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The crystal structure of potassium acetylacetonate hemihydrate, KC;H,;0,-1/2H,0, has been determined
by X-ray diffraction method. Crystals are triclinic with space group P1, a=10.86, 6=8.74, ¢=7.45 A, =90.5,
B=95.8, y=91.9°, and Z=4. The final R value was 0.109 for 1589 visually estimated reflection data. Each
potassium ion is surrounded by seven oxygen atoms, at distances of 2.65 to 3.05 A, six of which belong to four

acetylacetone anions and the rest is a water molecule.

The bond lengths and angles of the acetylacetone anion

are very similar to those of acetylacetone groups in heavy metal chelates, but differ from those of the free molecule

of acetylacetone.

A number of crystal-structure determination of transi-
tion metal complexes of acetylacetone!~® revealed that
the chelate ring is nearly planar and the molecular
dimension of the ring is almost independent of the kind
of the metal atom. It is, therefore, particularly inter-
esting to compare the structure of a free acetylacetone
anion with that of acetylacetone coordinated to heavy
metals. The crystal structure of potassium acetyl-
acetonate hemihydrate, KC,;H,0,:1/2H,O (hereafter
denoted as PAH), is described in this paper.

Experimental

The samples of PAH were prepared by mixing hot alcoholic
solution of potassium hydroxide and 2,4-pentanedione,” and
single crystals were obtained in the form of rods. They are
hygroscopic; the specimens were sealed in thin-walled glass
capillary tubes. The crystal was found to be triclinic from
Weissenberg photographs. The unit cell dimensions were
determined on the basis of the high-angle reflections on Weis-
senberg photographs taken with CuKe radiation (A=1.5418
A) as follows: a=10.864-0.01, 5=8.744-0.02, c="7.454-0.02 A,
«=90.54-0.4, =95.840.4, and y=91.940.4°. They were
calibrated by using the reference lines of sodium chloride

while the calculated one was 1.39 g cm—2® for Z=4. The
intensities were recorded on multiple-film equi-inclination
Weissenberg photographs with CuKa radiation. Intensities
of the layers hk0-hk4 were collected and estimated visually.
The absolute scale of the structure amplitudes for each layer
was obtained at a later stage by correlating with the calculated
ones. In total, 1590 reflections were observed. Corrections
for Lorentz and polarization effects were applied in the
usual way. Correction for absorption was neglected. The
space group P1 was assumed at the outset and confirmed in
the course of refinement.

Structure Determination

The structure analysis was initiated on the basis of the
two-dimensional heavy-atom method. The x and y
coordinates of two independent potassium ions were
deduced from a Patterson projection onto the (001)
plane; they were overlapped in the Fourier projection
on this plane. Iterative Fourier and difference-Fourier
syntheses refined the x and y coordinates of K, O and
G atoms. The results suggested that the acetylacetone
groups are almost planar and parallel to the (001) plane.
The z coordinates of the atoms were guessed from a

(a=5.6396 A). The measured density was 1.40gcm=  packing consideration. With the trial and error method,
(flotation method in carbon tetrachloride and cyclohexane),  all the atoms in the two planar anions and the oxygen
TaBLE 1. POSITIONAL AND THERMAL PARAMETERS® WITH THEIR ESTIMATED STANDARD DEVIATIONS (X 10%)

x J Z By By, By By, By, By

K(1) 4915(3) 1931(3) 80(5) 60(2) 73(3) 90(11) 1(4) 1(7) —26(8)

O(11) 3292(8) 3137(10) 2294(15) 57(8) 95(13)  196(36) 11(16) —23(24) —14(30)
0(12) 3691(8) —132(10) 2477(15) 48(8) 95(13)  176(34) —3(15) 0(23) 3(29)
C(11) 1235(15) 3825(19) 1145(30) 91(17)  146(27) 371(73) 106(34) —97(52) —35(64)
C(12) 2209(11) 2687(14) 1763(21) 55(11) 92(18) 98(49) 12(22) —10(32) —86(40)
C(13) 1816(12) 1101(16) 1601(23) 49(11)  138(22)  131(52) 21(25) 15(34) —18(47)
C(14) 2548(11)  —165(14) 1963(22) 50(11) 78(17)  153(51) —8(21) 10(32) —17(40)
C(15) 1930(14) —1760(17) 1654(28) 80(15) 103(21) 334(67) —90(29) 30(46) —64(55)
K(2) 4909(3) 1939(3) 4941(5) 62(2) 76(4) 103(11) 3(5) —9(7) —5(8)

0(21) 6379(8) 15(10) 2528(15) 55(8) 94(13)  190(35) 10(16) —28(24) —44(30)
0(22) 6424(9) 3310(10) 2664(15) 80(9) 97(13)  126(34) 27(17)  —29(25) —80(29)
C(21) 8303(15) —1129(17) 3405(28) 93(16)  114(22) 296(66) 100(31)  —28(47) —40(55)
C(22) 7516(11) 243(15) 3060(20) 53(11)  111(19) 40(46) 23(23) —4(30) —23(40)
C(23) 8081(11) 1687(15) 3456(23) 45(11) 111(20) 184(54) —30(23) —8(34) —54(46)
C(24) 7520(11) 3101(15) 3237(23) 48(11) 93(18) 186(54) —38(22) 4(34) —24(44)
C(25) 8334(19) 4474(19) 3960(35) 137(23) 113(25) 560(91) —164(39) 40(69) —172(73)
Ow) 4909(9) 5734(10) 2489(15) 95(10) 91(13) 116(34) 25(18) 29(26) —31(29)

a) Thermal factors refer to the expresion exp[— (By;h%-- Byok®+- Byyl?-- Byohk - Byghl-+ Bygkl)].
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TABLE 2. OBSERVED AND CALCULATED STRUCTURE FACTORS (X 10)

Crystal Structure of KC;H,0,-1/2H,0

Asterisks indicate reflections with w=0.5, otherwise w=1.0.
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Table 2. (continued)
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atom of water molecule could be located at approxi-
mately z==1/4, and two potassium ions at z=0 and
1/2, respectively.

Seven iterations of the block-diagonal least-squares
refinement with isotropic thermal factors reduced the

' 7

b

Fig. 1. Projection of the molecular skeleton along the
a-axis, Solid lines indicate the acetylacetone frame-
work and broken lines indicate the potassium-oxygen
and oxygen-oxygen interactions. The numbering of
the atoms refers to that in Table 1.
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R value to 0.151. Then, anisotropic thermal factors
were introduced, and the refinement was continued
until all the parameter shifts became less than one
tenth the estimated standard deviations. The final R
value was 0.109 for nonzero reflections. A quantity
Sw(|F,| —|F.|)? was minimized, with w=1.0 if F >
5.0 and w=0.5 otherwise. All the data including zero
reflections were used in the calculation with the exception
of the reflection 100, which seemed to be seriously
suffering from secondary extinction effect. The atomic
scattering factors for a potassium ion, neutral oxygen
and carbon atoms were taken from Ref. 8. The final
positional and thermal parameters are listed in Table 1.
Numbering of atoms is shown in Fig. 1. The observed
and calculated structure factors are given in Table 2.
The space group assignment was finally checked by
the distribution of the structure amplitudes.” The
ratio of 17‘2/?2 was found to be 0.631, while the theoretical
values for centric and acentric distributions are 0.637
and 0.785, respectively. An N(z) test'® was also applied
and indicated clearly the presence of a center of sym-
metry in agreement with the assigned space group.
Most of the calculations were carried out by using
the UNICS programs!) on a HITAC 8800 computer
at the Computer Center of the University of Tokyo.

Results and Discussion

The crystal structure of PAH is shown in Fig. 1. Each
potassium ion is surrounded by seven oxygen atoms,
six of which belong to four different acetylacetone
anions and the rest is a water molecule. The potassium-
oxygen distances are in the range of 2.65 to 3.05 A,
as shown in Table 3.

The structures of several crystals including potassium
ions in various coordination numbers were reported.

Tasre 3. DistaNces (d/A) AND ANGLES (@/°) WITH THEIR ESTIMATED STANDARD DEVIATIONS
SHOWN IN PARENTHESES
The superscripts indicating the equivalent positions are shown at the right side of the bottom.

o(11)-C(12)  1.25@2)

0(12)-C(14)  1.26(2)

0@1)-C(22)  1.27(2)
1

C(12)-C(13)
C(13)-C(14)
C(22)-C(23)

0(22)-C(24) .24(2) C(23)-C(24)
C(11)-C(12) 1.52(3) 0O(11)-0(12)
C(14)-C(15) 1.53(3) 0(21)-0(22)
C(21)-C(22) 1.50(3) O(11)-0(22)
C(24)-C(25) 1.53(3) 0(12)-0(21)
K(1)-0(11) 2.76(1) K(2)-0(11)
K(1)-0(12) 2.93(1) K(2)-0(12)
K(1)-0(21) 2.88(1) K(2)-0(21)
K(1)-0(22) 2.65(1) K(2)-0(22)
K(1)-0(12Y) 3.01(1) K(2)-O(12")
K(1)-0@21')  2.81(1) K(2)-0(21%)
K(1)-O(w')  2.83(1) K(2)-O(w™)
O(w)-0(11) 2.82(1) K(1)-K (1%
Ow)-0(22) 2.72(1) K(1)-K(2)
O(w)-K (1)  2.83(1) K(2)-K(21)
Oow)-K@v)  2.77(1)

1.44(2) O(11)-C(12)-C(11) 121(2)
1.40(2) O(21)-C(22)-C(21) 118(1)
1.40(2) 0O(12)-C(14)-C(15) 116(2)
1.40(2) 0(22)-C(24)-C(25) 119(2)
C(12)-C(13)-C(14) 127(2)
2.91(2) C(22)-C(23)-C(24) 126(2)
2.88(2) C(11)-C(12)-C(13) 116(2)
3.39(2) C(21)-C(22)-C(23) 117(2)
2.92(2) C(13)-C(14)-C(15) 118(2)
C(23)-C(24)-C(25) 115(2)
2.75(1) O(11)-C(12)-C(13) 124(2)
2.77(1) 0(21)-C(22)-C(23) 125(2)
3.05(1) 0O(12)-C(14)-C(13) 126(2)
2.74(1) 0(22)-C(24)~C(23) 126(2)
2.85(1)
2.98(1) none x, J, F4
2.77(1) i 1—x, -y, —z
ii 1—x, —J, 1—z
3.388(7) ii l—x, 1—», —z
3.622(5) iv l—x, 11—y, 1—2
3.403(7) v x, —14, z
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o(11')

0(22) 0oaz2)

O(witiy .

SR

©0(22)

Fig. 2. Two distorted pentagons sandwiching two
potassium ions.
The pentagons are shown by the solid and broken lines.
The potassium ion interacts with seven oxygen atoms,
as shown by dotted lines.

In potassium hydrogen bis(homophthalate),'® the
potassium ion is surrounded by four oxygen atoms at
2.76—2.80 A. In potassium hexaiodatogermanate
(IV),!® there are two potassium ions in a tube of 18
oxygen atoms and each potassium ion is surrounded by
nine oxygen atoms at 2.70—2.98 A. In potassium
hydrogen methylsuccinate,!® the potassium ion is
surrounded by a distorted tetrahedron of oxygen atoms
at 2.705 to 2.763 A and also by four oxygen atoms at
longer distances of 2.956—3.085 A. The observed K-O
lengths for PAH are reasonable in comparison with
these values.

The irregular seven-fold coordination of PAH can also
be described, as a sandwich of two K+ ions between
two distorted pentagons shown in Fig. 2. The equation
of the pentagonal plane through O(11), O(12), O(21),
0O(22) and O(w") is given in Table 4. The distance
between the pentagonal plane is 3.7 A. There is the
crystallographically independent K* ion pair K(2)-
K(21), which takes the same arrangement as the
K(1)-K(1%) shown in Fig. 2. The distance of their
pairs is about 3.4 A.

K (liii)

0(22) 123° K@Y
Fig. 3. Distorted tetrahedral environment of the water
molecule.

The distorted tetrahedral environment of the water
molecule consists of two K+ ions and two oxygen atoms,
as shown in Fig. 3. The distances of the OH---O
hydrogen bonds are 2.82 and 2.72 A. The mean values
of intermolecular methyl-methyl and methyl-methylene
carbon distances are 4.0 and 3.8 A, respectively.

The mean values of bond lengths and angles in the
acetylacetone anion are shown in Fig. 4. They are
nearly equal to the corresponding mean values in
heavy metal chelates of acetylacetone, as shown in

Shuzo SuiBATA, Shigeki Onuma, Yukinori MaTsui, and Shoichi MoTEGI

[Vol. 48, No. 9

TaBLE 4. EQUATIONS OF THE LEAST-SQUARES PLANES AND
THE DEVIATIONS OF ATOMS FROM THE PLANES
[IN SQUARE BRACGKETS] (d/A)®

A) Planes of the acetylacetone skeleton OCCCO

—0.3141 «+0.0046 v+0.9494 w—0.5497=0
[O(11), 0.009; O(12), —0.007; C(11), —0.123;
C(12), --0.010; C(13), 0.000; C(14), 0.008;
C(15), —0.012]

0.3433 u+0.0382 v—0.9384 w—0.5664=0
[O(21), —0.022; O(22), 0.007; C(21), 0.021;
C(22), 0.024; C(23), —0.004; C(24), —0.007;
C(25), —0.181]

B) Pentagonal oxygen plane

—0.0484 u+0.0009 »+0.9988 w—1.5947=0
[O(11), —0.059; O(12), 0.054; O(21), —0.050;
0(22), 0.052; O(w"), —0.005; K(1), —1.792;
K(2), 1.824; K(1'), 1.923; K(21), 1.899]

a) u, v, and w are the orthogonal coordinates (A)
defined by u=axsin y+cz(cos f—cos «acosy)/sin ¥,
v=axcosy-+by + czcosa, w=czE[siny, E=(1—cos?x
— cos2f— cos2y--2cosacosfcosy) /2,

Fig. 4. Mean values of bond lengths and angles in an
acetylacetone anion in PAH.

TABLE 5. COMPARISON OF SOME PARAMETERS OF
AGETYLACETONE GROUPS

PAH®» M(acac),? acac®
C=0 1.26 A 1.28A 1.315A
C-Cq 1.41 1.40 1.416
C-C, 1.52 1.52 1.497
0...0 2.90 2.7—3.0 2.381
OCGC, 125.3° 125.3° 120.0°
OCC, 118.5 115.7 120.0
CC.C 126.5 124.5 118.0

a) Present study.

Table 5. The skeleton of the acetylacetone anion in
PAH is also nearly planar (Table 4) because of n-
electron delocalization, though the methyl carbon atoms
[C(11) and C(25)] are significantly out of the plane
as seen in the case of the heavy metal chelates. These
facts seem to suggest, though not conclusive, that the
bonding between the ligand and metal atoms in heavy
metal chelates of acetylacetone is rather ionic as in
PAH.

Recently the molecular structure of acetylacetone was
determined by gas electron diffraction.’® It is of
interest to note that the structure of the enol form, as
shown in Table 5, is considerably different from the
structure of acetylacetone in both PAH and the heavy
metal chelates, where a heavy metal atom replaces the
hydrogen atom. The greater C=O distance and the
smaller CC.C angle in the enolic acetylacetone can be
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attributed to strong interaction between the oxygen and
the hydrogen atoms by the intramolecular hydrogen
bond and thus to n-electron delocalization through the
six-membered ring.
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