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on the Ni2* are neutral, does not show this distortion.
The distances are 2:07, 202, 2-04 A and 2-04, 2:03, 2:05
A for the three independent distances around the two
different Ni ions, the distance to the water given last in
each trio.

The Mg(DPP), complex differs from the other octa-
hedral complexes in that the solvent molecules are cis
to one another on the coordination octahedron (Fig. 1).
The solvent molecules are all trans to one another in
the other monomeric complexes. The cis arrangement
is not required by the space-group symmetry, which
couldjust as easilyaccommodatethe trans configuration,
but, while all the other distorted octahedra could be
described as tetragonally distorted, the octahedron in
Mg(DPP),(DMF), cannot.

Bullen explains the distortion of the Co(AA),(H,0),
octahedron in terms of combination of the available
d orbitals of the Co. The same explanation could hold
for the Ni complex as well, but not for the magnesium
complexes, since Mg?* has no available d orbitals.
Morosin concludes in his paper that the effect is due
to packing forces rather than electronic ones since the
diaquo Mg complex shows the same distortion as the
Co and Ni complexes. The appearance of the same ef-
fect in Mg(DPP),(DMF), and in other structures noted
above, where the packing and coordination environ-
ments are radically different, as well as the absence of
any effect in the octahedral nickel acetylacetone per-
chlorate complex, leads us to suspect that the effect is
primarily electrostatic in origin, with secondary con-
tributions from d-orbital hybridization and packing.
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Bis-(1,3-diphenyl-1,3-propanedionato)calcium hemiethanolate, Ca[(C¢HsCO),CHL(C,HsOH),,,, crys-
tallizes in space group P1 with a=15-247 (1), b=13-555 (1), c=14-097 (1) A, a=7464 (1), B=9597 (1),
y=113-59 (1)°, Z=4, at 23°C. The density calculated for two units of empirical formula Ca,CeHs00,
in the unit cell is d.=1-32 g cm~3. The structure was solved by direct methods and refined to a conven-
tional R value of 0-040 for 4503 reflections collected by counter methods. The complex consists of a
centrosymmetric cluster containing four calcium atoms, two with six oxygen neighbors each and two

with seven.

Introduction
Alkaline-earth metal cations form complexes with the
anion of 1,3-diphenyl-1,3-propanedione:

* Work performed under the auspices of the U.S, Atomic
Energy Commission,
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Table 1. Observed structure factors, standard deviations and final differences between

observed and calculated structure factors ( x 10-0)

Reflections marked with an * were given zero weight in least-squares refinement.
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Table 1 (cont.)

O8SERVED STAUCTURE FACTURS FOR  CALDPP)2-1/2 (2M50K
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Table 1 (cont.)
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Fig. 1. Stereoscopic view of the neighbors of the Ca ions. The center of symmetry at 0,4,4 is in the center of the cluster. Thermal

ellipsoids have been scaled to include 50% probability.
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We succeeded in crystallizing the calcium complex only
when ethanol was present. This paper reports the struc-
ture of bis-(1,3-diphenyl-1,3-propanedionato)calcium
hemiethanolate, Ca(DPP),(C,Hs;OH),,,.

Experimental procedure

The complex was synthesized by mixing a solution of
calcium acetate in aqueous ethanol with an ethanolic
solution of 1,3-diphenyl-1,3-propanedione (HDPP) and
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adding concentrated NH;/NH,CI, pH 10, buffer. A
lemon-yellow precipitate appeared immediately upon
addition of the buffer solution. The mixture was re-
fluxed for one hour. The precipitate dissolved on heat-
ing, but reappeared as the mixture was cooled. It was
filtered and dried in air and stored in a desiccator over
Drierite. Attempts to recrystallize the complex gen-
erally yielded a viscous orange oil, which dissolved in
many organic solvents, but formed a cloudy solid on
addition of ethanol. Well-formed clear yellow crystals

Table 2. Final parameters for non-hydrogen atoms

In this and the following tables the standard deviation of the least significant digit(s) is given in parentheses. The form of the
temperature factor (B in units of A?) is T=exp [—0-25 (B, h2a*?+ 2B, hka*b* + .. .)].

ATOM X Y z Bll
CA(1) +15585(4) «62742(4) «404BR(4) 2.25(3)
CA(2) -.06897(4) +54331(5) «30244(4) 2462(3)
a1y -.0458(1) «2998(1) «6414(1) 3.1(1)
ac2) e1235(1) «449811) «5458(1) 3,0(1)
c(ly -e1316(2) +0897(3) +7620(3) 3.9(2)
C(2) -e1835(3) ~.0168(3) +8148(3) 4e2(2)
ci3) —e17451(3) ~e1058(3) «79344(3) 4.2(2)
Cl4) ~e1157(3) -.0878(3) «7136(3) 5.3(2)
C(s5) =+0620(3) +0195(3) e 66611(3) 4,7(2)
Ccle) -.0703(2) +1097{2) +6872(2) 2.4(1)
cmn -e0137(2) 22741 2) «6352(2) 3.0(2)
cisy «0704(2) 25441 2) «58£3(2) 3.4(2)
c(9) .1328(2) «3614(3) »56407(2) 3.0(2)
C(10) «2177(2) «3757(2) «4859(2) 3.,3(2)
c(n 021811(3) «29871(3) «4391(2) 4e202)
ca2) «2966(3) +3152(4) +2885(3) 5.5(2)
C(13) «3778(3) «4085(4) «3857(3) 4.7(3)
C{l4) «3801(3) «4858(4) «4325(3) 3.112)
c(s) «3000(3) «4707(3) +4822(3) 3.3(2)
N3 +0862(1) .5283(2) «323E(1) 2.7(1)
0(4) -.0801(1) «3648(1) +4218(1) 3.1(1)
C(l6) $2412(3) +5730(4) «2109(3) 3.8(2)
can «3168(3) +5991(6) «1498(4) 44613)
C(18) «3145(4) +52391(6) «09¢3(4) 5.1(3)
C(19) «2357(5) +4327(5) «1006(3) 10.1(4)
c(20) «1605(3) +4064(3) «1618(3) Te3(3)
c(21) «1632(2) «4T5T(3) «2191(2) 3.4(2)
c(22) «0841(2) 24495(2) +2882(2) 3.2(2)
Cc(23) +01361(2) «3427(3) «31211(2) 3.4(2)
C(24)  -,0623(2) #3029(2) +3788(2) 3.1(2)
C(25) =-.1268(2) «1819(2) «4006(2) 3.0(2)
C(26) =-.1228(3) «1104(3) +3492(4) Te1(3)
C(27) -.1845(4) -.0002(3) «2707(4) 8e4(3)
C(28) =-.2510(3) =+0412(3) «4423(3) 5.1(2)
C(29) -.2572(2) «0272(3) «4929(3) 546(2)
C(30) -,1962(3) «1370(3) «4775(3) 5.3(2)
0(s) «T142(2) «2380(2) +6385(1) 20741}
s10-3} «7130(1) +3340(2) «4360(21) 2.1(1)
C(31) «6125(3) +0883(3) «799313) 3.912)
C(32) #5619(3) 20089(3) «8305(3) 545(3)
C(33) «4679(3) =+0577(3) «872014) 5.0(3)
C(34) #4230(3) =e0444(3) +7825(4) 3.8(2)
C(35) +4720(3) +0340(3) «7022(3} 3.3(2)
C(36) «5683(2) +1013(2) «7089(2) 3.0(2)
C(37) +62€1(2) «186212) 0622012) 2.7(2)
c(38) #5823(3) «204013) +5298(3) 2.1(2)
C(39) «6303(2) «2758(3) 0 4628(2) 2.9(2)
C(40) «5716(2) «2897(3) «38161(2) 2e4(2)
Clal) «4925(3) «202T(4) «3303(3) 3.6(2)
C(s2) «4617(3) «2191(5) 02444(4) 3.8(2)
Cla3) +4688(4) «3206(5) +1810(4} 5.9(3)
Clas) «5468(3) «40B9(5) «2005(3) 5.7(3)
C(45) «5994(3) «3923(3) «2852(3} 3.4(2)
a7 -.1821(1) +5180(2) «2453(}) 344(1)
o(8) ~e0146(1) «6543(2) +1518(2) 440(1)
Cl46)  =43111(3) «7178(3) +2481(32) 4.0(2)
C(4T) -.3883(3) «7675(3) 02466(4) 444(2)
C(48) =.4278(3) «7786(3) «1578(5) 3.2(2)
C(49) =.3934(3) #7776(3) 2+ 072614) 4.9(2)
C(50) =.3151(3) «7510(3) #0725 (3) 444(2)
C(51) =.2726(2) «7209(2) «1630(2} 2.9(2}
C(52) =~.1865(2) +6913(3) «1701(2} 2.8(2)
C(53) -.1169(2) «7487(3) +0968(31} 3.4(2)
C(54) =,0325(7) #»7324(3) «0939(2} 3.1(2)
C(55) «0445(2) +8122(3) «0203(2} 3.4(2)
C(56) «0376(3) «9011(3) —e0494(3) 4¢3(2)
C(57) «1121(4) «AT4TL4) =e1114(3) 6e1(3)
C(58) #1966 (4) +9602(4) -+1032(4) 5.4(3)
C(59) «2065(3) «8728(4) =+0348(4) 4e1(2)
C(s0) «1305(3) «7990(4) «0261(3) 5.2(3)
0(9) +8123(2) «3902(2) «2456(2) 4.5(1)
clel) #7826 (4) +3822(5) «1504(4) 842(3)
C(62) +8634(5) «4059(5) 20883(4) 13,7(5)

B22 833 B12 813 823
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2.49(9) 3.8(1) 1l.22(8) +03(8) ~e93(7)
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4.7(2) 5.7(2) l.4(2) «3(2) -1.8(2)
3.02(9) 3.,43(9) 1.2018) «02(7) -1.04(8)
2.761(9) 3.18(9) 1.26(8) .12(8) -e91(8)
8.3(2) 6.1(2) -e2(2) 1.8(2) =3.9(2)
12,41 4) 9.213) =1.0(3) 24412) =642(3)
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3.2(2) 2.81(1) 1.7(1) =e2(1) -1l.0(1)
2.8(2) 4e4(2) l.1(1) o 7{1) ~1.3(1)
2.7(1) 2.9(1) l.4(1) =e51{1) =.7(1)
3.0(1) 3,4(1) l.4(1) ~e3(2) =eS(2)
3.9(2) 9.5(3) «502) 4.002) =243(2)
3.5(2) 10.7(4) «al2) 3.3(3) -3.0(2)
2.8(2) 6441(2) «Tl2) =e3(2) =e4(2)
4.0(2) 6.1(2) =.202) 1.7121 -1.5(2)
3.412) 6e1(2) ~.012) 2.012) ~1.8(2)
4e4(l) 3.91(1) «4919) «264(9) =+63{9)
3.9(1) 3.9(1) «49(9) .12(8) ~+80(8)
4e5(2) “e21(2) l.5(2) «8(2) —e0(2)
Se61(2) Lo l2) 2.3(2) l.ltz) ot (2)
449(2) 6.81(3) 1.7(2) 2.9(2) 1.002)
4eT(2) Te5(3) «5(2) le.502) «1(2)
4e5(2) S54612) «8(2) «8(2) -.0(2)
3.0(1) 446(2) «9(1) l.2(1) =e4ll)
3.2(1) 4e31(2) «301) «7(1) =1.0(1)
Le442) 4.4(2) «atlld ~etlz) “e9(1)
3.5(2) 348(2) 1.2(1) ~e3(1) -1.3(1)
4el(2) 4.1(2) le0(1) o1(1) =le6(1)
4.9(2) £.9(2) 1.1(2) 3(2) -242(2)
840(3) 6.9(3) 1.5(2) ~1e6(2) =4.1(3)
10.3(4) 5.0(3) 4eb1(3) =2+4(2) =3.1(3)
7.8(3) 4.5(2) 3.3(2) =1.0(2) ~le4(2}
5.6(2) 4.2(2) l.5(2) =e8(2) =1.7(2}
4.0(1) 3.6(1) 1.84(9) «24(8) =+ 08(3)
4e7(1) 3.8(1) 2.6(1) «591(9) «091(9)
5.3(2) 4.912) 2.4(2) =e3(2) -.802)
6.0(2) Te6(3) 2.6(2) 1.012) =l.2(2)
5.2(2) 11.3(4) 2.6(2) =2.1(2)
€.0(2) 7.6(3) 3.3(2) -1.312)
£.2(2) 448(2) 2.7(2) -e9(2)
3.1(1) 4,0(2) 1.2(1) =e4li)
3.4(2) 3.612) l.2(2) ~e9{1)
4.0(2) 3.8(2) 1.9¢(2) «5(1)
3.7(2) 3.2(2) le2(4) -e9(1)
3.912) 3.5(2) l.2(%) =1le3(1)
4e7(2) 4.7(2) lett(2) =e1(2)
50(2) 5.9(2) 1.1(2) 1712} «102)
5.8(2) 7.2(3) =.1(2) 2.,0(2) ~1l.1(2)
649(3) Tel(3) 1.3(2) 1.9(2) =1.202)
5.4(2) 543(2) 2.5(2) 1e1(2) —eh(2)
4.7(1) 4e6(1) le4ll) -1.0(1) =1.7(1)
12.2(4) 5¢5(3) 2.2(3) =1.7(2) =3.8(3)
1243(4) £49(3) Te3i4) =1.4(3) =4.0(3)
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were obtained by slow evaporation af a warm chloro-
form solution.

The crystals were mounted on glass fibers. Precession
photographs indicated a triclinic unit cell, and yielded
preliminary cell dimensions. Another crystal was
mounted on a Picker/Nuclear four-circle automatic
diffractometer. Twelve high-angle reflections were care-
fully centered using monochromatized Cu Ko, radia-
tion (A=1-54051 A) at 23°C. The cell dimensions, de-
termined by refining the 260 measurements, were a=
15247 (1), b=13-555(1), c=14-097 (3) A, a=74-64 (1),
p=9597 (1), y=113-59 (1)°. The calculated density of
the compound based on a cell volume of 2576 A3, and
the formula Ca(DPP),, is d.=0-314Z. Attempts to
measure the density failed because a solution could not
be found which neither dissolved the crystals nor
caused them to decompose, but observations indicated
that the most reasonable value of Z was 4. This as-
sumption was confirmed by the refinement of the struc-
ture, and the density based on the actual composition
isd,=1:32 g cm™3,

A more or less spherical crystal approximately 0-12
mm in radius was used for data collection with mono-
chromatized (26,,=26-42°) Cu K« radiation and a 6-20
scan technique. The peaks were scanned at a rate of
1°/min from 1-0° below the calculated Ku; position to
1-0° above the calculated Kua, position. Backgrounds
were counted for 10 sec at positions offset by 0-5° from
each end of the scan (all angles 26). The hemisphere of
data +h,+k,+/ was collected for 26=0-100°
(sin 8/4 < 0-500). Three reflections, 400, 030 and 003,
were measured after each 100 reflections to monitor
crystal decay. In the entire experiment 5824 reflections
were measured, including remeasurements in connec-
tion with the decay correction. The standards showed
a gradual fall in relative intensity from 1-00 to 0-942
over the first 3973 reflections, then a sharp drop to a
relative intensity of 0-820 between reflections 3973 and
3974 that was caused by a malfunction in the equip-
ment. The exact location of the change was determined

INVESTIGATIONS OF ALKALINE-EARTH B-DIKETONE COMPLEXES. II

by remeasuring the reflections in that region. The data
were processed as previously described (Hollander,
Templeton & Zalkin, 1973a) to give 5294 unique re-

Table 3. Final parameters for hydrogen atoms

Parameters without standard deviations were not refined. The
form of the temperature factor is T=exp (— B sin? 6;42).

x y z B(A?)
HUO1)  -.134(2) 15003} LT7TU2) 3.8(7)
H(02)  =.222(2) -.028(2) .868(2) 4.408)
HI03)  =.211(2) -.182(3) .827(2) 5.8(9)
HI04) =.108(2) -.145(3) +702(2) 5.419)
HI0S) =.028(2) £024(3) 611(2) 5.3(9)
HU 6)  .093(2) 195121 +589(2) 3,147
HIOT)  4159(2) .231(3) +439(2) 3.9(7)
HI08)  .293(2) .255(3) +356(2) 5.9(9}
HI09)  .428(3) .425(3) ©347(3) 7.40111
HI10)  .432(3) +546(2) L434(2) 5.5(10)
H11)  .303(2) 1524(3) .516(2) 4.9(8)
H(12)  .242(3) +62003) .253(3) 7.0010)
H(13) «365{4) «667¢(5) «150(4) 12.3(18}
HE14)  .362(3) .540(4) .056(3) 9.0(13)
HU1S)  .226(3) .388(3) L057(3) 6.5(11)
H{16) «104¢(3) «336(4) «l6203) 9.2(13)
HI1T)  .020(2) .29013) .283(2) 4.4(8)
H(18) =-.078{3) $135(4) $297(3) 9.4(14)
HI19) -.185(3) ~.043(4) L338(3) 9.3(14)
H(20) =,292(2) -.116(3) L455(2) 4.0(7)
H(21)  =.296(3) .003(3) .554(3) 7.6(11)
H(22) = .206(3) .179(4) +50613) 8.8(12)
H(23)  .879(3) L137(3) +809(2) 5.1(9)
H(24)  .596(2) .000(3} .939(3) 5.0(9)
HI25)  .429(3) -.116(3) 4925(3) 5.6(9)
HI26)  .363(3) -.094(3) J77403) 6.4(11)
HI2T)  .44002) .037(3) 1643(3) 5.3(10)
H(28)  .518(2) L167(2) .520(2) 3,147
HI29)  .473(2) .130(3) .37102) 3.9(8)
H(30)  .386(3) +151(3) .238(2) 6.1(9)
HI31)  .440(3) .339(3) L126(3) 5.9(10)
H(32)  .569(3) L47703) J156(2) 7.8(13)
H(33)  .653(2) 454(2) +301(2) 3.2(7)
H(34) -.288(2) 270302} +299(2) 1.9(7)
HI35)  -.416(3) .737(3) +207(3) 7.5(12)
HI36) -.475(3) L796(3) L157(3) 6.3(11)
HI37) - .419(3) .796(3) .007(3) T.4(11)
H(38) =.291(2) L751(2) L0Lo(2) 3.8(8)
HI39)  -.127(2) .798(2) £050(2) 2.6(7)
H(40) -.023(2) +915(3) -.058(2) 4.908)
HI41)  .102(3) 1.039(3) -.159(3) 7.4(11)
H(42)  .249(3) 1.004(3} —.142(3) 7.5012)
HI43)  .262(3) +862(3) -.023(3) 7.60131
HU44)  .136(2) .743(2) .070(2) 3.1(8)
H(45)  .779(5) +37506) . 281(5) 15.6(28)
HI46)  J717(3) .312(4) .136(3) 10.6(14)
H(47) 47497 L4344 L1232 12.000
H(48) 18860 .3438 L1123 14.000
H(49)  .930(4) .469(5) .089(5) 15.000
H{50}) «841(4) 394(4) «01514) 12.8116)

Fig. 2. Stereoscopic view of the complex cluster. Hydrogen atoms and phenyl carbon atoms that are not attached directly to the
diketone have been omitted. View direction and scaling of the thermal ellipsoids are the same as in Fig. 1.
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flections of which 4504 had F?> a(F?). No correction
was made for absorption. With x=23 cm™, a 33%
variation in diameters would result in a 15 % variation
in transmission factors, and the crystal is believed to
have been more nearly spherical than that.

The atomic scattering factors of Doyle & Turner
(1968) were used for Ca?*, O and C, along with the
real and imaginary dispersion terms of Cromer &
Liberman (1970). The spherical scattering factors of
Stewart, Davidson & Simpson (1965) were used for the
hydrogen atoms.

The method of calculation of ¢(F) and the weights in
least squares, a few other experimental details, and the
computer programs used are given in the preceding
paper (Hollander ef al., 1973a). The factor p, used to
reduce the weight of strong reflections, was 0-0 through
most of the refinement but 0-05 in the last cycles.

Structure determination and refinement

We assumed that the space group is P1, and this as-
sumption is confirmed by the solution and successful
refinement of the structure. Phases were assigned to the
333 E values (normalized structure factors) greater than
2:00 using Long’s (1965) program. After some diffi-
culty, an E map was obtained which revealed two large
peaks and a number of smaller peaks in configurations
identifiable as portions of DPP molecules. Positional
and isotropic thermal parameters for the 41 atoms
found on the E-map were then refined by full-matrix
least-squares analysis. Two cycles of refinement
brought R,=>|4F|/>|F,| to 0-41, and the generated
signs of the F’s were used to phase a Fourier map.
This map showed 69 peaks and one shoulder in chem-
ically reasonable positions for the expected formula-
tion of Ca(DPP), with two Ca atoms in the asymmetric
unit. The seventy atoms were refined with isotropic
temperature parameters for three cycles, and for three
additional cycles in which the two Ca atoms and eight
O atoms were allowed anisotropic thermal parameters,
to R, =0-21. A difference Fourier showed three major
peaks with heights of 6, 3 and 3 e A~3, and no other
peaks as high as 1 e A~ The three peaks were close
together, and the largest peak was 2:41 A from Ca(l).
We correctly assumed that the peaks represented an
ethanol molecule coordinated to the Ca. The atoms of
the ethanol molecule were included in the least squares
with isotropic thermal parameters, together with the
calculated positions of the 44 hydrogen atoms on the
DPP ligands. Each hydrogen atom was given an iso-
tropic thermal parameter equal to the average thermal
parameter of the ring it was bound to, and neither its
position nor thermal parameter was allowed to change.
The ethanol atoms refined well, and R, was reduced to
0-09.

For further refinement the atoms were divided into
blocks because of computer limitations. With non-
hydrogen atoms anisotropic and hydrogen atoms iso-
tropic, refinement in three blocks reduced R, to 0-043.
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Availability of a larger computer allowed further re-
finement in two blocks, the first containing the two
‘inner’ DPP molecules and the second containing the
two ‘outer’ DPP molecules and the ethanol. The overall
scale factor and the two Ca atoms were refined with
each block.

Certain H atoms behaved poorly and some of their
parameters were fixed to allow convergence (see Table
3). Two final cycles of each block brought the shifts of
all parameters to less than 20 % of their standard devia-
tions and most to less than 10%. The final R, was
0-040 for 4503 reflections, and R, =[>w(4F)y?/>wF2'/?
was 0-043. The standard deviation of an observation
of unit weight was 1-14. Examination of the data re-
vealed no evidence of secondary extinction effects. A
Fourier synthesis of 4F showed no peak larger than
03e A3,

The observed structure factors, their standard devia-
tions and the differences between observed and calcu-
lated structure factors are given in Table 1. The final
parameters of the atoms are given in Tables 2 and 3.

Results and discussion

The complex consists of clusters of composition
[Cay,(DPP),(C,H;OH)], around the crystallographic in-

Table 4. Distances (A) in the coordination cluster

Ca(1)-0(1) 2:353 (2) 0(2)-0(4) 2:995 (3)t
Ca(1)-0(2) 2:333 (2) 0(3)-0(4) 2:804 (3)*t
Ca(1)-0(3) 2-:358 (2) O(1)-0(5) 3-410%
Ca(1)-0(4) 2:353 (2) O(1)-0(8) 3111
Ca(1)-0(5) 2:256 (2) 0(2)-0(4) 3-333 (3)
Ca(1)-0(6) 2-:395 (2) 0(2)-0(6) 3-010
Ca(2)-0(1) 2:416 (2) 0(2)-0(7) 2999
Ca(2)-0(2) 2-411 (2) 0(3)-0(5) 3-526
Ca(2)-0(3) 2:436 (2) 0(3)-0(8) 3-205
Ca(2)-0(4) 2:508 (2) 0O(4)-0(6) 2:943
Ca(2)-0(7) 2:308 (2) 0(4)-0(9) 2:851
Ca(2)-0(8) 2:266 (2) 0O(5)-0(6) 2-:801 (3)*
Ca(2)-0(9) 2-408 (2) 0(6)-0(9) 2:941 (4)
0O(1)—0(2) 2:772 (3)*t 0O(7)-0(8) 2-803 (3)*
Oo(1)—0(3) 2-807 (3)f O(7)-0(9) 3-054 (3)
0O(1)--0(4) 3-037 3)t 0O(8)-0(9) 3-491 (4)
0(2)—0(3) 3-102 )t

* ‘Bite’ of the ligand.

1 Edges of central parallelepiped.

1 Absence of a standard deviation indicates that atoms
were refined in two different blocks of least-squares. Standard
deviations are probably the same as others, +0-003 A.

Table 5. Angles (°) between planes of phenyl rings
and diketone moieties

Phenyl 1 to Phenyl 2 to Phenyl 1 to

DPP diketone diketone Phenyl 2
1 21-1 31-0 338
2 13-4 78 16:1
3 56 34-0 286
4 366 129 47-6
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Table 6. Bond distances (A)

Ethanol

DPP(1)
C()—C2)  1-379 (5)
C2)—C@3) 1376 (5)
C(3)—C@) 1367 (5)
C4)—C(5)  1-391 (5)
C(5)—C(6)  1-388 (4)
C6)—C(1)  1-381 (4)
C(6)—C(7)  1-496 (4)
C(H—O(1)  1-285(3)
C(H—CEB)  1-387 (4)
C(8)—C(9)  1-397 (4)
C(9)—0(2)  1-283 (3)
C(9)—C(10)  1-496 (4)
C(10)-C(11)  1:377 (4)
COD-C(12)  1-368 (5)
C(12)-C(13)  1-365 (6)
C(13)-C(14)  1-368 (6)
C(14)-C(15)  1-387 (5)
C(15)-C(10)  1-386 (4)
C(D=H()  092(3)
C(2—H(2) 095 (@3)
C(3)—H@3) 097 (3)
C4)—H@) 092 (3)
C(5)Y—H(5) 095 (3)
C(8)—H(6) 093 (3)
COD-H(7) 100 (3)
C(12)-H(8)  1-01 (4)
C(13)-H(9)  0-91 (4)
C(14)-H(10) 088 (3)
C(15)-H(11) 094 (3)
DPP(3)
C31)-C(32)  1-389 (5)
C(32)-C(33)  1-367 (6)
C(33)-C(34)  1-364 (6)
CB34-C(35)  1-378 (5)
C(35)-C(36)  1:393 (5)
C(36)-C(31)  1-381 (5)
C(36)-C(37)  1-506 (4)
C(3N-0(5) 1272 (3)
C(37)-C(38)  1-399 (4)
C(38)-C(39)  1-399 (4)
C(39)-0(6)  1-262 (3)
C(39)-C(40)  1-502 (4)
C(40)-C(41)  1-381 (4)
C41)-C(42)  1-386 (6)
C(42)-C(43)  1-354 (6)
C(43)-C(44)  1:374 (6)
C(44)-C(45)  1-388 (5)
C(45)-C(40)  1:382 (5)
C(31)-H(23) 098 (3)
C(32)-H(24)  0-93 (3)
C(33)-H(25) 0-97 (4)
C(34)-H(26)  0-92 (4)
C(35)-H(27)  0-92 (3)
C(38)-H(28) 093 (3)
C(41)-H(29) 0-94 (3)
C(42)-H(30)  0-99 (4)
C(43)-H(31)  0-88 (4)
C(44)-H(32)  0-92 (4)
C(45)-H(33)  0:96 (3)
0(9)—C(61)
C(61)-C(62)
0(9)—H(45)
C(61)-H(46)
C(61)-H(47)*
C(62)-H(48)*
C(62)-H(49)
C(62)-H(50)

* Hydrogen atom restrained to a fixed position in the least

squares refinements.

DPP(2)
C(16)-C(17)  1-385 (6)
C(17)-C(18) 1350 (7)
C(18)-C(19)  1-367 (7)
C(19)-C(20)  1-378 (6)
C(20)-C(21)  1-379 (5)
C21-C(16)  1-364 (5)
C(21)-C(22)  1-500 (4)
C(22)-0(3)  1-280 (3)
C(22)-C(23)  1:391 (4)
C(23)-C(24)  1-403 (4)
C24)-0(4) 1277 (3)
C24)-C(25)  1-502 (4)
C(25)-C(26) 1379 (5)
C(26)-C(27)  1-384 (6)
C(27)-C(28)  1-349 (6)
C(28)-C(29)  1-348 (5)
C(29)-C(30)  1-373 (5)
C(30)-C(25)  1-368 (5)
C(16)-H(12)  0-97 (4)
CU7)-H(13) 092 (5)
C(18)-H(14)  0:90 (5)
C(19)-H(15)  0:93 (4)
C(20)-H(16)  1-00 (4)
C(23)-H(17) 095 (3)
C(26)-H(18)  0:95 (4)
C(27)-H(19) 086 (4)
C(28)-H(20)  0:94 (3)
C(29)-H(21)  1-00 (4)
C(30)-H(22)  0-90 (4)
DPP(4)

C(46)-C(47)  1-384 (5)
C(47)-C(48)  1-373 (5)
C(48)-C(49)  1-365 (6)
C(49)-C(50)  1-373 (5)
C(50-C(51)  1-373 (4)
C31)-C46)  1:373 (5)
C(51)-C(52)  1-507 (4)
C(52)-0(7) 1263 (3)
C(52)-C(53)  1-393 (4)
C(53)-C(54)  1-395 (4)
C(34)-0(8) 1261 (3)
C(54)-C(55)  1-506 (4)
C(55)-C(56)  1-372 (5)
C(56)-C(57)  1:383 (5)
C(57)-C(38)  1-353 (6)
C(58)-C(59)  1:365 (6)
C(59)-C(60)  1-380 (5)
C(60)-C(55)  1-383 (5)
C46)-H(34) 079 (3)
C(47)-H(35)  0-94 (4)
C(48)-H(36)  0-84 (4)
C(49)-H(37)  0:98 (4)
C(50)-H(38)  0-94 (3)
C(53)-H(39) 085 (3)
C(56)-H(40)  1-01 (3)
C(57)-H(41)  1-01 (4)
C(58)-H(42)  0-92 (4)
C(59)-H(43)  0-92 (4)
C(60)-H(44)  0-87 (3)

1-390 (5)

1-464 (7)

0-68 (6)

112 (5)

1-00

1-00

1-04 (6)

1-09 (6)

version center at 0,%,1. There is only one such cluster
per unit cell, and its neighbors are related to it by unit
cell translations. There are no contact distances of less
than 3:50 A between the non-hydrogen atoms of dif-
ferent clusters. Interatomic distances within the cluster
are given in Table 4.

Each calcium ion has either six or seven oxygen
neighbors (Fig. 1). Eight oxygen atoms which are each
shared by two calcium ions are at the corners of a
slightly distorted parallelepiped in the center of the
complex, while the other ten oxygen atoms are neigh-
bors of only one calcium each. Fig. 2 shows the ar-
rangement of the organic ligands in the complex.

The Ca-O distances average 2-37 A, close to the sum
of the crystal radii (Pauling, 1960), 2-39 A .The range
is from 2:256 (2) A to 2:508 (2) A. In general these dis-
tances are shorter when one or both of the atoms in-
volved have a lower coordination number, but Ca(l)-
0(6)=2-395 A is an exception.

The DPP(#) molecules themselves can be analyzed in
terms of three planes each, phenyl 1 and phenyl 2 (1-6
and 10-15; Fig. 3) and the diketone plane (7-9 and O’s
I and 2; Fig. 3). Atoms of the phenyl groups deviate
by no more than five standard deviations from the re-
spective plane, and most of them are within three stan-
dard deviations. The diketone atoms of DPP(2) and
DPP(3) are within six standard deviations of planarity,
but the diketone portions of DPP(1) and DPP(4) are
significantly twisted and are only planar to 15 standard
deviations. The phenyl groups are rotated with respect
to the diketone planes by angles ranging from 56 to
36:6° (Table 5). One assumes that this rotation is due
to packing forces.

Bond distances in the DPP ligands and the ethanol
are shown in Table 6. The averages of various types of
bond are in reasonable agreement with literature val-
ues. There is a statistically (but perhaps not chemically)
significant difference in the C-O bond lengths between
those involving bridging oxygen atoms and those in-
volving non-bridging oxygens. The average for the
former, 1281 (2) A, is slightly longer than the average
for the latter, 1-264 (3) A. The phenyl C-C bonds also
show a statistically significant variation. The bonds to

Fig. 3. Generalized numbering system for DPP ligands.
Carbons are large single circles, oxygens are large double
circles and hydrogens are small single circles. Numbering
shown is for DPP(1); for successive DPP molecules add 2 to
the oxygen numbers, 15 to the carbon numbers and 11 to
the hydrogen numbers.
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the para carbon average 1363 (2) A compared to the
averages of the ortho-meta bonds [1-382 (2) A] and the
bonds to the carbon adjacent to the diketone [1-379 (3)
A]. The average of all C-H bonds in the DPP molecules
is 0-94 A with a spread of +0-09 A.

The bond angles in the ligands are normal for com-
plexed DPP molecules (Zalkin, Templeton & Karraker,
1969; Hollander, Templeton & Zalkin, 1973a, b). The
diketone ring is spread, with O-C-C and C-C-C bond
angles of about 125°, to give the ligand a bigger ‘bite’,
and the interior angle in the phenyl ring at the juncture
to the diketone is reduced from 120° to ~ 118°.

The C-O and C-C bond distances in the ethanol
appear greatly shortened, probably due to the very
large amounts of anisotropic thermal motion (Fig. 2,
Table 2).

Acta Cryst. (1973). B29, 1303
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The crystals of bis-(1,3-diphenyl-1,3-propanedionato)strontium hemiacetonate are triclinic, space group
PT, with a=13-759 (50), b=14182 (10), c=16-031 (20) A, = 107-57 (3), f=90-36 (20), y = 113-07 (20)°
at 23°C. The calculated density for two units of empirical formula Sr,Ce;Hs0Os in the unit cell is 1-38
g cm ™3, X-ray diffraction measurements were made of 2204 independent reflections from a single crystal
by 6-26 scans with a scintillation counter and monochromatized Mo K« radiation. The non-hydrogen
atoms were found by Fourier methods and refined by least-squares methods to R=0-088 for 1561 re-
flections with F?> g(F?). Hydrogen atoms were not located. The topology of the complex is similar to
that of the corresponding Ca(DPP), hemiethanolate, consisting of a centrosymmetric cluster containing
four strontium ions, but the packing is such that the two crystals are not isomorphous. These two com-
pounds are compared with other polymeric f-diketone complexes.

Introduction

Alkaline-earth metal cations form complexes with the
anion of 1,3-diphenyl-1,3-propanedione:

(=)

This paper reports the structure of Sr(DPP), hemi-
acetonate. The complex forms tetrameric polymers of

* Work done under the auspices of the U.S. Atomic Energy
Commission.

the same general configuration as those found for the
DPP complex of calcium (Hollander, Templeton &
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 polymer shape. Thus, despite the fact that the
general forms of the complexes are similar and the
space group (PT) the same, the structures are not iso-
morphous and the unit cells cannot be brought into
congruence.

Experimental procedure
The complex was synthesized using a modification of
the method of Hammond, Nonhebel & Wu (1963).

Strontium nitrate was dissolved in a small amount of
water, and ethanol added until precipitation was just



