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Abstract

Linked bis(ketimine) (1) can be prepared with the reaction of excess
2,4-pentandione and 4,4’-methylene-bis(2,6-diisopropylaniline) in methanol with
small amount of formic acid as catalysts. The dialuminum alkyl complexes
containing the linked bis(ketiminate) dianionic ligands,
[OC(Me)CHC(Me)N(2,6-iPr2C6H2-4)AIR2]2CH2 (2, R=Meg; 3, R=Et), were prepared
by a reaction of 2 equiv AlR; with [OC(Me)CHC(Me)NH(2,6-iPr2C6H2-4)]zCHz n
methylene chloride. Reactions of 2 with 2 and 4 equiv of I, gave corresponding
aluminum iodo complexes 4 and 5, respectively. Treatment of 5 with 2 equiv of
AgBF,, however, gave a diboron complex,
[OC(Me)CHC(Me)N(2,6-iPr2C6H2-4)BF2]2CH2 (6) in 18 % isolated yield. All new
complexes have been characterized by 'H and '>*C NMR spectroscopy and complexes

2, 3, and 6 are also confirmed by X-ray diffraction.



1. Introduction

Dinuclear transition metal complexes are rather common and may be useful for acting

as catalysts [1-3] or metalloenzymes. [4-6] Among those, dinuclear metal

complexes with bis-multidentate ligands, which contain two anionic ancillary ligands

linked by a bridge, have been studied [7-14] because of their potential usage as

two-center Lewis acid catalysts. Among that, group 13 dimetallic complexes

containing bis-bidentate ligands have also been reported by Atwood et al. [15-16]

The bis-bidentate ligands used in the dialuminum chemistry are mainly of the Salen

classes bridged with backbones such as 1,4-butylene, 1,4-phenylene, and

1,2-cyclohexylene etc. The studies of the aluminum complexes with mono anionic

bidentate ketiminate ligands have been reported. [17] Here we report the syntheses

and characterization of dialuminum complexes containing linked bis(ketiminate)

ligands and their related reactions.

2. Resultsand Discussion

2.1. Synthesis and characterization

Linked bis(ketimine) (1) can be prepared easily by modifying the published procedure

[18] with the reaction of excess (> 2 equiv) 24-pentandione and

4,4’-methylene-bis(2,6-diisopropylaniline) in methanol with small amount of formic



acid as catalysts (scheme 1). The excess 2,4-pentandione can be removed under
vacuum at elevated temperature to generate a pure bis(ketimine) ligand 1 in high yield.
'H NMR spectrum of 1 reveals that the methylene protons between two phenyl rings
appear at ® 3.97; while the methine proton of the ketiminate backbone appears at
05.18, which serve as an excellent indicator for evaluating the purity of the metal
complexes.
Scheme 1 here

Treatment of 1 with two equiv of AlMe; and AlEt; in a methylene chloride
solution generates the dialuminum complexes 2 and 3, respectively, in high yield
(Scheme 2). The reactions were proceeding along with the elimination of two equiv
of methane or ethane. The complexes have been characterized by 'H and *C NMR
spectra, and X-ray structure determination. For both complexes 2 and 3, 'H NMR
spectra exhibit one methine resonance and two methyl resonances for the isopropyl
fragments, which is consistent with fast ring inversion and slow aryl rotation. [17]
Moreover, the '"H NMR spectra of the methine protons of the ketiminate backbones of
2 and 3 exhibit one singlet at 0 5.33 and 5.32,respectively. The AlMe, fragments of
complex 2 appears as a singlet at d —0.94 and the AlEt, of complex 3 exhibits one set
triplet and multiplet at & —0.22 and 0.84 for the CH, and CHj fragments. These data

indicate symmetric structures for both complex 2 and 3.



Scheme 2 here

Reactions of 2 with 2 and 4 equiv of iodine yield the expected aluminum methyl
iodo complex 4 and aluminum diiodo complex 5, respectively (Scheme 2).
Complexes 4 and 5 have been characterized by elemental analysis and 'H and "°C
NMR spectroscopy. The methine proton resonances of ketiminate backbone for
complexes 4 and 5 are shown as single resonance at & 4.00 and 4.01, respectively.
Complex 4 remains a C, symmetry through the bridged CH, fragment, however, the
isopropyl groups of the phenyl rings exhibit asymmetrical geometry due to the
unsymmetrical coordination geometry of the aluminum center. These phenomena
can be seen from the '*C NMR spectra showing more complicate phenyl and
isopropyl resonances.

Attempts to remove the iodide of complex 5 to yield cationic aluminum center
by adding AgBF, have resulted an unexpected di-borane complex 6 with 18 %
isolated yield (Scheme 3). 'H and “C NMR spectra proved the existence of the
linked ketiminate ligands and ''B NMR spectrum also indicate the presence of boron
in complex 6. The "B NMR spectrum exhibits a triplet at & 0.67 relative to the
standard of BF;[DEt, showing the coupling of Jgr = 15.4 Hz.

Scheme 3 here

2.2. Molecular structures of complexes 2, 3, and 6.



A crystal structure determination of 2 confirms the bimetallic nature of the complex.
The colorless crystals of 2 were obtained by cooling a saturated diethyl ether solution
at =20 °C. The molecular structure of 2 and selected bond distances and angles are
shown in Figure 1 and Table 1, respectively. As expected, both the aluminum atoms
in complex 2 are surrounded by two methyl groups and one bidentate ketiminate
ligand forming a tetrahedral geometry. The biting angles of ketiminate ligands,
N(1)-Al(1)-O(1) (which is 94.58(17)°), is smaller than a regular tetrahedral bond
angle of 109.28°. The backbone of ketiminate, O(1)—C(3)—C(4)—-C(5)-N(1), forms a
plane and the aluminum atom is deviated from the plane at 0.5821 A. A large
dihedral angle (98.5°) is observed between the phenyl ring and the ketiminate back
bone plane, suggesting minimal steric interaction exists between the aluminum methyl
groups and the phenyl rings in the solid state. In viewing half part of the molecular
structure of 2, it is similar to that of (OCMeCHCMeNAr)AIMe;. [17]
Figureland Table 1 here

Crystals of 3 were obtained from a concentrated diethyl ether solution at =20 °C.
The molecular structure of 3 is shown in Figure 2 and selected bond distances and
angles are listed in Table 1.

Figure2 here

Crystals of 6 suitable for X-ray structure determination were directly obtained



from sublimation of solids. Due to the small molecule size, some of the high angle
reflection data were omitted. The molecular structure of 6 is shown in Figure 3 and
selected bond distances and angles are listed in Table 1. Complex 6 is consistent
with a C; symmetry with two boron atoms located on the two ketiminate fragments.
Each boron atom is surrounded by two fluorine atoms and one ketiminate fragments
forming a tetrahedral geometry. The two B-F bond distances (ca. 1.36 A) are
similar to reported bidentate ligand chelated BF, complexes. [19-20] The ketiminate
fragment chelates to the boron atom with an angle of 109.8(3), similar to the bond
angles of tetrahedral geometry.

Figure3 here

3. Conclusions

In conclusion, the synthesis of a linked bis(ketimine) ligand is described.
Reactions of the bis(ketimine) with AlMe; yield a new type of dialuminum alkyl
complex 2, which can be converted to corresponding aluminum iodo complexes by
adding various amount of L. A diboron compound,
[OC(Me)CHC(Me)N(2,6-iPr2C6H2-4)BF2]2CH2 (6), can be obtained from the reaction
of 2 with 2 equiv of AgBF, via metal exchange. A further study of aluminum

hydride complexes containing this bis(ketiminate) ligands is currently undergoing.



4. Experimental Section

4.1. General Procedures.

All reactions were performed under a dry nitrogen atmosphere using standard Schlenk
techniques or in a glove box. Toluene and diethyl ether were dried by refluxing over
sodium benzophenone ketyl. CH,Cl, was dried over P,Os. All solvents were
distilled and stored in solvent reservoirs which contained 4A molecular sieves and
were purged with nitrogen. 'H and >C NMR spectra were recorded on a Bruker AC
200 or Bruker Avance 300 spectrometer. Chemical shifts for "H and "°C spectra
were recorded in ppm relative to the residual protons and *C of CDCl; (8 7.24, 77.0)
and C¢Dj (8 7.15, 128.0). ''B NMR spectra were recorded on a Bruker Avance 300
M Hz spectrometer with BF;+OEt, as reference at 0 ppm. Elemental analyses were
performed on a Heraeus CHN-OS Rapid Elemental Analyzer at the Instrument Center,
NCHU.

4.2. Synthesis of [OC(Me)CHC(Me)NH(2,6-'Pr,CsH--4)] 2CH2 (1)

Excess 2, 4-pentanedione (6.0 g, 60.0 mmol) and
4,4’-methylenebis-(2,6-diisopropylaniline) (10 g, 27.3 mmol) were placed in a flask

and dissolved in 50 mL methanol. Small amount of formic acid was added as



catalyst. The mixture was stirred at room temperature for 12 h and volatiles were
removed under vacuum to generate 14.4 g pale yellow solids in 99.4  yield. 'H
NMR (CDCl3): & 1.07 (d, 12H, CHMey), 1.14 (d, 12H, CHMe,), 1.62 (s, 6H, CMe),
2.09 (s, 6H, CMe), 2.95 (m, 4H, CHMe,), 3.97 (s, 2H, CHy), 5.18 (s, 2H,
CMeCHCMe), 6.93 (s, 4H, Ph), 11.92 (s, br, 2H, NH). ">C NMR (CDCl5): & 19.1 (q,
Jen = 128 Hz, CH3), 22.6 (q, Jcu = 126 Hz, CH3), 24.4 (q, Jcu = 127 Hz, CH3), 28.3 (d,
Jen = 128 Hz, CHMe,), 28.6 (q, Jcu = 126 Hz, CH3), 41.5 (t, Jcu = 127 Hz, CH»), 95.6
(d, Jeu = 161 Hz, CMeCHCMe), 124.0 (d, Jcu = 155 Hz, phenyl CH), 131.2 (s,
phenyl Cipsy), 140.5 (s, phenyl Cips), 145.9 (s, phenyl Cips), 164.2 (s, CN), 195.8 (s,
CO). Anal. Calcd. for C3sHsoN,O,: C, 79.20; H, 9.49; N, 5.28. Found: C, 79.07; H,
9.91; N, 5.22.

4.3. Synthesis of [OC(Me)CHC(Me)N(2,6- Pr,CsH2-4)AlMe;] 2CH; (2)

A solution of trimethylaluminum (2M in toluene, 18.87 mL, 37.74 mmol) was added
dropwise at 0 °C to a stirred solution of 1 (10.0 g, 18.87 mmol) in methylene chloride
(70 mL). The resulting solution was stirred at room temperature for 5 h. Volatiles
were removed under vacuum to generate 12.0 g of yellow solids in 98 % yield.
Colorless crystals of 2, which are suitable for x-ray structure determination, can be
obtained from a saturated diethyl ether solution. 'H NMR (CDCls): —0.94 (s, 12H,

AlMey), 1.03 (d, 12H, CHMe,), 1.12 (d, 12H, CHMe,), 1.75 (s, 6H, CMe), 2.07 (s, 6H,



CMe), 2.87 (m, 4H, CHMe,), 3.99 (s, 2H, CHy), 5.33 (s, 2H, CMeCHCMe), 6.90 (s,
4H, Ph). “C NMR (CDCl3): —11.1 (q, Jeu = 112 Hz, AIMey), 23.1 (q, Jeu = 129 Hz,
CMe), 24.4 (q, Jcu = 129 Hz, CHMe), 24.6 (q, Jcu = 129 Hz, CHMe), 25.8 (q, Jcu =
128 Hz, CMe), 27.9 (d, Jcu = 132 Hz, CHMe,), 41.0 (t, Jcu = 130 Hz, CH,), 100.5 (d,
Jen = 162 Hz, CMeCHCMe), 124.9 (d, Jcu = 154 Hz, phenyl CH), 136.9 (s, phenyl
Cipso), 139.4 (s, phenyl Cips), 142.7 (s, phenyl Cipsy), 176.3 (s, CN), 180.7 (s, CO).
Anal. Calcd. for C39HgoN,O-Al: C, 72.86; H, 9.41; N, 4.36. Found: C, 72.19; H,
9.04; N, 4.27.

4.4. Synthesis of [OC(Me)CHC(Me)N(2,6- Pr,CsH2-4)AlEt,] .CH; (3)

A solution of triethylaluminum (1.9 M in toluene, 9.93 mL, 18.87 mmol) was added
dropwise at 0 °C to a stirred solution of 1 (5.0 g, 9.43 mmol) in methylene chloride
(50 mL). The resulting solution was stirred at room temperature for 12 h. Volatiles
were removed under vacuum to generate yellow solids; which were recrystallized
from a diethyl ether solution to yield 6.45 g pale yellow solids in 98 % yield. 'H
NMR (CDCl;): =0.23 (m, 8H, AICH,CH3;), 0.84 (t, 12H, AICH,CH3 ), 1.05 (d, 12H,
CHMe,), 1.16 (d, 12H, CHMe&,), 1.75 (s, 6H, CMe), 2.09 (s, 6H, CMe), 2.89 (m, 4H,
CHMe,), 3.99(s, 2H, CH,), 5.31 (s, 2H, CMeCHCMe), 6.93 (s, 4H, Ph). '>C NMR
(CDCl3): & —1.1 (t, Joy = 111 Hz, AICH,CH3), 8.9 (qt, Jou = 124 Hz, *Jey = 5 Hz,

AICH,CH3), 23.0 (q, Jon = 129 Hz, CMe), 24.2 (q, Jei = 126 Hz, CHMe), 24.6 (q, Jcx
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=126 Hz, CHMe), 25.7 (q, Jcu = 128 Hz, CMe), 27.8 (d, Jcu = 129 Hz, CHMe), 41.1
(t, Jcu = 127 Hz, CH,), 100.6 (d, Jcy = 162 Hz, CMeCHCMe), 124.9 (d, Jcu = 154 Hz,
phenyl CH), 137.1 (s, phenyl Cipsy), 139.5 (s, phenyl Cipg), 142.7 (s, phenyl Cips),
176.4 (s, CN), 181.2 (s, CO).

4.5. Synthesis of [ OC(Me)CHC(Me)N(2,6- Pr,CsH2-4)AllMe] ,CH, (4)

To a 50 mL Schlenk flask containing 1 (3.6 g, 5.6 mmol) was added 20 mL toluene
and iodine (2.9 g, 11.4 mmol) and heated at 100 °C for 48 h.  Volatiles were removed
under vacuum and the resulting yellow-brown solid was recrystallized from toluene to
yield 4.50 g of yellow brown solids (yield 93%). 'H NMR (CDCls): & —0.55 (s, 6H,
AlMe), 0.97 (d, 6H, CHMe&,), 1.07~1.17 (m, 18H, CHMe,), 1.84 (s, 6H, CMe), 2.14 (s,
6H, CMe), 2.66 (m, 2H, CHMe,), 3.25 (m, 2H, CHMe,), 4.00 (s, 2H, CH>), 5.65 (s,
2H, CMeCHCMe), 6.90 (s, 2H, Ph), 6.97 (s, 2H, Ph). >C NMR (CDCls): & -7.5 (q,
Jen = 116 Hz, AIMey), 23.2 (q, Jcu = 128 Hz, CHMe), 23.4 (q, Jcu = 128 Hz, CMe),
24.1(q, Jeu = 128 Hz, CHMe&y), 24.7 (q, Jcu = 126 Hz, CHMe), 25.7 (q, Jcu = 128 Hz,
CMe), 26.8 (q, Jcu = 126 Hz, CHMe), 28.0 (d, Jcu = 128 Hz, CHMe,), 28.4 (d, Jcu =
128 Hz, CHMey), 40.9 (t, Jcu = 127 Hz, CHy), 102.6 (d, Jcu = 163 Hz, CMeCHCMe),
124.9 (d, Jeuy = 155 Hz, phenyl CH), 125.4 (d, Jcu = 155 Hz, phenyl CH), 135.4 (s,
phenyl Cipg), 140.0 (s, phenyl Cipg), 142.5 (s, phenyl Cips), 143.7 (s, phenyl Cips),

178.7 (s, CN), 181.7 (s, CO). Anal. Caled. For C37Hs4N2O,ALIL: C, 51.28; H, 6.28;
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N, 3.23. Found: C, 49.94; H, 6.12; N, 3.42.

4.6. Synthesis of [OC(Me)CHC(Me)N(2,6- Pr,CsH2-4)All 5] .CH; (5)

By a similar procedure, the reaction of 2 (3.6 g, 5.6 mmol) with I, (5.8 g, 22.8 mmol)
in toluene gave brown solids 4 in 98 % yield (6.0 g). 'H NMR (CDCl): & 1.04 (d,
12H, CHMey), 1.21 (d, 12H, CHMe,), 1.91 (s, 6H, CMe), 2.20 (s, 6H, CMe), 2.95 (m,
2H, CHMe,), 4.01 (s, 2H, CHy), 5.75 (s, 2H, CMeCHCMe), 6.96 (s, 4H, Ph). °C
NMR (CDCls): 6 24.5 (q, Jeu = 126 Hz, CMe), 24.6 (q, Jcu = 126 Hz, CHMe), 25.4 (q,
Jen = 127 Hz, CHMe), 25.8 (q, Jcu = 129 Hz, CMe), 28.7 (d, Jcu = 128 Hz, CHMe,),
41.1 (t, Jew = 130 Hz, CHy), 103.3 (d, Jeu = 162 Hz, CMeCHCMe), 125.5 (d, Jeu =
154 Hz, phenyl CH), 135.1 (s, phenyl Cips), 140.6 (s, phenyl Cips), 143.3 (s, phenyl
Cipso), 180.3 (s, CN), 182.5 (s, CO). Anal. Calcd. For C3sH4N,O2ALLL: C, 38.56; H,
4.44; N, 2.57. Found: C, 38.10; H, 4.38; N, 2.43.

4.7. Synthesis of [OC(Me)CHC(Me)N(2,6- Pr,CsH2-4)BF] 2CH; (6)

To a 50 mL Schlenk flask containing 4 (0.5 g, 0.46 mmol) and AgBF, (0.18 g, 0.92
mmol) was added 20 mL toluene and heated at 90 °C for 8 h. The solution was
filtered through Celite and volatiles were removed under vacuum. The resulting
solids were recrystallized from a toluene solution to generate 0.050 g of yellow solids
in 18% yield. '"H NMR (CDClL): § 1.07 (d, 12H, CHMe,), 1.20 (d, 12H, CHMe,),

1.82 (m, THF), 1.88 (s, 6H, CMe), 2.19 (s, 6H, CMe), 2.80 (m, 2H, CHMe), 3.72 (m,
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THF), 3.96 (s, 2H, CHy), 5.56 (s, 2H, CMeCHCMe), 7.02 (s, 4H, Ph). 'C NMR
(CDCl3): 6 21.2 (q, Jcu = 129 Hz, CMe), 22.8 (q, Jcu = 130 Hz, CMe), 24.2 (q, Jcu =
132 Hz, CHMe), 24.5 (q, Jcu = 126 Hz, CHMe), 28.3 (d, Jcy = 131 Hz, CHMe), 41.6
(t, Jen = 132 Hz, CHy), 67.9 (t, THF), 98.7 (d, Jcu = 168 Hz, CMeCHCMe), 124.9 (d,
Jcn = 153 Hz, phenyl CH), 132.5 (s, phenyl Cips), 140.8 (s, phenyl Cips), 144.6 (s,
phenyl Cipso), 172.9 (s, CN), 176.8 (s, CO). ''B NMR (CDCl3):  0.67 (t, Jgr = 15.4
Hz). MS (FAB): 607 (M-F), 320 (M-306)

4.8. X-Ray structure determination of complexes 2, 3, and 6.

Crystals of complex 2 were obtained from a concentrated diethyl ether solution of 2 at
—20 °C. Crystals of 6 were obtained directly from the sublimation of viscous
complex 6 by storing it in glove box. Crystals of 2 and 6 were mounted on a
goniostat and data collections were preceded at 150(2) K and data of crystal of 3 were
collected at 298(2) K. Data were collected on a Bruker SMART CCD diffractometer
with graphite-monochromated Mo Ky radiation. Structural determinations were
made using the SHELXTL package of programs. All refinements were carried out
by full-matrix least squares using anisotropic displacement parameters for all
non-hydrogen atoms. All the hydrogen atoms are calculated. The crystal data are

summarized in Table 2.
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Captions to figures

Figure 1. The molecular structure of complex 2. Thermal ellipsoids were drawn at

30 % probability and all hydrogen atoms were omitted for clarity.

Figure 2. The molecular structure of complex 3. Thermal ellipsoids were drawn at

30 % probability and all hydrogen atoms were omitted for clarity.

Figure 3. The molecular structure of complex 6. Thermal ellipsoids were drawn at

30 % probability and all hydrogen atoms were omitted for clarity.
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Figure 1

20



Figure 2.
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Figure 3
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Tablel. Selected bond distances and angles of complexes 2, 3, and 6

2
AI(1)-O(1) 1.784(4) AI(1)-N(1) 1.934(4)
AI(1)-C(1) 1.972(6) AI(1)-C(2) 1.937(5)
O(1)-C(4) 1.305(5) N(1)-C(6) 1.334(5)
C(3)-C(4) 1.511(6) C(4)-C(5) 1.355(6)
O(1)-Al(1)-N(1) 94.58(17) O(1)-Al(1)-C(2) 111.8(2)
N(D-AI(H)-C(2) 111.6(2) O(1)-Al(1)-C(1) 107.9(2)
N(D)-AI(D)-C(1) 111.3(2) C(2)-Al()-C(1) 117.3(2)

3
AI(1)-O(1) 1.7990(18) AI(1)-N(1) 1.9356(19)
AI(1)-C(8) 1.955(3) AI(1)-C(6) 1.962(3)
Al(2)-0(2) 1.7957(18) Al(2)-N(2) 1.9316(19)
Al(2)-C(40) 1.948(3) Al(2)-C(42) 1.964(3)
N(1)-C(4) 1.317(3) N(1)-C(10) 1.463(3)
N(2)-C(36) 1.316(3) N(2)-C(26) 1.453(2)
O(1)-C(2) 1.303(3) 0(2)-C(38) 1.303(3)
C(2)-C(3) 1.354(3) C(3)-C(4) 1.427(3)
C(37)-C(38) 1.361(3) C(36)-C(37) 1.423(3)
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O(1)-Al(1)-N(1) 93.26(8)

N()-AI(1)-C(8) 113.03(11)

N(D)-AI(1)-C(6) 112.21(10)

0(2)-Al(2)-N(2) 94.26(8)

N(2)-Al(2)-C(40) 114.77(11)

N(2)-Al(2)-C(42) 108.83(11)

B-O(1) 1.462(5)
B-F(1) 1.367(5)
N(1)-C(4) 1.313(4)
C(2)-C(3) 1.344(6)

O(1)-B-N(1) 109.8(3)

F(2)-B-N(1) 109.6(3)

F(1)-B-N(1) 110.0(3)

O(1)-Al(1)-C(8) 111.53(10)

O(1)-Al(1)-C(6) 107.63(11)

C(8)-Al(1)-C(6) 116.62(13)

0(2)-Al(2)-C(40) 109.20(13)

0(2)-Al(2)-C(42) 118.39(15)

C(40)-Al(2)-C(42) 118.39(15)

6
B-N(1) 1.572(5)
B-F(2) 1.365(5)
0(1)-C(2) 1.311(5)
C(3)-C(4) 1.412(5)

F(2)-B-0O(1) 110.0(3)

F(1)-B-O(1) 108.6(3)

F(2)-B-F(1) 108.9(3)
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Table2. Thesummary of crystallographic data for complexes 2, 3, and 6. THF

2 3 6.THF
Empirical formula C39HgpAlLN,O» Cs3HgsA1LN,O» Cs3HgaBoF4N,O5
Formula weight 642.85 698.95 754.58
Crystal system monoclinic monoclinic monoclinic
Space group C2/c P2,/c C2/c
a, A 26.197(15) 17.5663(12) 25.446(9)
b, A 8.897(5) 14.5083(10) 6.951(2)
c, A 16.620(9) 17.5663(12) 25.287(8)
B,° 97.177(12) 90.0170(10) 90.931(11)
Volume, A* / 7 3843(4)/ 4 4421.6(5)/ 4 4472(3)/ 4
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Density (cald.), Mg/m3
Absorption coefficient
F(000)

Crystal size

O range for data collection
Reflections collected

Independent reflections

Max. and min. transmission

Data / restraints / parameters

Goodness-of-fit on F?

R indices [I>20(1)]

1.111

0.109 mm™"

1400

0.33x0.29x 0.26 mm

2.42 to 27.65°

11858

4398 (Rin = 0.1669)

0.9486 and 0.5667

4398/ 01/ 208

0.675

R1=0.0725, wR2=0.1521

1.050

0.099

1528

0.65x0.53 x 0.45 mm

1.17 to 27.54°

27426

11095 (Rin: = 0.0673)

10095/ 01/ 458

0.729

R1=0.0456, wR2=0.1076
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1.121

0.080 mm™"

1624

0.31x0.77 x 0.26 mm

2.25 to 24.00°

11394

3490 (Riy = 0.0952)

3490/0/ 249

1.009

R1=0.0865, wR2=0.2397



R indices (all data) R1=0.2637, wR2=0.1933 R1=0.1304, wR2=0.1359 R1=0.1168, wR2=0.2626

Largest diff. Peak and hole ~ 0.473 and —0.361 eA’ 0.232 and —0.184 A’ 0.663 and —0.410 eA’
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