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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 omne spiral of hydrogen
atoms includes all six aluminum atoms in the surround-
ing three columns and one hydrogen atom, each at 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
Al---H-.--Albonds, consistent with the rather high ob-
served crystalline density.

The structure is thermodynamically unstable with
respect to decomposition to the elements.® Possibly,
the layering of the hydride structure facilitates the
release of H as Hs. The fact that the geometry of the
Al atoms in the Al layer is the same as that in the
metal,® except that the Al --Al distance in AlH;
is 4.45 A and in Al metal is 2.86 A, suggests a mechanism
of decomposition in which loss of H, is followed by a
lattice contraction in the layer and a lattice expansion

(25) G. C. Sinke, L. C. Walker, F. L, Oetting, and D. R, Stull, J. Chem.
Phys., 41, 2759 (1967).

(26) H. E. Swanson and E. Tatge, National Bureau of Standards Circular
539, U. S. Government Printing Office, Washington, D. C., 1953, p 11,
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in the z axis direction, from 1.97 A in the hydride to
the 2.338 A of Al metal.

Our AlH; structure appears to be isostructural with
the essentially ionic structure of AlF;¥ in which the
AlB+...F~ distance of 1.79 A is slightly shorter than
would be expected from the sum of ionic radii (1.86 A).
Three-center covalent bonding may be contributing to
cause this shortening.
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The crystal structure of Yb{(C;H:0:);(H,0), tris(acetylacetonato)aquoytterbium(III), has been determined from three-

dimensional X-ray diffraction data collected by counter methods.
intensity exceeded 1.07 times the background, were recorded as observed.

A total of 2992 independent reflections, for which the
Four molecules crystallize in a triclinic unit cell of

symmetry P1 and dimensions ¢ = 13.01 A, 5 = 18.33 A, ¢ = 8.32 A, o« = 100.40°, 8 = 102.12°, and v = 105.19°. Thc

calculated and observed densities are 1.72 and 1.74 g cm 3, respectively.
least squares to a value of 0.076 for the conventional R factor.
are seven-coordinate, each being bonded to three acetylacetonate groups and one water molecule.
The coordination polyhedra formed about the independent ytterbium ions may

the independent molecules in pairs.
both be described as capped trigonal prisms.

Introduction

The trisacetylacetonates of the lanthanides and
ytterbium form metastable trihydrates which de-
compose to stable monohydrates.* A recent study?®
has shown that the dihydrated form is not an inter-

(1) Work supported by U. S. Atomic Energy Commission Contract No.
AT (40-1)2124. We also wish to thank Mr. V. Day of Cornell University,
who performed the piezoelectric test, and the University of Kentucky Com-
puting Center.

(2) Submitted in partial fulfillment of the requirements for the Ph.D.
degree,

(3) Author to whom correspondence should be addressed.

(4) G. W. Pope, J. F. Steinbach, and W. F, Wagner, J. Iuorg. Nuci.
Chem., 20, 304 (1961).

() M. F. Richardson, Ph.D. Dissertation, University of Kentucky, Lex-
ington, Ky., 1967; M. F. Richardson, W. F. Wagner, and D. E. Sands,
I'novg, Chem., T, 2495 (1968).

The structure has been refined by the method of
The two crystallographically independent ytterbium ions
A hydrogen bond links

nlediate in the dehydration of the trihydrated chelate.
However, the dihydrates of the lanthanum, praseo-
dymium, neodymium, and samarium chelates can be
prepared by recrystallizing the trihydrated form from
cold 959, ethanol. We have previously determined the
structure of yttrium acetylacetonate trihydrate® 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

(1967).
(7) 7. Phillips, 11, D, E. Sands, and W. I, Wagner, tbéd., 7, 2295 (1968).
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ized.> 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,? 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 were obtained by slow 6-26 scans;
they are ¢ = 13.009 = 0.008 A, b = 18.833 = 0.016 &, ¢ =
8.325 & 0.004 A, o = 100.395 = 0.043°, 8 =102.118 + 0.095°,
and vy = 105,192 == 0.021°, The measured density®is 1.72 £
0.02 g cm™8; the calculated density for four molecules per unit
cellis1.74gcem ™3,

The intensities of all of the independent reflections for which
20 < 40° were measured manually using a 40-sec counting period
and zirconium-filtered Mo Ka radiation, Goniostat settings
were calculated for the Mo Ky 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 vs.
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 109, was observed.

A total of 3496 independent reflections were measured. 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 (u = 53.0cm™1). The maxi-
mum possible variation in the ratio of any two intensities due to
absorption is about 219,.

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 PI1 general positions
2(1): =(x, v, 2), with x(1) = 0.37, y(1) = —0.24,
and 2(1) = —0.07; and x(2) = 0.24, ¥(2) = 0.21, and
2(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,

3142 (1948).
(9) M. F. Richardson, D, E. Sands, and W. F, Waguer, in preparation.
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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 |Fo| > 0.40 | F,| was calculated. This differ-
ence Fourier synthesis had 13 prominent peaks at
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.® The atomic form factors included were
taken from Cromer, Larson, and Waber!! for ytterbium
and from the compilation of Ibers'? for oxygen and
carbon. The contributions to the least-squares sums
were weighted by 1/¢% in which o for each reflection
was calculated by a variation of the method of Smith
and Alexander,!? 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[— (A%6u +
kQﬁzz + 12533 + 2hk,812 + 2}1«[613 + 2k1623)] 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 Templeton.!
The final value of the residual, R = 3||F,| — |F|/
ElFol, 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
II.

Discussion of the Structure

Figure 1 shows the two crystallographically inde-
pendent molecules projected along [001]. Table III

(10) W. R. Busing, K. O. Martin, and H. A, Levy, “orrLS, 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
(1964).

(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, Acta Cryst., 16, 462 (1963).

(14) Seeref 12, p 216.
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deviations were calculated by the method of Sands.® oxygent atoms, contributed by three bidentate acetyl-
Figure 2 shows the average dimensions of an ytterbium acetonate groups and one water molecule. Yb(1) is
acetylacetonate ring. (15) D. E. Sands, dcta Cryst., 21, 868 (1966),
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bonded to the carbonyl oxygen atoms O(1-2), O(1-3),
0O(1-4), 0(1-5), O(1-6), and O(1-7) and to the water
molecule O(2-1).

The average ytterbium to carbonyl oxygen distance
is some 0.10 A shorter than the value of 2.336 A for the
average distance of ytterbium to coordinated water.
The corresponding values in Y (C;H70s);: 3H,08 were
2.366 and 2.409 A, while in La(CsHsOs)s-2H;07 the
corresponding values were 2.473 and 2.573 A. The
empirical relationship of Lingafelter and Braun,'® 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 O-O separation in a
ring, the “bite” of a ring, is 2.760 A which compares
favorably with the average value of 2.781 A found by
Lingafelter and Braun'® 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 0(1-2)-0(1-3), 0(1-4)-0(1-5), and O(1-6)-
O(1-7), respectively. The deviations of Yb(l) from
the planes are 0.19 =% 0.04, 0.59 = 0.01, and 0.05 =%
0.01 A, 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
(1966).

"

X Fo

from the least-squares planes of the rings containing
0(2-2)-0(2-3), 0(2-4)-0(2-5), and O(2-6)-0(2-7), re-
spectively. The deviations of Yb(2) from the planes
are 0.04 = 0.01, 0.58 = 0.01, and 0.35 = 0.04 A, re-
spectively. The metal-chelate rings containing O(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
0(1-4)-0(1-5) ring, 7.0° for the O(1-2)-O(1-3) ring,
14.0° for the O(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 O(1-4)-O(1-5) ring is folded away from the O(1-6)—
O(1-7) ring and toward the O(1-2)-0O(1-3) ring. The
0(1-2)-0(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 O(2-2)-0(2-3) ring and toward
the O(2-6)-0(2-7) ring. The 0O(2-6)-0(2-7) ring is
folded toward the coordinated water molecule O(2-1).
A hydrogen bond (27.3 A) links the water molecule
0O(2-1) to the carbonyl oxygen atom O(1-6). Thus the
independent molecules are linked in pairs. The short-
est contact distance between pairs (3.98 A) is the C(2-
11)-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 !/s, }/5, 0. All other contact distances
between pairs are greater than 4.00 A. Contact dis-
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j[c(z-lﬂ

Lk o
sb sina

1-12)

c(1-13)

Cc(l-15)

0(2-4)

0(1-6)

c{2-11)

asinB

Figure 1.—Projection of the two independent molecules along [001].

Figure 2.—Average dimensions of a ring in Yb{CsH:O;)s+ H:O.

tatices between the molecules linked by the hydrogen
bond are 3.03, 3.15, and 3.84 A for O(1-1)-0(2-4),
0O(1-1)-0(2-1), and O(2-3)-C(1-11), 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 IV contains the distances

Molecules shown are linked by a hydrogen bond.

of=-m
—{.61

o(l-4)

4 oti-2)
+0 5, )+0.41
i o(i-3)
+2.20
oli-5)
+0.33

+ 0.3

Figure 3.—Coordination polyhedron formed by the seven
oxygen atoms bonded to ¥b(1). The distance of each atom from
the central plane is given. ‘The view is along a vector 30° from
Yb(1)-O(1-6) in the plane of Yb(1)~O(1-6)-0O(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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TasLE II

Atomic PARAMETERS OF Yb(CsH-0,);-3H20 WITH
ESTIMATED STANDARD DEVIATIONS

x Y r4 BrA

Y8l 04¢36456(10) =0424646(6) -0,07908(14) a
o(1=1) 048663(12) =041970(8) =0e2%27(18) 3e6(8)
ofi-2) 0e2576(13) ~041802(8) =0e1554(19) 2e5(4)
0(1=3) Ce2646(15) =0e3141(10) =0e3373(22) Se1(9)
o(1-~4) 0e2584(12) -0e3469(9) -040266(19) 4.01a)
o(1-5) 044581(13) =0e32338(9) =041047¢(19) 3e8¢a)
0l1-6) 045405(13) =-041752(9) 040928(20) 3.8(4)
o1-7) 0e3409(14) =0e1930(9) Oe1668(21) 4e9(a)
cl1=-1) 001225(20) =0e1242(14) =042842(30) 24816)
Cl1=2) CeiBl1(22) =041883(15) =0s2761(34) 3e716)
ci1=3) 0e1229(22) =025211(16) -0e4142(34) 6e0(8)
Ccll~4) Cel774(29) =0e3101(19) =0e4321(a2) 8a4(9)
c(1=5) 0¢1223(26) =0038161(18) -0+46024(40) Be2(140}
ci1-6) 0¢1388(23) =044689(15) -0+0572(32) S5¢6(7)
cl1=7) 0e2399(25) «0e4196(17) ~040761(36) S5e9(8)
ct1-8) 0e3217(23) =044496(15) =0,1293(32} 3e8(7)
Ct1=-9) 004165(26) =-004112(18) ~0¢1456(36) 6+0(8)
C(1=10) 0e5013(22) =024444(15) ~0e¢2135(34) 6+0(8)
Cl(l=11) 0e7015(21) ~0Qs0987(14) 0s3024(32) 4.8(7)
Cl1=12) 0e5194(22) =0¢1157(14) 0e¢3582(32) 440(T)
Cl1~13) O0e5776(18) ~0s1344(12) 0+2448(28) 205(5)
Cll1=14) 0e3997(22) ~0+1475(14) 0e3089(33) 3e3¢(T)
C{1«158) 0e3350(21) =0e1235(14) 04431631} 40172
¥B(2) 0423763(9) 0420601(6) 0e25283(14) b
ofta=-1) Ce3334(11 Oe2414(T) Oe05421(16) 2.8(3)
ot2~2) 0e41150¢(13) 0.0938110) 0Ce2470(20) Se2ta)
ot2-3) Ce3197¢123) 0:1167(9) 0e1728(19) 4.2(4)
ot2=-4) 0.4018(13) Qe2524(9) 004323(20) Qe0(a"
o(2-5) 0197615 0e2342(10) 004961(23) Sea(5)
0t2-6) 0e26761(13) 003331(9) Oe2877019) 3e¢9(4)
0(2-7) C.09261(14) 0e2118(9) 0.0832(20) 4e2(a)
c(2~1) 0e0004(26) =-040288(17) 0e2361(36) T720(9)
c(2=-2) Ce1066(22) 0e0264(€16) 0e2198(32) 4e5(7)
cta-3) 041943(24) =0¢0034(15) 0e1763(33) Sel 7y
cl2-4) Qe2918¢(21) 0e¢0424(1S) 041541(30) 3e7¢(6)
ct2-5) Qe3751(21) 000055(14) 0e0976(32) 403(7)
c(2-6) 0.5633(23) 0e3430(15) 0e6533¢(33) Sel 7
c(2-7) 044394 (26) 0¢3003(17) 0e5856(40) Gea (9)
c(2~8) 0+23665(23) 003187(18) 0+6808(232) de8(T)
cl(2=-9) 0e2496(26) 0e¢2838(17) 04¢6359(a0) 58(8?
C€(2-10) 0.1800¢25) 0e3046(17) Oe7%48(38) 548(8)
Ct2=-11) 02395(23) 0:4535(16) 0e3375(35) 6e6(9)
C{2=-12) 0e1917¢(29) 0e36431(19) 0e.2545(42) 6+81(8)
C(2=13) 0085023 033891171 0e¢1367(36) 4¢9(9])
C{2-14) 0.,0374¢25) 042581 (18) 040466(37) Sel1(8)
C(2-15) =040700¢21) 0e2343(13) =0e40763(30) ETT RT3

a) @' =0,00515113). g =0.00214 160, p“-o.owas(ao)

1% .
§'%=0.00101 (714 PP e0i001250150, f’--o.oooxsuo)

8 p"=0.00533(13)0 F*0.001771604  PPa0.i01578(29)

p*o.00115(7).  @?s0.00189015), p*P=0s00081¢10)

0(2-2)
-1,56

0({2-5)
+0.75

Figure 4.—Coordination polyhedron formed by the seven
oxygen atoms bonded to Yb(2). The distance of each atom
from the central plane is given. The view is along a vector 30°
from Yb(2)-0(2-3) in the plane of Yb(2)-0(2-3)-0(2-2).

with O(1-3) capping the lateral face O(1-1)-O(1-2)-

0O(1-4)-O(1-5). Distances related by the ideal C,

symmetry of this polyhedron are grouped together in

Table IV. A capped trigonal prism was observed in

the structure of the NbF:;*~ ion.'" In the present
(17) J. L. Hoard, J. Am. Chem. Soc., 61, 1252 (1939).
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c(1-2)-c(1a3)-c(1-u) 11#.5(28
C(1a?)=C(1-8)=

c(2-2 -c(z-g;-csz-u;
C{1 2(2
c(1-12)-c(1-13)-c(1-1u) 120.8(25

123.6 26;
C(2«7)=C(2=8)=C(2= g
C(2=12)-C(2-13)=-C(2-14) 118.8(29)

TasLE III
BoND LENGTHS AND ANGLES®
Lengths, A
b(1)-0(1~1) 2,213(14) ¥b(2)=0(2-1) 2.358{(13)
Yb(1)=0(1-2) 24173(13) ¥b(2)=0(2~2) 2,248(17)
Yb(1)=0(1-3) 2.214(17) ¥b(2)=0(2-3) 24291(16)
Yb(1)=0(1~4) 2,204(16) ¥b(2)=0(2-4) «183(16)
¥b(1)=0(1=-5) 2,295(16) ¥Yb(2)-0(2-5) 2,203(18)
Yb(1)=0{1=6) 2.326(16) Yb(2)=0(2-6) 2.276(16;
¥b(1)=0(1=7) 2,232(16) Ib(2)-0(2-7) 2,147(17
0(1-2)=C(1~2) 1.21(3) 0(2-2)-C(2~2 142
0(1=3)=C(1at) «28(3) ogz 3-cfz-u3 1.3%%%;
0(1=4)=C(1-7) 1.30(3) 0(2<l)uc(2-7) 1-38(3
0(1-5)=C(1.9) 1.,36(3) 0(2=5)=C(2-9) 1428(3)
0(1«6)eC(1-12 1.27(2) 0(26)=C(2=12) 1.28(3)
o(1-7)=C(1-14 1.28(3) 0(2-7)=C(2-14) 1.30(3)
C{1=2)=C{1m 1.42(3) C(2e2)=C(2 W48
C{1=h)=C{1u 1.uu(3) cfz-u;-cgz-%; i.uo%%i
€(1-7)-C(1 1e44(3) C{2=7)=C(2-8) 1.43(3)
C(1-9)-C(1 1.30(3) C{2+9)=C(228) 1443(3)
c(1-12)-c( 1.37(3) C(2=12)=C(2=13) 1.42(4)
C(1-14)-c( 1.45(3) C(2=14)eC(2-13) 1.47(3)
€(1-2)=C(1w1) 1.59(3) C{2-2)wC(2=1 1,
C(1-4)-C(1-5) 1.65(4) C(Z-b)-c%z-sg 1.?&%%;
C{1-7)=C(1-A) 1-#5(3) C(2=7)=C(2-6) 1.53(4)
C(1-9)-C{1~10)  1.56(4) C(2-9)-C(2-10)  1,.54(4)
C(1-12)=C{1-11) 1,51(3) C(2e12)=C(2-11) 1,63(4)
C(1-14)~C(1~15) 1453(3) C(2-14)-C{2=15) 1.45(3)
Angles, degrees

0(1-2)-¥Yb(1)-0(143) 7740(6) 0(2=-2)~Yb(2}=0(2+3) 76.3(6)
0(1=/t}=Yb(1)=0(1=5) 7640{6) 0(2-4)-Yb(2)=0(2~ 8,
0(1=6)-¥b(1)-0(1-7) 7440(6) 0(2-6;-ng2)-g§2-7; ;6.35§3
Yb(l)-o(i-’) -C(1w2) 135,7(18) Yb(2)-0(2=2)=C(2=2 8o
¥Yb(1)-0(1= 3 =C(1x4) 131,1(21) yb(z)-o%z-ag-cfz-u; 1%3.2 %23
Yb(1)=0(1e4)-C(1«7?) 13442(18) Yb(2)=0(2+«4)eC(2a7) 132,2{18)
!b(l)-O(l-S)-c(1-9) 128,5(17) Yb(2)-0(2=5)=C(2=9) 133,0(20
Yb(1)-0(1-5)=C(1-12) 134.8(15) Yb(2)-0(2-8)=C(2-12) 12049 19;
Yb(1)=0(1«7)=C(1=14) 13844(17) ¥b(2)=0(247)=C(2-14) 142,6(19)
O(1=2)=C(1=2)=C(1u3) 12944 (26) 0(2=2)=C(2=2)aC(2= N
0(1=3)=C(1-k)=C(1-3) 13040(32) 0(2-3)-0(2-“;-022-33 1§§-7(§§;
0(1-4)=C(1-7)=C(1=8) 121,1(27) 0(2=4)=C(2-7)=C(28) 121.9 28)
0(1-5)=C(1+9)=C(1-8) 12540(29) 0(2=5)=C(2+9)=C(2-8) 122,40(29
0(1~6)=C(1w12)=C(1s13) 128,2(23) 0{2=6)=C(2=12)=C{2~13) 133.,1(32)
0(1=7)~C(1=14)=C(1=13) 12L,4(25) 0(2=7)=C(2=14)-C(2-13) 118,6(28)
0(1=2)=C(1w2)=C(1=1) 120,2(24) 0(2-2)=C(2=2)=C(2=1) 117.8(26)
Ogi-Bg-Cii-h)-c(l-S) 113,0(30)} 0(2=3)=C(2=4)=C(2=5) 11445(22)
0(1=b)uC(1=7)=C(1~6) 116,9(27) 0{2=l)=C(2-7)=C(2=6) 118.8(27)
0(1=5)=C{1~9)=C{1=10)  108,3(25) o(z 5)eC(2=9)=C(2-10) 11649 ze
0{1=h)=C{1a12)=C(1e11) 114 u(z1) Ez-é)-c(z-iZ)-c(z-ll) 11049(2
0(1=7)aC{1=14)=C(1=15) 115.,4(24) 0(2=7)=C({2-14)=C(2~15) 123.7(28)
C{1e1)=C(1m2)=C(1= 11041 (24) C(2=1)=C(2=2)=C(2~3) 11946(26)
021-53-021-“;-021-33 117.9(30) C(2=5)=C(2adt)=C(2=3) 119.7(2
C{1+6)=C(1=7)=C(1=8) 121.6(28) C(2+6)=C(2+7)=C(2=8) 119.0(2
C(1=10)=C{1=9)aC(1=8)  126,7(30) C(2=10)=C(2=9)=C(2-8)  121.2(29
C{1=11)=C(1=12)=C(1=13) 117.2(23) C(2~11)eC(2=12)=C(2=13) 114+5(30
C(1=15)=C(1=14)=C(1«13) 12041(25) C(2~15)=C(2=14)-C(2=13) 117.6(29

)

9)

)

¢ Chemically equivalent dimensions are grouped together.

Figure 5.—Coordination polyhedron in Y{(CsH:O;); 3H,0
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 it difficult to distinguish this
polyhedron from the tetragonal base-trigonal base
geometry reported for (C¢H;),C,Fe(CO); 18 Descrip

(18) R. P. Dodge and V. Schomaker, Nature, 186, 798 (1960).
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TABLE IV

DimeNsIONS 0F COORDINATION POLYHEDRA
DISTANCES, A

o(1-2)-0(1-4) 3.50 0(2-7)-0(2~5) 2.33
0(1-5)~0(1-1) 3.04 0{2-4)~-0(2-1) 3.04
0(1~7)-0(1-6) 2.74 0{2-2)-0{2-3) 2.80
0(1-4)-0(1-5) 2.77 0(2~5)-0(2-4} 2.76
0(1-2)-0(1-1) 3,07 0(2-7)-0(2-1) 3.10

0(l-4)-0(1-3) 2.78 0(2~5)-0(2-6) 2.87
0(1-2)-0(1-3) 2.73 0(2-7)-0(2-~6} 2.75
0(1-3)-0{1-5) 2.99 0(2~6)-0(2-4) 2.82
0(1-3)-0(1-1) 2.81 0(2-6)=0(2-1) 2.38

0(2-7)-0(2-2) 2,82
0(2-5)-0(2-2) 2,81
0(2-1)-0(2-3) 2.69
0(2-4)-0(2-3) 2.B2

0(l-2)~0(1-7) 2.75
0(1-4j-0(1-7) 2.85
0(l-1)-0(1-6) 2,75
0(1-5)-0(1-6) 2.93

0(1-1)-0{1-7) 4.15 0(2-1)-0(2-2) 4.19
0(1-2)-0(1-6) 3.79 0{2-7)~0(2-3) 3.85
0{1-7)-0{1-5) 3.98 0(2-2)-0(2~4) 3.90
0{1-6)-0(1-4) 4.00 0(2-3)-0(2.5) 4.02

ANGLES, DEGREES

0(2-7)~0(2-5)-0(2-2) 54,0
0(2-5)-0(2-2)-0(2-7) 72.4
0(2-2)~0(2-7)-0(2-5) 53.6

0(1-2)-0(1-4)-0(1-7) 50.1
0(1=-4)=-0(1-7)=0(1~2) 77.3
0(1+7)=0(1=2)=0(1-4) 52.6

0(2-7)=-0(2-6}-0(2~5) 72.5
0(2-6)~0(2-5}-0(2-7) 52.0
0(2-5)-0(2-7)~0(2-6) 55.5

0(1-2)-0(1-3)-0(1~-4) 78.8
0(1-3)-0(1-4)-0(1-2) 50.0
0(1-4)-0(1-2)-0(1-3) 51.2

0(2-1)-0(2-6)-0(2-4) 65.6
0(2-6)-0(2-4}~0(2-1) 56.6
0(2-4)-0(2-1)-0(2-6) 57.8

0(1=-1)=0(1-3)=-0(1-5) 63,1
0(1-3)=0(1-5)=-0(1-1} 55.5
0(1-5)-0(1-1)-0(1~3) 61.4

0(2-6)~0(2=5)-0(2-4) 60,1
0(2-5)-0{2-4)-0(2-6) 61.8
0(2-4)-0(2-6)-D(2-5) 58,1

0(1-3)-0(1-4)-0(1-5) 65.2
0(1-4)-0(1-5)-0{(1-3) 57.6
0(1-5}-0(1~3}-0(1-4) 57.2

0(2-1)-0(2-7)-0(2-6) 56.4
0(2-7)-0(2-6)-0(2~1) 68.3
0(2-6)=0(2-1)-0(2-7) 55.3

0(1-1)-0(1-2)=0(1-3) §7.5
0(1-2)~0(1-3)~0(1-1) 67.3
0(1-3)-0(1-1)-0{1-2) 55.2

0(1-1}-0(1-5)-0(1-6) 54.9
C(1-5)-0(1-6)=-0(1~1) 64.5
0(1-6)-0(1=-1)-0(1-5) 60.6

0(2«1)~0{2-4)-0(2-3) 54.4
0({2-4)=0(2-3)-0(2~1) 67.0
0{2-3)-0(2-1)~0(2~4) 58.6

0{1-1)-0(1-2)-0(1-7) 90.8
0(1-2}-0(1-7)-0(1~6) 67.3
0(1-1)-0(1-6)-0(1-7) 98.1
0(1-2)-0(1-1)~0(1-6) 81,1
0{1-4)~0(1-7)-0(1-6) 91.4
0(1-5)=-0(1«4)~-0(1-7) 90.4
0(1-4)-0{1-5)-0(1-6) 89.1
0(1-5}-0(1-6)-0{1-7) 89.1

0(2-1)-0(2-7)~-0(2-2) -90.0
0(2-7}-0(2-2)-0(2~3) 86.4
0(2-1}-0(2-3)-0(2-2) 99.6
0(2-7)=-0(2-1)-0(2-3) 83.0
0(2-5)=0(2-2)~0(2~3) 91.5
0(2-4)-0(2=5)=0(2-2) 88.7
©0(2-5)-0(2-4)20(2-3) 92.1
0(2-4}-0(2-3)-0(2-2) 87.7

STRNDARD DEVIATIONS OF DISTANCES = 0.02 A
STANDARD DEVIATION OF ANGLES = 0.4 to 0.7 DEGREES

Inorganic Chemistry

tion is also possible in terms of the capped octahedron
which has been found in the chelate structures tris-
(diphenylpropanedionato)aquoholmium?!® and tris(1-
phenyl-1,3-butanedionato)aquoyttrium(I11).2 The
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.?

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

In YV (C;H:0,)s- 3H,0® 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 molectile
O(1) and shifting the carbonyl oxygen atom O(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 O(1-4)-0O(1-5)-0(1-6)-0O(1-7) quadrilateral in
the monohydrated ytterbium chelate.

(19) A. Zalkin and D. H. Templeton, American Crystallographic Associa-
tion Meeting, Minneapolis, Minn., Aug 1967, paper T7.

(20) F. A. Cotton and P. Legzdins, Inorg. Chem., T, 1777 (1968).

(21) See E. L. Muetterties and C. M. Wright, Quart. Rer. (London), 21,
109 (1967), for a summary of the stereochemistry of higher coordination.





