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Investigations of Alkaline-earth PB-diketone Complexes.
ITI. The crystal and molecular structure of bis(l,S-diphenyl—l,3-

' *
propanedionato)strontium hemiacetonate

By Frederick J. Hollandef, David H. Templeton and Allan Zalkin
Lawrence Berkeley Laboratory and -Department of Chemistry,

University of Californié, Berkeley, California 94720 U.S.A.

The crystals of bis(l,3;diphenyl—1,3—propanedionato)
strontiﬁm-hemiacetonate are triclinic, space group PI, with
& = 13.759(50) &, b = 14.182(10) &, ¢ = 16.031(20) R, a =
107;57(3)-°, B = ‘90.36(20)°, = 113.07(20)"’_ at 23°C. The
calculatedfdensity'for th units of empifical fdrmula'
Sr,CazHe 0 in the unit cell is 1.38 gm/cms. X-ray
diffraction measurements were made of 2204 indepehdént
"reflectioﬂs from a single crystal by 6-26 scans with a
scintillation counter using ménochromatized;Mogg radiatibn; '
The,nonéhYdrogen atoms were found by Fourier methods and
refinedlby least-squares to E'; 0.088 for 1561 reflections
with E?>a(£2). Hydrogen atoms were not 1oéated. The
conforméﬁion of the complex is similar to that of the

corresponding Ca(DPP)2 hemiethanolate, consisting of



tetrameric polymers around a center of symmetry,”but
the‘packing is such that the two structures are not
isomorphousw These two structures are compafed with

those of other polymeric B-diketone coﬁplexes.

N _ .
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Alkaline-earth metal cations form complexes with

- the anibn of '1,3-diphenyl-1,3-propanedione:

This pépér reports the structure of‘S_r(DPP)2
hemiacetondte. Thelco;Llex forms tetraméric polymers
of the same general configuration as those found for the
DPP complex of calcium (Hollander, Templéton'and'Zalkin,
1973a). However, the solvent molecule included in the Sr
complex is acetone, rather than the ethanol of the Ca
complex and there are differences in the details of the
polymervéhape. ‘Thus, despite the fact that the general
formé of_the complexes are similar and the space group
(PI) the Sdme, the structures are not isomorphoﬁs and the
unit cells cannot bé brought into congruence. |

The compléx was synthesized using'a-mbdificationv
of the methoa of Hammond, Nonhebel and Wu (1963) . Strontium
nitrate was dissolved_in a small dmount of.water,.and c
ethanol added until precipitation wds juét observed. ‘This'f

solution was added to an ethanolic solution of:l;E—diphenylﬁl




1,3-propanedione (HDPP), and a stron.g aqueous-NHS/NH4c_1,'

pH 10, buffer was added to the mixture. A WhitiSh precipitate
(probably either Sr(NOS)z or HDPP) immedié,t-'eiy formed,[' émd
the mixture was heated to reflux for an houi'and stirred
continuously. Heating caused the precipitate to dissolve,

and cooling yieldedva very pale yellow crysﬁalline
precipitate which was filtered and dried in air.

Attempts ﬁo recrystallize the compound:generally _
yielded a viscous oil, but finally a few crystals were
obtained by very slow evaporation of an ethanol solution
with a very small amouht of acetone added to it. Of
these few,_only-one was good enough'for'cfystallographic
study.

| This crystal, a-thin plate of approximate dimensions
0.03 mm x 0.17 mm x 0.32 mm was affixed to a glass fiber.
Precession photogfaphs indicated a triclinié unit cell.

It Was_theﬁxmounted on a Picker/Nucléar'four;circle
diffractometer automated by a DEC PDP 8I computer and disc

and equipped with a molybdenum x-ray tube.

~ Twelve reflections which were in the range 20° to 25°
of 260 werc carefully centereq in X, w and 26 'using Moﬁq'
radiation.()\ - 0.7107 R). Thé cell.dimensions and oriéntation
matrix were dotlermined from these angles using the FACS-1
least-squares program on the PDP 8I. The cell dimensions

were determined again by the same method




after the data collection and were found, to have changed

by as much as flve standard'dev1ations. The second set

of cell parameters, a = 13.759(10) &, b = 14.182(9) &,

¢ = 16.031(9) A, a = 107.57(3)°, B = 90.36(3)°, ¥ = R
113.07(3)° at 23°C, where the standard deviations

'are those.estimated by least squares, were used throughont “
the structure anelysis. We estimate respectively 0.05 &,
0.01 K " 0.02 K 0.03°, 0.2°, and 0.2° as-standard deviations
which reflect the variation of parameters during the experiment
The calculated density for Z = 4 is 1.38 gm/cm

The density was not measured directly for lack of
suitable material 'Inspection of the intensities before
data collection revealed a rapid fall- off of intensity
with increasing 20, there being very few appreciable
intensities beyond 26 = 25° and none at all beyond 26 = 30°

Data were collected using a 6-20 scan technique

and graphite mbnochromatized (/0 = 11. 806) MoKu radiation.
_Peaks were Canncd 0. 7 below the predicted Kal pOSition

to 0.7° abovc the predicted Ka2 ‘position .

at a scan speed of 1°/min. Backgrounds were countedvfor

10 seconds at positions offset 0.3° from eacn end of the

scan (all angles_ZO). Copper-foil attenuators were
automatically inserted in’thevdiffracted_beam any time the -
count ratevexceeded 10000 eps and the peak was roscanned»

and the beckgrounds measured with the attenuators imn

place.. All reflections in tne hemisphere-of reciprocal;spdce
+h,+k,+4L were collected for 26 <30°(sin@®/A < 0.370). o

"wo reflections, the (3 0 0) and the (1 3 0), wecrce measured



after eVery'loo data to monitor crystal deCay and. .
alignment. The (1 3 0) showed a steady 1ihearideéline
td 84% of its original intensity over the data;collection '

period, whiie_the (3 0 0) showed'large'(th%)*fahddm

variations around a similar drop. Not including repetitionéj

of the standards, 2371 reflections were measuréd. of .
theée, 260 were measured with zero intensity; and ih all
684'had lﬁld(z)}‘ Intensities and their standard deviatiqns
were‘calculated as previously described'(Hollander;'
Templeton and Zalkin, 1973b). |

An absorption correction was applied to the

intensities assuming that the crystal cpmpoéition was

Sr(DPP)2(02H50H)1/2 with 2 = 4, in compositibnal isomorphism

with the related Ca. compound (Hollander; Templeton and
Zalkin, 1973a). This yielded g = 21.2 cm™ . (The actual
compoéition differs from this by one carbonvatom, but théf
effect on p.is negligible.) = The correction'factors»rangéd"
from 1'07;50 1.41.‘ The'data were corrccted for the 1iﬁégr.
crystal decay and Loréntz and polarizationreffects.v Those
rcflections taken more than once were averaged to give 2204 
unique reflections of which 1561 had Ez>o"(§‘_'2) .

The atomic scattering factors of Doyle and Turnér

(1968) were used for neutral strontium, carbon and oxygen,

~together with the real and imaginary dispersion corrections




of Cromer and Liberman (1970). Our least-squares program

minimizes the function E_v_v_(AE_)z/ TwF %, ‘The weighting

scheme used throughout gave zero weight when' §?<:a(§?)
and w = 1/&2(2) otherwise; o(F) was calculated as
previously described (Hollander, Templeton and Zalkin,

1973b) using p = 0.05.

Programs used in the structure analysis are listed
in the paper referenced above. |

Due to the low resolutibn of the data (few reflectiohs
with g_<.1.6 1) the strﬁcture refinement did not proceed
smoothly. Leést—squares did not distinguish well between
atoms and.groups of atoms, allowing large excursions and
producing some poor bond distances.

Two independent Sr atoms were located by the
three—dimensional Patterson function and gave.gl =
ZI}AEﬂ/QEIEb] = 0.36.  A Tourier phased by these atoms
revealed 38_Qdditiona1‘atoms which refined to Bl = 0.27.
Another Foufier revealed the other 30 atoms of the DPP
ligands and anothcr peak, designated 0(9), which was |
assumed,_in analogy to.the Ca complex (Hbllander? Templetbn_'
and Zalkin, 1973a), to be the oxygen of an éthahol moleéuléf
Three cycles of least-squares on these aﬁdms, all refined
‘with isotropic ﬁhermal parameters brought Bl to 0.14. 'With

Sr atoms given anisotropic thermal parameters, R1 was



‘reduced to 0.094, but attempts to refine an ordered
or disordered ethanol in the vicinity of 0(9) failed
to converge satisfactorily. |

A différence Fouriér phased after'réMOval of the

"ethanol" atoms (Bl = 0.13) showed a large tfiangular area

| of electron density with a peak at each corner and high
density in the center. Still assuming similarity to |
the Ca structure, a disordered ethanollmodél was
hand-fittedvto the peaks and the positions of the six
atoms with occupancy factor of 0.5 were fixed in
1east—sduares. Refinement of the rest of the structure
and of four thermal parameters for the'ethanol gave an
2)1/2

-_— TA) - 4 2
R, of 0.094 and R, = (Zw(4F)°/ TwF

However, the thermal parameters of‘the methyl caernsgz

of 0.080.

of the two half-ethanols refined to thevlowest_yalues of
any in the structure. It was then réalized that the
triangular region of electron density could also'be fitted
 by an acetonc molecule. Inclusion of theée atomsvin the
to 0.072, standard

refinement brought R, to 0.088, R

1 2 _
" deviation of observation of unit weights was 1.47, and all
shifts to less than 10% of their standard deviations after
four cycles. The thermal parameters of all of the

acetone atoms were in keeping with those of the rest of

the structure, and the refinement was considered complete.
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A difference Fourier shOwed.no peaks greater than
6.6 gf/ﬂ3.. No attempt was made to:refineinydrogen
atoms o | |
-The observed F's and their standard dev1atlons
‘are compared to the final differences in Table 1.
The final positional and thermal parameters of the atoms
are given in'Table 2. |
Results and Discussion

The complex consists of clusters of:composition
(Srz(DPP)4(CH3)ZCO)2 around the center of symmetry at
0,0,0. The clusters are related only by unit cell
translations, and the only inter-cluster contact of less
" than 3.50 fx is 3.42 2\ between C(26) and c(ze) across
the center of symmetry at 0,1/2,0.

The Sr(1) and Sr(2) atoms are respeCtiyely seven- and
six—coordinated by the oxygens of the DPP ligands and the
-7acetone'(Fig. 1). Rach Sr atom shares two oxygen atoms
with each'of two neighboring Sr atoms, forming a cluster
taround the center of symmetry. The bridginﬁ oXygens, O(l)
and 0(2) of T)P.P(l) and 0(3) and 0(4) of DPP(a), occupy the
corners of a sllghtlv distorted paralloloplped, with
four rectangular faces capped by Sr atoms and the two.
non-rectangular l'aces occupied by the DPPingands (Fig. 2) .
The uncapped face, referred’to here as core plane 1 (CP 1);

forms almost right angles with the planes,eapped by Sr(1)
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and Sr(2) (CP 2 and CP 3 respectively). The acute

angle between CP 2 and CP 3 is 83° significantly : ; d’vvd |
'1different from right angles. The core planes are planar -
| to w1th1n less than a standard dev1atlon of the R 3 ‘ L
coordinates of the four atoms that define them. The
distance between symmetry related planes 1s 3. 04 ﬁ for
| CP 1, 3.30 A for CP 2 and 2.83 A for CP 3. The mean
plane. of the Sr atoms lies halfway between CP 1 and
the symmetry-related CP 1'. Sr(1l) is 1.50 ! away

from CP 2 and the three other oxygens coordinated to

Sr(1l) are-3.25 K 3.17 A and 3.21 A from the same plane
for O(b), 0(6) and 0(9) respectlvely - 8r(2) is 1 14 K
and 0(7) and 0(8) of DPP(4) are 3.08 and 3.24 K
respectively from CP 3.

The dietances from Sr to the bridging oxygens avefage
2.55 K with no 31gnif1cant difference between the two
dlffcrentlv coordlnated Sr atoms. Thevdlstances from
the Sr_atoms to the unshared oxygens avefage'to 2.44 ﬁ,_
indicating the expected tighter honding.to the unshared
 ligands, and the Sr(1) to 0(9) distance is 2.60 &, in
keeping with the fact that the acetone is uncharged and - . i ' ‘}
thus not as tightly bound as the negative'DPP iigands. |

The angles_from the diketone planee of.the
bridging DPP molecules to CP 1 are 89° for DPP(1) and

108° for DPP(2) and the angle between the two is 17°.
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The lérger angle for DPP(2) reflects the leSs crowded
envir%nment it encounters (Fig. 2), whereas DPP(l)
>lS forced to near perpendicularity w1th CP 1 by interaction
with-;he acetone molecule. DPP(S) forms an angle of
T1° w1th CP 2 ‘and the acetone plane forms a right angle
w1th %he same plane, again reflecting this steric
intef;action. The diketone of DPP(4) forms an angle of
86° wmh CP 3, reflecting its nearly symmetrical
v enﬁirbnment with respect to CP 1 and CP 1'. DPP(4) is
'vtiltea within its plane as already noted.

~Eaeh DPP ligand can be described in terms of
three plancs, the two phenyl rings (phenyl(l), 1-6;
phenyl(Z) 10-15, Flg 3) and the diketone residue
(7-9,: oxyﬂen 1 and 2, Fig. 3). All such planes in ‘this
structure are planar to w1thln two standard deviations
of the coordinates of the atoms 1nvolved, The plane of
the acctone moleccule is also good to two standard deviationé.
The phenyl pianes are twisted along the 6-7 and 9-10 axes
with f@spcct to the diketéne résidué planes by angles
rangiﬁg from 10° to 45° (Table 4).

Due to thellow reéolution of the data noted above;
the distances within the DPP ligands (Table 5) are ‘n'ot‘welli
doaned The average C-C distance in the phenyl group"»

of 1. 4J A is close to other phenyl C-C valucs where Lhe

hydrogens have been omitted, and the olher average
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distences, C-0 = 1.28 A C-C(diketone) = 1,40 R,
C(phenvl) c(diketone) = 1.53 K are 1nlreasonaﬁle
agreement with other values for this ligehd;(Williams,
1966; Hollander, Templeton and Zalkin,-lQ?Sa,_l973b)a SR
Since Sr is larger than Ca, it is'not'unreasonable_ :
that a 1érger molecule, aeetOne, would‘replaee the
ethanol which is found in the Ca complek.' However, it
is not obvious why the preference should be soO spe01flc,
as seems to be the case, nor why the packlng is not more
nearly isomorphous. |
The primary difference in molecular conformation
is the degree of distortion of the centralvparallelopipedb
of 0 atoms (Fig. 1). In the Ca complex it is strongly'.
dlstOrfed'from rectangularity while in the Sr complex'v:
the acutevangle between the rectangular_feces is much
closer to 90° (69° for the Ca and 83° for the Sr complex).
1The planes Tﬁat'meke up the central ﬁarallelopjped are

closer together in the Ca compound than they are in the

- Sr comp]ex (2.90, 2.87 and 2 60 K vs. 3.04, 3.30 and 2.83 K).

These effects can be explalned by the dlfferencee
between the Ca-0 and Sr-0 bond lengths, which are
compatible with the difference in ionic radius between

_C
g, = 1.13 A) (Pauling, 1960). Given the coordination

ave. . ave

Ca and Sr (Ca-0_ = 2.57 A, sr-0, = 2.55 A; = 0.99 £,
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geometry,'shorter bonds between the metal and the
bridging oxygens mean that the DPP ligands doing the
bridging must move closer togéther (Fig. 2). In the
Ca complex they are forced close enough together ﬁhat
they must slide parallel to one another to achieve a
staggered configuration and increase the distances
between the atoms, thus decreasing the acute angle of
thé paralielogram of core plane 1. vIn the casé of the
ér complex, the distances from the Sr to the oxygen
allow enough room between DPP ligands so that they are
not forced -into close proximity and can assume a more
eclipsed configﬁraﬁiom with respect to one another.

The reason that Mg(DPP)Z'(Hollandcr, Templeton and
Zalkin, 1973b) does not polymerize in the same manncr
as the Ca and Sr complexes is thus‘appareht, since the
Mg—O_distanées of around 2.05 A would have required very
Close proXimity of the DPP ligénds even With fqll staggering
of the diketone residues. |

We now compare the polymerization observed for'the_Ca
and Sr DPP complexes with the structures of other polymeric
P-diketone complexes. Most of the known examp]és of such
polymers involve acetylacetonc anion (AA) as the 1igand,v
and the cations share oxygen atoms to achieve octahcdral
coordination. Ni(AA)2 forms linear trimers; each Ni atom

1is octahedrally coordinated and the octahedra share facés
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(Bulién;_MaSOn and Pauling, 1961). Co(AA)z‘forms_a
tetrameric chain with octahedra sharing faces between
the two Co atoms at each'end and sharing an édge between
the two central Co atoms (Cotton and Elder,'1965).
CO(AA)Z(HéO)'dimerizes so that each déba1t can.bé |
octahedfally coordinated, and the octahedra share an.
edge (Cotton and Elder, 1966). |

Gerlach and Holm (1969) note that B-diketones with
bulky side groups act to suppress polymerization and force
the complexes to become monomeric even though octahedral
coordination may be lost. Thus the structures_of
bis(2,2,6,6-tetramethyl-3,5-heptanedionato)zinc and
nickel, Zﬁ(DPM)é and Ni(DPM)z; have been,determined.by.
crystallbgraphic means to be monomeric, and tetrahedral
and plénar respectively (Cotton and Wood, 1964; Cotton
- and Wise, 1966); Various evidence»indicates that the -

.structufes-of'the DPM complexes of other'diValéht tranSiinn'

metals are monomeric and either tetrahédrél or planar o
(Gerlach and Holm, 1969). The results of our studies
indicate that bulky side groups cannot bevéounted on to
reduce poiymerizatioﬁ. The existence of the dimer in'thé
study of.Pr(DPM)3 (Erasmus and Boeyens, 1970), which?
involves sharing bulky DPM ligands to achieve seVen-fold
coordination, indicates that this ability to polymerize

is not specific to DPP. Further, a recent study of the DPM
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complexes of the alkaline-earth metals by means of
vapor-phase diffusioh, mass spectroscopy and moiecular
welght measurements indicates that the Ca, Sr and Ba
cémplexeé are polymeric in solution and in the vapor
phase, but that the Mg complex is monomefic (Schwarberg,
Sievers and Moshier, 1970).

~ These results suggest that a combination of the
bulk of the ligand and the length of the M-0 bond is the .
criterion for whether or not polymerization is favorable.
With a short M-O bond length, as with Mg or the divalent
first-row transition metals, ligands with side groups
as bﬁlky as t-butyl (DFM) or phenyl (DPP) are forced tod_
close to one another in the configurationé’necessary for
polymerizafion. When the M-0 distance increases, as for
Ca, Sr or Pr(ITI), then neighboring ligands need not be
so closce together, and the advantage of sharing ligands
to get grecater coordination from the negative ions can be

realized.
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Table 1. Observed structure factors, standard deviations

and final diffq;gnces. Reflections marked with an * wefe

given zero weight in least-squares.

(Table to be reproduced photographically.)
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‘Table 2. Final coordinates and thermal parameters.

In this and following tables the standard deviation of

the least significant digit(s) is given in parentheses.

The form of the temperaturé factor (B 1n units of ﬁz)

2 2 2 2
22k b* + B332 c*

hka*b* + 2B, hﬁa*c* + 2B23k£b*c*)) for anlsotroplc

is T = exp(-0. 25(3 ;h%a*® + B
2B12
and T = exp(-B s1n20/A ) for isotropic thermal

parameters.

(Table to be reproduced photographically-)
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ATOM
SR(1)
SRt 2}

o(1}

0€2}

c(o1}
co2)
cwon
Ci04)
C(o5)
C(06)
c(o7?
c(o8)
ci{o9}
c(10)
cuyn
c{2)
ca13)
C(14)
c(as:

0(3)

0t4}

C{l6}
can
ce(ed
€t19)
c(20)
ci)
ce22)
c(23)
C(24)
C(25)
C26)
ct27)
ct28)
(29}

€301

(s}

ots)

c(3y)
(32}
€133)
C{(34)
€351
C(36)
C(31)
C(38)
Ct39)
C(40)
Cial)
Cla2)
C(e3)

Clad)’
CL4s)

0¢T)

o8}

Cl46)
Cla?)
cls4B)
C(e9y
C{50)
cis1)
Ci(52)
c(s3)
Ci54)
C(551
Ct56)
cisT
c(s8)
€59
C{60)

0(9)
Ct6l)
Ci62)
Cis3)

[ T S T T I |

X

«2003(3)

-0158¢31}

«178(1)
«183(1)
«241(3)
«263(3)

«286(3) -

«326(3)
«298(3)
«265(3)
«234(2)
«27412)
«240(2)
«275(2%
0293021
«3341(2)
342(2)
«32202)
«289(2)

«035¢1)
«027(1)
«028(3)
«013(3)
«043(3)
«098(3) -
.082(3)
+020(3).
«002(21}
O1T(2)
00412}
024(2)
07912)
$104(2)
«070(3)
02003}
400312}

+260(1)
25901

«25T7¢3) -
«270(3}

«361(3)
sA34(3)
*28(3)
«33613)
«311(2)
«346(2)
«31502)
«337(3)
«425(3)
«*40(3}
«376(3)
«290(3)
«271(03)

.129(1)
«048(1)
+301(3)
«399(3}
4h2(3)
«387(3)
+285(3)
$252(2)
148(3)
073(3)
016(3)
JJ0513)
087(3)
16804}
(248(23)
$256(3)
JATT(3)

404 (21

4T3 4)
565(4)
47603}

Wi s

Y
-.0410(2)
«1118(2)

«016(2)

«13912)
-003(3}
«005¢3)
«101(4)
«2054)
«203(3}
+110(3)
«113(31}
«211(2)
.218(2)
«331(2)
e416(2)
«529(2})
«537({3)
«449(3)
«3481€2)

«06611)
«189(2)
«068(3)
«070(¢3)
«165(4) -
«261(3)
«256(31
«163(3)
«159(3)
«256(2)
«265(2)
«379(2)
«472(3)
«576(2)
+583(3)
«487(3})
«381(3}

-.078(1)
~.187(1)
-«113(3)
~.112(3}
~e126(3)
-+139(3}
-«135(3)
~e125(2})
-e129(2)
-+199(2)
~e221(2)
~.318(2)
-+337¢3)
~e423(3)
~e478(3)

~e4b61(3)

-« 364(3)

S1T7(1)
22181010
«199(31
£232(3)
2329(3)
+390(3)
«369(3)
.268(3)
£25142)
£2861(2)
£ 271129
+309(2)
£ 351(3)
+391(3)
+38742)
$34713)
.311(2)

»082(2)
«104(4}
«075(4}
+203(3)

z
«0449(2)
«1623€2)

-.088(1}

«089(1)
~.24712)
~e335(3)

T =-e355(3)

~+293(3)
~+203(2}
—.185(2)
~+094(2)
-.023(2)
«062(2)
12612}
«094(2)
«163(2)
«250(2)
227512}
«21502)

~e125(1)
«055(1)
~e293(2)
-+383(3)
~¢399(3)
~¢326(3)
-e237(2)
~e226(2)
-.138(2)
~:066(2)
«022¢2)
«089(2)
«061(2)
«128(2)
s212(2)
23442}
«168(2)

+17241)
-+010(1}
«325(2).
«42013)
«443¢2)
«392¢3)
«300(2)
»28102)
«185(2)
«118(2)
«026(2)}
~+039(2)
-.015(2)
—e080(3)
~e15712)
~«186(2)
~«116(3)

«302(1}
«283(1)
«409(2)
«463(2)
«537(2)
«555(2)
«511¢(2}
<4342}
«387(2)
«414(21
«370(2}
»404(2)
«502(2)
«53712)
«48812)

. «395(3)

«358(2)

«075(2)
©134(3)
+141(3}
21403}

81l
Te4(3)
T-413)

5.91(5)
6.3(5)
B.T7(10}
12.3(12)
12.8(13)
13.3(13)
10.1(11)
8.4(10)
Te2(9)
5.0(7)
5.5(8)
5.8(8)
S.418)

T 6T(8)

T.819)
T.0(9}
6468}

5.0(5)
6.4(5)
B.4(9)
11.6(12)
12.5(13)
11.9(12)
9.7(11)
T.2(9)
84709}
4.2(T)
5.8(6)
S5.4(8)
6.9(8)
Te3(9)
B.41(10)
9.0(10)
Teb(9)

6.5(5)
6.7(5)
9.7(10}

12.4(12)

10.6(11)
13.4014)
10.6(11)
6.5(8)
6.0(8)
6.2(8)
5.7(8)
6.118)
8.5(10})
10.7(11)

10.1(10})

5.6(5)
5.0(5)
8.,9(101
9.6(10)
10.0(11)
10.7(11)
92.01101}
5.6(8)
6.8(9)
S.8(8)
6.0(8)
T.9(10)
9.7(10)
11.0(12}
8,3(9)
12.2(12)
8.2(10)

13.4(8)

13.7(14)
16.1(15)
14,7413}

B22
4.5(2)
4.202)

833
4.4(2)
2.602).

‘8l2
3.1(2)
2.512)

(S ¥]
«4(2)
«612)

823
502}
«0(1}
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Table 3. Distances (&) in the coordination cluster. _

(See Fig. 1)

Atoms Distance ‘Distance
sr(1) 0(2) 0(3) 3.05(3)a
sr(1) o(2) 0(4) 3.30(3)2
sr(1) 0(3) 6(‘4)- 2.86(2)%P
sr(1) 0(1)  o(8) 3.61(3)
sr(1) 0(1) 0(9) 3.67(3)
sr(1) o(2) o(7) 5.42(3)
sr(1) o(2) 0(9) 3.43(3)
si«(z) o(3)  o(s) 3.27(3)
sr(2) 0(3) 0(7) 3.48(2)
sr(2) 0(4) o(6)  3.26(3)
sr(2) 0o(4)  0o(8) 3.58(3)
sr(2) 0(5) -Q(6) 2.85(2)P
sr(2) 0(5) 0(9) 3.18(3)
o(1) 0(6) 0(9) 3.36(3)
0(;1) o(7) o(8) 2 'r(~;(2)b
o(i)

(a) Edge of the central oxygen parallelopiped.

(b) BRite of the 1igand.b
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Tlee 4} ‘Rotation of phenyl ring planes with respect to

diketone planes and each other (deg)

!
; - S—
g DPP Phenyl 1 to Phenyl 2 to . FPhenyl 1 to

i diketone. diketone. - Phenyl 2.
16.0 - 27.2 | 1&.6.
19.6 10.4 18.4

f .t 22.8 . 14.8 37.1
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Table 5. Intra-molecular distances (&)

Atoms

Distance,‘,

c(38)

Atoms Distance
pPP(1) | __DPP(2)
c(or)  c(oz)  L.As() . c(16)  c(a7) - L.A7(4)
c(oz) c(03)  Lk(k)  cQr) - c(8)  1.38(4)
c(o3) c(o4) 1.39(5) c(18) c(19) . 1L.kz2(k)
c(os)  c(o5)  L.51(k)  c(19)  c(0)  L.As5()
©(05)  c(06) 1.34(4) c(20) . c(21)  1.33(4)
c(05) c(o1) L.k (k) c(21) c(16)  1.34(3)
c(o6)  c(or)  1.51(3) c(z1)  c(22)  1.45(3)
c(or) of1)  1.32(3) c(zz)  o(3) 1.31(3)
c(or)  c(08) 1.51(3) c(22) c(23)  1..u(3)
c(o8)  ¢(09) 1.43(3) c(23) c(24)  1.h0(3)
c(09) o(2) 1.29(3) c(a24) o) 1.28(3)
c(09)  c(10) 1.50(3) c(2k)  c(25)  1.56(3)
c(20) (1) 1.38(3) c(e5)  c(26)  1.45(3)
c(11) c(12) 1.53(3) c(26)  c(z7)  1.M4(3)
c(12) c(13) 1.36(3) c(z7)  c(28) 1.41(3)
c(13)  c(4)  12.35(3) c(28) c(29)  1.43(4)
c(iy)  c(19)  1k3(3)  c(29)  ©(30)  L.6()
c(15)  c(0)  1.40(3) c(30) c(25) 1.32(3)
DPP(3) | | prPP(L) |
c(31) c¢(32) 1.5k (k) c(46) c(7) 1.h3(h)
c(32) - ¢(33) 1.40(k) c47)  c(48) - L.hz(k)
c(33) c(3h) 1.34 () c(48) c(49) 1.33(4)
C(3h)  c(35) L.51(4)  c(9)  c(50)  L.h(h)
c(35) c(36) 1.36(4) c(50)  ¢(51) 1.48(3)
c(36)  c(31)  n.3() o) c@6)  1.36(3)
c(36)  ¢(37) 1.55(3) c(51) c(s2) - 1.51(3)
c(37)  o(5) 1.25(3) c(s2)  o(7) 1.39(3)
C(37)  ©(38)  L.44(3) c(52)  c(53)  1.34(3)
c(39) 1.42(3) c(53)  c(54) 1.32(3)

(8
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c(63)

Table 5. (continued)

Atoms_ _Distance Atoms Distance
c(39) o(¢)  1.27(3) c(sk)  o(8) . 1.33(3)
c(39) . c(o)  1.61(3) c(sk) - c(55)  1.57(k)

- c(40)  c(h1) 1.40(k) c(s5) c(56)  1.48(4)
c(s1)  c(sz)  L.hh(d) c(56)  c(57) 1.47(4)
c(h2)  c(43) 1.33(%) c(57) C(58)} 1-32(h)
c(43)  c(uk4) 1.39(k) c(58)  c¢(59) 1.h1(H)

o) c(ks) 1.59(4) c(59)  c(60). = 1.46(k)
c(¥s)  c(ko) 1.37(3) c(60)  c(55) 1.26(k)

| Acetone
0(9)  c(61) 1.28(k4)
c(61) . c(62) 1.42(5)
c(61) 1.60(5)



FPig. 1.

Fig. 2.

Fig. 3.
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Figure Captions

Stereoscopic view of the COordination.around the
Sr atoms. The center of symmetry at O;O;O is
indicated. Thermal ellipsoids‘héve been scaled to
include SO% probability. -

Stereoscopic view of the complex éluster. ‘Phenyl
carbons except for those attached directly'to the
diketdne have been omitted and the acetone atoms
have been giVen artificial thermal parameters
for:clarity. View direction and scaling of the
thermal ellipsoids are the same .as in Fig. 1. |
Geﬁeralized labeling system for DPP ligdnds.
Carbon atoms are single circles, oxygen atoms are
double circles. Numbering shown is fbr DPP(l),
for successive DPP molecules add 2 to the o#ygén.

numbers and 15 to the carbon humbers.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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