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Two crystallographically independent cations of the title
complex, [Cr(CsH;0,),(H,0),](Cl04)-H,0, are present in
the asymmetric unit. Both cations are situated on centres of
symmetry and share similar structural features. The geometry
of the Cr’* center is octahedral. The solvent water molecule
and the perchlorate anion are involved in moderately strong
hydrogen-bond interactions with the cations. In addition,
neighboring cations are hydrogen-bonded together, resulting
in a three-dimensional network.

Related literature

For synthesis, see: Ogino et al., (1988); Arulsamy & Crawford
(2007). For related structures, see: Arulsamy & Crawford
(2007); Lemmer et al. (2002); Marinescu et al. (2002).

(CI0) - H,0

Experimental

Crystal data

[Cr(CsH;0,),(H,0),](C10,)-H,0
M, = 403.71

Triclinic, PT

a=84735 (1) A

b =10.1022 (1) A

¢ =103165 (1) A

o =91.925 (1)°

B = 98254 (1)°

Data collection

Bruker SMART CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 2004a)
Tmin = 0.812, Tax = 0.899

y =98388 (1)°

V = 86326 (2) A®
Z=2

Mo Ko radiation
=087 mm™!

T =296 (2) K

0.25 x 0.17 x 0.13 mm

8216 measured reflections
4395 independent reflections
3304 reflections with 1 > 20(1)
Ry = 0.027

Refinement

R[F? > 20(F?)] = 0.041
wR(F?) = 0.120

S = 1.06

4395 reflections

221 parameters

H-atom parameters constrained
AP =053 e A7°

APmin = —031e A7

Table 1

Selected geometric parameters (A, °).

Cr1—01 1.9378 (15) Cr2—03 1.9492 (18)
Crl—02 1.9398 (14) Cr2—04 1.9420 (14)
Crl—O1W 2.0004 (15) Cr2— 02w 1.9862 (16)
01'—Cr1-01 180 03"—Cr2—03 180
01—-Cr1-02' 87.99 (7) 04—Cr2—03" 89.27 (7)
01-Cr1—02 92.01 (7) 04—Cr2—03 90.73 (7)
02 —Cr1—02 180 04—Cr2—04" 180
O1'—Cr1-01wW 90.44 (7) 04—Cr2—O2w" 90.99 (7)
01-Cr1-0O1W 89.56 (7) 04—-Cr2-02w 89.01 (7)
02'—Crl—O1W 90.80 (6) 03— Cr2— 02w 90.15 (8)
02—Crl—O1lW 89.20 (6) 03—Cr2—02W 89.85 (8)
O1W—Crl—O1W! 180 o2Wi_Cr2—02w 180
Symmetry codes: (i) —x — 1, —y +1, —z; (ii)) —x+1, =y +2, —z + 2.

Table 2

Hydrogen-bond geometry (A, °).

D—H.--A D—H H--A D---A D—H--A
O1W—HIWA-.--O3W 0.94 1.65 2.594 (3) 177
O1W—HIWB- --04" 0.86 1.98 2.832 (2) 171
O2W—H2WA- - -02" 0.90 1.83 2.729 (2) 174
O2W—H2WB- - -O7 0.83 1.95 2.781 (3) 179
O3W—H3WA. - .08 0.83 2.20 3.008 (4) 162
O3W—H3WB- --06 0.89 2.03 2.908 (4) 173

Symmetry codes: (iii) —x, —y +2, —z + 1; (iv) —x, =y + 1, —z + 1.

Data collection: SMART (Bruker, 2001); cell refinement: SAINT
(Bruker, 2001); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2004b); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL.

The authors thank the College of Arts and Sciences,
University of Wyoming, for financial support (Basic Research
Grant).

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: HJ3062).
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trans-Bis(acetylacetonato)diaquachromium(III) perchlorate monohydrate

N. Arulsamy and J. L. Crawford

Comment

Our interest in Compound I stems from its usefulness as a starting material for the synthesis of mixed ligand
(acetylacetonato)chromium(III)-amino acida complexes. We obtained crystals of I as a minor product together with the cis

isomer from a modified literature procedure (Ogino et al., 1988; Arulsamy & Crawford, 2007).

The asymmetric unit consists of two halves of the complex cation, a perchlorate anion, and a solvated water molecule.
The Cr atoms of both cations are located on a twofold symmetry axis, whereas all atoms of the anion and the solvated water
molecule are located on general positions. In both cations, two acetylacetonato ligands and two water molecules bind the

Cr’" center conferring a nearly perfect-octahedral geometry to the metal ion (Fig. 1). The Cr—Ojy¢4c bonds are only slightly
shorter (ca 0.06 A) than the two Cr—Oaqua bonds (Table 1)indicating strong bonds with the water molecules as observed

in the cis—[Cr(C5H702)2(H20)2]+ (Arulsamy & Crawford, 2007), trans-bis(malonato)diaquachromium(IIl) (Lemmer ef al.,
2002) and cis-bis(oxalato)diaquachromium(III) cations (Marinescu et al., 2002). The constituents of the crystals of I are
involved in moderately strong H-bonding interactions (Table 2). The axial water molecules of the cations are involved
in mutual H-bonding interaction with neighboring cations through the chelating carboxylato O atoms. The axial water
molecules of one of the crystallographically unique cations is strongly H-bonded to the solvated water molecules whereas
the axial water molecules of the other cation is strongly H-bonded to the anionic O atoms resulting in a three-dimensional
network (Fig. 2).

Experimental

Compound (I) was obtained by the ligand exchange reaction of [Cr(acac)3] with water in the presene of perchloric acid by
a modified literature procedure (Ogino ef al., 1988; Arulsamy & Crawford, 2007). A brown-purple crystal of suitable size

was chosen for the X-ray measurement.

Refinement

H atoms bonded to the water O atoms were located in successive difference maps and refined using a riding model with
no changes being allowed to their positional parameters. The remaining H atoms were positioned geometrically and refined
using a riding model, with C—H = 0.93-0.96 A and with U;so(H) = 1.5 (1.2 for CH groups) times Ueq(O).
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Figures
A i % &
N | A= :’ " Fig. 1. Drawing of one of the unique tmns-[Cr(C5H702)2(H20)2]+ cations with the atomic
M, E :,_L_ | numbering scheme. Displacement ellipsoids are drawn at the 30% probability level. H atoms
M - I “.¢ | are shown as small spheres with arbitrary radii.
Xk T Fig. 2. The packing of I as viewed down the a axis.

trans-Bis(acetylacetonato)diaquachromium(lll) perchlorate monohydrate

Crystal data
[Cr(CsH702)2(H20),](Cl04)-H20
M, =403.71
Triclinic, PT

Hall symbol: -P 1
a=84735 (1) A
b=10.1022 (1) A
c=10.3165 (1) A
a=91.925 (1)°
B=098.254 (1)°
v=98.388 (1)°

¥V =863.264 (16) A3

Data collection

Bruker SMART CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube
Monochromator: graphite

T=296(2) K

phi and o scans

Absorption correction: multi-scan
(SADABS; Sheldrick, 2004a)

Tinin = 0.812, Tinax = 0.899

8216 measured reflections

Refinement

Refinement on 7~

Z=2
Dy=1.553Mgm>

Mo Ko radiation
A=0.71073 A

Cell parameters from 3912 reflections
0=2.8-32.2°

p=0.87 mm !

T=296(2)K

Rectangular prism, purple

0.25 x0.17 X 0.13 mm

4395 independent reflections

3304 reflections with /> 20(/)
Rint = 0.027

Omax = 28.7°

Omin = 2.0°

h=-11-11

k=-12—13
[=-13—-13

Secondary atom site location: difference Fourier map
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Hydrogen site location: inferred from neighbouring

Least-squares matrix: full .
sites

R[F2 > 2(;(F2)] =0.041 H-atom parameters constrained

w = 1/[c2(Fy?) + (0.0604P) + 0.1291P]
where P = (F,> + 2F.2)/3
§=1.06 (A/6)max = 0.010

4395 reflections Apmax =0.53 ¢ A7
APmin=-031¢ A

WR(F?) = 0.120

221 parameters

Primary atom site location: structure-invariant direct

Extinction correction: none
methods

Special details

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Ls. planes) are estimated using the full covariance mat-

rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of
cell e.s.d.'s is used for estimating e.s.d.'s involving 1.s. planes.

Refinement. Refinement of F* against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2, convention-
al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F?> ZSigma(Fz) is used only for calculat-

ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice

as large as those based on F, and R— factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A’Z )

X y z Uiso*/Ueq
Crl —0.5000 0.5000 0.0000 0.02705 (13)
01 ~0.4718 (2) 0.57332 (16) ~0.16778 (15) 0.0375 (4)
02 ~0.32612 (18) 0.39562 (14) ~0.00618 (15) 0.0335 (3)
O1W ~0.33961 (19) 0.65211 (15) 0.08989 (16) 0.0378 (4)
H1IWA —0.2795 0.6354 0.1701 0.077 (11)*
H1WB —0.3743 0.7268 0.0994 0.073 (11)*
Cl ~0.3668 (4) 0.6284 (3) -0.3601 (3) 0.0593 (8)
H1A —0.3946 0.7161 —0.3463 0.089*
H1B —0.4465 0.5778 —0.4257 0.089*
H1C —0.2632 0.6365 —0.3888 0.089*
c2 ~0.3609 (3) 0.5583 (2) ~0.2345 (2) 0.0367 (5)
c3 ~0.2393 (3) 0.4799 (3) ~0.1982 (3) 0.0473 (6)
H3A —0.1604 0.4794 —-0.2522 0.057*
c4 ~0.2265 (3) 0.4046 (2) ~0.0909 (2) 0.0353 (5)
cs ~0.0908 (3) 0.3242 (3) ~0.0624 (3) 0.0555 (7)
H5A —0.1330 0.2358 —0.0401 0.083*
H5B —0.0141 0.3673 0.0097 0.083*
H5C —0.0385 0.3180 —0.1385 0.083*
Cr2 0.5000 1.0000 1.0000 0.02978 (14)
03 0.7006 (2) 0.96239 (17) 0.94534 (17) 0.0435 (4)
04 0.4621 (2) 1.11026 (14) 0.85140 (15) 0.0352 (4)
02w 0.3801 (2) 0.84204 (16) 0.88978 (17) 0.0460 (4)
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H2WA
H2WB
C6
Ho6A
Hé6B
He6C
C7

C8
H8A
C9
C10
H10A
H10B
H10C
Cll1

05

06

o7

08
O3wW
H3WA
H3WB

0.3641
0.3463
0.9000 (4)
0.8948
0.9863
0.9193
0.7446 (3)
0.6581 (4)
0.6920
0.5269 (3)
0.4496 (4)
0.3376
0.5024
0.4589
0.14280 (8)
0.1993 (5)
0.0140 (4)
0.2687 (4)
0.0877 (4)
~0.1754 (3)
~0.1619
~0.1107

0.7608
0.8435
0.9363 (4)
0.8430
0.9876
0.9492
0.9812 (2)
1.0418 (3)
1.0396
1.1044 (2)
1.1741 (3)
1.1364
1.1628
1.2678
0.74642 (7)
0.6524 (4)
0.7951 (4)
0.8519 (3)
0.6810 (3)
0.5970 (3)
0.5190
0.6558

Atomic displacement parameters (142 )

Crl
0Ol
02
o1w
C1
C2
C3
C4
C5
Cr2
03
04
o2w
C6
Cc7
C8
Cc9
C10
Cl1
05
06
07

Ull

0.0330 (3)
0.0456 (9)
0.0371 (8)
0.0414 (9)
0.073 (2)
0.0439 (13)
0.0441 (14)
0.0321 (11)
0.0413 (14)
0.0447 (3)
0.0531 (10)
0.0526 (10)
0.0737 (12)
0.064 (2)
0.0515 (14)
0.0635 (17)
0.0550 (14)
0.078 (2)
0.0531 (4)
0.125 (3)
0.127 (3)
0.124 (2)

U22

0.0250 (2)
0.0404 (9)
0.0307 (8)
0.0296 (8)
0.0684 (19)
0.0350 (11)
0.0573 (16)
0.0317 (11)
0.0515 (15)
0.0222 (2)
0.0452 (10)
0.0282 (7)
0.0270 (8)
0.093 (2)
0.0404 (13)
0.0519 (15)
0.0294 (11)
0.0576 (16)
0.0576 (4)
0.136 (3)
0.117 (2)
0.0891 (18)

0.9235
0.8102
0.8152 (3)
0.8322
0.8749
0.7267
0.8333 (3)
0.7326 (3)
0.6508
0.7444 (2)
0.6327 (3)
0.6117
0.5576
0.6568
0.57605 (7)
0.4986 (4)
0.5022 (3)
0.6237 (3)
0.6845 (3)
0.3083 (2)
0.3251
0.3648

U33

0.0250 (2)
0.0293 (8)
0.0357 (8)
0.0403 (9)
0.0374 (15)
0.0285 (11)
0.0450 (15)
0.0420 (13)
0.078 (2)
0.0219 (2)
0.0355 (9)
0.0257 (8)
0.0307 (9)
0.060 (2)
0.0381 (13)
0.0300 (12)
0.0261 (11)
0.0305 (13)
0.0407 (4)
0.124 (3)
0.117 (3)
0.0598 (15)

U12
0.00974 (18)
0.0123 (7)
0.0123 (6)
0.0083 (7)
0.0051 (15)
~0.0031 (9)
0.0108 (12)
0.0050 (9)
0.0177 (12)
0.00884 (19)
0.0209 (8)
0.0116 (7)
0.0025 (8)
0.0358 (18)
0.0089 (11)
0.0140 (13)
0.0039 (10)
0.0194 (14)
0.0015 (3)
0.016 (2)
0.036 (2)

~0.0469 (17)

0.079 (11)*
0.069 (10)*
0.0700 (9)
0.105*
0.105*
0.105*
0.0433 (6)
0.0476 (6)
0.057*
0.0375 (5)
0.0545 (7)
0.082*
0.082*
0.082*
0.05233 (19)
0.1280 (13)
0.1255 (13)
0.1001 (10)
0.0921 (8)
0.0835 (8)
0.111 (16)*
0.082 (12)*

U13

0.00458 (18)
0.0071 (7)
0.0071 (6)
~0.0034 (7)
0.0133 (13)
0.0063 (9)
0.0178 (11)
0.0061 (9)
0.0128 (13)
~0.00079 (19)
0.0038 (7)
0.0023 (7)
~0.0093 (8)
0.0097 (15)
0.0064 (11)
0.0097 (11)
0.0012 (10)
0.0052 (12)
~0.0030 (3)
0.043 (2)
~0.053 (2)
~0.0152 (15)

U23

0.00419 (17)
0.0115 (7)
0.0053 (6)
~0.0007 (7)
0.0176 (14)
0.0004 (9)
0.0045 (12)
~0.0029 (9)
0.0058 (14)
0.00258 (17)
0.0046 (7)
0.0057 (6)
0.0027 (7)
~0.0072 (18)
~0.0043 (10)
0.0021 (11)
0.0052 (9)
0.0155 (12)
~0.0046 (3)
~0.060 (2)
0.011 (2)
0.0045 (14)
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08 0.098 (2)
03W 0.0992 (19)

Geometric parameters (4, °)

Crl—ot'
Crl—Ol

Cr1—02!
Crl—02
Crl—O1W
Crl—O1W!
01—C2
02—C4
OIW—HIWA
OIW—HIWB
Cl—C2
Cl—HIA
Cl—HIB
Cl—HIC
c2—C3
C3—C4
C3—H3A
Cc4—Cs
C5—HSA
C5—HSB
C5—H5C
cr2—o3f
Cr2—03
Cr2—04

ol'—Cr1—o1
ol'—cr1—o2!
ol—Crl—02!
ol —Cr1—02
01—Crl—02
02 —Crl—02
ol'—Crl—O1wW
01—Crl—O1W
02—Crl—O1W
02— Crl—O1W
ol'—Crl—O1W!
01—Crl—O1W!
02— Crl—O1W'
02— Crl—O1W!
OlW—Crl—O1W!
C2—01—Crl

0.0925 (19)
0.0619 (15)

1.9378 (15)
1.9378 (15)
1.9398 (14)
1.9398 (14)
2.0004 (15)
2.0004 (15)
1.264 (3)
1.296 (3)
0.9413
0.8568
1.496 (3)
0.9600
0.9600
0.9600
1.406 (4)
1.364 (4)
0.9300
1.504 (3)
0.9600
0.9600
0.9600

1.9492 (18)
1.9492 (18)
1.9420 (14)
180.00 (9)
92.01 (7)
87.99 (7)
87.99 (7)
92.01 (7)
180.0
90.44 (7)
89.56 (7)
90.80 (6)
89.20 (6)
89.56 (7)
90.44 (7)
89.20 (6)
90.80 (6)
180.0
126.92 (15)

0.0856 (19) ~0.0049 (15)
0.0730 (16) 0.0137 (13)

Cr2—o04't
Cr2—0o2wh
Cr2—02W
03—C7
04—C9
02W—H2WA
02W—H2WB
Cc6—C7
C6—H6A
C6—H6B
C6—H6C
C7—C8
C8—C9
C8—HS8A
C9—C10
C10—HI10A
C10—H10B
C10—H10C
Cl1—06
Cl1—O05
Cl1—O07
Cl1—O08
O3W—H3WA
O3W—H3WB

04 —Cr2—03
04—Cr2—04'
04—Cr2—02WH
04'—_Ccro—02w'
03 —cro—0o2w'
03—Cr2—O02wi
04—Cr2—02W
04 —Cr2—02wW
031 —Cr2—02wW
03—Cr2—02W
02w —cr2—02w
C7—03—Cr2
C9—04—Cr2
Cr2—02W—H2WA
Cr2—02W—H2WB
H2WA—O02W—H2WB

0.0158 (15)

—0.0441 (14) 0.0041 (12)

1.9420 (14)
1.9862 (16)
1.9862 (16)
1.276 (3)
1.305 (3)
0.9013
0.8315
1.488 (4)
0.9600
0.9600
0.9600
1.395 (4)
1.375 (4)
0.9300
1.492 (3)
0.9600
0.9600
0.9600
1.399 (3)
1.401 (3)
1.413 (2)
1.420 (3)
0.8328
0.8855
89.27 (7)
180.000 (1)
90.99 (7)
89.01 (7)
89.85 (8)
90.15 (8)
89.01 (7)
90.99 (7)
90.15 (8)
89.85 (8)
180.0
126.76 (16)
125.35 (14)
120.7

124.1

115.1
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C4—02—Cr1
Crl—O1W—HIWA
Cr1—O1W—HIWB
HIWA—O1W—H1WB
C2—Cl1—HIA
C2—C1—HIB
H1A—C1—HIB
C2—C1—HIC
H1A—C1—HIC
H1B—C1—HI1C
01—C2—C3
01—C2—Cl1
C3—C2—C1
C4—C3—C2
C4—C3—H3A
C2—C3—H3A
02—C4—C3
02—C4—C5
C3—C4—C5
C4—C5—HS5SA
C4—C5—H5B
H5A—C5—HS5B
C4—C5—Hs5C
H5A—C5—HS5C
H5B—C5—HS5C

03 —Cr2—03
04—Cr2—O031
04 _Cr2—03'
04—Cr2—03

125.96 (14)
116.9
116.3
108.2
109.5
109.5
109.5
109.5
109.5
109.5
124.1 (2)
115.6 (2)
120.2 (2)
125.9 (2)
117.1
117.1
124.4 (2)
114.5 (2)
121.1 (2)
109.5
109.5
109.5
109.5
109.5
109.5
180.000 (1)
89.27 (7)
90.73 (7)
90.73 (7)

C7—C6—H6A
C7—C6—H6B
H6A—C6—H6B
C7—C6—H6C
H6A—C6—H6C
H6B—C6—H6C
03—C7—C8
03—C7—C6
C8—C7—C6
C9—C8—C7
C9—C8—H8A
C7—C8—H8A
04—C9—C8
04—C9—C10
C8—C9—C10
C9—C10—H10A
C9—C10—H10B
HI10A—C10—H10B
C9—C10—H10C
HI10A—C10—H10C
H10B—C10—H10C
06—Cl1—05
06—Cl1—07
05—Cl1—07
06—Cl1—O08
05—Cl1—08
07—Cl1—08
H3WA—O3W—H3WB

Symmetry codes: (i) —x—1, —y+1, —z; (il) —x+1, —y+2, —z+2.

Hydrogen-bond geometry (4, °)

D—H-A D—H H--A
O1W—HIWA-O3W 0.94 1.65
O1W—HIWB--04il 0.86 1.98
02W—H2WA--02" 0.90 1.83
02W—H2WB--07 0.83 1.95
O3W—H3WA--08" 0.83 2.20
03W—H3WB--06 0.89 2.03

Symmetry codes: (iii) —x, —y+2, —z+1; (iv) —x, —y+1, —z+1.

2.594 (3)
2.832(2)
2.729 (2)
2.781 (3)
3.008 (4)
2.908 (4)

109.5
109.5
109.5
109.5
109.5
109.5
124.0 (2)
115.7 (2)
120.3 (3)
1253 (2)
117.4
117.4
124.1 (2)
114.9 (2)
121.0 (2)
109.5
109.5
109.5
109.5
109.5
109.5
109.4 (2)
111.0 (2)
110.3 (2)
109.1 (2)
108.2 (2)
108.72 (17)

110.8

D—H-A4
177
171
174
179
162
173
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