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A dimer of dimers containing two quadruply bonded [Mo2(DAniF)3]
þ units (DAniF = N,N0-di(p-anisyl)formamidinate)

linked by the S-donor linker, dimethyldithiooxamidate was synthesized, structurally characterized, and electronic
communication was probed. The core of [Mo2(DAniF)3]2(C2S2N2Me2), 1, formed by the Mo2NSC2SNMo2 atoms
shows two fused but non planar six-membered rings, which differs from that of the β form of dimethyloxamidate
analogue that has a heteronaphthalene-type structure (Cotton, F. A.; Liu, C. Y.; Murillo, C. A.; Villagr�an, D.; Wang, X.
J. Am. Chem. Soc. 2004, 126, 14822). For these two analogous compounds electronic coupling between the two [Mo2]
units, as determined by electrochemical measurements, diminishes considerably upon replacement of O-donor by
S-donor atoms (ΔE1/2 = 531 mV and 440 mV, respectively). This suggests that the non planar conformation of the
linker in 1 hampers a pathway leading to π conjugation. Density functional theory (DFT) calculations show that the
highest occupied molecular orbitals HOMO-HOMO-1 energy gap of 0.12 eV for 1 is much smaller than that of 0.61 eV
for the O-donor analogue, which is consistent with the electrochemical data.

Introduction

Electron transfer is a ubiquitous process of enormous
importance not only in chemistry but also in many other
fields such as molecular electronics, photosynthesis, and
biosensors.1 Since the late 1960s when the Creutz-Taube
(CT) ion was synthesized, compounds with two or more
identical redox centers joined by a linker have been of great
interest2 formodeling intramolecular electronic coupling and
the design of new materials.3 Experimental and theoretical

studies on these systems have been essential in providing a
better understanding of electron transfer processes.
Many techniques employing electrochemical, spectro-

scopic, and magnetic measurements have been used to
evaluate electronic communication between metal units and
the effect of the linker. In general, electrochemical measure-
ments of these compounds show two successive one-electron
redox processes, and the separation between the two E1/2

values, ΔE1/2, is associated with the comproportionation
constant KC.

4

The free energy of comproportionation,ΔGC, is calculated
using the thermodynamic relationship ΔGC= -RT ln(KC).
The value ofΔGCmay be viewed as being affected by a series
of contributing factors,5 such as those in the commonly used
expression:6

ΔGC ¼ ΔGS þ ΔGE þ ΔGR þ ΔGI

where ΔGS is a small statistical contribution to the compro-
portionation equilibrium, ΔGE accounts for the electrostatic
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repulsion of the metal centers, ΔGR is the free energy of
resonance exchange or electron delocalization, and ΔGI is a
contribution from inductive factors. Values of KC obtained
under similar experimental conditions for closely related
systems have often been used for comparing electronic
coupling between metal centers through a linker.
Recently, analogues containing two dimetal species, usual-

ly quadruple bonded Mo2
4þ units, linked by a variety of

bridging ligands with a general formula [M2]L[M2] (where
[Mo2] = a unit such as Mo2(DAniF)3 or Mo2(cis-DAniF)2
and DAniF = N,N0-di-p-anisylformamidinate) have been
very useful in evaluating electronic communication between
dimetal units because they provide new probes unavailable
for compounds containing single metal units such as the CT
species.7 In early work, dianions of dicarboxylic acids were
themost frequently employed linkers, but theywere generally
marginal in mediating electronic communication.8 However,
by replacing half of O-donor atoms from dicarboxylate
linkers by N-donor atoms, the corresponding diamidate
ligands significantly increased electronic coupling.9 In addi-
tion such compounds had some useful properties since the
latter are quite stable because the ligands are much stronger
Lewis bases than the carboxylate groups. Furthermore sub-
stituents on the nitrogen atomsmay be synthetically adjusted
both sterically and electronically.9 Interestingly, when either
of the diaryloxamidate [ArNC(O)C(O)NAr]2- (Ar=phenyl
or p-anisyl) groups serve as linkers, two geometric isomers
can be isolated depending on the reaction conditions.10 The
two isomers, designated as R and β (Scheme 1), entail
different binding modes of the diaryloxamidate ligand. The
electronic coupling between two [Mo2] units in these two
molecules is quite different as measured from the separation
of oxidation potentials (ΔE1/2). For the R isomer ΔE1/2 is
about 190 mV but increases to about 530 mV for the β form.
In the R form, the orbital interaction between two dimetal
units is negligible but in the β formπ conjugation, resembling
that in naphthalene, exists. This has led to the suggestion that
in these dimolybdenum compounds electrons in theδorbitals
of the Mo2 units are involved in conjugation.
Lately there has been interest in linkers with sulfur donor

atoms since such donor atoms are important in modifying

electron transfer processes and are useful in enzyme reacti-
vity.11 The Chisholm group reported improvement of elec-
tronic coupling for dimers of dimers by stepwise replacement
of O to S from dicarboxylates.12 More recently, when the
O-donor atoms in oxamidate were replaced by S-donor
atoms, coupling in these dithiooxamidate species was greatly
enhanced because of dδ-dπ interactions between the dimetal
units and the low-lying π* orbital of the sulfur atoms.13 Such
interactions led to low energymetal-to-ligand charge transfer
processes which facilitate electron-hopping pathways.
We also showed that in tetranuclear clusters of the type

[Mo2]2(μ-E;E)2 (where E;E represents a bidentate ligand
with donor atoms E = O or S) the electronic coupling for
compounds with E=S is substantially stronger than for those
with E = O.14 For this type of compounds with two linkers
joining the dimetal units, density functional theory (DFT)
calculations suggest that the highest occupiedmolecular orbital
(HOMO) is primarily a metal-based orbital and there are no
low-lying π* orbitals in the ligand sulfur atoms.14 A major
difference between the electronic structure of oxygen and the
electronic structure of sulfur atoms is that empty d orbitals are
available for sulfur, and this element tends to form links with
multiple bond character.15 This is evidenced by the relative
bond energies of the E-O single bonds which are stronger for
S-Othan forO-Obonds.However, forE=Odouble bonds,
the SdO bond is weaker than the OdO double bond, because
the larger radius of the sulfur atom leads to reduced overlap for
σ and π interactions relative to the bonds with oxygen atoms.
For the dimers of dimers without a π system the electronic

coupling is usually weak, as found for example in the R form
of the oxamidate analogues.10 In such compounds with an
R-type arrangement (Scheme 1), the electronic coupling is
enhanced by replacing oxygen to sulfur atoms because the
latter introduce some π bonding character as observed in
dithiooxamidate-linked compound.13

Here we examine what happens when an oxygen atom is
replaced by a sulfur atom in a system analogous to that
containing the β oxamidate form, which is known to provide
a high degree of π conjugation and shows strong electronic
coupling, and report the synthesis of a dimolybdenum pair
linked by dimethyldithiooxamidate, [Mo2(DAniF)3]2(C2S2-
N2Me2). A significant reduction in the electronic coupling
between the two [Mo2(DAniF)3] units compared to that of
dimethyloxamidate-linked analogue16 was observed.

Results and Discussion

The synthesis of [Mo2(DAniF)3]2(C2S2N2Me2), 1, was
carried out by reacting the mixed-ligand precursor Mo2-
(DAniF)3(O2CCH3)

10a and N,N0-dimethyldithiooxamide as
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shown below:

2Mo2ðDAniFÞ3ðO2CCH3Þ
þ CH3ðHÞNðSÞCCðSÞNðHÞCH3

s
NaOCH3

THF
½Mo2ðDAniFÞ3�2ðCH3NðSÞCCðSÞNCH3Þ

The 1HNMR spectra (vide infra) are consistent with
formation of a single product. Crystals were obtained by
diffusion of isomeric hexanes into a solution of the product in
CH2Cl2. The compound, shown in Figure 1, crystallized in
the space group P1 with the molecule residing on a general
position. The crystallographically independent Mo-Mo
bond distances of 2.0957(8) Å and 2.0898(8) Å (Table 1)
are in the normal range for quadrupleMo-Mobonds which
haveσ2π4δ2 electronic configurations.17 The core has two six-
membered rings, each composed of a dimolybdenum species
and a S-C-C-N unit. The atom connectivity resembles
that in the β form of the oxamidate analogues but unlike the
oxamidate compounds there is a significant deviation from
planarity in 1, and the core resembles a butterfly. For

comparison, the structural parameters for the core of an
analogue that has the β form16 and those in 1 are given in
Scheme 2. For the dimethyloxamidate-linked compound, the
torsion angles defined by N-C-C-N and O-C-C-O are
22.7� and 32.8�, respectively,16 and there is a dihedral angle of
161� between the two Mo2 axes. In general, for this type of
compounds the torsion angles decrease as stepwise oxidation
of the neutral compound takes place giving a planar hetero-
naphthalene-type structure for the doubly oxidized species.10

For the sulfur derivative 1, the torsion angles defined by
N(1)-C(2)-C(1)-N(2) and S(1)-C(1)-C(2)-S(2) are
40.8� and 60.7�, respectively. These angles are considerably
larger than those for the corresponding dimethyloxamidate-
linked compound. The Mo-S-C and Mo-S-C angles
are 109.8(2)� and 106.4(2)�, respectively. The butterfly struc-
ture is the result of the large difference in bond distances
between Mo-Slinker (2.484[3] Å), C-Slinker (1.739[8] Å) and
Mo-Nlinker (2.198[7] Å), C-Nlinker (1.312[9] Å), respectively.
The corresponding Mo-O distances of 2.114(3) Å and
2.096(2) Å in the dimethyloxamidate analogue are about
0.38 Å shorter than the Mo-S distance in 1. The average
C-O distance is 1.290[5] Å, about 0.44 Å shorter than
the average C-S distance. The distance of 6.409 Å between
[Mo2] units in 1 is a little longer, 0.16 Å, than that of 6.248 Å
in the dimethyloxamidate analogue.
In solution the molecule is fluxional as shown by the

variable temperature 1HNMRspectra.At room temperature
there are two signals for the methine protons from the
formamidinate groups (-NCHN-). One of them appears
as a broad singlet at 8.35 ppm and the other one is sharp and

Figure 1. Two different views of the core structure of 1 with displace-
ment ellipsoids drawn at the 40% probability level. The bottom view
clearly shows a butterfly arrangement. All p-anisyl groups and hydrogen
atoms have been omitted for clarity.

Table 1. Selected Bond Lengths (Å) and Angles (deg) for 1 3 2CH2Cl2 and
Geometric Parameters from DFT Calculations for the Model of 1

1 3 1.5CH2Cl2 calculated

Mo(1)-Mo(2) 2.0957(8) 2.1423
Mo(3)-Mo(4) 2.0898(8) 2.1423
Mo(1)-S(1) 2.486(2) 2.5737
Mo(4)-S(2) 2.482 (2) 2.5735
Mo(2)-N(1) 2.187(4) 2.2204
Mo(3)-N(2) 2.208(4) 2.2202

C(1)-C(2) 1.500(7) 1.5167
C(1)-S(1) 1.740(6) 1.7712
C(2)-S(2) 1.737(5) 1.7712
C(1)-N(2) 1.308(6) 1.3218
C(2)-N(1) 1.315(6) 1.3212

Mo(1)-S(1)-C(1) 109.8(2) 102.961
Mo(4)-S(2)-C(2) 106.4(2) 102.968
Mo(2)-N(1)-C(2) 137.7(3) 132.519
Mo(3)-N(2)-C(1) 133.5(4) 132.525

Scheme 2
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appears at 8.20 ppm. These are in a ratio of 4:2. At -50 �C
these signals split into three sharp singlets in a ratioof 2:2:2 and
appear at 8.54, 8.13, and 8.06 ppm. At room temperature the
signals for the methoxy groups appear in a ratio of 12:12:6:6.
The first set of signals correspond to the 12hydrogenatoms for
the cis-DAniF ligands on each side of the molecule, the other
signals are for the corresponding groups in the trans-DAniF
ligands. At -50 �C, all signals for the methoxy groups are
independent. Similarly the signals for the aromatic protons
also split (see Supporting Information). This is consistent
with the wings of the molecule flipping back and forth, in
the NMR time scale, in solution at room temperature but
being essentially constrained at-50 �Ctoa structure similar to
that in the solid state in which the distorted structure breaks
the equivalence of the cis-DAniF ligands.
Electrochemical measurements generally provide useful

information about the degree of the electronic interaction
between redox centers.18 The cyclovoltammogram (CV) and
differential pulse voltammogram (DPV) for 1 are shown
in Figure 2, and related electrochemical data are given in
Table 2. The redox potentials (E1/2) inCH2Cl2 for 1 are at 200
and 640 mV, with a ΔE1/2 of 440 mV. From this value, the
comproportionation constant of 2.7� 107 is calculated using
the relationship KC = exp(ΔE1/2/25.69).

19

It should be noted that the ΔE1/2 for 1 is 91 mV smaller
than that of the dimethyloxamidate analogue (531 mV) and

KC is almost 2 orders of magnitude smaller than that of the
dimethyloxamidate compound (9.5 � 108).16,20 Previously,
we showed that by substitution of O-donor atoms in
R-oxamidate linked compound to sulfur atoms there was
an increase in the potential separation. This can be attributed
not only to the lower orbital energy for the S-ligand than for
the corresponding O-ligand but also to the availability of the
3d orbitals to the sulfur atom which may allow for multiple
bond character. However, the situation is quite different for 1
than for the β form of the dimethyloxamidate-linked com-
pound since the latter has a naphthalene-type structure that
allows good π conjugation between the two fused six-mem-
bered rings. When an oxygen atom is replaced by a sulfur
atom in this type of compound, the Mo-S and C-S
distances are longer than the corresponding Mo-O and
C-O distances, and more importantly by replacing O atoms
by S atoms, the essentially planar conformation found in the
oxidized oxamidate analogues does not exist in 1.This hinders
the conjugation pathway.
For more insight into the electronic structure of 1, DFT

calculations were performed using well developed methods
for these systems.10,13Geometry optimizationwas performed
on a model with H atoms instead of p-anisyl groups. These
calculations satisfactorily reproduced the structural results
and the highly distorted non-planar structure. Calculated
bond distances and angles are shown in Table 1. The over-
estimation in bond distances is attributed to the lesser basicity
of the H atoms relative to the p-anisyl groups.
In many of the previously reported calculations on dimers

of dimers, the HOMO and HOMO-1 are composed of in-
phase and out-of-phase combinations of the δ bonds because
the two [Mo2] units are in the same plane and essentially
parallel to each other.21,22 Because of the distorted structure
in 1 such interactions are unavailable as shown in Figure 3. It
should be noted that the energy gap between the HOMOand
HOMO-1 is generally used to evaluate the strength of the
electronic coupling.22 The calculated energy separation of
0.12 eV for 1 is significantly lower than that of 0.61 eV for the
oxamidate analogue. Similar to the dithioxamidate linked
compound,13 the lowest unoccupied molecular orbital
(LUMO) is the π* orbital from the linker. Time-dependent
DFT (TD-DFT) calculations show that besides the δ to δ*
transition (527 nm, f = 0.0038), there is a metal to ligand
charge transfer transition (587 nm, f = 0.0408). Indeed, the
UV-vis spectrum of 1 shows one intense absorption band at
460 nm and one at 580 nm (Figure 4), which are assigned to a

Figure 2. Cyclic voltammogram (with potentials vs Ag/AgCl) and
differential pulse voltammogram for 1 in CH2Cl2 solution.

Table 2. Electrochemical Data for 1 and Selected [Mo2](L)[Mo2] Compoundsa

compound Mo2 3 3 3Mo2 (Å) E1/2(þ1/0)b (mV) E1/2(þ2/þ1)b (mV) ΔE1/2 (mV) KC
c ref.

[(ButCO2)3Mo2]2(O2CC6H4CO2) NA 0 NA 0 4 12
[(ButCO2)3Mo2]2 (OSCC6H4CSO) NA 0 184 184 1.3 � 103 12
oxamidated 6.978 280 484 204 2.8 � 103 13
dithiooxamidated 7.471 294 701 407 7.6 � 106 13
R-diphenyloxamidated 7.096 176 367 191 1.7 � 103 10
β-diphenyloxamidated 6.322 -157 383 540 1.3 � 109 10
β-dimethyloxamidate 6.248 -169 362 531 9.5 � 108 16
1 7.537 200 640 440 2.7 � 107 this work

aAll potentials are referenced toAg/AgCl. b E1/2= (EpaþEpc)/2 from theCV. c KC is calculated using the formulaKC=exp(ΔE1/2/25.69). See ref 18b.
dThe dimetal units are [Mo2(DAniF)3]
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δfδ* transition and a MLCT band, respectively. In 1 two
important opposing factors are in play. The low energymetal
to ligand charge transfer can facilitate an electron-hopping
pathway for the electron transfer and increase the electronic
coupling.12,13 However, the lack of an effective π system in 1
limits the pathway for effective electron delocalization. Evi-
dently, the conjugation pathway plays a more important role
than the electron hopping pathway in determining how the
electronic communication is affected in this type of dimers of
dimers.

Conclusions

In this work, the dimer of dimers containing two quadruply
bonded [Mo2(DAniF)3]

þ units bridgedby the S-donor linker,
dimethyldithiooxamidate was synthesized. It has a core
structure with two fused six-membered rings that show a
substantial deviation from planarity. Electrochemical mea-
surements show a ΔE1/2 of 440 mV which is much smaller
than that of 531 mV for the O-donor analogue. This is
different from what has been observed in previous studies
that had shown that stepwise replacement of O to S from
dicarboxylates12 or replacingO-donor atoms in oxamidate to
S-donor atoms13 lead to enhancement in electronic coupling.
This enhancement is due to dδ-dπ interactions between the
dimetal units and the low-lying π* orbital of the S atoms. It
should be noted that for the dimethyloxamidate-linked
compound there is a naphthalene-type structure, and good
π conjugation in the two fused six-membered rings is possi-
ble. When O is replaced by S, the Mo-S and C-S distances
are longer than the corresponding Mo-O and C-O dis-
tances, and more importantly by replacing O to S, the near
planar conformation found in the oxidized oxamidate ana-
logues does not exist in 1, which blocks the conjugation
pathway.DFT calculations show that the energy gap between
HOMOandLUMOof 0.12 eV for 1 ismuch smaller than that
of 0.61 eV for the O-donor analogue, which is consistent with
the differences observed in the electrochemical studies. Com-
parison of 1 with that of the O-analogue clearly shows the
importance of π conjugation in the O-analogue and the
participation of δ bonds in such conjugation to modulate
the electronic communication in many species containing
pairs of pairs with quadruply bonded species.

Experimental Section

All reactions and manipulations were performed under a
nitrogen atmosphere, using either a drybox or standard
Schlenk line techniques. Solvents were purified under argon
using aGlass Contour solvent purification system or distilled
over appropriate drying agent under nitrogen. The starting
materials, Mo2(DAniF)3(O2CCH3)

10a and N,N0-dimethyl-
dithiooxamide23 were prepared according to reported proce-
dures; other commercially available chemicals were used as
received.

Physical and CharacterizationMeasurements. Elemental ana-
lyses were performed by Robertson Microlit Laboratories,
Madison, New Jersey. Electronic spectra were measured on a
Shimadzu UV-2501PC spectrometer in CH2Cl2 solution. 1H
NMR spectra were recorded on a Inova-300 NMR spectro-
meter with chemical shifts (δ ppm) referenced to residual CHCl3
in CDCl3. Cyclic voltammograms and differential pulse voltam-
mograms were collected on a CH Instruments electrochemical
analyzer with Pt working and auxiliary electrodes, Ag/AgCl
reference electrode, scan rate (for CV) of 100 mV/s, and 0.10 M
Bun4NPF6 (in CH2Cl2) as electrolyte.

Preparation of [Mo2(DAniF)3]2(C2S2N2Me2), 1.To a solution
of Mo2(DAniF)3(OCCH3) (406 mg, 0.400 mmol) and N,N0-
dimethyldithiooxamide (29.5mg, 0.200mmol) in 25mLof THF
was added, slowly and with stirring, 0.80 mL of a sodium
methoxide solution (0.5 M in CH3OH). The reaction mixture
was stirred at ambient temperature for 24 h, and the color turned
from yellow to brownish blue. After removing the solvent under
reduced pressure, the solid residue was extracted using CH2Cl2
(ca. 15 mL). The mixture was filtered using a Celite-packed frit,

Figure 3. Illustration of the 0.02 contour surface diagrams for selected
frontier orbitals in 1.

Figure 4. UV-vis spectrum of 1 in CH2Cl2 solution.

(23) Hurd, R. N.; Delamater, G.; McElheny, G. C.; Wallingford, V. H.;
Turner, R. J. J. Org. Chem. 1961, 26, 3980.
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and the volume of the filtrate was reduced under vacuum to
about 5 mL. Ethanol (40 mL) was then added to the solution
producing a blue precipitate that was washed with ethanol (2 �
20 mL) and hexanes (20 mL). This solid was dried under
vacuum, then dissolved in 15 mL of CH2Cl2 and layered with
hexanes. Blue crystals formed within 7 days. Yield: 330 mg
(80%). 1H NMR (CDCl3, δ in ppm). At 23 �C: 8.33 (s, 4H,
-NCHN-), 8.20 (s, 2H, -NCHN-), 6.61 (d, 16H, aromatic
C-H), 6.46 (d, 4H, aromatic C-H), 6.43 (d, 4H, aromatic
C-H), 6.28 (d, 4H, aromatic C-H), 6.19 (d, 4H, aromatic
C-H), 6.10 (d, 4H, aromatic C-H), 5.84 (d, 4H, aromatic
C-H), 3.72 (s, 12H, -OCH3), 3.71 (s, 12H, -OCH3), 3.69 (s,
6H, -OCH3), 3.58 (s, 6H, -OCH3), 2.59 (s, 6H, -NCH3). At
-50 �C: 8.54 (s, 2H, -NCHN-), 8.13 (s, 2H,-NCHN-), 8.06
(s, 2H, -NCHN-), 6.38-6.68 (m, 24H, aromatic C-H), 6.27
(d, 4H, aromatic C-H), 6.18 (d, 4H, aromatic C-H), 6.10 (d,
4H, aromatic C-H), 5.80 (d, 4H, aromatic C-H), 3.76 (s, 6H,
-OCH3), 3.74 (s, 6H, -OCH3), 3.70 (s, 6H, -OCH3), 3.69 (s,
6H, -OCH3), 3.66 (s, 6H, -OCH3), 3.58 (s, 6H, -OCH3), 2.54
(s, 6H, -NCH3). UV-vis, λmax nm (ε, M-1

3mol-1): 580 (8.0 �
103), 460 (1.6 � 103). Anal. Calcd. for C94H96Mo4N14O12S2: C,
54.76; H, 4.69; N, 9.51. Found: C, 54.48; H, 4.47; N, 9.31.

X-ray Crystallography. Single crystals were obtained by
diffusion of hexanes to a dichloromethane solution of 1. Data
were collected on a Bruker SMART 1000 CCD area detector
system. Cell parameters were determined using the program
SMART.24 Data reduction and integration were performed
with the software SAINT.25 Absorption corrections were ap-
plied by using the program SADABS.26 The positions of theMo
atoms were found via direct methods using the program
SHELXTL.27 Subsequent cycles of least-squares refinement
followed by difference Fourier syntheses revealed the positions
of the remaining non-hydrogen atoms. Hydrogen atoms were
added in idealized positions. All non-hydrogen atoms were
refined with anisotropic displacement parameters. The solvent
dichloromethane molecules were disordered and refined with
suitable constrains. Selected bond distances and angles are listed
in Table 1 and crystallographic data are given in Table 3.

Computational Calculations. DFT28 calculations were per-
formed with the hybrid Becke’s29 three-parameter exchange
functional and the Lee-Yang-Parr30 nonlocal correlation
functional (B3LYP) in the Gaussian 03 program.31 Double-ζ
quality basis sets (D95)32 were used on C, N, and H atoms as
implemented in Gaussian. For O and S atoms, correlation
consistent double-ζ basis sets (CC-PVDZ)33 were applied. A
small effective core potential (ECP) representing the
1s2s2p3s3p3d core was used for the molybdenum atoms along
with its corresponding double-ζ basis set (LANL2DZ).34 Time-
dependent density functional (TD-DFT) calculations35 were

used for the assignment of the electronic spectra. All calcula-
tions were performed using Origin 3800 64-processor SGI or
Origin 2000 32-processor SGI supercomputers located at the
Texas A&M supercomputing facility.
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Table 3. X-ray Crystallographic Data for 1 3 1.5CH2Cl2

1 3 1.5CH2Cl2

empirical formula C95.5H98Cl3S2Mo4N14O12

fw 2188.11
space group P1 (No. 2)
a, Å 14.757(3)
b, Å 17.823(4)
c, Å 20.360(5)
R, deg 73.391(4)
β, deg 88.599(4)
γ, deg 68.105(4)
V, Å3 4741.0(19)
Z 2
T, K 213
λ, Å 0.71073
dcalcd, g/cm

3 1.563
μ, mm-1 0.714
R1a (wR2b) 0.0885 (0.1491)

aR1=
P

||Fo|- |Fc||/
P

|Fo|.
bwR2= [

P
w(Fo

2-Fc
2)2/

P
w(Fo

2)2]1/2.
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