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Structure of Mn2X2(CO)6P2Ph4 (X = Br, I

  L'archive ouverte pluridisciplinaire

Riassunto -Sono stati preparati i complessi del manganese(I) di formula generale Mn2X2(CO)6E2Ph2, (X = Br, I; E = P, As), per reazione di MnX(CO)5 con l'opportuno E2Ph2.

Termolisi a Mn2(EPh2)2(CO)8 venne trovata nel caso di due dei complessi. Le strutture crystalline e molecolari di tre dei composti sono state studiate mediante diffrattometria ai raggi X. Le molecole contengono due ottaedri di manganese(I) contenenti tre gruppi carbonilici, due gruppi alogenuro a ponte ed uno degli atomi donatori E del legante E2Ph2. I due ottaedri, analogamente a quanto accade con tutti gli altri composti di questa famiglia di derivati HMB, sono congiunti da uno spigolo in comune lungo il vettore X•••X. I dato cristallografici per X = Br, E = As sono: radiazione Mo-Kα (λ = 0.71069 Å), metodo θ-2ω, 1562 riflessioni osservate, triclinico, gruppo spaziale P-1; a = 14.476 (11), b = 10.100 (6), c = 11.348(6) Å, α = 99.06 (8), β = 102.06 (6), γ = 99.67 (8)°, U = 1567 Å 3 , Dc = 1.90 g cm -3 per Z = 2 and µ(Mo-Kα) = 54.3 cm -1 , R = 0.0714. I tre composti sono isostrutturali, con dati cristallini analoghi, come specificato nel testo. Per confronto di questi dati con quelli pubblicati precedentemente per la stessa famiglia, si può concludere che il raggio covalente apparente del metallo centrale legato ai donatori pnicogeno è più piccolo di quello dello stesso metallo legato ai donatori calcogeno, ciò che suggerisce una diminuzione corrispondente di stabilità dal pnicogeno al calcogeno.

In earlier papers of this series we have shown that M2X2(CO)6E2Ph2n complexes 1 (M = Mn 1a , Re 1b , X = Br, n = 2, E = P; M = Re, X = Br, n = 1, E = S 1c , Se 1d , Te 1d ; M = Mn, X = Br, n = 1, E = Si, Te 1f ) can be prepared by reacting carbonyl-halo complexes of manganese(I) and rhenium(I) with the appropriate E2Ph2n. All of these compounds were shown to have the HMB (hetero-multiple-bridged) type of molecular structure, consisting of two hexacoordinated metal centres sharing a common edge of two monodentate bridging bromides and joined by a bidentate E-E bridge. In no case was the oxidative cleavage of the E-E bond observed, the constant pattern of reactivity being that of coordinative addition of E2Ph2n.

Preliminary work had reported 1a data concerning Mn2Br2(CO)6P2Ph4. We now describe the full details of the previous crystal and molecular structure and the corresponding data for the iodo derivative and for Mn2Br2(CO)6As2Ph4. In view of an earlier report 2 that MnX(CO)5 (X = Cl, I) reacts with P2Ph4 to give the oxidative addition products containing two PPh2 bridges and terminal halides, this paper definitely invalidates the previous suggestion.

EXPERIMENTAL

Unless ortherwise stated, all of the operations were carried out under an atmosphere of prepurified nitrogen or argon. Solvents were dried and purified by conventional methods prior to use.

The IR spectra were measured with a Perkin-Elmer 283 instrument equipped with grating and each spectrum was calibrated with both CO and water vapour, the wavenumber values being therefore believed to be accurate to ± 1 cm -1 . Tetraphenyldiphosphine was prepared from PHPh2 and PClPh2 at the reflux temperature of petroleum ether (b.p. = 90-106 °C). 3 tetraphenyldiarsine was prepared by the reaction of KAsPh2 with BrCH2CH2Br in dioxane and recrystallized from anhydrous ethanol, KAsPh2 being obtained by reducing AsPh3 with potassium in dioxane. 4 Tetraphenyldistibine was prepared by reacting NaSbPh2 in liquid ammonia with a diethyl ether solution of sym-dichloroethane and recrystallized from ethanol, NaSbPh2 being obtained by reducing SbPh3 with sodium in lisuid ammonia. 5 Decacarbonyldimanganese 6 and MnBr(CO)5 7 were prepared according to literature methods. MnI(CO)5 was synthesized 8,9 by reacting [Mn(CO)5] -with di-iodine in tetrahydrofuran as solvent.

PREPARATION OF Mn2X2(CO)6P2Ph4 AND Mn2X2(CO)6As2Ph4, X = Br, I These compounds were prepared from MnX(CO)5 and the appropriate E2Ph4 in benzene or toluene at the reflux temperature, as specified in table 1. In the case of Mn2Br2(CO)6P2Ph4, even better results (84% yield) were obtained in refluxing di-isopropyl ether. When the aromatic hydrocarbon was used as solvent, the products were recovered by filtration of the reaction mixture while still hot and by recrystallization at room temperature. Some attempts were made to prepare the antimony complexes Mn2X2(CO)6Sb2Ph4, by the reaction of MnX(CO)5, X = Br, I, with Sb2Ph4 in toluene or diethyl ether. In all of the cases, the IR spectra in the carbonyl stretching region showed absorptions attributable to the complexes having asymmetric bridges, namely Mn2(µ-X)(µ-EPh2)(CO)8. 11c,d THERMAL DECOMPOSITION OF Mn2Br2(CO)6E2Ph4, E = P, As, COMPLEXES On thermal treatment in n-heptane (see table 2), the complexes formed the corresponding Mn2(µ-EPh2)2(CO)8 derivatives, as evidenced by the appearance of the typical IR bands in the carbonyl stretching region.

X-RAY DATA COLLECTION AND SOLUTION AND REFINEMENT OF STRUCTURES

Mn2Br2(CO)6P2Ph4. A crystal was selected because of its well developed faces and because it was a clear plate of appropriate size (a parallelepiped of six faces, 0.44x0.30x0.15 mm 3 ) and whose indices were (1,0,0), (1,0,0), (0,1,0), (0,1,0), (0,0,1) and (0,0,1). Data were collected with a computercontrolled Enraf-Nonius CAD-4 diffractometer in the same fashion as described in earlier paper of this series. 1 The specific details of data collections and processing thereof are given in table 3, which lists all of the important information of the solution and refinement parameters as well.

A Patterson function was solved using the coordinates for the rhenium and bromine atoms of the analogous rhenium derivative, 1b with which it is isomorphous and isostructural. Once it was evident those coordinates fit the Patterson function well, we simply used the entire set of coordinates of the rhenium analogue to refine the manganese derivative. In a few cycles of isotropic and, later, anisotropic refinement, the structure converged to the final R values listed in table 3. The final values of the positional parameters are given in table 4.

Mn2Br2(CO)6As2Ph4. Preliminary crystal examination and subsequent data collection were performed on a Siemens AED single-crystal diffractometer under the control of a G.A. Jumbo 22° computer, using Mo-Kα radiation. The automatic peak searching, centring and indexing program, in conjunction with a cell reduction program, showed the crystal to be triclinic with the space group either P1 or P1 ̅ . Statistics on normalized structure factors E indicated the centric P1 ̅ group and the choice was later confirmed by the successful refinement of the structure. A summary of crystallographic data and details of the experimental conditions are in table 3.

The final lattice parameters and their standard deviations came from a least-squares refinement that utilized the 2θ values of 17 intense, carefully-centred reflections chosen from diverse regions of reciprocal space. Intensity measurements were carried out at room temperature on a prismatic crystal (approximately 0.15x0.23x0.30 mm 3 ) which was sealed in a glass capillary and mounted on the diffractometer in a nonspecific orientation. The pulse-height discriminator was set in such a way that 90% of the diffracted intensity was counted. A total of 4339 unique reflections in the hemisphere ±h±k+l were collected, 1562 of which were considered having I > 2σ(I) and were included in the subsequent analysis. The intensity of two reference reflections monitored every 50 reflections gave no indication of crystal deterioration or loss of alignment. The data processing included corrections for background, Lorentz and polarization effects. No correction for absorption was applied, since the crystal was sealed in a glass capillary and no precise crystal size determination could be made; in any case, the absorbance of the sample was not particularly high (µr = 0.52).

The crystal structure was solved by a combination of direct methods and heavy-atom technique.

The positions of the bromine and arsenic atoms was obtained by direct methods using SHELX76. 12 An initial difference Fourier map phased with these atoms permitted location of the manganese atoms as well as of ten other nonhydrogen atoms. Subsequence difference Fourier analysis in conjunction with cycles of least-squares refinement allowed the positioning of the remaining nonhydrogen atoms.

Initially all the atoms were refined isotropically; three cycles of full-matrix refinement, wirth the carbon atoms of the four phenyl rings treated as rigid groups, led to a conventional R index of 0.1083.

Subsequent cycles of refinement, in which all the atoms, with the exception of the phenyl carbons, were assigned anisotropic temperature factors, lowered the R index to 0.0756. No hydrogen atoms were sufficiently resolved in Fourier difference maps and they were therefore included in calculated positions "riding" on the corresponding carbon atoms, with an overall temperature factor U of 0.07.

In two further cycles of refinement, convergence was achieved with R= 0.0714 and Rw = 0.0744.

Throughout the refinement the function minimized was Σw|ΔF| 2 , where the weight for each reflection was unity at first, while as the refinement proceeded the weighting scheme w = [σ 2 (Fo) + 0.005|Fo| 2 ] -1 was employed. A complete set (50 reflections from 12 ̅̅̅̅ 3 0 to 2 ̅ 5 0) was omitted from the data set due to obvious errors in the measurements. The final cycle of refinement was based on a total ofg 212 adjustable parameters, giving a final data/parameter ratio of 7.3. The final difference map had no significant features; the seven largest peaks were in the 0.8 -0.6 eÅ -3 range, and were in regional close to the bromine and arsenic atoms. There was no evidence for secondary extinction. Scattering factors used throughout were those for neutral atoms 13 with correction for the effects of anomalous dispersion (Δf' and Δf"). 14 Major computations were performed on a Cyber 76 computer package. 12 Final atomic positional parameters for nonhydrogen atoms, together with their estimated standard deviations, are reported in table 5. Selected bond distances and angles appear in table 7. 2) 177( 3) 179( 1) Mn(2)-C(5)-O (5) 174( 1) 177( 3) 178 (1) glass capillaries. Film lattice parameters as determined from a least-squares refinement of (sinθ/λ) 2 values for 15 reflections (θ > 20°) accurately centred on the diffractometer are given in table 3. The space group was determined to be either the centric P1 ̅ or the noncentric P1. Subsequent solution and refinement of the structure in P1 ̅ proved this to be the correct choice. Data were collected on an Enraf-Nonius CAD-4 diffractometer by the θ-2θ scan technique. The method has been previously described. [START_REF] Holton | [END_REF] A summary of data collection parameters is given in table 3. The intensities were corrected for Lorentz, polarization effects and for absorption. Calculations were carried out with the SHELX76 system of computer programs. 12 Neutral atom scattering factors for C, Mn, I, O and P atoms were taken from Cromer and Waber, 16 and the scattering for manganese and iodine was corrected for the real and imaginary components of anomalous dispersion using the tables of Cromer and Liberman. 17 Scattering factors for H were from ref. 18. The structure was solved by the straightforward application of the direct methods programme MULTAN. 19 Least-squares refinement with isotropic thermal parameters led to R = Σ||Fo|-|Fc||/Σ|Fo| = 0.054. The hydrogen atoms of the phenyl rings were placed at calculated positions 1.00 Å from the bonded atom and were not refined. Refinement of the nonhydrogen atoms with anisotropic temperature factors led to final values of R = 0.026 and Rw = 0.029. A final difference Fourier showed no features greater than 0.3 eÅ -3 . The weighting scheme was based on unit weights;

no systematic variations of w(|Fo|-|Fc|) vs. |Fo| or sin θ/λ was noted. The final values of the positional parameters are given in table 6.

RESULTS AND DISCUSSION

The compounds reported in this paper were prepared from MnX(CO)5 and E2Ph4 by the following reaction:

2 MnX(CO)5 + E2Ph4  4 CO + Mn2X2(CO)6E2Ph4 1 (E = P, As; X = Br, I)

The best yields were obtained with the phosphorus derivative, whereas with As2Ph4 side reactions were observed. On the other hand, also in the latter case, isolation of the desired products were relatively easy in view of the favourable solubility properties. In the case of Sb2Ph4, any attempt to isolate the corresponding complexes faled, due to extensive formation of secondary products. The relevance of these observations to the more general problem 20 of the relative stabilities of low-valent transition metals for Group V donor atoms (a Group trend) is now under investigation in these Laboratories.

Reaction 1 is a coordinative addition of the E-E ligand to manganese(I). The products with E = As are new, whereas those with E = P and X = Cl, I had been reported earlier, 2 but they were formulated to result from the oxidative addition of P2Ph4 to manganese(I) giving the dimeric Mn2(µ-PPh2)2X2(CO)6. In view of the earlier crystallographic data, 1a of the new crystallographic data on the iodo derivative and of the similar IR data in solution (vide infra) we conclude that oxidation to manganese(II) is not a favourable process.

We have investigated the thermal behavior of our complexes, trying to detect the conditions under which the oxidative addition products would be formed. In no case were the compounds of manganese(II) found to have a temperature range of stability. We have found instead that at the reflux temperature of heptane, homolytic cleavage of the E-E bond occurs, accompanied by a ligand redistribution, according to the following stoichiometry:

2 Mn2X2(CO)6E2Ph4  Mn2(EPh2)2(CO)8 + MnX2 + E2Ph4 + 4 CO 2 (X = Br; E = P, As)

It is believed that the driving force of reaction 2 is the lattice energy of MnX2. On the other hand, since no other products were observed, it is somewhat surprising that the redistribution occurs to such a high degree of specificity. The same stoichiometry as for reaction 2 was observed 1f for the dichalcogenide complexes Mn2X2(CO)6E2Ph2 (E = Se, X = Br; E = Se, Te, X = I). They decompose, however, under milder conditions, thus suggesting that the manganese-chalcogen bond is probably more labile than that to phosphorus and arsenic.

Figure 1 shows an ORTEP drawing of the molecular structure and the numbering scheme of Mn2Br2(CO)6As2Ph4. The other compounds with P2Ph4 as ligand are isostructural and reference to them will be made only for comparison purposes. The structure consists of the carbonyl groups, two bridging bromides and an arsenic atom of the As-As bridge. The average Mn-Br distance is 2.534(2) Å for Mn2Br2(CO)6P2Ph4 and 2.540 (6) for the corresponding arsenic derivative. These are in good agreement with those observed for hexacoordinated manganese compounds with bridging bromides, e.g. 2.514(9)-2.534(10) Å in Mn2Br2(CO)8 21 and 2.579(9) Å in Mn(CO)4(COCH3)BrAlBr2. 22 Concerning the Mn-I distance (average) of 2.718(2) Å, no comparison can be made with other structures, since this is the first Mn(I)-I bond distance reported in the literature. However, by considering that the covalent radius of manganese in this compound can be taken tp be 1.196 (see table 8) and that the covalent radium of I is 1.28 Å, [START_REF] Pauling | The nature of the chemical bond[END_REF] the observed Mn-I distance is larger than the calculated value (2.48 Å), which is in agreement with the fact that we are dealing with bridging iodides. Concerning the bonding parameters for the Mn-As complex, it is possible to calculate a covalent radius of arsenic in the arsenic ligand as 1.244(5) Å which is in good agreement with the value of 1.22 Å deduced from As4(g). 24 To the best of our knowledge, only one other example of a compound containing an As2R4 fragment bonded to hexacoordinated manganese(I) in a similar bidentate bridging fashion has been reported in the literature [START_REF] Röttinger | [END_REF] for Mn2(µ-AsMe2)Cl(CO)7(As2Me4). In this case, the Mn-As distance to the As2Me4 fragment (average) is 2.391(4) Å, which is significantly shorter than ours (2.455(7) Å). The Mn-As distance observed in our compound is closer to the distance to the bridging AsMe2 group in Mn2(µ-AsMe2)Cl(CO)7(As2Me4), [START_REF] Röttinger | [END_REF] i.e. 2.462(4) and 2.502(4) Å, while the Mn-As distance to tertiary organoarsenic ligands are 2.432(6) Å in MnCl(CO)3(Me2As(CH2)3AsMe2) 26 and 2.416(3)-2.414(3) Å in Mn(GeCl3)(CO)3(Me2As(CH2)3AsMe2). 27 The Mn-C and C-O bond distances fall within the range of values usually encountered for a variety of compounds. A discussion of the observed E-E distance in our compounds is somewhat difficult since no Xray structural determinations of the corresponding uncomplexed E2Ph4 ligands have been reported in the literature: only the P-P distance in P2Me4 is known 28 to be 2.192(9) Å. However, some conclusions can be drawn from the available data for the elements. The phosphorus and arsenic radii can be deduced from one-half values observed in P4(g) and As4(g) as 1.10 and 1.2 Å, respectively. 24 That this approximation holds is indicated by the observation that the P-P distance in P2Me4 is in agreement with the expected value and, further, by a similar consideration for antimony for which the 1.43 Å figure

for the radius which can be obtained 24 from Sb(s) is in good agreement with the value of 1.418(1) Å found 29 for Sb2Ph4. If these considerations hold, then it can be concluded that the E-E distances in the complexes are about 0.1 Å longer than those expected for the uncomplexes ligands. This is similar to what has been observed earlier for molecules of the same class containing chalcogens as ligands, i.e.

M2Br2(CO)6E2R2 (M = Mn 1f , Re 1c-e ; E = S, Se, Te).

The Mn•••Mn bonding distances are 3.661(3) and 3.707 (7) Å for E = P and E = As, respectively, thus showing that changes of the bridging ligands in terms of E-E distance are compensated by the bond angles (vide infra) in such a way as to leave the Mn•••Mn attractive interaction at a minimum.

Concerning bond angles, the most important parameter is the folding angle of the molecule defined as the angle formed by the normal to the tetragonal planes of the coordination polyhedral (see table 8). From earlier data 1 it w<as deduced that the angle of folding decreases with the steric bulk of the E ligand. For example, the angle of folding decreases from 28.5 to 10.7° on going from Se 1d to Te 1f in Mn2Br2(CO)6E2Ph2. This is confirmed by the present data, since the same angle, which is 21.0° in Mn2Br2(CO)6P2Ph4 decreases to 15.8° in the corresponding arsenic derivative. The effect of the metal is rather small, as judged from the fact that the angle of folding changes from 28.5 to 29.3° in M2Br2(CO)6Se2Ph2 and from 10.7 to 13.2° in M2Br2(CO)6Te2Ph2 (M = Mn and Re, respectively).

For the three molecules, packing is mainly determined by van der Waals' forces. In the case of Mn2Br2(CO)6As2Ph4, whose crystal packing is shown in figure 2, the closest approach (3.20-3.30 Å) is between oxygen atoms of adjacent CO groups. The situation is similar for the other compounds. Of specific interest are the rM values of table 8. This is the covalent radius of the metal calculated from the internal parameters of each compound. 1 It is seen from table 8 that, within the series of manganese-phosphorus and manganese-arsenic complexes, this quantity remains substantially constant within experimental error. It had been noted earlier 1e-f that an apparent radius contraction for the metal can be observed in the sequence S > Se > Te. The acquisition of the new data allows us to make such a comparison between pnictide and chalcogenide complexes of the same metal. The rM values of the pnictide complexes are significantly smaller than those of the chalcogenide derivatives, especially when comparison is made with donor atoms belonging to the same Period (P and S, As and Se). The radius contraction for Group V ligands may be taken to suggest a correspondingly stronger bond to the metal. This conclusion is consistent with the chemical evidence in our possession, with the qualitatively known higher accessibility of pnictide complexes of low-valent metals, with respect to the corresponding chalcogenide analogues and the known higher stability of pnictide complexes versus chalcogenide complexes for gold(I) 31 and for platinum(II) 20a . In view of the limited number of quantitative data available in the literature on this subject, our findings are particularly relevant. An attempt to establish a trend of relative stability withing Group V donor atoms from solid-state data has appeared in the literature. 32 By considering the IR data of table 9, it can be seen that the complexes have four or five main 

Fig. 1 .

 1 Fig. 1. ORTEP view of Mn2Br2(CO)6As2Ph4 with the numbering scheme used.

Fig. 2 .

 2 Fig. 2. Crystal packing of Mn2Br2(CO)6As2Ph4.

  carbonyl stretching vibrations; the two complexes showing the correct number of bands for the C2v symmetry (2A1+2B1+B2) of the Mn2(CO)6 core are those having relatively small values of the folding angle. This finding confirms what had been noted earlier1e for the series of the chalcogen complexes of rhenium, the compound showing the expected number of bands being Re2Br2(CO)6Te2Ph2 (folding angle = 13.2°). The same holds for manganese, Mn2Br2(CO)6Te2Ph2 (folding angle = 10.7°). It is believed that removal of the accidental degeneracy of two of the IR vibrations is favoured by small folding angles, as a consequence of a better coupling between the two M(CO)3 oscillators.SUPPLEMENTARY MATERIALStructure factor tables and thermal parameters for Mn2Br2(CO)6P2Ph4, Mn2Br2(CO)6As2Ph4 and Mn2I2(CO)6P2Ph4.

TABLE 1 .

 1 PREPARATION AND ANALYTICAL DATA OF Mn2X2(CO)6E2Ph4 COMPLEXES a All the compounds were stable in air in the solid state for several hours. b Calculated values in parentheses. c Br: 19.4 (19.8)%.

	X	E	MnX(CO)5, mmol	E/Mn molar ratio	Solvent, cm 3	Reaction time, h	Yield, %	Colour	Elemental analysis, % b C H
	Br	P	7.32	1.10	Benzene, 250	10.0	60	Red-brown 44.6 (44.6)	2.4 (2.5) c
	Br	P	2.83	1.08	Pr i 2O, 50	7.0	84/2			
	Br As	3.28	1.01	Benzene, 100	1.3	27.7	Red	40.4 (40.2)	2.4 (2.2)
	I	P	3.80	1.05	Benzene, 50	10.0	49.0	Deep red	39.8 (39.9)	2.0 (2.2)
	I	As	2.26	1.02	Toluene, 50	5.5	34.9	Deep red	37.2 (36.4)	2.3 (2.0)

a 

TABLE 2 .

 2 THERMAL DECOMPOSITION OF Mn2X2(CO)6E2Ph4 COMPLEXES AND IR DATA OF Mn2(µ-EPh2)2(CO)8 DERIVATIVES IN THE CARBONYL STRETCHING REGION a

				Thermal decomposition of Mn2X2(CO)6E2Ph4	
	X	E	Reaction time, h		νCO, cm -1		
	Br	P	4.5		2051m	1995s	1987s	1957s
	Br	As	12.0		2047m	1995s	1986s	1957s
					Mn2(µ-EPh2)2(CO)8		
	E	R	Solvent	Ref.		νCO, cm -1		
	P	Ph	b	10	2053	1992	1983	1958
	As	Ph	CCl4	11a	2020	1990		1960
	As CF3	C6H12	11b	2086s	2033s	2028vs	2011s

TABLE 3 -

 3 CRYSTALLOGRAPHICALLY IMPORTANT DATA COLLECTION AND DATA PROCESSING INFORMATION

		Mn2Br2(CO)6P2Ph4	Mn2Br2(CO)6As2Ph4	Mn2I2(CO)6P2Ph4
	Empirical formula	C30H20Br2Mn2O6P2	C30H20As2Br2Mn2O6	C30H20I2Mn2O6P2
	Molecular weight	808.1	896.0	902.1
	Crystal size, mm 3	0.44x0.30x0.15	0.16x0.23x0.30	0.15x0.23x0.25
	Crystal class	Triclinic	Triclinic	Triclinic
	Space group	P1 ̅	P1 ̅	P1 ̅
	a, Å	10.874(8)	14.476(11)	9.907(3)
	b, Å	11.841(9)	10.100(6)	11.130(4)
	c, Å	12.444(9)	11.248(6)	15.865(5)
	α, °	96.59(4)	99.06(8)	80.13(2)
	β, °	100.55(4)	102.06(6)	72.95(3)
	γ, °	95.47(4)	99.67(8)	70.80(2)
	U, Å 3	1554	1567	1574
	Z	2	2	2
	dcalc, gxcm -3	1.73	1.90	1.90
	Radiation used (λ = 0.71069 Å) Mo-Kα	Mo-Kα	Mo-Kα
	µcalc, cm -1	34.2	54.3	29.6
	Scan width	0.80+0.20 tang θ	-(1.0+0.006 tang θ)	0.80+0.20 tang θ
	Standard reflections	400 030	420 513	040 006
	Measured reflections	4194	4339	2143
	2θ range, deg	2-50	6-47	2-36
	Observed reflections	3686	1562	1831
	Number of variables	379	212	379
	Weighting scheme	1/σ 2	[σ 2 (Fo)+0.005(Fo) 2 ] -1	1/σ 2
	R a	0.073	0.0714	0.026
	Rw b	0.073	0.0744	0.029
	a R = Σ||Fo|-|Fc||/Σ|Fo|. b Rw = [Σw(|Fo|-|Fc|) 2 /Σw|Fo| 2 ] 1/2 .		
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