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X-ray crystallographic studies make important contributions to our &owl- 
edge of the structure of metal complexes and thus to our understanding of their 

properties. One of the most important and well-known is the determination or 
proof of coordination co&urations. Three examples may be mentioned here: 
<a) the trimeric, octahedral nature of acetylacetonato nickel(E)’ ; @) the distorted : 
tetrahedral coordinationof nickel(II) in bis(N-isopropylsaIicylaldiminato)nickel(II) ; 
and (c) the pentagonal bipyramidal coordination of uranium(V1) in uranyl acetyl- 
acetonate monohydrate3. 

Examination of the details of molecular structures as determined by X-ray 
crystallography may also be of importance. The purpose of this paper is to present 
and examine some of the structural details of two sets of metal complexes. These 
are the chelates formed from acetylacetone and those from substituted salicyl- 
aldimines. 

At present, structural details of 13 acetylacetone chelates are available&16_ 
A summary of some of these details for those structures which have been published 
is given in Table I. Except for the Be and Ce compounds, which were studied less 

TABLE I 

STRUCTURAL DETAILS OF METti ACJXYLACETONATES 

Compound M-O O-O O-C C-Ci C-C, OMO MOC OCC, CCtC OCC, SM 

Be(acac), 
Co(acac)= - 2H:O 
Ni(aca& - 2H,O 
Zn(acac), - H,O 
Zn(DPM), 
Mn(acac), 
Cr(acac), 
VO(aca& 
Zr(acac), 
C&aca& 

1.70 2.68 1.24 1.34 1.55 104“ 126“ 118’ 126” 124O .12--52 
2-06 2.96 1.28 l-42 1.48 92 123 125 128 116 -36 
2.02 2.91 1.27 1.41 1.51 92 124 126 127 116 -32 
2.02 2.82 1.29 1.40 1.51 88 127 124 126 117 .25-A0 
1.96 2.89 1.27 1.41 1.52 95 122 126 127 115 0 
1.87 2.81 1.29 1.38 1.52 97 123 126 125 120 -12~13 
1.96 2.79 1.26 1.39 1.52 91 127 125 125 115 .11--19 
1.97 2.72 1.28 1,.40 1.52 88 129 124 124 116 .30--38 
2.20 2.67 1.27 1.40 1.52 75 133 124 123 116 .65-.70 
2.40 2.81 1.29 1.40 1.54 72 137 123 127 117 .o l-.43 

accurately by 2-dimensional methods only, the standard deviations in interatomic 

distances are about -02 A and the standard deviations in angles are about 1”. The 

two less accurate structures have been omitted in calculating average values to be 
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discussed here, but values from the three unpublished structures h&e been in- 
cluded in the discussion. 

A number of general statements may be made concerning the structural 
detaiis of these molecules. 

In all cases, the acetylacetone portion of the chelate ring (i.e., the set of 
atoms 01-Cl-C3-C2-02) is completely planar within the limits of accuracy of the 
data. However; as shown in the last column of Table I, the metal atom in many 
cases lies significantly out of this plane. It seems most likely that this effect is due 
to steric influences and is an indication of considerable flexibility of these molecules. 
Similarly, the methyl groups are in many cases found to be significantly out of the 
chelate plane. 

The O-C, C-C, and C-C, bond distances within the acetylacetonate residues 
show no sign&ant variations, since for each bond type the difference between 
maximum and minimum values is four standard deviations or less. The mean 
values are d(O-C) = 1.28 A, &C -CJ = 1.40 A, d&-C,) = 1.52 A. However, the 
distance O-O, the “bite” of the acetylacetonate chelating group, varies signific- 
antly, the difference between maximum and minimum being 15 U. 

The variations in the angles within the acetylacetonate residue are slightly 
greater, the difference between maximum and minimum being 4~ for O-C-C,, 70 
for C-C<, and 6a for O-C-C,. The mean values are (O-C-C,) = 125.3”, 
(C-C&) = 124.5”, (O-C-C,) = 115.7”. The slight variations in O-C+ are 
not significant. Comparison of values in Table I show that the variations in 
C-Cc-C are directly correlated with the variations in O-O. The variations in 
O-C-C, are probably due to steric effects. It thus appears that the only effect of 
varying the metal ion is a variation in the O-O “bite” distance, which is accom- 
plished primarily by changes in the C-C-C angle. This variation in the O-O 
distance is clearly not due to differences in metal radii, since, for example, the two 
largest values of O-O are found for Co and Ni, which have intermediate radii. 
However, it would appear that the O-O distance is shortened by increased oxida- 
tion state of the metal, as shown in Table II. 

Structural details of 13 substituted salicylaldimine chelates with the three 
metal ions Ni’+, Cu’+ and Pd2+ are available17-2g. A summary of someofthese 

TABLE II 

0-G DISTANCE IN A CE-TYLACETONATE CHELATES 

M o-o, A 

COCII) 2.96 
Ni(I1) 2.91 
-(?I) 239, 2.82 
Cr(III) 2.79 
MnO 2.81 
WV> 2.72 
ZrUW 2.67 
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-details is given in Table III. The Ni-N-iso-CsH7-chelate and all of the Cu chelates 
have been studied with 3-dimensional data and have standard deviations of about 
-02 A in interatomic distances and about 1” in angles. The others are less accurate. 

TABLE III 

STRUCTURAL DETAILS OF METAL CHELATES OF SUBSTITUTED SALICYLALDIhfINES 

M Subst. c+zz c,c, c,-c, c,c, c,-c, c,c, c,c, cz-c c,-N 6M 
.i 

Ni none 1.41 1.41 1.37 1.40 1.38 1.41 1.44 1.32 _ i-i9 0.4. 
Ni N-CHJ 1.36 1.41 1.42 1.38 1.40 1.40 1.46 1.28 1.30 -37 
Ni N-iso-C,H? 1.44 1.43 1.41 1.40 1.38 1.44 1.45 1.30 1.30 .I6 
Ni N-OH 1.36 1.39 1.41 1.37 1.40 1.41 1.42 1.40 1.40 -02 

Ni 5-C& N-OH 1.41 1.39 1.39 1.41 1.42 1.40 1.43 1.30 1.28 * 
cu N-CHJ 1.42 1.40 1.39 1.40 1.37 1.39 1.44 1.32 1.31 0 
CU N-GH, 1.40 1.42 1.40 1.37 1.37 1.42 1.44 1.31 1.30 -42 
CU N-OH 1.40 1.39 1.38 1.36 1.36 1.44 1.45 1.36 1.25 -05 
cu 5-U, N-OH 1.44. 1.40 1.38 1.40 1.36 1.40 1.44 1.33 1.26 -04 
Pd N-&H, 1.40 1.40 1.40 1.42 1.42 1.39 1.49 1.32 1.31 -30 
Pd N-n-C,H, 1.39 1.39 1.38 1.38 1.39 1.38 1.40 1.58 1.42 -20 
Pd N-OH 1.39 1.40 1.41 1.40 1.40 1.41 1.41 1.32 1.28 * 
Pd 5-Cl, N-OH 1.41 1.40 1.40 1.40 1.41 1.40 1.45 1.31 1.30 * 

* not available. 

In all of the 3-dimensional determinations the entire salicylaldimine residue 
appears to be pianar, while two of the 2-dimensional determinations show con- 
siderable deviations from planarity. As with the acetylacetonates, the metal atom 
in many cases lies significantly out of this plane, again showing flexibility at the 
metal. 

In the entire group of 13 structures, the range from maximum to minimum 
values of the aromatic C-C bonds is I.36 to 1.46 A (Le., -50) and the mean 
value is 1.40 A. This same range and mean value is found for the 3-dimensional 
sub-group. Closer examination of the values for individual bonds shows a con- 
sistent tendency for the three bonds closest to the chelate ring to be slightly longer 
than the other three. Thus the mean values for the 3-dimensional sub-group are 
C&J,, 1.42; C1--C2, 1.42; C&s, 1.41; C,-C,, 1.39; C&s, 1.39; Cs-C,, 1.37 A 
and for the entire group are C&r, 1.41; c,-c,, 1.40; c,-c,, 1.40; c,-C,, 1.40; 
C,C,, 1.39; C,-Cs, 1.39 A. It is not certain whether this is a real structural differ- 
ence or an indication of some unidentified systematic error in the determinations. 

The C,-C, bond shows no significant variation. The 3-dimensional sub- 
group gives a range of 3cr and a mean value 1.45 A, the entire group gives a range 
of -10 A and a mean value of 1.44 A. It thus appears that this bond is signifkantly 
longer than the C,-C, bond and the C-C, bond in the acetylacetonate chelates. 

The C,-0 bond shows no significant variation among the 3-dimensional 
determinations, with a range of 3.5 cr and a mean value of 1.32 A. This length is 
significantly longer tha :i the 1.28 value found in the. acetylacetonates. Two of the 
less accurate determinations give lengths (1.40 and 1.58 A) which are considerably 
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greater. It is suggested that these are probably in error. Although& the ‘case of the 
Pd(N-n-Bu-sim), the difference is about six times the estimated .$&idard deviation 
of the 2-dimensional determination_ 

,L .: 

The C,-N bond results show the same pattern of variation as the C,-O 
‘bond, with the same two compounds giving large values. For the 3-dimensional 

determinations, the range is 2.5 c and the mean value is 1.29 A. 

Considem$bn of all of the bond lengths in the chelate ring shows that, as 
might be expectkd from the relative electronegativities of oxygen and nitrogen, the 
form -O-C, = C,-C, =N is more important than the form 0 = C,-C, = C,-N-. 
This follows from two observations. First, C&N is found to be shorter than C,-0, 
although for bonds of the same order, C-N is longer than C-O. Thus C,-N has 
more double-bond character than C,-O. Second,. Cl-C, is found to be slightly 

longer than C,-C,, indicating less double-bond character. 

In summary, the following generalizations have been suggested: 
(1) both the acetylacetonate and salicylaldiminate chelating agents remain 

quite closely planar; 

(2) the metal atom may deviate from the plane of the chelate ring by as 

much as 0.7 A, giving the molecules considerable flexibility at the metal; 
(3) bond distances appear to be constant within the chelating agent, in- 

dependent of the nature of the metal; 

(4) the O-O distance, the “bite” of the acetylacetonate chelating agent shows 

considerable variation, apparently decreasing with increasing oxidation state of 
the metal; 

(5) determinations of structures from 2-dimensional data may give some 

bond lengths which are in error by many times the estimated standard deviations. 
The author wishes to acknowledge the assistance of Dr. H. Montgomery, 
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