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in the z axis direction, from 1.97 A in the hydride to 
the 2.338 A of ill metal. 

structure appears to be isostructural with 
the essentially ionic structure of A1F327 in which the 
ill3+. .F- distance of 1.79 is slightly shorter than 
would be expected from the sum of ionic radii (1.86 -4). 
Three-center covalent bonding may be contributing to 
cause this shortening. 
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(27) F. Hanic and D. Stempelova, “Theory and Structure of Complex 
Compounds,” Symposium, Wroclaw, Poland, 1962 (published in 1964), pp 
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Of these six, four are second neighbors in the bridging 
network and are at a distance of 2.418 A ,  while the 
other two are bridged to aluminum atoms which are not 
in the three columns of aluminum atoms surrounding 
the spiral and are at a distance of 2.587 A. To sum- 
marize, the bridging about one spiral of hydrogen 
atoms includes all six aluminum atoms in the surround- 
ing three columns and one hydrogen atom, each a t  a 
different distance along z ,  in each of the surrounding 
three spirals. The result is a completely bridged struc- 
ture which is a three-dimensional network of 3c-2e 
Ala .He + .A1 bonds, consistent with the rather high ob- 
served crystalline density. 

The structure is thermodynamically unstable with 
respect to decomposition to the elements. 25 Possibly, 
the layering of the hydride structure facilitates the 
release of H as Hz. The fact that  the geometry of the 
AI atoms in the A1 layer is the same as that in the 
metaljz6 except that the AI.  - .AI distance in A1H3 
is 4.45 A and in ,41 metal is 2.86 A, suggests a mechanism 
of decomposition in which loss of Hz is followed by a 
lattice contraction in the layer and a lattice expansion 

(2.5) G. C. Sinke, L. C. Walker, F. L. Oetting, and D.  R.  Stull, J .  Chem. 

(26) H. E. Swanson and E.  Tatge, National Bureau of Standai-ds Circular 
Phys. ,  47, 2759 (1967). 
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The crystal structure of Yb(CjH?Op)8(HpO), tris(acetylacetonato)aquoytterbium(III), has been determined from three- 
dimensional X-ray diffraction data collected by counter methods. A total of 2992 independent reflections, for which the 
intensity exceeded 1.07 times the background, were recorded as observed. Four molecules crystallize in a triclinic unit cell of 
symmetry Pi and dimensions n = 13.01 8, b = 18.33 8, c = 8.32 b, CY = 100.40°, p = 102.12’, and y = 105.19”. Thc 
calculated and observed densities are 1 . Z  and 1.74 g ~ r n - ~ ,  respectively. The structure has been refined by the method of 
least squares to a value of 0.076 for the conventional R factor. The two crystallographically independent ytterbium ions 
are seven-coordinate, each being bonded to three acetylacetonate groups and one water molecule. A hydrogen bond links 
the independent molecules in pairs. The coordination polyhedra formed about the independent ytterbium ions may 
both be described as capped trigonal prisms. 

Introduction 
The trisacetylacetonates of the lanthanides and 

ytterbium form metastable trihydrates which de- 
compose to stable  monohydrate^.^ A recent study5 
has shown that the dihydrated form is not an inter- 
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Chem., 20, 304 (1961). 
(5 )  M. F. Richardson, Ph.D. Dissertation, University of Kentucky, Lex- 

ington, Ky., 1967; M. F. Richardson, W. F. IVagner, and U. E. Sands, 
1 w x g .  C h e m . ,  7, 2495 (1968). 

mediate in the dehydration of the trihydrated chelate. 
However, the dihydrates of the lanthanum, prasco- 
dymium, neodymium, and samarium chelates can be 
prepared by recrystallizing the trihydrated form from 
cold 95% ethanol. We have previously determined the 
structure of yttrium acetylacetonate trihydrate6 and 
lanthanum acetylacetonate dihydrate.’ 

The monohydrated forms of yttrium, lanthanum, 
cerium, praseodymium, neodymium, samarium, eu- 
ropium, gadolinium, dysprosium, holmium, erbium, 
and ytterbium have been prepared and character- 

(6) J. A. Cunningham, D. E. Sands, and W. F. Wagner, ibid. ,  6, 499 
(1987). 

(7) T. Phillips, 11, D. E, Snnds, aud W. 17 Wagner, ibid., 7 ,  2295 (IOG8). 
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i ~ e d . ~  Powder patterns show that there are two dis- 
tinct monohydrate structures. The compounds of the 
lower rare earths have a triclinic structure, involving 
dimers, which has so far defied elucidation and which 
may be disordered. Ytterbium acetylacetonate mono- 
hydrate is not isostructural with the monohydrated 
form of the chelates of the lower rare earths, 

Experimental Section 
An analyzed sample of the monohydrated form of ytterbium 

acetylacetonate, which had been prepared by the method of 
Stites, McCarty, and Quill* and recrystallized from acetyl- 
acetone,4 was obtained. 

With the aid of a polarizing microscope, a suitable crystal, 
with dimensions 0.18 X 0.09 X 0.09 mm, was chosen and 
sealed in a thin-walled glass capillary with the 0.18-mm dimen- 
sion parallel to the capillary. Preliminary oscillation and Weis- 
senberg photographs indicated the triclinic crystal system. The 
crystal was transferred to a General Electric X-ray spectrometer 
equipped with a single-crystal orienter and scintillation counter 
with a pulse height analyzer. The crystal was oriented about 
b*. The triclinic diffraction symmetry was confirmed and ac- 
curate unit cell dimensions wer? obtained by slow 8-26 scans; 
they are a = 13.009 =I= 0.008 A, b = 18.833 i: 0.016 A, c = 
8 .325&0.004A,a  = 100.395zkO.O43”,~ =102.118f0 .095° ,  
and y = 105,192 i: 0,021 O ,  The measured densitys is 1.72 =k 
0.02 g cm-8; the calculated density for four molecules per unit 
cell is 1 .74 g ~ m - ~ .  

The intensities of all of the independent reflections for which 
28 5 40’ were measured manually using a 40-sec counting period 
and zirconium-filtered Mo Kcu radiation. Goniostat settings 
were calculated for the Mo Kai line (A 0.70930 A), and conversion 
factors for obtaining integrated intensities were based upon 12 
intensities measured by a manual w scan. Background correc- 
tions were obtained by interpolation of a plot of background v s .  
28 which was based on measurements made with the crystal set 
out of reflecting position. Corrections for instrumental fluctua- 
tions and variations of intensity due to crystal decomposition 
were obtained by periodically measuring a standard reflection. 
A total decrease in intensity of about 10% was observed. 

A 
total of 504 reflections, for which the intensity did not exceed 
1.07 times the background and therefore could not confidently be 
distinguished from background with the observed counting rate, 
were recorded as unobserved. The intensities were converted 
to structure factors in the usual manner. No corrections were 
applied for absorption or extinction ( p  = 53.0 cm-l). The maxi- 
mum possible variation in the ratio of any two intensities due to 
absorption is about 21%. 

A total of 3496 independent reflections were measured. 

Structure Determination and Refinement 
Trial ytterbium positions were deduced from the 

three-dimensional Patterson function. Further inter- 
pretation of the Patterson map was not attempted 
owing to extensive crowding and overlapping of the 
peaks. Space group Pi, suggested by a negative 
piezoelectric test, was assumed (later confirmed by the 
successful refinement of the structure). The two 
crystallographically independent ytterbium atoms, 
Yb(1) and Yb(2), occupy the P i  general positions 
2(i): *(x, y, z ) ,  with x(1) = 0.37, y(1) = -0.24, 
and z(1) = -0.07; and x ( 2 )  = 0.24, y(2) = 0.21, and 
z(2) = 0.26. The ytterbium positional parameters 
and one scale factor were refined by the method of 
least squares. 

(8) J. G. Stites, C. N. McCarty, and L. L. Quill, J .  Am.  Chem. Soc., 70, 

(9) M. F. liichardson, LI. E.  Sands, and W. F. Wagner, in gleprtration 
3142 (1948). 

The contributions of neutral Yb to the observed 
structure factors were computed, and a difference 
Fourier map based on F, - F, of the 2721 reflections 
for which 1 F,] > 0.40 1 F, was calculated. This differ- 
ence Fourier synthesis had 13 prominent peaks a t  
approximately the distance from the ytterbium atoms 
expected for oxygen atoms. Five additional peaks 
were found which could be attributed to the carbon 
atoms of one complete acetylacetonate group. Two 
additional difference Fourier maps were required be- 
fore all of the remaining oxygen and carbon atoms could 
be located. 

The atomic parameters and one scale factor were 
refined by the method of least squares using a local 
IBM 360 adaptation of the program of Busing, Martin, 
and Levy.l0 The atomic form factors included were 
taken from Cromer, Larson, and Waberll for ytterbium 
and from the compilation of IbersI2 for oxygen and 
carbon. The contributions to the least-squares sums 
were weighted by l /a2,  in which u for each reflection 
was calculated by a variation of the method of Smith 
and Alexander, l a  which includes the contribution to the 
error of each correction factor, such as background 
measurements, conversion of peak heights to integrated 
intensities, and corrections for instrumental variations. 
Unobserved data were omitted from the refinement. 
Included in the refinement were the positional parame- 
ters of the 46 independent atoms, individual aniso- 
tropic temperature factors of the form exp [ - (h2p11 + 
k2& + 1 2 p 3 3  + 2hkP12 + 2h& + 2k&3)] for the ytter- 
bium atoms, individual isotropic temperature factors 
for the oxygen and carbon atoms, and one scale factor. 
During the last cycle of refinement the contributions 
of the ytterbium atoms to the structure factors were 
corrected for the real and imaginary components of 
anomalous dispersion. The values of Af’ and Af” 
were taken from the compilation of Temp1et0n.l~ 
The final value of the residual, R = ZrI]F,l - lFoli/ 
Z[F,I, was 0.076 for the 2992 observed data. The 
ytterbium contributions alone gave R = 0.251, and 
before the anomalous dispersion correction R was 0.080 
for the complete structure. The mean positional 
parameter shift during the last least-squares cycle was 
0.00098. The standard deviation of an observation 
of unit weight was 0.82. Hydrogen atom positions 
were not determined. 

The magnitudes of the final observed and calculated 
structure factors are listed in Table I. The atomic 
coordinates and temperature factors are given in Table 
11. 

Discussion of the Structure 
Figure 1 shows the two crystallographically inde- 

Table 111 pendent molecules projected along [ O O l ] .  

(10) W. R. Busing, K. 0. Martin,  and H. A. Levy, “ORFLS, a Fortran 
Crystallographic Least-Squares Program,” ORNL-TM-305, 1962. 

(11) D. T. Cromer, A. C. Larson, and J. T. Waber, Acta  Cryst., 17, 1044 
(1864). 

(12) “International Tables for X-Ray Crystallography,” Vol. 111, The 
Kynoch Press, Birmingham, England, 1962, p 202. 

(13) G. S. Smith and L. E. Alexander, A d a  Cryst . ,  16, 462 (lSLi3). 
(14) See ref 12, p 216. 
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contains the bond lengths and angles; the standard 
deviations were calculated by the method of Sands.ls 
Figure 2 shows the average dimensions of an ytterbium 

Each independent ytterbium atom is bonded to seven 
oxygen atoms, contributed by three bidentate acetyl- 
acetonate groups and one water molecule. Yb(1) is 

acetylacetonate ring. (15) U. E. Sands, Acfa Cryst . ,  21, 868 (1966). 
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bonded to the carbonyl oxygen atoms 0(1-2), 0(1-3), 
O(1-4), 0(1-5), 0(1-6), and 0(1-7) and to the water 
molecule 0 (2-1). 

The average ytterbium to carbonyl oxygen distance 
is some 0.10 8 shorter than the value of 2.336 8 for the 
average distance of ytterbium to coordinated water. 
The corresponding values in Y (C6H702)3 3H2O6 were 
2.366 and 2.409 8, while in La(CbHs02)3-2H2O7 the 
corresponding values were 2.473 and 2.573 8. The 
empirical relationship of Lingafelter and Braun, l6 based 
on a study of distances in acetylacetonates of metal 
ions having noble gas electronic configurations, pre- 
dicts a value of 2.333 A for the ytterbium to carbonyl 
oxygen distance. The average 0-0 separation in a 
ring, the "bite" of a ring, is 2.760 A which compares 
favorably with the average value of 2.781 8 found by 
Lingafelter and BraunlG in a survey of 13 acetylaceton- 
ate chelates; the average ring dimensions also com- 
pare favorably with those found in the survey. 

The mean deviations of the carbon and oxygen atoms 
from the least-squares planes of the acetylacetonate 
groups are 0.056, 0.020, and 0.023 A for the rings con- 
taining O(1-2)-0 (1-3), O( 1-4)-0 (1-5), and 0 (1-6)- 
0(1-7), respectively. The deviations of Yb(1) from 
the planes are 0.19 f 0.04, 0.59 f 0.01, and 0.05 f 
0.01 8, respectively. For the acetylacetonate groups 
bonded to Yb(2) we have 0.016, 0.014, and 0.050 A 
as the mean deviations of the carbon and oxygen atoms 

(16) E. C. Lingafelter and R. L. Braun, J .  Am.  Chem. Soc., 88, 2951 
(1866). 

from the least-squares planes of the rings containing 
0 (2-2)-0 (2-3), 0 (2-4)-0 ( 2 4 ,  and 0 (2-6)-0 (2-7), re- 
spectively. The deviations of Yb(2) from the planes 
are 0.04 f 0.01, 0.58 f 0.01, and 0.35 f 0.04 A, re- 
spectively. The metal-chelate rings containing 0 (1- 
6)-0 (1-7) and 0 (2-2)-0 (2-3) are essentially planar ; 
the sums of the interior angles of these rings are 719.8 
and 719.9', respectively, compared with 720' required 
for planarity. The four remaining metal-chelate rings 
are each folded about a line passing through their two 
oxygen atoms. The angle of folding is 19.7' for the 
O(1-4)-0(1-5) ring, 7.0" for the 0(1-2)-0(1-3) ring, 
14.0" for the 0(2-4)-0(2-5) ring, and 10.1" for the 
0(2-6)-0(2-7) ring. The average sum of the interior 
angles for these four metal-chelate rings is 714.3". 
The 0(1-4)-0(1-5) ring is folded away from the O(1-6)- 
0(1-7) ring and toward the 0(1-2)-0(1-3) ring. The 
O(1-2)-O(1-3) ring is folded toward the coordinated 
water molecule O(1-1). The 0(2-4)-0(2-5) ring is 
folded away from the 0(2-2)-0(2-3) ring and toward 
the 0(2-6)-0(2-7) ring. The 0 (2-6)-0(2-7) ring is 
folded toward the coordinated water molecule 0 (2-1). 

A hydrogen bond (27.3 8) links the water molecule 
0(2-1) to the carbonyl oxygen atom 0(1-6). Thus the 
independent molecules are linked in pairs. The short- 
est contact distance between pairs (3.98 8) is the C(2- 
1 l)-C(1-6)' distance, where the prime indicates the 
atom related to C(1-6) shown in Figure 1 by the center 
of symmetry at l/2, l/2, 0. All other contact distances 
between pairs are greater than 4.00 A. Contact dis- 
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sin Q 

o sinP 
Figure 1.-Projection of the two independent molecules along [ O O l ]  . Molecules shown are linked by a hydrogen bond. 

125.2" 

Figure 2.--Average dimensions of a ring in Yb( C S H ~ O ? ) ~ .  HaO. 

tances between the molecules linked by the hydrogen 
bond are 3.03, 3.15, and 3.84 A for O(1-1)-0(2-4), 
0 (1 - 1)-0 (2-l), and 0 (2-3) -C( 1-1 I)  respectively. All 
other contact distances are greater than 4.00 A. 

The coordination polyhedra about the crystal- 
lographically independent ytterbium atoms are shown 
in Figures 3 and 4. Table I V  contains the distances 

O( I -?)  
-1.61 
n 

O ( 1 - 2 )  
+0.41 

Figure 3.-Coordination polyhedron formed by the seven 
The distance of each atom from 

The view is along a vector 30' from 
oxygen atoms bonded to Yb( 1). 
the central plane is given. 
Yb( 1)-O( 1-6) in the plane of Yb( 1)-0( 1-6)-0( 1-7). 

and angles of the polyhedra. 
The polyhedron formed by the coordinated oxygen 

atoms about Yb(1) is a distorted capped trigonal prism 
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TABLE II 
ATOMIC PARAMETERS OF Yb( CaH,Oz)a .3&0 WITH 

ESTIMATED STANDARD DEVIATIONS 

TABLE I11 
BOND LENGTHS AND ANGLES" 

X I 
0.36456(101 -0.24646(61 
0.4663(121 -0.1970(81 

z 
-0.07908(141 
-0.2527(181 
-0.1554(19) 
-0.3373(221 
-O.O266(l91 
-0.1047(191 
0.0928(20 I 
0.1668(21) 

- O . Z 8 4 L ( 3 0 1  
-0.2761 (34 I 
-0.4142(341 
-0.4321 (421 
-0.6024 (40  I 
-0.0572(321 
-0~0761(361 
-0.1293(321 
-0 1 456 ( 36 I 
-0.213s(341 
0.3024(321 
0.3542(321 
0.2448 ( 28 I 
0.3089(331 
0.4316(31 I 

0.25283(141 
0.0542(161 
0.247U(20) 
0.1728(191 
0*4323( 20 I 
0.4961(231 
0.2877(191 
0.0832(20 I 
0.2361 (361 
0.219802) 
0.1763(331 
0.1541(301 
010976(321 
0.6533(331 
0.5856(40 I 
0.6808(321 
0.6359(40 I 

0,3375 (35 I 
0.2545 (42 I 
0.1367 (36 I 
0.046b(371 
-0.0763(30 I 

0.7548138 1 

Y B ( I  I 
O ( 1 - I  I 
O(1-21 
O(1-31 
O ( 1 - 4 1  
0 0 - 5 1  
O(I-61 
O(1-7) 
c(1-l) 
C(1-2) 
C(I-31 
c(1-41 
t(l-51 
C(1-6) 
C(I-71 
c(l-8) 
C(I-91 
C(I-Io1 
C(L-II1 
c(1-12 I 
c(1-131 
C( 1 - 1 4 )  
C(1-I51 

Y8(21 
O(2-I I 
O(2-21 
O(2-31 
O(2-41 
O(2-51 
O(2-6) 
O(2-71 
c(2-1 I 
C(2-21 
c(2-31 
c(2-4) 
C(2-5) 
C(2-61 
c(2-71 
C(2-81 
C(2-9) 
ct2-101 
C(2-I I I 
C(2-121 
c(2-131 

C(2-I51 
c (2-1 4,l 

0.2576(131 
0.2646(151 
0.2584(12) 
0.4581(131 
0.5405(131 
0.3409(141 
0.1225(20) 
0.181 l(22 1 
0.1229(22) 
0.1774(291 
0.1223(261 
0.1788(23) 
0.2399(25) 
0.3217(231 
0.4165(26) 
0.5013(221 
0.7015(21 I 
0.5 I94 (22 ) 
0.5776(181 
0.3997(221 
0.3350(211 

0.23763(91 
0.3334(111 
0.1150(131 
0.3197(131 
0.4018(13)  
0.1976(15) 
0.2676(131 
0.0926(141 
0*0004(261 
0.1066(221 
0.1943(241 
0.2918(21 I 
0.3751(211 
0.5633(231 
0.4394(2bl 
0.3665(231 
0.24¶6(261 
0.1800(251 
0.2395(231 
0.1917(291 
0.0850 (25 I 
0.0374(251 
-0.0700(21 I 

-0.1802 ( 8  I 
- 0 . 3 1 4 1 ( 1 0 1  
-0.3469(9) 
-0.3338(91 
-0.1752(9) 
-0.1930(91 
- 0 .  I242 ( 14 I 
-0. I883 ( 15 I 
-0.2531(161 
-0.3101 (19) 
-0 3816 I 18 ) 
-0.4689 ( I5 ) 
-0 - 4  I96 ( 17 I 
-0.4496(151 
-0.41 12(181 
-0 .4444(151 
-0.0987(141 
- 0 .  I I57 ( I4 I 
-0. I344 ( 12 ) 
-0. I475 ( 14 I 
-0 .  I235 ( 14 I 

0.20601 (61 
0.2414(71 
0.0958 ( 10 ) 
0 .  I167 (9 I 
0.2524 (9 I 
0.2342( 10 I 
0.3331 (91 
0.2118(91 
-0.0288 ( 17 I 
0.0264(16) 
-0.0034(151 
0.0424 ( 15 I 
0.0055 ( I 4  I 
0.34301151 
0.3003(171 
0.3187(151 
0.2838 ( I7 I 
0.3046(171 
0.4595(161 
0.3643 ( 19 I 
0.3389 ( 17 I 
0.2581 ( 1 8  I 
0.2343(131 

Angles, degrees 

Chemically equivalent dimensions are grouped together. 

-7) 
.6 I 

u f 0 . 2 2  

Figure 4.-Coordination polyhedron formed by the seven 
The distance of each atom 

The view is along a vector 30" 
oxygen atoms bonded to Yb(2). 
from the central plane is given. 
from Yb(2)-0(2-3) in the plane of Yb(2)-O(2-3)-O(2-2). 

with 0(1-3) capping the lateral face O(1-1)-O(1-2)- 
O(1-4)-O(1-5). Distances related by the ideal Czv 
symmetry of this polyhedron are grouped together in 
Table IV. A capped trigonal prism was observed in 
the structure of the NbF72- i0n.l' In the present 

(17) J. L. Hoard, J .  Am. Chem. Soc., 61, 1252 (1939). 

Figure 5.-Coordination polyhedron in Y( C6H,02)3. 3Hz0 
formed by the eight oxygen atoms bonded to the yttrium ion. 
The distance of each atom from the central plane is given. 

case, however, the distortions resulting from chemically 
different ligands make i t  difficult to distinguish this 
polyhedron from the tetragonal base-trigonal base 
geometry reported for (CsH5)4C4Fe(C0)3.18 Descrip. 

(18) R. P. Dodge and V. Schomaker, Nature, 186,798 (1960). 
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TABLE IV tion is also possible in terms of the capped octahedron 
DIMENSIONS OF COORDINATION POLYHEDRA which has been found in the chelate structures tris- 

DISTANCES, A (diphenylpropanedionato)aquoholmium19 and tris(1- 
0(1-21-0(1-4) 3.50 
011-5)-011-1) 3.04 

0(1-7)-0(1-6) 2.74 

0 11-4) -0 11-51 2.77 
011-2]-011-1~ 3.07 

011-41-0(1-31 2.78 
0 11-21-0(1-31 2.73 
0 11-31 -0U-51 2.99 
011-3)-011-1~ 2.81 

0(1-2)-0(1-7) 2.75 
0(1-4)-0(1-7) 2.85 
0 (1-1) -0 (1-6) 2.75 
0 (1-5) -0 11-6) 2.93 

0 (1-1]-0(1-71 4.15 
0(1-2)-0(1-6) 3.79 
0(1-71-0(1-5) 3.98 
0(1-6)-0(1-4) 4.00 

ANGLES, 

0 (1-21-0(1-4)-0 11-71 50.1 
011-41-0 (1-7)-0 11-2) 77.3 
0 (1-71 -0 (1-21 -0 11-4) 52.6 

0 (1-2) -0 (1-3) -0 11-41 78.8 
0 (1-3) -0 (1-4)-0 (1-21 50. 0 
0~1-41-0(1-2~-0~1-31 5 1 . 2  

0(1-1~-0(1-31-011-5~ 63.1 
0 ~ 1 - 3 ~ - 0 1 1 - 5 ~ - 0 ~ 1 - 1 ~  5 5 . 5  
0 (1-5)-0 11-11 -0(1-31 61.4 

0(1-3)-011-4)-0(1-5) 65.2 
0(1-4)-0(1-51-0(1-3) 57.6 
0 (1-5)-0(1-3)-0(1-4) 57.2 

0 (l-l)-O (1-2) -0(1-3) 57.5 
0 11-21-0 (1-3)-0(1-1) 67.3 
0 ~ 1 - 3 ~ - 0 ~ 1 - 1 ~ - 0 ~ 1 - 2 1  55.2 

0 (l-l)-O (1-51 -0 (1-61 54.9 
0 ~ 1 - 5 ~ - 0 ~ 1 - 6 1 - 0 ~ 1 - 1 1  6 4 . 5  
0 (1-61 -0 11-1) -0 (1-51 60.6 

0~1-1~-011-21-0~1-71 
0(1-2)-0(1-7)-0 (1-6) 
0 11-1) -0 l1-6)-0 11-71 
011-2~-0(1-1~-0 (1-6) 
0 (1-4 1-0 11-7) -0 11-6) 
011-5)-011-4~-011-71 

90.8 
87.3 
98.1 
81.1 
91.4 
90.4 
89.1 
89.1 

0 (2-7)-0(2-5) 3.33 
O(2-41-012-11 3.04 

0(2-2)-0(2-3) 2.80 

0 (2-5)-0(%-4) 2.76 
0(2-71-0(2-1) 3.10 

0 (2-5) -0(2-6) 2.87 
0(2-71-0(2-6) 2.75 
0 (2-6) -012-4) 2.82 
012-6)-0(2-1) 2.28 

0 (2-7)-0(2-21 2.82 
012-5)-0(2-2) 2.81 
0 (2-11-0(2-31 2.69 
0(2-4)-0(2-3) 2.82 

0 12-1) -0(2-21 4.19 
0(2-7)-0(2-31 3.85 
0 (2-21-0(2-4 I 3.90 
0 (I-3i -0 (2.51 4.02 

DEGREES 

0(2-71-0(2-5)-0(2-2) 54.0 
0(2-5)-0(2-21-0(2-7) 72.4 
012-21-0(4-7)-012-51 53.6 

0(2-7)-0(2-6)-0(2-51 72.5 
0 (2-61 -0(2-51-0(2-7) 52.0 
0 (2-5)-0(2-7)-0 (2-61 5 5 . 5  

0 (2-11-0(2-6)-0 12-41 6 5 . 6  
0 (2-6) -0 (2-41 -0 (2-11 56.6 
0 (2-4)-0 (2-11-0(2-6) 57.8 

0 12-6) -0 (2-5)-0 (2-41 60.1 
0(2-51-0(~-0-0(2-61 6L.8 
O(2-4 )  -0(2-6)-0(2-5) 58.1 

0 (2-1)-0 (2-7)-0(2-6) 56.4 
0 (2-71-0(2-61-0(2-11 68.3 
0 (2-61 -0 12-11 -0 (2-7) 5 5 . 3  

0 12-1~-0~2-41-0 (2-31 54.4 
012-4)-0(2-3)-0(2-11 67.0 
0 (2-3) -0 (2-1) -0 (2-41 58.6 

0 (2-1)-0(2-71-0(2-21 

012-11-0(2-31-0(2-21 
0 (2-91 -0 12-11 -0(2-3) 
0(2-5)-012-2)-0(2-3) 
0 (2-4) -0 (2-5) -0 (2-21 
O(2-5)-0 (2-4)rO (2-3) 
0 (2-4 1-0 12-31 -0 ( 2-2 ) 

0(2-7)-0(2-2)-0(2-31 

STlWDARD DEVIATIONS OF DISTANCES * 0 . 0 2  A 
STANDARD DEVIATION OF ANGLES * 0.4 to 0.7 DECREES 

90.0 
86.4 
99.6 
83.0 
91.5 
88.7 
92.1 
87.7 

phenyl- 1,3-butanediona to) aquoy t tr ium (I I I). 2o T h e  
capping ligand in this case would be the carbonyl oxy- 
gen atom O(1-7) rather than a water molecule, and the 
deviations from a regular octahedron would be large. 21 

The polyhedron about Yb(2) may also be described 
as a capped trigonal prism with 0(2-6) as the capping 
ligand. Description is also possible as a tetragonal 
base-trigonal base figure with bases 0(2-2)-0(2-3)- 
0(2-4)-0(2-5) and 0(2-1)-0(2-6)-0(2-7) or as a 
tetragonal base-trigonal base figure with bases 0 (2-1)- 
O(2-3)-O(2-2)-0(2-7) and 0(2-4)-O(2-5)-O(2-6). Cor- 
responding dimensions of the two polyhedra, inter- 
preted as capped trigonal prisms, are adjacent in Table 
IV. 

I n  Y ( C E H ~ O ~ ) ~ .  3H206 the polyhedron formed by the 
eight coordinated oxygen atoms is a distorted square 
antiprism (Figure 5). The coordination polyhedron 
about Yb(1) or Yb(2) can be derived from this square 
antiprism by removing the coordinated water molecule 
0 (1) and shifting the carbonyl oxygen atom 0 (4) to this 
vertex. The line passing through O(5)-0(9) would 
constitute an edge of the new polyhedron, and the 
0 (3)-0 (6)-0 (7)-0 (8) quadrilateral would correspond 
to the 0 (1-4)-0 (14-0 (1-6)-0 (1-7) quadrilateral in 
the monohydrated ytterbium chelate. 

(19) A Zalkin and D. H. Templeton, American Crystallographic Associa- 

(20) F. A. Cotton and P. Legzdins, Ino ig ,  Chem., 7 ,  1777 (1968). 
(21) See E. L. Mnetterties and C. M. Wright, Quavt. Rea. (London), 21, 

105 (15671, for a summary of the stereochemistry of higher coordination. 

tion Meeting, Minneapolis, R'linn., Aug 1967, paper T7. 




