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Bonding in Uranium(V) Hexafluoride Based on the Experimental Electron Density Distribution Measured at 20 K
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The electron density distribution of [PPh4][UF6] was obtained from high-resolution X-ray diffraction data measured at 20 K. The electron density was modeled with an augmented Hansen-Coppens multipolar formalism. Topological analysis reveals that the U-F bond is of incipient covalent nature. Theoretical calculations add further support to the bonding description gleaned from the experimental model. The impact of the uranium anomalous dispersion terms on the refinement is also discussed.

INTRODUCTION

Understanding chemical bonding to actinide elements has been of interest for decades [1][2] and is of importance as the demand for nuclear power continues to increase. Among the extensively studied actinide systems is uranium hexafluoride, well known for its use in uranium enrichment. While still a subject of debate, theoretical results indicate that the U-F bond is partially covalent and could even possess multiple bond character resulting from FU π-interactions. [2][3][4] We have previously demonstrated that the electron density distribution obtained from high-resolution X-ray diffraction at low temperature provides insight into chemical bonding, even in systems containing actinide elements. [5][6] While the challenges in handling UF 6 make it a poor candidate for charge-density experiments, the singly-reduced UF 6 -anion is synthetically available and has also received considerable attention, including structural characterization with a variety of cations. [7][8] Herein we report the first experimental electron density study of a U(V) system as well as of U-F bonding in the context of [PPh4][UF6], 1. The nature of the U-F bond(s) is discussed from the perspective of the Quantum Theory of Atoms in Molecules (QTAIM). [START_REF] Bader | Atoms in Molecules: A Quantum Theory[END_REF] The topology of the experimental electron density is compared to that obtained computationally. EXPERIMENTAL A 0.17×0.14×0.09 mm crystal of [PPh4][UF6], grown by slow evaporation from dry acetonitrile under an argon atmosphere, was mounted on a Rigaku diffractometer with an ULTRAX-18 rotating anode (Mo, graphite monochromator; 50 kV, 300 mA) and a RAPID II image plate detector. The crystal was cooled to 20 K [START_REF] Hardie | [END_REF][11] and 355 images were collected (5° oscillation width, ω scans, 120 s). The HKL2000 software package 12 was used for reflection indexing and unit-cell parameter refinement, while VIIPP was used for peak integration. [13][14] An absorption correction was applied as described previously 5 with the program CCDABS [START_REF] Zhurov | In General absorption correction for arbitrary shaped crystal with automatic measurements of crystal shapes[END_REF] and a decay correction was also applied. The data were then scaled and merged with SORTAV, [START_REF] Blessing | [END_REF][17] to give 9826 independent reflections for 0 < sin θ/λ < 1.3 Å -1 (R int = 0.017, average multiplicity 7.7). The structure and total electron density distribution were refined with a modified Hansen-Coppens multipolar formalism implemented in the MoPro program suite, using the Volkov and co-workers relativistic wave-functions data bank. [START_REF] Koritsanszky | In XD2006: A Computer Program for Multipole Refinement[END_REF] Multipolar expansion was carried out up to l = 6 for uranium and anomalous dispersion terms were also refined, see Table 1 and the Supporting Information for further crystallographic details and refinement results. Details concerning the synthesis of 1 and theoretical calculations (DFT/B3LYP) for the isolated UF 6 -ion can also be found in the supporting information.

RESULTS & DISCUSSION

Fluorination of [PPh 4 ][UCl 6 ] with 48% HF provided [PPh 4 ][UF 6 ] (1) in 77% yield as large pale blue crystals. Chlorine-fluorine exchange was confirmed by IR spectroscopy, which showed a strong absorption at 528.9 cm -1 , similar to the ν 3 stretch observed for the UF 6 -anion in [AsPh 4 ][UF 6 ] (525 cm -1 ). [START_REF] Ryan | [END_REF] Charge density quality crystals were grown by slow evaporation from acetonitrile. Compound 1 crystallizes in the space group 𝐼4 with the U and P atoms on 4 special positions and one F atom (F2) on a two-fold axis, while the remaining atoms are in general positions. The UF6 -group exhibits axial elongation from a perfect octahedron with U-F distances of 2.0768(4) Å (U-F2) and 2.06503( 19) Å (U-F1) for the axial and equatorial fluorine atoms respectively (see Fig. 1). There is also deviation of the F1 atoms from the equatorial plane, arranged in turns above and below it, with F1-U-F2 angles alternating between 89.93(2)° and 90.07(2)°. We note that the observed S 4 point symmetry is consistent with previous EPR measurements on UF 6 -. 7 The recent implementation of spherical harmonics up to l = 6 in the MoPro program suite 20 allows for the proper treatment of f-electron systems and should improve the accuracy of multipolar models for heavy elements. [21][START_REF] Koritsanszky | New Directions in Pseudoatom-Based X-Ray Charge Density Analysis[END_REF] Additionally, refinement of the uranium anomalous dispersion terms has also been implemented in MoPro, as these terms have been shown to vary depending on chemical environment. [START_REF] Templeton | [END_REF] In a previous multipole refinement of the charge density in Cs2UO2Cl4, we employed a "split" atom model as we found that the standard approach was inadequate. [5][6] Traditionally, the radial term used to model the aspherical valence electron density in the Hansen-Coppens formalism involves weighted averaging of participating valence functions yielding a single radial term. In the case of uranium, the valence functions correspond to the 5f, 6d, and 7s shells and the radial distributions are significantly different; accordingly, a single (averaged) radial function is inadequate to describe the electron density distribution around uranium. Thus, we treat the uranium atom as the super-position of several components with different radial terms: a core + 6s "valence," and four "valence-only" components, each invoking a single radial term (namely 6p, 5f, 6d and 7s), allowing for modeling of both aspherical valence electron density as well as core polarization. Thermal parameters and atomic coordinates were constrained to be identical for all split atom components. Two restrained κ parameters were refined for each split component. Populations were initially refined freely for the 5f and 6d components before being restrained to contain slightly excess charge to prevent the total charge from drifting too positive. The populations of the 6s and 6p components were restrained to be nearly neutral and the 7s population was restrained to stay below 0.1 e -. Additionally, the uranium anomalous dispersion terms were refined. We note that the refined values of f' and f'' are less than 2% from the standard values, but despite this small difference, the impact on the multipole parameters is not negligible (see SI). Models were also explored which omitted the 7s term but were not stable. Multipoles on all components were refined according to local 4/m symmetry (instead of 4 , see SI) and subject to similarity restraints included as needed to dampen the effects of parameter correlation. Fluorine, phosphorus, carbon and hydrogen were also lightly restrained (see supporting information) but otherwise treated as usual. Unfortunately, parameter correlations were too significant to perform full least-squares refinement in the absence of restraints or constraints; accordingly 37 restraints were em-ployed to stabilize the model. We have chosen to employ restraints rather than constraints when possible. Definition of the electronic configuration of the spherical uranium is non-trivial 3 and requires careful attention as it defines the promolecule which is employed in the calculation of deformation density (DD) maps (difference between the total electron density and spherical atom density). We have found that the 5f 4 6d 2 7s 0 configuration provides a better definition of radial terms than that of the free atom ground state (5f 3 6d 1 7s 2 ), insomuch as the resulting static DD maps are in best agreement with the corresponding spherical atom residual density maps. Given this proviso, we are hesitant to make conclusions on the nature of the U-F bond(s) on the sole basis of DD maps simply because their appearance is so dependent on the definition of the uranium pro-atom. With this in mind it is still worth considering the features of the DD.

Differences in the U-F interaction for F1 and F2 are clear from the static DD (see Fig. 2). Interestingly, the DD around the axial fluorine F2, resembles that of the oxo ligands in Cs 2 UO 2 Cl 4 . [5][6] In the present case, the charge distributions around the axial ligand are significantly polarized and suggest FU π-character, while the charge distributions around the equatorial ligands are nearly spherical (i.e. ionic). On the other hand, no regions of charge concentration are directly shared between the U-F atoms, indicating ionic bonding. As the UF 6 -ion is formally an f 1 system, we were intrigued by the possibility of mapping electrons in f-orbitals. In this regard, we note (given the caveat above) that the areas of charge concentration around the U atom are strongly reminiscent of the electron density expected for population of a non-FIGURE 2. Static deformation density maps depicting charge concentrations (blue) for the entire UF6 -ion (middle), and selected views depicting contributions from U and F2 (left), and U and F1 (right). Isosurfaces are drawn at the +/-0.2 e -Å -3 level.

bonding f orbital (specifically, the fxyz orbital which corresponds to the A symmetry representation in the point group S4). It is tempting to attribute these charge concentrations to the formal population of f orbitals, as maxima are at distances of ~0.45-0.75 Å from the U nucleus and the 5f radial term has a maximum around 0.43 Å from the nucleus while the 6p term has a maximum around 0.75 Å from the nucleus, but as we stated above, the appearance of the deformation density (and therefore any resulting interpretation) is dependent on the definition of the pro-atom. Nevertheless, the xyz function of the A symmetry representation in the S 4 point group transforms as a 2u in the O h point group (and as b 1u in D 4h ), and agrees with theoretical calculations indicating that the SOMO in UF 6 -is of a 2u symmetry. 2,[24][25] The differences observed in the U-F bond distances and DD are also manifest in the topological properties of the U-F bonds, which have been analyzed from the perspective of the Quantum Theory of Atoms in Molecules (QTAIM). [START_REF] Bader | Atoms in Molecules: A Quantum Theory[END_REF] The electron density at the bond critical point (ρb) is 0.93 e/Å 3 (U-F1) and 0.90 e/Å 3 (U-F2), while the Laplacian values (∇ 2 ρb) are 7.68 e/Å 5 and 6.30 e/Å 5 respectively. The experimental values compare favorably with those obtained from theory (see SI for details) for a gas-phase, isolated UF6 -ion calculated at the experimental bond distances (ρb = 0.83 e/Å 3 , U-F1; 0.81 e/Å 3 , U-F2; ∇ 2 ρb = 11.88 e/Å 5 , U-F1; 11.58 e/Å 5 , U-F2).

We have also explored the classification of the U-F bond(s) in 1 in the context of the scheme proposed by Espinosa et al. and Gatti. [26][27] From this viewpoint, interactions are classified on the basis of the bond critical point properties (ρ b , ∇ρ b , and ∇ 2 ρ b ) and energy densities (potential, V b ; kinetic, G b ; total electronic energy, H b ). While we have noted previously that such classification of systems composed of elements with very different Z values should be made cautiously, comparison can still be made across a series of similar compounds analyzed in the same manner. In the present case, both the U-F1 and U-F2 interaction can be classified as incipient covalent bonds (1 | | 2; Hb < 0; ∇ 2 ρb > 0). This corresponds to a description in the transit region between covalent and ionic bonding. Generally, H b < 0 indicates covalency while ∇ 2 ρ b > 0 indicates ionic character. The U-F bonds have a bond degree (BD = H b /ρ b ) of -0.57 and -0.59 for the U-F1 and U-F2 bond, respectively. These values fall neatly between the BD values for U-Cl (-0.34) and U-O (-0.93) as observed in Cs2UO2Cl4. [5][6] The predicted BD values are smaller (-0.38 and -0.37) for the gas-phase ion, as expected due to the larger Laplacian.

CONCLUSION

We have described an experimental charge density model, derived from X-ray diffraction data at 20 K, for [PPh 4 ][UF 6 ] (1) and report properties of the U-F bond derived from total electron density. The distortion of the UF 6 -group in 1 from ideal O h symmetry is slight but statistically significant. The bonding picture derived from experiment and theory are in good agreement and indicate that the U-F bond is very polar, but with some covalent contributions, and can be classified as an incipient covalent bond. We note that while we believe our model to be quite robust, there are limitations and subtleties in the modeling technique. For example, our model includes refinement of the anomalous dispersion terms for uranium, but neglects to properly account for the resolution dependence of these terms.
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Details on refinement, synthesis and gas-phase calculations, additional deformation and residual maps, and a table of bond critical point properties are available free of charge via the Internet at http://pubs.acs.org.

TOC GRAPHIC AND SYNOPSIS

The electron density distribution of [PPh 4 ]UF 6 has been experimentally determined by X-ray diffraction at 20 K and modeled with the Hansen-Coppens multipolar formalism. Topological analysis of the resulting charge density model indicates that the U-F bond is very polar, but with some covalent contributions. The experimental results were also compared against theoretical calculations for an isolated gas-phase UF 6 -anion and are in good agreement.

SYNTHETIC DETAILS

General Synthetic Considerations. Caution! The 238 U isotope is a low specific-activity α-particle emitting radionuclide, and its use presents a hazard to human health. All manipulations were performed with rigorous exclusion of air and moisture using Schlenk and glovebox techniques under an atmosphere of argon. Acetonitrile (BDH) was purified by passage through a column of activated alumina and degassed with argon prior to use.

[Ph4P]UCl6 was prepared from [Ph4P]2UCl6 1 and thionyl chloride in analogy to a literature procedure. 1 Infrared spectra were recorded as nujol mulls with a Mattson Sirius 100 FTIR spectrometer, NMR spectra were recorded at ambient temperature on a Bruker Avance DPX-300 spectrometer. 1 H chemical shifts are given relative to residual solvent peaks.

Synthesis of [Ph 4 P]UF 6 . The literature procedure for [Ph 4 As]UF 6 was adapted. 2 In an argon-filled glovebox, a 15 mL polystyrene tube was loaded with a magnetic stirbar and [Ph4P]UCl6 (990.1 mg, 1.253 mmol). The tube was placed inside a 100 mL Schlenk flask, removed from the glovebox, and attached to a Schlenk manifold. Aqueous HF (48%, 10 mL) was added with a disposable polystyrene pipette, and the mixture was stirred for 2 h. Excess HF was decanted using a PTFE cannula. The solids were dried in vacuo for 2 h, and extracted with anhydrous CH 3 CN (20 mL). After standing for 24 h, X-ray quality light blue crystals were obtained by filtration in 44.5% yield (384.4 mg, 0.556 mmol). Storing the filtrate at -35 °C resulted in formation of an additional crop of crystals, which were isolated in 32.7% yield (283.5 mg, 0.410 mmol). 1 H NMR (300 MHz, CD3CN): δ 7.94 (br s, 4 H, p-Ar-H), 7.74 (br s, 16 H, o-and m-Ar-H). IR (cm -1 ): 3059.2 (w), 1585.3 (w), 1482.6 (w), 1460.9 (m), 1339.4 (w), 1313.8 (w), 1260.8 (w), 1188.0 (w), 1164.4 (w), 1107 (s), 1027 (w), 995.6 (m), 760.8 (w), 753.6 (w), 724.2 (m), 690.4 (m), 553.7 (m sh), 528.9 (s), 473.5 (s). mp = 317.0 -317.5 °C.

COMPUTATIONAL DETAILS

All density functional theory (DFT) calculations were carried out with the Gaussian 09 package. 1 The DFT electronic structure was computed with Becke's three parameter (B3) hybrid exchange functionals combined with Lee-Yang-Parr (LYP) correlation functionals (B3LYP). 2,3 The small-core Stuttgart RSC 1997 relativistic effective core potential (RECP) was used to model the uranium center, with the associated basis set [6s/6p/5d/3f]. Allelectron description with the 6-31g(d',p') basis set was used for the fluorine-centered basis functions. This approach has been shown to give a good description of the geometrical parameters, vibrational frequencies, and electronic structure of these physical systems. [4][5][6] 

CRYSTALLOGRAPHIC DETAILS Experimental Details

Different goniometer settings were used to collect the images, combining into 5 different runs (φ = 0°, χ = 0°; φ = 180°, χ = 0°; φ = 0°, χ = 40°; φ = 90°, χ = 40°; φ = 180°, χ = 40°), covering 180° of rotation for each run (5° oscillation / image). A single run consisted of 79 images and includes adjacent images overlapped by a half of the oscillation range (2.5°), which avoids the use of partial reflections and provides better scaling.

Uranium Anomalous Dispersion Terms

The anomalous dispersion terms f' and f'' for uranium were found to strongly influence the multipole parameters in the refinement of [PPh4][UF6]. We have found that the U anomalous terms strongly affect the refinement of the relative valence populations for U and F, and that surprisingly, the population of the P atom is also affected. The best estimate for f' was obtained by refinement against the subset of centrosymmetric reflections with (h,k,0) starting from the converged spherical atom model. The f'' was determined by refinement against the full data set at various stages of multipolar refinement to ensure convergence. We also note that both terms exhibit resolution dependence when refined against various resolution shells, in agreement with previous results. 1

Uranium Multipole Symmetry

The uranium atom sits on a crystallographic special position of 4 symmetry. However, inspection of the spherical atom model residual density maps reveals that the unaccounted electron density around the uranium nucleus is of approximate 4/m symmetry. Accordingly, we have found that models employing 4/m symmetry for the multipolar expansion provide better fits to the spherical atom model residual density than models employing 4 symmetry at uranium.

Outlier Rejection

Outliers were flagged initially during data scaling and merging in the program SORTAV. 2 Unfortunately, the outlier rejection scheme in SORTAV cannot identify all outliers in a data set. For this reason, reflections measured more than three times were analyzed for the presence of outlier contamination. In this way, 0.55% of the measured intensities (417 out of 75,976 total measurements) were rejected prior to merging and scaling of the data. ANHAR 0 3 ! number_of_anharmonic_atoms max_order ! 1 ! atom number ! 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ! 0.00E+00 0.00E+00 

FIGURE 1 .

 1 FIGURE 1. ORTEP diagram of the UF6 -portion of 1. Thermal ellipsoids are depicted at the 99% probability level. Symmetry operators: (a) y, 1-x, -z; (b) 1-x, 1-y, z; (c) 1-y, x, -z.

2 .

 2 (a) Blessing, R. H. Acta Crystallogr. 1995, 51, 33-38. (b) Blessing, R. H. J. Appl. Crystallogr. 1997, 30, 421-426.
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 S1 Figure S1. Normal Probability Plot for refinement of 1

ATOM 2 F1

 2 ANI 1 0.575172 0.650857 -0.000349 1.0000 1 F ZX F1_SYM66502 F2 HEX K2 V0 M0 Q0 UANI 0.008389 0.005197 0.010953 -.001814 -.000489 -.000140 7.43184 0. -.003 -.001 0.025 0.009 -.013 -.002 0. -.011 -.008 0.004 -.005 -.004 -.001 0.004 -.002 -.042 -.010 -.012 -.016 0.006 -.010 -.002 -.001 -.027 ATOM 3 F2 ANI 1 0.500000 0.500000 0.284911 0.5000 1 F ZX F2_SYM55601 F1 HEX K18 V0 M0 Q0 UANI 0.011934 0.010298 0.004024 0.000588 0. 0. 7.42419 0. 0. 0. -.044 0.042 0. 0. 0.036 -.004 0.023 0. 0. -.004 -.013 0. 0. -.034 0. 0. 0. 0. 0. 0. 0.005 -.002 ATOM 4 P1 CAT 2 0.000000 0.500000 0.250000 0.2500 1 P ZX P1_SYM55601 P1_SYM65501 HEX K3 V0 M0 Q0 UANI 0.003208 0.003208 0.003324 0. 0. 0. 4.78450 0. 0. 0. 0. 0.052 0. 0. 0. 0. 0. 0. 0. 0.245 0.522 0. 0. -.203 0. 0. 0. 0. 0. 0. -.091 0.114 ATOM 5 C1 CAT 2 0.097245 0.565489 0.396989 1.0000 1 C bXY C6 C2 HEX K4 V0 M0 Q0 UANI 0.004053 0.005350 0.004884 -.000089 -.000215 -.000924 4.07009 0. 0.072 -.012 -.009 -.149 0.003 0.016 -.050 0.002 0.015 -.007 0. 0.020 0.016 -.235 -.016 -.001 -.003 -.003 -.016 -.009 0.017 0.008 -.023 0.015 ATOM 6 C2 CAT 2 0.056297 0.632830 0.537018 1.0000 1 C bXY C1 C3 HEX K5 V0 M0 Q0 UANI 0.005079 0.006816 0.006188 0.000245 -.000048 -.001862 4.01920 0. 0.013 0.021 0.015 -.234 -.007 -.009 -.031 0.015 -.005 0.009 -.011 -.008 0.008 -.295 -.009 0.051 0.003 -.011 0.001 -.009 0.004 -.007 0.024 0.018 ATOM 7 C3 CAT 2 0.128318 0.685204 0.655287 1.0000 1 C bXY C2 C4 HEX K6 V0 M0 Q0 UANI 0.006945 0.007432 0.006389 -.000121 -.000549 -.002246 4.01870 0. 0.011 -.008 0.011 -.208 0. -.001 -.007 -.009 0.014 0.041 -.015 0.011 -.001 -.266 0.009 0.011 -.004 0.005 -.020 -.012 0.030 -.024 -.003 -.004 ATOM 8 C4 CAT 2 0.240660 0.669243 0.636642 1.0000 1 C bXY C5 C3 HEX K7 V0 M0 Q0 UANI 0.006552 0.007793 0.006823 -.000763 -.001701 -.001036 4.01256 0. 0.012 -.015 -.025 -.221 0.022 -.004 -.006 0.013 -.009 0.029 -.009 0.008 0.019 -.291 0.008 0.016 -.013 0.024 -.034 -.036 0.010 0.022 0.020 0.001 ATOM 9 C5 CAT 2 0.281444 0.601588 0.498727 1.0000 1 C bXY C4 C6 HEX K8 V0 M0 Q0 UANI 0.004585 0.008346 0.007649 -.000273 -.001055 -.000949 4.00613 0. 0.042 -.046 0.030 -.187 -.026 -.023 -.008 0.010 -.025 -.002 0.005 0.017 0.016 -.251 0.038 0.021 0.004 0.043 0.012 0. -.009 0.007 -.003 0.010 ATOM 10 C6 CAT 2 0.209792 0.549900 0.377430 1.0000 1 C bXY C1 C5 HEX K9 V0 M0 Q0 UANI 0.004419 0.007093 0.006309 0.000208 -.000163 -.001431 4.01078 0. 0.020 0.025 0.008 -.225 -.020 -.005 0.010 0.031 0.014 0.038 0.001 0.021 0. -.276 0. 0.017 0.029 -.009 -.002 -.003 0.014 0.036 0.013 -.001 ATOM 11 H2 CAT 2 -0.030794 0.645713 0.550344 1.0000 1 H ZX C2 C1 OCT K10 V0 M0 Q0 UISO 0.021779 0.94247 0. -.008 0.062 0.178 0.044 -.013 0.017 -.018 0.022 0. 0. 0. 0. 0. 0. 0. ATOM 12 H3 CAT 2 0.095733 0.738236 0.760783 1.0000 1 H ZX C3 C2 OCT K11 V0 M0 Q0 UISO 0.018054 0.91617 0. -.003 0.011 0.153 0.010 0. 0.004 -.008 -.028 0. 0. 0. 0. 0. 0. 0. ATOM 13 H4 CAT 2 0.294131 0.711087 0.731776 1.0000 1 H ZX C4 C5 OCT K12 V0 M0 Q0 UISO 0.026773 0.94530 0. -.049 -.094 0.148 -.022 -.043 -.017 -.031 00. -.026 0.072 0.144 0.024 -.002 0.028 -.018 -.007 0. 0. 0. 0. 0. 0. 0. ATOM 16 U1v1 ANI 1 0.500000 0.500000 0.000000 0.2500 0. 0. 0. 0. 0. 0. 0.106 0.071 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.364 -.243 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. -.008 0. 0. 0. 0. 0. 0. -.028 -.123 0. 0. 0. 0. ATOM 19 U1v4 ANI 1 0.500000 0.500000 0.000000 0.2500 1 U_v4 ZX U1c_SYM55601 U1c_SYM65501 64P K19 V0 M0 Q0 UANI 0.002841 0.002841 0.002552 0. 0. 0. 0.05096 0. 0. 0. 0. 0.029 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.397 0. 0. 0. 0. 0. 0. -.104 -.210 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. -.050 0.080 0. 0. 0. 0.
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	formula	PPh 4 UF 6
	Mr	410.875
	temp of measurement	20.0(1) K
	λ (Å)	0.71073
	space group	I4
	unit cell dimensions (Å)	a=b=12.2518(1), c=7.2893(2)
	V (Å 3 ), Z	1094.17(3), 2
	Tmin/Tmax, μ (mm -1 )	0.657 / 1, 7.551
	(sin θ / λ) max (Å -1 ), d max (Å)	1.30, 0.385
	reflns integrated	75559
	R int /average multiplicity	0.017, 7.7
	independent reflns / (I > 3σ)	9826 / 9388
	Refined U f' and f''	-9.745, 9.830
	reflns/parameter	23.12
	parameters, restraints	406, 37
	extinction coeff	0.07481
	weighting scheme: a a, b	0.002, 0.002
	final R(F) all data, wR2(F 2 )	0.0066,0.0095
	Δρ min / max , eÅ -3 (all data)	-0.787, 0.586
	Δρmin/max, (sin θ / λ < 1.0 Å -1 )	-0.561, 0.295
	a w = 1 / {σ 2 (F 2 ) + (ap) 2 + bp}, p = 0.3333Fobs 2 + 0.6667Fcalc 2
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