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ABSTRACT: Anionic homoleptic organo—transition metal com-
plexes can be prepared from organolithium reagents and transition
metal salts and are key reactive intermediates in C—C bond
formation. However, the interaction between the anionic
component and cationic counterparts of multianionic homoleptic
organo—transition metal complexes in solution remains unclear,
unlike well-studied monoanionic complexes such as organo-
cuprates. Here we have prepared and structurally characterized
lithium hexaphenylrhodate(III) and -iridate(III) complexes, [Li-
(12-crown-4),][MPh¢{Li(thf)},] (M = Rh and Ir), as the first
examples of hexaaryl complexes of d° metals. In the crystals, two Li
cations contact the trianionic MPhg moiety, while the other exists
as a solvent-separated ion pair. In THF, hexaphenylrhodate

P~ Partially solvated Li

)_I\ in solid and solution
Hexaaryl complex
with d® metals

Rh(lll) and Ir(lll)
7Li NMR EXAFS of Ir

Solvated Li*
Contacted Li*

observed

jo——

decomposed within 1 h. In contrast, the Ir analog was stable. 'Li NMR and X-ray absorption fine structure analysis revealed the
solution-phase structure of hexaphenyliridate, which maintained a partially contacted ion pair structure even in THF, a coordinating

solvent.

B INTRODUCTION

Homoleptic organo—transition metal complexes consisting of a
transition metal center and identical carbanion moieties are
produced by reacting transition metal salts with organometallic
reagents and have gained attention because of their unique
reactivities' and structural features.” Since homoleptic
organo—transition metal complexes carry carbanions as the
sole ligands, they often have a formal anionic charge(s) on the
transition metal center; thus, a countercation(s) such as Li
cations will coexist. In the case of the hexamethyl complexes
Li*,[MMe]"~ (Figure 1A), all Li cations contact their anionic
counterpart by the Li--CHj interaction.’ Similarly, the
hexaalkynyl complexes Li*,[M(CCR)¢]"~ (Figure 1B) form a
contact ion pair (CIP) by cation—zx interactions.” In contrast,
hexaaryl complexes form not only a CIP (Figure 1C) but also a
solvent-separated ion pair (SSIP) (Figure 1D) in the solid
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Figure 1. Schematic drawing of the molecular structure of homoleptic
hexamethyl, hexaalkynyl, and hexaaryl complexes. M: transition metal,
S: solvent.
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=7 For instance, all the Li cations in Li*;[CrPhy]>~ and
Li*,[VPhy]*~ contact their anionic counterparts,” but the Li
cations in the Zr(IV), Hf(IV), and Nb(IV) analogs exist as
SSIPs in the solid state.” Interestingly, in these examples, all
the Li cations are either solvated or contact their anionic
counterparts except for polymorphic Li*,[HfPhg]*~.® The
existence of these interactions between anionic components
and cationic counterparts has only been discussed based on
crystal structures. In contrast to the well-understood cation—
anion interactions of monoanionic transition metal com-
plexes,” particularly those of cuprates,'’ the solution-phase
structure of these multianionic homoleptic organo—transition
metal complexes has never been addressed. Therefore, the
interaction between multianionic organo—transition metal
species and their counter cations remains a significant
knowledge gap compared with monoanionic species.

Here we report the synthesis of novel lithium
hexaarylrhodate(1I1I) and -iridate(III) complexes,
Li*;{MPh]*>~ (M = Rh and Ir), and their molecular structures
in the solid state and in solution. Structural analyses revealed
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that two Li cations contact the anionic hexaphenylmetalate
moiety, while the other coexists as an SSIP in the solid state.
The interaction between the two Li cations and the anionic
component is maintained even in a coordinating solvent.

B RESULTS AND DISCUSSION

Treatment of mer-RhCly(tht); complex 1y, (tht = tetrahy-
drothiophene) with 8 equiv of PhLi in THF followed by the
addition of hexane afforded 2y, as a beige precipitate in 70%
yield. NMR analysis of obtained compound 2g;, showed only
one set of Ph groups. Iridium analog 2, was successfully
obtained in 76% yield as a white solid from corresponding Ir
complex 1;, (Scheme 1).

Scheme 1. Synthesis of Rhodate 2y, and Iridate 2,
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Isolated 2g;, was unstable in THF and fully decomposed
within 60 min at 21 °C (Figure S8)."" The decomposition
process obeys second-order kinetics with respect to 2g,
(Figure S9). These results suggest that the observed
decomposition involves the disproportionation of 2y, such
as two Rh(III) to one Rh(II) and Rh(IV) species, and the
reductive elimination of biphenyl from these paramagnetic
species. In contrast, 2;, did not decompose in THF at ambient
temperature at least for several days.

The reaction of 1, with 3 equiv of PhLi in THF/THF-dg
reached completion within 10 min to afford a mixture of 1y,
and 2;, in an approximately 6:4 ratio without other
intermediates bearing five or fewer Ph moieties. Further
addition of 3 equiv of PhLi (6 equiv in total) afforded 2, in
77% yield as the sole product (Scheme 2, Figure S10). These

Scheme 2. Stoichiometric Reaction of 1;, with PhLi

PhLi (3 equiv) PhLi (3 equiv)
e T P Temirden
e gy, 41% 779

results could be explained by assuming a dissociative
mechanism wherein THT dissociates from the Ir center and
one Ph group binds to Ir. Once a Ph group binds to the Ir
center, ligand exchange between the THT/Cl moieties and
PhLi is accelerated by the stronger trans-effect of the Ph
moiety. Therefore, intermediates bearing five or fewer Ph
moieties were not observed.

Organomagnesium reagents are often used to synthesize
anionic organo—transition metal species. Indeed, we have
reported that both organolithium and -magnesium reagents
yield the same monoanionic organometalates,'>'* but this is
not the case. The use of PhMgBr instead of PhLi resulted in
the formation of a different species than in the reaction of 1y,
with PhLi, though the actual structure could not been
determined.

The molecular structures of hexaphenylmetalates 3y, and 3y,
were unambiguously determined by X-ray diffraction analysis

(Figure 2). Single crystals of 3g, and 3y, suitable for X-ray
crystallography were obtained by recrystallization of 2y, and

Figure 2. ORTEP drawing of anionic part of (a) [Li(12-crown-
4),][RhPh{Li(thf)},] (3gs) and (b) [Li(12-crown-4),][IrPhy{Li-
(thf)},] (3) with thermal ellipsoids at the 50% probability level.
Deep blue: Rh and Ir, light blue: Li, gray: C, and red: O. Counter
cation [Li(12-crown-4),], all hydrogen atoms, noncoordinating
solvent molecules, and disordered molecules are omitted for clarity.

2;, from THF and pentane in the presence of 12-crown-4,
respectively. The crystal structure of 3g, contains one Rh
bearing six Ph moieties in an ideal octahedral geometry and
three Li cations. Two Li cations with one THF molecule
contact the Ph moieties on Rh, and the other in the outer
sphere is surrounded by two 12-crown-4 molecules. The
molecular structure of 3. was nearly identical to that of 3.
When 2, was recrystallized from THF in the absence of 12-
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crown-4, a similar molecular structure 2y, containing the IrPh
anion with two contacted Li cations and one THF-solvated Li
cation was also obtained (Figure S11).

Despite satisfying the 18-electron rule, hexaaryl d° metal
complexes have never been reported. Attempts to synthesize
aryl complexes of Rh(III) usin% pentachlorophenyl and
pentafluorophenyl lithium reagents'* led to the formation of
tetraarylrhodate (1) ([Rh(II)(C4Cls),]*>7)"° and
pentaarylrhodate(I1I) ( |:Rh(III)(CéFS)S]Z_),16 respectively. In
addition, tetraarylcobalate(III)'” and tetraarylferrate(IT)"®
complexes have also been reported. Only sterically less
congested hexamethyl™*™ and hexaalkynyl,*** d° metal
complexes have been reported. The difficulty in producing
hexaaryl d® metal complexes is partly due to the shorter
covalent radii of d° late transition metals compared with those
of d° and d® metals (vide infra)."”” The key to the successful
synthesis of the novel hexaaryl d° metal complexes is
stabilization of the Rh®™ and Ir’~ centers by the interaction
of the Ir—C o-bond™ and the z-bonding electrons of the
phenyl moieties””*> with Li cations. This interaction
delocalizes the negative formal charge on the anionic Rh and
Ir centers to the two Li cations to stabilize the higher anionic
state.

The selected bond lengths and angles of 3y, and 3y, are
summarized in Table 1. The crystal structure of 3g, has

tends to decrease for larger group numbers in the same period.
A comparison of the C—M bond lengths of 3y, and 3, with
those of these reported hexaphenyl complexes revealed that the
present 3y, and 3, have much shorter C—M bonds, which is
consistent with their small covalent radii.

To determine whether the partial SSIP structure is
maintained in a coordinating solvent or the Li cations become
completely solvated to form trianionic hexaphenylrhodate and
-iridate ions, we next carried out solution-phase structural
analyses. 'Li NMR of 2;, in THF-dg (2.5 mM) at 20 °C
showed a broad signal at +0.26 ppm, which became sharp and
shifted slightly upfield upon heating to 60 °C. However,
cooling the sample to —60 °C split the signal into two at +0.78
and —0.45 ppm in a 2:1 ratio (Figure 3a).”> The lower-field

(a) 2y in THF-dg (b) 2,y and 12-crown-4 (40 equiv) in THF-dg
60 °C ‘ 60 °C i
J‘L e\,

40 °C Jﬁ 40 °C A

20 °C 20°C
S o, S

0°C 0°C A
20 °C

ce A

Table 1. Selected Bond Lengths (A) and Angles (deg) of 3g;
and 3.

[Li(12-crown-4),]
[RhPhe{Li(thf)},] (3xn)

[Li(12-crown-4), ]
[IrPh4{Li(thf)},] (3y,)

M-Cl1 2.148(4) 2.151(2)
M-C2 2.152(4) 2.152(2)
M-C3 2.151(4) 2.154(2)
M-C4 2.148(4) 2.148(2)
M-CS 2.152(4) 2.148(2)
M-C6 2.151(4) 2.147(2)
M-Lil 2.546(7) 2.569(5)
M-Li2 2.546(7) 2.587(5)
C1-M-C2 92.76(14) 91.49(9)
C2-M-C3 91.63(14) 91.84(9)
C3-M-C1 91.18(14) 92.72(9)
C2-M-C4 87.24(15) 88.74(9)
C4-M-C3 88.82(14) 86.83(9)
Lil—M-Li2 180.0(2) 179.21(15)

“3gp has an inversion symmetry at the Rh atom, and thus C4, CS, and
C6 correspond to C1*, C2*, and C3%, respectively, by 1 — x, 1 — y,
and —z symmetric operation.

inversion symmetry at the Rh center. The Rh—C bond lengths
of 3gy, are in the range of 2.148—2.152 A, and the cis-oriented
C—Rh—C angles are in the range of 87.2—92.8°. Because two
Li cations contact each relative corner of the octahedral
structure, the C—Rh—C angles of the lithium-contacted
corners (e.g, C1—Rh—C2) are slightly wider than the others
(e.g, C2—Rh—C4). The bond lengths and angles of the crystal
structure of 3y, are almost the same as those of 3y, (the average
C—Rh bond lengths in 3y, and C—Ir bond lengths in 3, are
both 2.150 A).

The average C—M bond lengths in the literature are
[Zr(IV)Phy]*™: 2.362 A,> [HF(IV)Phg]*™: 2.378 A° [Ta(V)-
Phy]™: 2290 A° [Nb(IV)Ph]?>™: 2.284 A,° [V(II)Ph]*:
2.352 A, and [Cr(Ill)Phg]>™: 2.240 A The bond length
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Figure 3. 'Li NMR of (a) 2, in THF-dg (2.5 mM) and (b) 2;, and 40
equiv of 12-crown-4 in THF-dg (2.5 mM) at various temperature.

signal at +0.78 ppm could be assigned to the contacted Li
cations, and the signal at —0.45 ppm was assigned to the
solvated Li cation.”* On the basis of variable-temperature (VT)
NMR analysis, the contacted Li cations exchange with the
solvated Li cation on the NMR time scale. In sharp contrast to
facile solvation of Li cation in lithium cuprates by THE,> two
Li cations in 2j, maintained the CIP structure even in THF.
When a similar NMR analysis was conducted in the presence
of 40 equiv of 12-crown-4, the upper-field signal shifted
significantly from —0.45 to —1.42 ppm. In contrast, the
chemical shift of the lower-field signal was almost the same
(+0.77 ppm) (Figure 3b). Furthermore, the addition of 12-
crown-4 decelerated the exchange reaction between the
contacted Li cations and the solvated one. The fact that 12-
crown-4 slowed the Li exchange reaction suggests that the
exchange reaction proceeds via an associative mechanism
involving the three Li-cation-contacted intermediates.

The structure of 2;, was further investigated by solution-
phase X-ray absorption fine structure (XAFS) analyses. Figure
4a shows the X-ray absorption near edge structure (XANES)
measurements at the Ir Ly-edge of 2, in THF (red solid line).
An intense, sharp white line was observed at 11.223 keV, which
corresponds to photoelectron transitions between the Ir 2p;/,
and upper 5d;, 5/, states. To determine the oxidation state of
the Ir center in 2y, 1, (blue dashed line) and IrO, (green
dashed line) as reference materials containing iridium in
oxidation states of +3 and +4, respectively, were also measured.
The white-line intensity of the XANES spectrum of 2. was
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Figure 4. XAFS spectra of 2. (a) XANES spectra of IrO, in the solid
state (green dashed line), 15, in THF (10 mM) (blue dashed line),
and 2;, in THF (1 mM) (red solid line). (b) Radial structure
functions of 25, (1 mM) (red line) in THF; 2, (1 mM) and 10 equiv
of 12-crown-4 in THF (green line); and 2, in the solid-state (blue
line). (c) Radial structure functions of 2;, (1 mM) and 10 equiv of 12-
crown-4 in THF (black line) and the FEFF-simulated fit (red line).

closer to that of 1, than that of IrO,, indicating that the
oxidation state of the Ir center in 2, is +3.

Figure 4b shows the radial structure functions (RSFs)
determined by the extended X-ray absorption fine structure
(EXAFS) spectra of 2, in the solid state (blue line) and in
THE (red and green lines). These spectra exhibit strong peaks
at ca. 1.7 and 2.8 A corresponding to Ir—ipso-phenyl-C and Ir—
ortho-phenyl-C single scatterings and a peak at ca. 4.1 A
corresponding to Ir—phenyl-C multiscattering (see the
Supporting Information). The peaks in the solution phase
were significantly weaker than those in the solid state because
of the fluxionality of phenyl ligands in THF solutions. The
addition of 12-crown-4 (10 equiv) to the THF solution led to
no significant change (Figure 4b, red and green lines). The
similar profiles of RSFs in the solid state or in solution phase
indicate that the IrPhg moiety of 2, basically remains in either
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the solid state or the solution phase (Figure 4b, red and blue
lines).

The solution-phase structure of 2y, was finally confirmed by
FEFF-fitting analysis using atomic coordinate extracted from
the DFT-optimized structure of [IrPhs{Li(thf)},]™ as shown in
Figure 4c (see the Supporting Information). The excellent
agreement between experimental (Figure 4c, black line) and
the FEFF-simulated RSF based on [IrPh{Li(thf)},]” moiety
(Figure 4c, red line) with a good R factor (1.14%) adequately
supports the contact of two Li cations as exhibited in the
single-crystal X-ray structure (Figure 2). These NMR and
XAFS analyses clearly showed that the two Li cations contact
the IrPhy moiety even in THF.*

Since 2, is coordinatively saturated, it should be inert
toward electrophiles if the dissociation of PhLi from the Ir
center is not allowed. To investigate the dissociation of PhLi
from 2y, 2;, was reacted with CO, and CO (Scheme 3). When

Scheme 3. Reactivity of 2;, to Small Molecules

®
Li(thf), CO,

(thf)\ TRFa i aan ™ reaction + 2
(X[_if~ o \/ ) - >95% recov.
=~ N

CO
THF-dg, rt, 24 h

spae

(thf)

2Ir
>95% recov.

no reaction +

2Ir

2y, was reacted with CO, gas (1 atm) in THF-dg at room
temperature for 24 h, no reaction occurred, and 2, remained
intact. In addition, CO, which is a good #-accepting ligand and
is often used for preparing ate-complexes,26 did not react with
2. These results imply that the dissociation of PhLi from 2y,
does not proceed at ambient temperatures.

B CONCLUSION

The interaction between the anionic component and cationic
counterparts of multianionic homoleptic organo—transition
metal complexes has mainly been discussed based on
crystallographic analysis in previous research; thus, the
interaction in the solution phase remains unclear. The present
study revealed that two of the three coexisting Li cations in the
lithium hexaphenylrhodate(III) and -iridate(III) complexes
contact the MPhy moiety (M = Rh and Ir), while the other
exists as an SSIP in the solid state. The partial SSIP structure of
[Li(thf),][MPh4{Li(thf)},] remained even in THF, a coordi-
nating solvent. These results provide important insights for
understanding the structure and reactivity of synthetically
useful organometalates.

B EXPERIMENTAL SECTION

General Methods and Materials. Nuclear magnetic resonance
spectra were recorded on a Bruker Ascend 500 ('H: 500 MHz, 1*C:
126 MHz) spectrometer, a JEOL ECS400 ('H: 400 MHz)
spectrometer, or a JEOL ECZ-500R (*H: 500 MHz, "Li: 194 MHz)
spectrometer in 5 mm NMR tubes. All '"H NMR chemical shifts were
reported in ppm relative to solvent residual signal of THF-d, at § 3.58.
All 3C NMR chemical shifts were reported in ppm relative to carbon
resonance in THF-dg at § 67.21 or CD;CN at § 118.26. All "Li NMR
chemical shifts were reported in parts per million (ppm) relative to
external standard of LiBr in D,O at § 0.00. Melting points were
measured using Stanford Research Systems OptiMelt MPA 100 with a
glass capillary. X-ray crystallography was made on a Rigaku Varimax
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with HyPix diffractometer using mirror-monochromated Mo Ka
radiation (see the Supporting Information for details). Ir Ly-edge
XANES and EXAFS measurements were carried out at the BL14B2
beamline of the synchrotron SPring-8 in Japan under standard
beamline conditions of BL14B2. The Ir Ly-edge (11.22 keV) XAFS
data were corrected by transmission mode using N,/Ar mixed gas-
filled ionization chambers with the optimized gas ratio and pressure or
by fluorescence mode using 19-element Ge solid-state detector (19-
SSD) with Si (111) double-crystal monochromator. For the energy
calibration of XANES spectra of Ir Ly-edge, iridium metal powder
was used as a reference sample to set the inflection point determined
by the maximum first-derivative of XANES spectra to 11218 eV (see
the Supporting Information for details).

All manipulations involving air- and moisture-sensitive compounds
were carried out using standard Schlenk techniques under a nitrogen
atmosphere or in a glovebox under argon atmosphere. Dehydrated
hexane, THF, and Et,0 were purchased from Kanto Chemical
Company and purified by SPS*” prior to use unless otherwise noted.
The 12-crown-4 used was dried over Na benzophenone ketyl and
distilled under a reduced presser. Other dehydrated solvents were
purchased from Wako and used without further purification. mer-
RhCly(tht); (1g,) and mer-IrCly(tht); (1) were synthesized
according to the literature.”® All other commercially available reagents
were used as received unless otherwise stated.

Solvent-Free PhLi.”*® In a three-necked flask, phenyl iodide
(24.76 g, 0.121 mol) was dissolved in benzene (40 mL). To this
mixture, n-BuLi (in hexane, 2.67 M, 39.0 mL, 0.104 mol) was slowly
added at room temperature over 60 min. After stirring for 16 h at the
same temperature, the resulting precipitates were collected by
filtration with a glass filter in a glovebox, and the white solid was
washed with an excess amount of hexane for twice. Then, the white
solid was dissolved in Et,0O, and upon slow immersion into cooling
bath at =78 °C to obtain PhLi as colorless block crystals. The
supernatant was quickly removed by cannulation. After a second
recrystallization in the same manner, the crystals were dried under
vacuum to give a white solid (9.35 g 91%). '"H NMR (500 MHyg,
THE-dg, 25 °C): 6 7.93 (d, ] = 6.4 Hz, 2H, 0-H), 6.87 (t, ] = 6.7 Hz,
2H, m-H), 6.77 (t, ] = 7.2 Hz, 1H, p-H).

[Li(thf) JIRhPhg{Li(thf)},] (2g4). In a glovebox, PhLi (67.2 mg,
0.800 mmol) was dissolved in THF (1 mL) and slowly added to a
suspension of RhCl;(tht); (47.4 mg, 0.100 mmol) in THF (3 mL) at
room temperature. After stirring for S min at the same temperature,
an excess amount of hexane (ca. 10 mL) was added to the resulting
mixture. The supernatant was removed by decantation, and the
resulting precipitates were dissolved in benzene (ca. S mL). The
resulting mixture was filtered, and the solution was concentrated
under vacuum to afford 2y as a beige solid (56.4 mg, 70%). Mp =
114 °C (dec.). IR (nujor): 2919, 2855, 1456, 1375 cm™. 'H NMR
(500 MHz, THF-dg, 25 °C): 6 7.82 (d, ] = 6.9 Hz, 12H, 0-H), 6.55—
6.54 (m, 18H, m- and p-H), 3.63—3.60 (m, thf), 1.79—1.76 (m, thf).
13C NMR (126 MHz, CD;CN, 25 °C): 6 162.3 (d, Jxy_c = 36.7 Hz,
Cipso)s 141.3, 125.5(d, YJgn—c = 2.3 Hz, Cyp,), 120.9, 68.2 (thf), 26.2
(thf). Li NMR (194 MHz, THF-dg, —60 °C): & 0.76, —0.58. Anal.
Caled for C,gH,O;Li;Rh: C, 71.83; H, 6.78. Found: C, 71.85; H,
6.87. Single crystals of 3gy, suitable for X-ray crystallography were
obtained by recrystallization of 2y, from THF and pentane (vapor
diffusion method) in the presence of 12-crown-4 at —25 °C under an
Ar atmosphere.

[Li(thf) ][IrPh4{Li(thf)},] (2,). In a glovebox, PhLi (135.7 mg,
1.61 mmol) was dissolved in THF (2 mL) and slowly added to a
suspension of IrCly(tht); (112.2 mg, 0.209 mmol) in THF (6 mL) at
room temperature. After stirring for S min at the same temperature,
an excess amount of hexane (ca. 20 mL) was added to the resulting
mixture. The supernatant was removed by decantation, and the
resulting precipitates were dissolved in benzene (ca. 10 mL). The
resulting mixture was filtered, and the solution was concentrated
under vacuum to afford 2;, as a white solid (136.1 mg, 76%). Mp =
184 °C (dec.). IR (nujor): 2919, 2855, 1456, 1375 cm™. 'H NMR
(500 MHz, THF-d, 25 °C): § 7.80 (dd, J = 3.1, 1.5 Hz, 12H, 0-H),
6.55—6.48 (m, 18H, m- and p-H), 3.62—3.60 (m, thf), 1.79—1.76 (m,

thf). *C NMR (126 MHz, THF-dg, 25 °C): § 164.8 (Cy,), 144.3,
126.0, 119.0. 'Li NMR (194 MHz, THF-dg, —60 °C): & 0.81 (2Li),
—0.45 (1Li). Anal. Caled for C,gHg,O,lrLiy: C, 64.63; H, 6.10.
Found: C, 64.57; H, 5.97. Single crystals of 2y, suitable for X-ray
crystallography were obtained by recrystallization from THF. Single
crystals of 3, suitable for X-ray crystallography were grown by
recrystallization of complex 2; from THF and pentane (vapor
diffusion method) in the presence of 12-crown-4 at —35 °C under an
Ar atmosphere.

Reaction of 2, with CO, and CO. In a glovebox, 2, (11 mg, 12.5
umol), mesitylene as an internal standard (5.0 uL), and THF-dg (0.65
mL) were charged into a NMR tube. After sealing it with a Teflon-
lined screw cap, the NMR tube was brought out from the glovebox.
The NMR tube was degassed by a freeze—thaw cycle (2 times) and
refilled with CO or CO, gas (1 atm) via the screw cap. The reaction
was monitored by '"H NMR at room temperature.

DFT Calculation and FEFF Fitting Analysis of EXAFS. DFT
calculations were carried out with the MO06 functional®® as
implemented in the Gaussian 16 suite of programs.”’ Molecular
structures were optimized at M06/Def2-SVP (and associated ECPs
for Rh and Ir) level of theory using the molecular structure of 3,
determined by X-ray crystallography as an initial geometry. The
atomic coordinate of anionic part [IrPh{Li(thf)},]” extracted from
the above DFT-calculated structure was used for the FEFF fitting.
The FEFF fitting analysis of EXAFS spectra of 2, in THF using DFT-
calculated atomic coordinate was carried out by IFEFFIT (revision
1.2.12)** embedded with Artemis.*?
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