. There are only two non-equivalent diacetamide 
ligands in the complex, the other two being related 
to the former by a two-fold rotation axis. 
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Figure 1. Schematic diagram of the square antiprismatic 
coordination sphere around Ca ion. Starred atoms are relat- 
ed to equivalent atoms by a two-fold rotation axis. 

The opposite faces of the antiprism, although slightly 
distorted squares, are planar (rms deviation = 0.1 A, 
dihedral angle = 2.98’). All calcium-oxygen distances 
are in the range 2.41-2.44 A, roughly equivalent to 
the sum of the atomic radii of calcium and oxygen 
[9]. A perspective view of the coordination sphere 
is given in Figure 1. 

The diacetamides are in the anti-anti conforma- 
tion and the distortion that exists is manifested as a 
fold along the Ca-N axes. The dihedral angle between 
planes O1-Cl-Nl and 02-C2-Nr is 10.46’ and 
that between planes 05-C5--Nz and 06-C6-Nz 
is 5.84”. The bite of the ligands (2.71, 2.72 A) is 
similar to those found for [Sr(DA),(H,O] (C104)2, 

P@&I (CW2 and MdDAMHd3~1 WMCl- 
0412 [l-3]. 

The oxygen in the water molecule is hydrogen 
bonded (distance 2.99 A) to two equivalent amide 
nitrogens (Nr) forming an intermolecular bridge 
across adjacent unit cell resulting in infinite chains 
parallel to [ 1001 (Figure 2). Intramolecular hydrogen 
bonding (2.81 A) occurs between a chlorate oxygen 
(0,) and the other amide nitrogen (N,) in the com- 
plex, accounting for the low thermal parameter for 
0,. For both types of hydrogen bonds, the H---O 

Figure 2. Packing diagram along [OOl] projection. 
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distances are within the range of the van der Waals 
radii of hydrogen and oxygen. Interatomic distan- 
ces and bond angles are given in Table III. 
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