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Dipotassium Bis-[S]Annulene-Ytterbium(II) and -calcium(II)t 

• • Steven A. Kinsley, Andrew Streitwieaer, Jr. and Allan Zalkin 

Contribution from Departaent of Cheaistry, University of California, and Materials 

and Molecular Research Division, Lawrence Berkeley Laboratory, Berkeley CA 94720 

Altatract: 

The title compounds were prepared by stoichiometric reaction of cyclooctatetraene, 

potassium and either ytterbium or calcium, in liquid ammonia solution. The 

dimethoxyethane adducta of X2 [Yb(C8B8) 2J and X2 [Ca(C8B8>21 are crystalline and have 

siailar x-ray powder patterns; X2 [Yb(C8B8>2l and X2 [Ca(C8B8>2l have identical in­

frared spectra. X-ray structure analysis of [X(C
4

B10o2 >J 2 (Yb(C8B8)2] shows planar 

parallel eclipsed [81annulene rings sandwiching a centrosymaetric ytterbium.. A 

potassium coordinated with dimethoxyethane is at the opposite side of each ring. 

Crystals of [X(C
4

B
10

o
4

>J
2

[Yb(C
8
B

8
>
2

J crystallize in the triclinic system, Pi, with A 

= 9.346(4) l, l! = 9.775(4) 1, .£ = 7.740(4) 1, Cl = 91.72(4) 0 , JJ = 109.16(4) 0 , "( = 

86.22(4)• at r·a 23 •c~ 

t Dedicated to the aemory of the late Professor Earl L. Muetterties who shared the 

.. saae birthdate as one of us. 
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The organolanthanide complexes involving lanthanide(III) ions and the [8]annulene 

1 2 3 dianion include complexes of the type K[LD(C8H8>2J, Ce2 Cc8H8>3 , 

[Ln(C8H8)(0C4H
8

)J[Ln(C8H8) 2J, 4 [Ln(C8H8)Cl"(OC4B8)J 2 , 5 (C8H8)LnR(C4H
8
0)x, 6 

(C8H8)Ce(~i-C3H7 > 2Al(C2H5 > 2 • 7 and LnCC8H8)(C5H5>. 8 The determination of the struc­

tures of [Ce(C
8
H

8
)Cl"(OC4H

8
)J

2 , 9 [K(C6H14o3)][Ce(C8H
8) 2

J10 and 

4 [Nd(C
8
H

8
)(0C4H

8
)](Nd(C

8
H

8
)
2
J have shown that the [8]annulene rings of the complexes 

are planar with equivalent carbon-carbon bond lengths and that the lanthanide ions in 

the complexes containing [Ln(C8H8>
2
l are sandwiched by two [8]annu1ene rings. In 

contrast to the num.ber of classes of coaplexes reported involving lanthanide(III) 

ions, there are reports of only two classes of (8]annulene coaplexes involving 

1anthanide(II) ions. The structures of these classes have not been elucidated. 

11 The first ·lanthanide (8]annu1ene complexes reported, LD(C
8
H

8
) (Ln = Eu, Yb), are 

the only [8]annu1ene coaplexes which have been shown to contain a divalent 

lanthanide. The characterization of the 1anthanide(II) [8]annulene complexes is 

. 12 . 
liaited. The infrared spectrum of Yb(C8H8) suggests a highly symmetric complex 

-1 -1 (the only bands present between 1000 and 600 em occur at. 888 and 678 em. ), and the 

low solubility of the complexes in hydrocarbons, ethers and liquid aaaonia suggests 

that the class Ln(C8H
8

) is polymeric. No reactions of the divalent lanthanide com­

plexes have been reported, except for their violent reaction with oxygen. 

The report of synthesis of K2 [Ce(C8H
8

>
2

J from. the reduction of Ce(C8H8>2 by two 

13 equivalents of potassium in 1,2-dim.ethoxyethane is the only exaaple of a bis-

[8]annulene coapound with a central aetal atoa in a foraal 2+ oxidation state. The 

cerium complex as its di(1,2-diaethoxyethane) adduct was characterized by elemental 
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known, but the infrared spectrum of the cerium complex does contain bands {887 and 

682 cm-1 ) which are consistent with the presence of an [8]annulene dianion. 14 AI-

15 though there are reports of Ce{II) from the reduction of Ce{III) in other systems, 

chemical or spectroscopic methods. 

In order to study a bis-[S]annulene compound with a divalent central metal atom .we 

have now synthesized and characterized the divalent ytterbium complex K2 [Yb{C8H8) 2J, 

1, and its calcium analogue, K2[Ca(C8B8)2J, 2. The determination of the structure of 

the di(1,2-dimethoxyethane) adduct of 1 by single crystal x-ray diffraction is the 

first structure solved for a complex of [8]annulene dianion with a divalent 

1 anthanide. 16 In prior work on the bis-cyclopentadienyllanthanide(II) complexes, a 

comparison of the infrared spectra of Yb(C5H5>2 and Ca(C5B5>2 had suggested that the 

ytterbium complex is isostructural with the calcium complex. and, therefore, that the 

ring-metal bonding in the ytterbium complex is highly ionic. In this work the in-

frared spectra and x-ray powder patterns of 1 and 2 are used to show that 1 and 2 are 

isostructural. 

Experiaeatal Section 

General : Unless otherwise noted, materials were obtained from commercial sup-

pliers and used without further purification. Ytterbium metal turnings were pur-

chased froa Alfa/Ventron. Tetrahydrofuran (T.HF) was distilled from 

sodiua/benzophenone. 1,2-Diaethoxyethane (DJIE) was distilled froa Na/'( alloy. 

Cyclooctatetraene (COT) (BASF) was vacuua distilled and stored over Jlolecular Sieves 

31. Liquid &amenia was vacuum transferred into the reaction vessels from a solution 

of sodiua in liquid aaaonia. All air-sensitive compounds were handled in a helium or 

argon ataosphere alovebox or by standard Schlenk techniques. Infrared spectra were 
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determined with a Perkin-Elmer Model 283 infrared recording spectrophotometer. 

Samples for infrared determination were prepared in a glovebox as Nujol mulls. 

Visible spectra of IBF solutions of the organometallic compounds were determined with 

a Cary Xodel 118 spectrophotometer; results are expressed as A in nm (log e). max 
1B-NKR of the organometallic compounds were determined in sealed tubes of TBF-~8 
solutions on a JOEL FX-90Q. The chemical shifts of the proton resonances are 

referenced to the low field residual proton resonance of TBF~8 (set as 3.58 ppm). 

Samples for x-ray powder pattern determination were prepared by grinding the crystal-

line sample to a fine powder and sealing the powder into a quartz capillary under 

argon. X-ray powder pattern data were taken with a Debye-Scherrer camera using 

nickel filtered copper ~ax-rays. Elemental analyses were performed by the 

Xicroanalytical Laboratory of the College of Chemistry, University of California, 

Berkeley • 

.. actioas.ia liqaid a..oaia: The reaction vessel used for the syntheses in liquid 

amaonia was a two-necked 100 aL round bottaa flask with sidearm. During the reac-

tions, the flask was connected through one neck to a Schlenk line and cooled in a Dry 

Ice/isopropanol bath. lhile transferring the liquid ammonia into the reaction vessel 

and during the course of the reaction, the vacuum manifold was isolated from the 

vacuum pump. The vacuum manifold was protected from developing high &amonia pressure 

by a mercury bubbler. After the aetals were added to the ammonia, a septum was 

placed on the free neck of the flask (under argon purge) and cyclooctatetraene was 

added to the blue solution via ayrinae. Since cyclooctatetraene freezes on contact 

with liquid ~onia at that low teaperature, the Dry Ice bath was reaoved to 

facilitate reaction. lhen the reaction was complete, the amaonia was allowed to 

evaporate throuah the aercury bubbler, leaving the pyrophoric material behind. 

X-ray Jaalyaia: lith the exception of the ORTEP proaram, all coaputer proarams 
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used were written by one of the authors (AZ) for a CDC 7600 computer. 

An irregular, orange-red single crystal fragment of 1•2DME with maximum dimensions 

of 0.2 .. was sealed inside a quartz capillary in an argon ataosphere and examined 

" with a aodified Picker FACS-I Autoaated diffractometer equipped with a graphite 

aonochroaator and a Xo x-ray tube. Least squares refinement of the setting angles of 

24 centered reflections (27 1 > 29 > 20°) using Jfo X:a 0 .. = 0. 71073 1> radiation gave .!. 

= 9 • 3 46 ( 4) 1, ]! = 9 • 77 5 ( 4) , .£ = 7 • 7 40 ( 4) 1, a = 91 • 72 ( 4) 0 , p = 1 0 9 .16 ( 4) 0 , r = 

86.22(4) 0 , and V = 666.5 13 at 23 •c. The space sroup of the crystal is triclinic, 

PI. with one fomula unit in the unit cell. The calculated density of the crystal 

-3 
(aolecular weisht of [X:(C

4B10o2>J 2 [Yb(C8B8>2 l = 639.80) is 1.59 g em • 

Intensities were collected to a maximum 29 value of 50° usins a 9 - 29 scan 

technique. Three standard reflections were aeasured at every 250th aeasurement; the 

three standards showed an isotropic decay of about Sli and the data were adjusted 

accordingly. A total of 4729 intensities were aeasured and averased to sive 2361 

2 2 unique data of which 2312 were used in the least squares with F )1a(F ). The data 

were not corrected for absorption because of the difficulty of seeing the faces and 

aeasurina the crystal's irresular dimensions. The absorption coefficient calculates 

-1 
to 38 em and an error of approximately Sli in the intensities is estimated. 

Trial positions for the ytterbium and potaaaiua atoms were obtained from a three-

• diaenaional Patterson function and were refined by least squares. An electron den-

aity aap revealed all of the non-hydroaen ataas. All of the non-hydrogen atoms were 

refined with anisotropic teaperature factors and the hydrogen atoaa were included at 

their estimated positions, but not refined. The F aasnitude was used in the full-

aatrix refineaent. 
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The final weighted R factor17 was 0.034 for 2312 data with F2 > a(F2), and the 

-1 . 2 
goodness of fit was 1.33. The assigned weights w = (a(F)) , were derived from a(F ) 

= [~ + (~~) 2 1 112 , where~ is the variance due to counting statistics and~= 0.05. 

An eapirical extinction correction of the form F = F b (1 + kl), where k = 2.13 x corr o s -
-7 10 , was applied to the data. Scattering factors were taken from literature 

.. 

18 19 sources and anomalous scattering terms were applied. 

Preparatioa of 1 aad 2. The procedure for the synthesis of the divalent ytterbium 

complex follows with differences for the procedure for the calcium complex noted. 

cyclooctatetraene (1.79 g, 17 .. ol) was added to a Dry-Ice/isopropanol-cooled liquid 

ammonia solution of 0.67 1 (17 .. ol) of potassium aetal and 1.49 g (8.6 .. ol) of 

ytterbium aetal. The Dry-Ice/isopropanol bath was reaoved from the reaction vessel 

at this time to allow the ammonia solution to warm. As the reaction began, the 

solution turned green as a bright orange precipitate appeared (the solution and 

precipitate were bright yellow for the calcium reaction). The ammonia was allowed to 

evaporate and a bright orange solid was left in the reaction vessel (bright yellow 

for calcium). lhen the reaction vessel was warmed with a heat gun, the solid turned 

bright pink (pale green for calcium). The yield of the solid was 3.57 1 (90'). 

Yields from the liquid aamonia reactions were typically about 9~. Crystals of the 

1HF adducts of 1 and 2 were obtained by the slow cooling of a saturated solution of 1 

or 2 in the ether. The IHF adducts of 1 and 2 rapidly lost IHF of solvation (ca. one 

hour in an argon a~osphere or ca. 5 ainutes, in yacuo) and decomposed to unsolvated 

powders. Analysis of 2 as a IHF coaplex was not satisfactory, but the analysis does 

suaaest that there are two IHF aolecules per potassium atom. Anal. of 2"4IHF: Calcd. 

The unsolvated powders were heated at 200°C, in yacuo, for one hour to insure the 

coaplete reaoval of solvated TBF. The yield of powder was 57~ for 1 (61\ for 2) from 
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the first crop of crystals. The infrared spectra of 1 and 2 are shown in Figure 2. 

1B-NKR of 1 & = 5.47 ± .03, singlet (2 & = 5.47 ± .03, singlet). Visible spectrum of 

1 504 na (850). Satisfactory analyses of the powders were difficult to obtain, espe-

cially in the case of the ytterbium complex. Anal: 1: Calcd. for c16H16K2Yb: C, 

41.82; H, 3.51; K, 17.01. Found: C, 39.66; H, 3.64; K1 19.2. 2: Calcd. for 

c
16

H
16

K
2

Ca: C, 58.85; H, 4.94; K, 23.94. Found: C, 58.47; H, 5.22; K, 23.4 • 

The slow cooling of a saturated solution of 1 or 2 in DME gave crystals of the 

complexes as DIE adducts. The DME adducts of 1 and 2 were stable and gave satisfac-

tory analyses for one DME aolecule per potassium. 1•2DME: Calcd. for c24H36o4K2Yb: 

C, 45.06; H, 5.67; I, 12.22. Found: C, 44.79; H, 5.59: K, 12.4. 2·2DME: Calcd. for 

Preparatioa of I[Yb(C8B8>2i. 3. In a procedure which is analogous to the procedure 

used to synthesis 1 and 2, the potassium salt of bis-[ 8] annuleneytterbium(III) was ·''·. 

prepared by the addition of 0.88 g (8.4 .. oles) of cyclooctatetraene to a Dry-

Ice/isopropanaol cooled liquid ~onia solution of 0.73 g (4.2 maoles) of ytterbium 

metal and 0.16 g (4.2 .. olea) potassium metal. lhen the reaction was complete and the 

solvent had evaporated, a bright orange powder was left in the reaction vessel. This 

powder turned bright blue when the reaction vessel was warmed with a heat gun and 

exposed to a vacuum. The crude yield of this powder was 1.50 g (86 ~)~Satisfactory 

analysis could not be obtained for 3, but the infrared spectrum of 3 (the major 

-1 absorbance a in the 600 to 1000 em rea ion are aiven in Table III) is similar to the 

2b infrared spectra of the other bis[8]annulene lanthanide salts. A of 3 in THF is . aax 

574 Da (1400). A portion of this powder was crystallized from DKE to aive 3·DKE. 

Anal. Calcd. for c20H26o
2
Ybi: C, 47.05; H, 5.13; K, 7.66. Found: C, 46.51; H, 4.91; 

I, 8.27; N, 0.28. 
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Stract-.re of [K(C4B10o2 >J 2 (Yb(C~8 > 21: The atomic parameters and distances are 

listed in Tables I and II. Figure 1 shows an ORTEP view of a formula UD.it with the 

nuabering scheme used for the atoms in Table II. Additional atomic distances are 

available as supplementary material. 

The [8]annulene rings of 1•2DME are planar with all the carbon-carbon bond lengths 

equivalent. The aaximua deviation from the least squares plane of the ring for any 

carbon atom is 0.01 1. The carbon-carbon distances within the ring range from 1.40 to 

1.42 1 with an average of 1.41 ± .01 1. The bond angles within the ring are all 

within their standard deviations of 135°. 

The ytterbium atoa is on the center of symmetry and is sandwiched by two planar 

[8Jannulene ligands; the potassium atoas are each coordinated to one dimethoxyethane 

ligand and a [Yb(C8H8>21 dianion. The average ytterbiua-to-carbon distance is 2.74 + 

0.03 1; the distance of the ytterbiua_atom to the least squares plane of the 

[ 81annulene is 2.03 1. The two sandwiching [ S]annulene rings are par all el-pl anar and 

exactly eclipsed (being related to each other through the center of symmetry), making 

the symmetry of the [Yb(C8H8>21 dianion D8h. 1 is the only bis-[S]annulene complex of 

10 a lanthanide that exhibits eclipsed rings. In ~(C6H14o3 )][Ce(C8H8 > 2 1 the 

[8]annulene rings are in a staggered conformation (i.e., the symmetry of the 

anion 

are aearly eclipsed, but not parallel-planar. The eclipsed vs. staggered arrangement 

of bis-[8Jannulene rings is not considered to be indicative of the type of ring-metal 

bond for these coaplexes. lideline NMR studies on crystals of U(C8H8>2 indicate that 

-1 20 the barrier to ring rotation is essentially 0 kcal aole • Any conformational 

preference for the rings in the bis-[8]annulene coaplexes is aore than likely due to 
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crystal packing forces, and not due to orbital interactions between the metal and 

ligands. 

The average potassium-to-carbon distance is 3.02 ± 0.02 1; the distance of the 

" potassium atom to the least squares plane of the (8]annulene ring is 2.39 1. The 

potassium atom is also coordinated to two oxygen atoms of a DME ligand at 2.796(4) 1 
and 2.731(4) 1 and to an oxygen ata. of an adjacent DME ligand at a distance of 

2.928(4) 1. 

The average Yb-c distance (2. 74 ± .·03 1> in 1"2DD is the same as the average Ce-C 

distance (2.74 ± .02 1> in [~(C6B14o3 )J[Ce(CgB8> 2 J.
10 These equal distances are 

consistent with Raymond's arguments on the ionic nature of the metal-carbon bond in 

21 [8]annulenelanthanide complexes, since the ionic radii of Ce(III) and Yb(II) are 

22 the same.. Note that the addition of. the calculated ionic radius of carbon in 

(8]annulene dianion, 1.49 1, 23 to the extrapolated ionic radius for a to-coordinate 

divalent ytterbium cation, 1.25 1,24 sives a Yb-c distance of 2.74 1. 

PJayaical Properties: The physical properties for 1 and 2 are similar to the 

properties reported for the trivalent lanthanide complexes, I:[Ln(C8B8)2]. 
2 The most 

noticable similarity is the air-send tivity of the compounds J::2 [X(C8B8>21; 1 and 2 

enflame in contact with air. 

Co•pounds 1 and 2 are theraally stable, showina no sign of decomposition when 

heated to 360 •C sealed under one ata of argon or to 200 •c in yacuo. In IBF solu-

tioa, 1 is oxidized to I:[Yb(C
8
B

8
>
2
1, 3, by 0

2
, CCJ

4
, COT, and U(C

8
B

8
)
2

; the presence 

of the bright blue ytterbiu.(III) coaplex was indicated by its visible spectrum. 

Co•pound 3 is theraally uastable and is converted to 1 (by the loss of COT) when 

heated at 310 •c sealed under one ata of araon, or to 200 •c in .!.!..!U!Q.· A mass 
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spectrum of 1 shows no ~~~ that can be attributed to the ionization of the sandwich 

compound. 

Coapounds 1 and 2 have the same solubility properties; they are insoluble in 

hydrocarbon solvents such as hexane, toluene and benzene, but soluble in ethers such 

diethyl ether, IHF, and DME. The slow cooling of a saturated solution of 1 or 2 in 

an ether gives crystals of the ether adduct. The IHF adduct& of 1 and 2 rapidly lose 

IHF in vacuo or in an argon atmosphere (ca. one hour), but the DME adducts are stable 

at ambident temperatures. As with all of the lanthanide [S]annulene complexes, 1 and 

2 exist as powders in the absence of coordinated ether molecules. 

1B-NKR: The 1B-NMR of 1 and 2 were determined in IHF-!8 solutions. The eight 

equivalent protons of 2 occur as a singlet at & = 5.47 ppm. This resonance is ob-

served upfield from the resonances reported for ~[Y(C8B8 > 2 J and ~[La(C8B8 > 2 J which 

2b occur at 5.75 and 5.90 ppm, respectively, relative to external TXS. The ring proton 

resonance of 1 is observed at & = 5.47 ppm. In its ground state, tho ytterbium(!!) 

i h . d 1 25 d i d. i th 1 ~ f h. ft i th b on as no unpa1ro e ectrons an s 1amagnet c; o ac~ o a s 1 n e o -

served ring proton resonance of 1 relative to 2 shows that 1 contains the diamagnetic 

lanthanido(II) ion. 

Visible Spectra: The bright orange 1 in TBF solution has an intense, broad absor-

banco in tho visible region at 504 nm. In IBF solution, II has no absorbance in the 

visible region. The pale green color of 2 is due to trace iapuritie.s; repeated 

recrystallization of 2 from IHF gives a pure white powder. 

The visible spectrua of 1 in IBF can be readily interpreted. Earlier studies on 

the class ~[Ln(C8B8 ) 2 J led to tho conclusion that the broad absorption bands in the 

2 visible region of these complexes are due to ligand-to-metal charge transfer. The 
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visible absorbance of 1 can also be assigned to a ligand-to-metal charge transfer 

band. Preliminary studies on the di-t-butyl derivative of 1, ~2 [Yb(C8B7 <c4H9 >> 2 J, 

show the visible absorbance red-shifted to 520 nm. 26 Alkyl substituent& on the 

[8]annulene dianion make the ligand more reducing and would shift a ligand-to-metal 

charge transfer band to lower energy. Since the Yb(II) ion in 1 has completely 

filled 4f orbitals, n-f charge transfer can be ruled out and the visible absorbance 

of 1 can be assigned as a 1 igand n-to-metal d charge transfer. 

Iafrared Spectra: The infrared spectra of 1 and 2 as Nujol mulls are shown in 

Fiqure 2. The infrared spectra of 1•2DME and 2•2DME are available as supplementary 

material. 

The infrared spectra of 1 and 2 are identical; the infrared spectra of 1•2DME and ,, 

2•2DME are also identical. This similarity of infrared spectra was anticipated, 

since ytterbium(!!) and calcium(!!) have almost identical ionic radii22 and previous 

work had shown that the infrared spectra of CaCp
2 

and YbCp
2 

are similar, 16 even 

27 though the sample of YbCp
2 

may have been contaminated .with YbCp
3

• 

I f d f th 6oo-1000 Cm-
1 . f b" [8] 1 1 n rare spectra or e reg1on o some 1s~ annu ene comp exes 

are compared in Table III. It has been noted previously that the infrared spectra of 

all of the bis-[S]annulene sandwich complexes of the £-transition metals are similar 

as a reaul t of their similar structures. 2 The assignment of the infrared absorbances 

28 ' 
.. of these complexes is still in question; a recent assignment (shown in Table II) is 

additionally consistent with the fact that 1 and 2 have the same infrared spectra. 

-1 
An earlier assianaent attributed the strong band at 698 em to a ring-metal-ring 

29 
tilt. Such an asaianaent could not aive identical spectra for 1 and 2, since the 

difference in mass of ytterbium and calcium would cause a difference in energy for 

any absorbance& which involve the central aetal. Since the infrared spectra of 1 and 
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-1 
2 are identical in the 400-4000 em region, then ariy absorbance involving the 

central metal lllUSt occur outside of this range. 

Powder Patter.: The measured powder patterns of 1"2DME, 2"2DME and the powder 

'pattern calculated from the single crystal x-ray data of 1"2DME are available as 

supplementary material. The powder pattern of 1"2DME was calculated using the cell 

dimensions and the structure factor of the single crystal structure determinations. 

Only two weak lines out of 21 lines calculated for l"DME are not observed in the 

pattern of 2"2DME. 30 Since the ytterbium(!!) complex contains 50 more electrons than 

the calcium complex, one expects and finds intensity differences in the measured 

powder patterns of 1"2DME and 2"2DJIE. Nevertheless, the x-ray powder patterns are 

sufficiently similiar that 1"2DME and 2"2DME are clearly isostructural. 

Coacl .. ioa 

Except for the differences ·that can be attributed to either the difference in the 

number of electrons between ytterbium and calcium, or to the availability of a 

trivalent state for the ytterbium complex, 1 and 2 behave as identical complexes. 

Since it is highly unlikely that the 4f and Sd orbitals are involved in the ring-

metal interaction of 2, these orbitals also play no major role in the ring-metal 

interaction of 1. The agreement of the ring-metal distance in 1"2DME with the sum of 

the ionic radius of carbon in [8]annulene dianion and the ionic radius of 1o-

coordinate ytterbium(!!) also suggests the lack of significant covalent interaction 

between the ring and aetal in 1. The reaul ts reported in this paper fur.ther em-

phasize the uaiaportance of the 4f and Sd orbitals in ytterbiua(II) chemistry; e.g., 

the ring-aetal interaction in 1 is essentially ionic. 
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Infrared spectra (1"2DHE, 2"2DME), calculated (1"2DME) and measured (1"2DME and 
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a.fereacea 

1. Controversy exists in naming sandwich organometallic actinide and lanthanide 

coapounda of cyclooctatetraene dianion; [8]annulene dianion is chosen here 

because this name properly describes the delocalization of charge in the ligand 

and also emphasizes the formal oxidation state of the metal. See Zalkin, A.; 

Templeton, D.H.; Luke, I.D.; Streitwieser, A., Jr. Organometallics 1982, i. 618o 

2. (a) Mares, F.; Hodgson, K.; Streitwieser, A •• Jr. J. Organometal. Chem. 1970, 

l!. C68. (b) Hodgson, K.; Mares, F.; Starks, D.; Streitwieser, A •• Jr. J. Am. 

Chem. Soc. 1973, ~. 8650. 

3. Greco, A.; Cesca, S.; Bertolini, G. J. Organometal. Chem. 1976, ~. 321. 

4. DeKock, C.l.; Ely, S.R.; Hopkins, T.E.; Brault, M.A. Inorg. Chem. 1978, !1. 625. 

S. Mares, F.; Hodgson, K.O.; Streitwieser, A., Jr. J. Organometal. Chem. 1971, ~. 

C24, and reference 2b. 

6. layda, A.L. Organometallics 1983, 1. 565. 

7. Greco, A.; Bertolini, G.; Cesca, S. Inorg. Chim. Acta, 1977, 21, 245. 

8. Jamerson, F.D.; Masino, A.P.; Takata, J. J. Organoaetal. Chem. 1974, ~. C33. 

9. Hodgson, K.O.; Raymond, K.N. Inorg, Chem. 1972, !1. 171. 

10. Hodgson, K.O.; Raymond, K.N. Inorg. Chem. 1f72, 11. 3030. 

11. Hayes, R.G.; Thomas, J.L J. Aa. Chea. Soc. 1"9· !l. 6876. 

12. The infrared spectrum of Yb(C8H8) is reported in reference 4. 

13. The synthesis of Ce(C8H
8

>2 and ita reduction is reported in reference 3. 
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14. The dipotaasilDil salt of [8]annulene has absorbances in the 1000 to 600 cm-1 

-1 
region at 880 and 684 em as reported in Fritz, H.P., Keller, H. Chem. Ber. 

1"2, 11. 158. The infrared spectra of all of the f-block [8]annulene complexes 

reported include strong absorbances at 890 ± 20 cm-1 and 690 ± 20 cm-1 

15. Mikheev, N.B. Iporg. Chim. Acta. 1fl4, 11. 241, and references therein. 

16. Fischer, E.O.; Fischer, H. Angew. Chem. 1"4, 1{, 52. 

18. For Yb, K, 0, and C atoaa: International Tables for X-ray Crystallography 

(1974), Vol. IV, Kynoch Press, Bi~ingham. For H atoms: Stewart, R.F.; Davidson, 

E.R.; Simpson, I.T. 1. Chem. Phys. 1"5, !2_, 3175. 

19. Cromer, D.T.; Liberman, D. 1. Chem. Phys. 1970, ll_, 1891. 

20. Anderson, S.E. 1. Organometal. Chem, 1974, 1!. 263. 

21. Raymond, K.N.; Eigenbrot, C.l.,1r. Ace. Chem. Res. 1f80, ~. 276; Baker, E.C.; 

Halstead, G.l.; Raymond, K.N. Struct. 8 Bondins (Berlin) 1976, 11. 23. 

22. Shannon, R.D. Acta Crystal, 1f76, ~. 751. 

23. In this type of [8]annulene complex, Raymond employs a radius of 1.49 1 for a 

ring carbon atoa; see reference 21. 

24. See reference 22. Each (8]annulene dianion is considered to be a ten- electron 

donor so that each ring formally donates five electron pairs. 

25. Ytterbium(II) has a around state configuration of [Xe]4t14• 

26. The report of K2 [Yb(t-Bu-c8H
7

>2J and the crystal structure of its diglyme adduct 

is in preparation. 
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27. Calderazzo, F.; Pappalardo, R.; Losi, S. 1. Inorg. Nucl. Chem. 1966, 28, 987. 

28. Aleksanyan, V.T.; Garbusova, I. A.; Chernyshova, T.X.; Todres, Z.V. 1. Organome-

tal. Chem. 1981, !11• 169. 

29. Bocks, L,; Goffart, 1.; Duyckaerts, G.; Teyssie, P. Spectrochim. Acta 1974, 30A, 

907. -1 These authors comment that the band at 698 em in U(C8B8>2 is unusually 

high for ring-metal-ring tilt. 

30. The powder patterns are compared for lines with a d-spacing between 9.75 and 

3.10 1. 
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rf~.; 

• 

Atom y z 

Yb 0 0 0 

1: 0.35199(13) -o.34073(12) 0.09645(17) 

0(1) 0.5266{4) -o.5865(4) 0.2003(5) 

0(2) 0.6346{4) -o .3377{ 4) 0.3517{ 6) 

C(1) 0.2982(6) -o.0479(6) 0.1970(8) 

C(2) 0.2208{ 7) -6.1188(6) 0.2916( 7) 

C(3) 0.1084(7) -o.2140(6) 0.2420{ 8) 

C(4) 0.0252(7) -o.2787(6) 0.07 58( 10) 

C( 5) 0.0200{6) -o.2717(6) -o .1077 ( 9) 

C(6) 0.0944{7) -o.1982(6) -6.2010{7) 

C(7) 0.2084(6) ~.1027(6) -6.1517(8) 

C( 8) 0.2936( 6) -o.0416(6) 0.0138(9) 

C(9) 0.4371( 9) -o.7001(7) 0.1946(12) 

C(10) 0.6448(7) -o .57 87(6) 0.3691(8) 

C(ll) 0.7322(7) -o .4573( 7) 0.3771( 9) 

C(12) 0.7098(8) -o .2143 ( 7) 0.3748(10) 

(a) In this Table and in Table II, the nlllllber in parentheses is the estimated stand­

ard deviation in the least significant digits. 
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Table II. Selected interatomic dist&nces <1> 

Atom 1-Atom 2 Distance Atom 1-Atom 2 Distance 

Yb-C(1) 2.719(5) l:-c(1) 2.998(6) 
.. 

-C(2) 2.736(5) -C(2) 3.026(6) 
;.; 

-c(3) 2.760(5) -C(3) 3.036(6) 

-c(4) 2. 7 83 ( 5) -C(4) 3.027(6) 

-C(5) 2.773(5) -c(5) 3.025(6) 

-c(6) 2.729(5) -c(6) 3.025(6) 

-c(7) 2. 711( 5) -C(7) 3.012(6) 

-c(8) 2.715(5) -C(8) 2.989(6) 

0(1)-C(9) 1.425(8) l:-o(1) 2.796(4) 

-c(10) 1.411(7) -0(2) 2.731(4) 

0(2)-C(11) 1.415(7) x-o(1)a 2.928(4) 

-C(12) 1.414( 8) 

C(ll)-C(lO) 1.481 ( 10) 

(a) Atom at position 1-z. -1-y. -z. 

.. 
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i 
a,b 

Table III. Comparison of nfrared spectra 

(a) vs, very strong; s, strong; a, aedilDil; w, weak. (b) nujol aulls. (c) Ref. 29. (d) 

Ref. 2 8. (e) This work. (f) Infrared of. 1 and 2 are identical. 

., 
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Dipotassium Bis-[B]Annulene-Ytterbium(II) and -Calcium(II) 

Steven A. Kinsley, Andrew Streitwieser, Jr.* and Allan Zalkin* 

Contribution from Department of Chemistry, University of California, 

and Materials and Molecular Research Division, Lawrence Berkeley 

Laboratory, Berkeley CA 94720 

Supplementary Material 

1. Infrared Spectra of [K(C4H10o2)J 2[M(C8H8)2J M = Ca, Yb 

2. Anisotropic Thermal Parameters 

3. Calculated Positions for Hydrogen Atoms 

4. C-C Distances and Selected Angles 

5. Least Squares Plane 

6. Powder Patterns 

7. Observed Structure Factors 
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a 
2. Table of Anisotropic Thermal Parameters in K2Yb(C8H8)2'(CH3COCH 2CH 20CH3)2 

ITO" 111 122 833 112 113 123 
YB 3. Gltl U61 3e321tC1&1 3.317(16) le2&7Ctll lel63CU I eS91tC111 
K 3. It 7 C51 3.57(5) 1t.2acst 1e16nl ei1Cit) • 21 Cit I 
OUI lte 26 C11 I 3.39(161 ... 55 c ,., ei7Uitl lei5Clltl • lt2 C131 
0121 3. 57 C1r I 3.62(171 6el5C22t .... (lit) eiiCtSI •eZ6USI 
ccu 2. Itt C21 I 3e71C Ziti Se01tl211 eiZ Ull •e21Ctll •e3ZC2t) 
CC21 lte 36 C2i I ... 66(271 2e75C201 _2el6C231 et3Clll • 61 C14J, 
CC3J ... 65 (27 I ... 57(271 3.aac !Itt te91CZ!I Ze02122t Ze31C2tl 
Clltl 3. 6CJ C21t I 2.75(211 ... , ... e61 Ull lei7CZitl 1e97122) 
CCSI s. ltl (25) 3.071 221 s.scst •' 6 Ull e56C!U •tell 1211 
CC&J lte 21 C2SI ... 51(261 2.9at zu le7&C22) e911lll •e~Ctl) 
CI7J 3.96C21tl •• SIICZ&I ... 30 c 25) le77C211 2e71tC!U .afJCZII 
CCII 2. lt3 CZI I 3e7ZCZ1tl 6.SCSI el Z Ctll ZelltCZU .az czz 1 
CC91 .... , .. , .... ':s, 9e2CSI ··111211 3 •• , .. , •eiC 31 
Clll I S. 21 121 I S.CJ3CZ51 lte01tCZ5) lelt2C221 t.26C221 ell CZII 
CCll I 3. 27 C21tl s. 7·(], ••• 31211 eCJICZZI e3712U ••• 3 121t I 
cc12 1 ... 7( 3) 5.1tiSI •• sc,, •leli(Zf) elt11271 •e33 CZII 

a 
The anisotropic temperature factor has the form 

exp(-0.25}(B11 h2a*2 + 2B12hka*b* + ••. }}. 
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... 

3. Estimated Positional Parameters for the Hydrogen Atoms in 

K2Yb(C8H8)2·(cH30CH2CH20cH3)a 

.. ,1, .371t .Ill .27141 

11(21 e253& •e09'68 eft23 

~(3) .a7ti •e2ftl9 .3 .. 65 
eD4Jttlt .. , .. , •e0Ct35 •e3\ft2 

HC51 •e052! •e3333 •e119 .. ,,, .as a; -.2175 •e333 .. 

If (7, .2338 •• or19 -.2576 

H C8, .361. eD!03-- •eiG11 

ltC91 e390 •• r.•'l7 e2908 

HUU ... 99S -.7s&1 .21~7 

HC111 .351t9 -.7133 el7ft3 

H (12) e7113 -.&i23 .s 17fi 

It '1 31 .6 oos •• ;&418 ... , .. 
H UCtl .817 •• ftSl 9 ... ,,. 
H (15) .7735 •elt&37 e2691 

If 1161 e7&li -.2187 .2138 

H U7) .785~ -. 210 3 eltCJI2 

14C111 e63&m -.1353 .3602 

a These parameters were included at these calculated positions but npt 

refined in the least-squares procedures. H(l-8) and H(9-18) were 

assigned isotropic thermal parameters of 8.0 and 10.0 respectively; the 

isotropic thermal parameters were also not refined. All C-H distances 
0 

are between 0.98 and 1.00 A . 

- 25 -



C(1)-C(2)-C(3) 
C(2)-C(3)-C(4) 
C(3)-C(4)-C(5) 
C(4)-C(5)-C(6) 
C(5)-C(6)-C(7) 
C(6)-C(7)-C(8) 
C(7)-C(8)-C(1) 
C(8)-C(1)-C(2) 
0( 1 )- K -0(2) 

K -O(l}-C(9) 
K -O(l)-C(10) 
K -0(2)-C(12) 
K -0(2)-C(ll) 

C(9)-0(1)-C(10) 
C(12)-0(2)-C(11) 
0(1)-C(10)-C(11) 
0(2)-C(11)-C(10) 

134 .8( 5) 
135.0(5) 
134.9(5) 
134.9(5) 
135.5(5) 
134.6(5) 
135.0(5) 
135.2(5) 
92.8(2) 

112.9{4) 
114.0(3) 
117.4(4) 
118 .1(4) 

111.4(5) 
113.9(5) 
109.6(5) 
109.0(5) 

C-C Distances in cyclooctatetraene ligand 

C(1)-C(2) 1 .409(9) 
C(2)-C(3) 1 .400( 1 0) 
C(3)-C(4) 1.421 (10) 
C(4)-C(5) 1.409(9) 
C(5)-C(6) 1.395(9) 
C(6)-C(7) 1 .413(9) 
C(7)-C(8) 1 .407(9) 
C(8)-C(l) 1.408(9) 

- 26 -
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5. Cyclooctatetraene Least Squares Plane 

0 

Atom .Distances to Plane (A) 

C(l) 0.006 
C(2) -0.010 
C(3) -0.008 
C(4) 0.011 
C(5) 0.009 
C(6) -0.012 
C( 7) -0.008 
C(8) 0.012 
Yb -2.032 
K 2.391 

Plane equatfon with respect to crystallographic axes: 
6.005X - 6.898Y - 0.425C = 2.032 
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6·. CALCULATEJ POWDER PATTERN FOR K2Y B (C8H8 l 2• tCHJOCH 2CH2 ~CH Jl 2 
X•RAY WAVE LENGTH E 1. 54150 A N~S TRO t1St 

A = 9.3 lt& B a 9.775 c • 7. 7l+Q 
ALPHA = ~1. 7 Z BETA c !l9.16 Gt.MMA = 86.22 

H I( L 0 I 2 THETA SIN)Q 

0 1~ 3 9e 753 2 ez. 9.07 eOD~2S 

1 ,. l 8.~13 1lttl. 1u .a ~.t .~0765 
c Q' 1 7e311 71+1. 12.11 .J1!12 -· 
1 J -1 6.8 31 262. 12.96 .01C:71t 
1 1 ] 6.7lt1 1CC.Q. 13.13 • 01 ~De 
1 •1 ~ 6. 3 5-. 229. 13.94 • 01472 .. 

J 

0 -1 1 5.,875 161. lS. G 8 eC1722 
0 1 1. s. 8 25 3 f; s. 15.21 .01751 
1 1 -r s. 7 ..... 599. 15.43 el1801 
1 -1 -1 5el.t57 77. 16. 2i.t • ~1 995 
1 Q 1 ... s 95 1~0. 18.12 • 02 48J 
a z ) ... 811 24. 18.19 .02J.t39 
2 0 -1 ... + 76 155 • 19.83 .02966 
1 1 I a..it23 1~ot4. 20.08 .03038 .. 
2 J J ..... Q6 36. 2 ~.15 • V3 Q6!. 
1 2 0 ... 3 79 se • 20.28 • ~311' 
1 -1 1 ... 328 't. 21).52 .03172 
2 1 •1 4e1t74 38. 21.29 • 83412 
1 -2 0 4te163 11. ~1.3-. e034t28 
2 1 l ... 1.08 St. 21.63 .03521. 
1 2 •1' ... ~ 75 36 • 21.81 • 03579 
0 •2 1 ... a 71t 37. 21e82 • 03581 
0 2 1 lt.Q ltC .. 6. 22.0J .03 64) 
2 -· • -1 3e971 7. 22.39 • Q3 77~ 
2 •1 Q 3.329 7. 22.63 • '3 85l 
1 -2 -~ 3.5 71 lt1. 22.98 .g39&6 
1 

,. -z 3.s 52 232. 2 3.09 • (i~(;Q 5 4 

0 0 z 3e655 :. ... 2'+. 35 • 01tltlt7 
1 1 •z 3.&26 3. 2&t .. S5 .Olt519 
1 -1 -z 3. 51tQ 2. 2 5.16 • Clt7&t2 
1 2 1 3,5 G2 17. 25 ... 3 • oa. e~ts 
0 -1 z 3.&t33 63. 25.95 • t5C lt3 
2 9 -z 3elt15 3. 26.09 • est 95 
0 1 z 3.1t 1~ 22. 26.11 • G510 Z 
2 z -1 J.r.11 34t. 26.12 • 0510 7 
1 -z 1 3 ... D9 69. 26e1C. .D511r. 
2 2 0 3. '371 &t4t. 26elt4 .~523i. 
2 il 1 3.321e 85. 26.82 .C!:379 
2 1 •2 3.2 et . 46. 27.19 • 05~2~ 
0 3 0 3e25l 113. 27.'+3 • C5&2 3." 
2 -z -1 3.1. 95 16. 27.93 .0582!· 
2 1 1, 3.1~86 ... z 8. Q 1 .05!5; .. 
2 -z 0 3.177 1. 2 8. 0 g • 05 888 
2 -1 -z 3.17t 1 ~~. 28.15 • Q 5 C:13 
1 3 :a le111 29. 2 8.7 ~ eD61&t1 
2 -1 1 3.1. o e 1 \) 7. 28.73 eC615ft 
3 c •1 3.1 .,'i eo. 2 8. 84 .06185 
1 2 •Z 3.176 11. 29.03 .06281 
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X-RAY POWDER PATTERN COMPARISON 

( K ( C 4 H 1 O 0 2)] (Y b ( C 8 H 8 ) 2] (K(C 4H10o2)] [Yb(C 8H8 ) 2] [K ( C 4 H 1 O 0 2 ) ) [ C a ( C 8 H 8 ) 2] 

t.aacuaatea Found Found 

D{ft) I D(ft)b Ic illlb Ic 

9.75 282 9.83(5) w+ 
8.81 140 8.80(4) w 8.76(4~ w 
7.31 747 7.31(3) s- 7.33(3 s-
6.76 1282 6.73(2) s 6.74(2) s 
6.35 229 6.36(2·) w+ 6.37(2) w-
5.79 1125 5.76(2) s- 5.76(2) s-
5.46 77 5.45(2) w-
4.89 174 4.87(1) w+ 4.90(1) w-
4.45 392 4.42{1) m 4.47(1) m 
4.33 4 4.34(1) w 

N 4. 14 99 4.15(1) w- 4.15(1) w-~ 

4.06 119 4.07(1) w- 4.07(1) w-
3.95 13 3.93(1) w-
3.85 273 3.85(1) m 3.85(1) m 
3.65 17 3.61(1) w-
3.51 19 3.53(1) w-
3.41 235 3.43(1) w+ 3.43(1) w 
3.31 131 3.31(1) w- 3.31(1) w-
3.24 129 3.25(1) w- 3.25(1) w-
3.17 155 3.17(1) w 3.17(1) m 
3.10 227 3.10(1) w 3.10(1) w 

aAdjacent lines combined where 2Q values are less than 0.50° apart • . The position 
of the lines is calculated as r (Di * I.) . See previous page D - 1 - t I. 

1 

bThe number in brackets is estimated error in the least significant digit. 
cEstimated relative intensity 



1 OBSERVED STRUCTURE FACTDitSe STANDARD DEVIATIONS, AND OIFFEaENCES CALL X I ell 
KZYBCCIHII!eCCH30CH!CH20CH312 ,. I. I ell • !557 

,08 AND FCA ARE THE OISEitVED AND CILICUUTED STIUCTUR£ FACT81tSe 
SG • ESTI"lTED STANDARD DEIIlTION OF FOB. DEL a /fOil •· IFCA/e 
• INDICATES ZERI t1EIG~1ED DATAe 

1C FOI SG DEL IC FOB s; DEL K FIB SG DEL I FOI IC IEL K FDI SG DEL 
M,La •• • .. ltCJ5 13 ., HeL• It I ' 13 1' • • 119 J •I 

1 316 11 • 5 t70 5 ~ •CJ IS 6 _, 
HeL• •• • J tl9 6 l 

2 227 6 l 6 371 11 •3 •I 1'1' • ... .. 111 I • 't77 I • 3 755 t9 5 7 260 , 21 •7 213 • t •I ttl • t. 7 til ' ! 
.. 331 ' •2 I tit J • -6 1!6 5 .. •Z 12 • z • llt9 5 • 5 3tl I •t 9 t63 5 .. •5 216 • 13 -t t!6 5 3 HeL• t. •5 ... 

' 327 9 •11 11 92 • •t ... 21!1 • !! I 126 I s -· t61t 6 •! 
7 ttl 5 •Z 1t ICJ I -s •3 til 5 t3 t II 7 •S •I 39 ... •• 
I t31 5 t5 HtL• It 3 •2 lll I 3 Z 135 I 3 •7 IZ 6 11 
CJ 2 lit 6 -z •tl •• i 

_, •1 257 1 •• 3 !2 I t _, 119 6 •7 
11 91 ' •I -· 139 s •11 I 251 7 •2 .. 12 19 •3 •5 ttl J 6 
11 II ' •1 •I 21t1 , 1 1 315 • -~ M_,L• 1. -· eo\ 213 ' 1t 

H,La •• 1 •7 1 .... s 11 2 3•5 9 2 •J 72 7 I •3 217 6 •1 
•11 131 5 •5 _, 257 , • ! 1rtl 5 tl ... 117 ' .. •2 153 5 •7 
•11 71 6 •7 •5 lt01 10 •• It 21t9 7 17 •3 72 ' I •1 376 11 •11 -· 1 .. 6 •3 ... 263 , ~ 5 !il 7 t •Z 112 ' •• I 361 tl •11 
•I 314] • 11 •3 ll. i •I 6 ,, 

' •3 •1 11t9 5 •5 1 t63 5 •2 
•7 tll 5 z •2 679 tr .. 7 116 5 2 I 97 ' -6 Z 292 I 1 
•6 291 • •2 -1 221 • J I 13 6 l t tl6 I •7 I ••• • •2 
•5 351 ' •6 I 371 11 •11 9 'J Jlt •7 z 1llt 5 ... 4•137 ' 19 
... 253 7 5 t 559 lit •t6 M,L .. I, 6 3 .I I •J I Zllt I ZJ 
•3 lt6 21 21 2 111 5 •11 ~. lll 5 •3 .. 116 ' •• I 211 7 •1 
4!12 J lt5 • 7 3 317 I •15 •7 159 5 J J t•l I t r 79 6 •t 
•l .II 12 •2 .. 315 11 _, 

-· 117 5 •J MeL• 1t •7 I 196 ' •I 
I 127 22 •2 5 154 s •3 -s t3s 5 1 •7 ttlt I I • 166 I z 
1 717 11 •14 ' 261 

, ~ •It 1rl 5 3 ... 71 7 -z MtL• 1t ... 
z 314 11 5 7 Z62 , 19 •3 liZ 5 •2 •J 19 I •Z •11 51t 19 •12 
3 737 t9 t5 1 111 5 1 •2 2!3 6 I _., 1n I _, ., 112 ' t 
It 516 13 It • 11tl 5 3 •1 zr1 7 17 •J 119 ' •7 •I tZI I I 
5 titS .. _, 11 112 ' 2 I 156 5 16 •2 111t I •12 

_, 71 ' •Z 
6 393 11 •2 HtL• •• .. 1 211t 6 tl •1 166 ' •• .. 212 7 lit 
7 Z9CJ I 6 •11 119 ' •11 2 269 7 , I 111 I -· •5 t91 6 ' I 13 6 15 •9 111 • -· J M s ... 1 1n I •11 ... 171 ' •t 
' 213 6 •3 -· 199 • 1 1t 1r1 s •• I Ill • ... •3 !12 I -·· ll 115 I •6 •7 196 • I s 117 6 •2 I 159 ' •• •2 271 7 •17 

11 7ft 7 •7 _, 2az • Zit 6 13 6 t • 117 ' •J •t Zl! ' •11 
M.L• It 2 •5 J97 11 1! 7 ttl I J I 1ilt ' I I ltll 1J •IZ 

•11 157 6 -· ... 311 I •3 I ,. ... •7 ' 12 ' ~ 1 J29 • -t3 
~10 II 7 •11 •3 tSI J •J HtLia It 7 ' 111 • •6 z zz• • _, 
•• 116 I -z -z JQ7 tJ I •7 1!9 I •! MeL• It •I I 357 ' •11 
•I 222 • • •1 277 7 •• _, 111 5 •I .. It 11 •1! '11t6 ' ' ., 171 ' 14 I 16Z J •• -s rl ' z •7 .,, • • ' !19 I ' 

.. 
•6 Z71t 7 •7 1 651 ,, •Zit ... 119 ' J ell!J I 1 ' 339 ' z• 
~' 311 • I I !17 , •11 •3 116 5 •• _, II • ~ , lltJ ' I 
!tit 275 7 •5 I 217 ' •• •2 1J7 J •I ... 1ft ' •Z I· 111 I • •I 516 tit .. .. 122 • •11 •l !il 7 •I •I lU ' • ' 211 6 •• 
•2 619 tl 13 J 17t J J I 15 • ... -r , •• I 11 II ttl 5 I 
~· 514 lit ' 6 lZS J 11 

1 ' '' 
I •J •t Rlt • It MeL• I• •I 

I 212 • •It 7 191 ' •1 2 1113 ' •Z I 1Jl I 21 •11 II'' •IP 
1 Ztl I •15 I 91 ' •1 3 1!6 J •11 l 177 I zr. -· 111 I •1 
z 191 I •Z ' 51t ,. ' It lll I • I J62 11 !I .. lltl I I 
J 5 .... lit •16 11 12ft ' ... 5 111 I z I 132 I • •7 191 6 16 
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STRUCTURE FACTORS CO~llNJEO FOR 
K2Y8CCIH8)2eCCH30CHZCH2~CH3J2 PAGE 2 

1C FOB SG DEL IC f08 Si DEL IC FIB SG DEL K FOB SG DEL K FOB SG OEL 
•6 313 • I 2 338 i ~ 10 1P6 6 1 •3 161 11 z •2 126 s •ft 
•5 212 7 •ft 3 531 lit lit 11 119 6 •6 •2 111 " ... •1 9ft s s 
•ft 1 9CJ s •1 .. 704 11 ll HeL.Ia t. 2 •1 331 • •1 • lift 6 •2 
~3 ltCJ5 13 •17 s 113 .. _, •11 11"8 s •2 • ZCJI I -· 1 111 s •3 
•2 ft31 11 -· 6 377 11 1 •10 211t .6 2 1 211 I •11 2 91 • •1 1 
•1 21t0 6 •12 7 ItO 3 ll 7 -· 15 6 -~ 2,ft61 12 •5 3 116 5 •!' 

• 35! 9 •1ft • lit i 11 -· 216 6 1 3 216 ' •16 " 7ft 6 ' ... 
1 325 I •C) CJ 190 i 

_, •7 31t5 9 22 .. 111 5 5 s 73 ' 3 
2 295 • 3 10 125 5 •I •6 11tt) 5 •5 S 2CJ2 I • 6 63 12 •7 

"' 3 53a lit •12 11 55 11 •lit •5 2rr. 7 •2 ' 212 ' 1 MeL• t. I 
ft 276 7 •3 HeL• 1t I ... 331 9 •6 7 116 5 •S •J 1 J5 5 -· 5 2 31 6 •2 •11 166 i •3 ·3 31 a a 3 • CJ9 I •1 •2 119 s 2 
6 322 9 1 •10 127 5 ., •2 711 tl !I I 113 ' •1 •1 66 a •11 
7 195 6 16 •9 110 5 1 •1 66ft 17 11 11 '2 '" -~ • 115 s " • 175 5 •It -· 26CJ r I 0 126 .. 3 HtL• lt s 1 112 6 ft 
9 152 5 •II •7 265 , 3 1 503 13 l •9 llt2 5 -s 2 ,. 19 •1ft 

10 121 5 •II •6 160 ;· •0 2 319 • •23 •• 95 • •7 J 99 6 •1 
11 75 7 •7 •5 371 111 •• 3 21J ' •6 •7 ttl s •2 MeL• 2, •9 

He L• lt •2 ... ltlt5 lZ ·7 ft 377 10 •9 •• 221 ' t •l 111 6 _, 
•11 113 6 •3 •3 71 .. 13 5 230 6 •10 •5 119 5 • • t3a 6 •3 
•10 61 15 •12 •2 173 5 •10 ' , .. 6 _, ... 235 I 11 1 57 17 ... 

•9 l31t 5 5 •1 531 lit • 7 356 9 11 •3 261 7 lS 2 72 •• •9 
•I 169 s 2 a 3a5 • I a 211 6 .. •2 150 5 17 MtL• 2, -a 
•7 172 5 16 1103CJ 26 -~ 9 33 ftlt ., .. •l 211 7 • •S •• 7 1 
•6 293 • •6 ·2 391 11 • 10 l i 3· s • I 121 I 3 •ft 15 6 1 
•5 361 10 •3 3 390 111 •I 11 15 7 •2 1 221 ' 16 •3 tit I 5 •1 
•ft 21ft 6 •I ft 760 11i 7 HeLia 1. 3 z 262 J 21 •2 69 12 -· •3 61511 •It 5 26CJ r ... •10 1 s 5 6 . .. 3 195 ' 21 •1 lft7 5 •2 
•2 SCJft 15 1 6 261 , 1 •9 11tl 5 •2 .. 1!9 5 15 I 133 5 •3 
•1 92 ft 5 7 251 , •5 •I t·2 5 3 s Zllt ' 

_, 1 107 6 •10 
• 161 22 •27 a 223 • 15 ·7 317 I .. 6 211 ' •ft 2 1211 s •6 
1 111 ft •2 9 110 ; •3 •6 199 6 19 7 sa Zl •lZ 3 129 s •3 
2 2ft8 7 •2 10 178 i •1 •5 2!9 6 •2 • 13ft 5 11 " 16 6 6 
3 7GCJ 11 9 11 112 ; •3 •It lt15 11 •0 • 79 6 7 s 11 It 5 " .. lt76 12 •5 MtL• 1t 1 •3 251 7 •D H.L• lt I MeL• z. •7 
5 2 3~ 6 5 •11 1111 !i •i •2 31"7 I ... -· 71 1 •1 •7 67 15 •7 
6 351 9 •5 •tD 158 !i •2 •1 6!5 16 •17 •7 1113 5 •2 •6 llt2 5 •3 
7 30ft a a •9 lft2 5 •3 o 3r 1 10 •2 .. 21"1 I •1 •5 99 6 •ft 
a ta3 5 10 -· 212 ' ll 1 151 ft •11 •5 lilt 5 •t -· 115 5 ... 
• 201t 6 1 -7 31 .. s 12 2 5!5 lit •27 ... 129 5 3 •3 157 5 •5 

ta 91 5 2 •6 158 5 -~ 3 1S5 s •15 •3 161 5 •• •2 152 5 •tl 
11 31t ft 3 •tS• •5 322 • _, .. 21t3 6 •7 •Z 157 ' •7 •1 111 5 •12 

MtL• 1. •1 ... ltl7 13 -· 5 316 I •10 •1 ,,, I l • lSI 5 •I 
•11 tSO 5 •1 •3 11t5 ~ 3 6 12 6 , .. • z-.3 1 3 1 112 s •3 
•11 111 5 •1 •2 571 15 15 1 l71t s .. t liS ' 1 Z 151 5 •5 _, 6ft 7 J •1 113 .. ' I 216 6 •5 2 156 ' •Z J 276 1 1 .. 
•I 351t 179 ' ' 132 5 • § I 560 lit •D 9 12 7 ... 3 -z 1 
_, 12ft s 2 1 595 15 •li 10 15 7 •6 .. '' I ., I 111 5 •5. 
•6 112 5 •2 2 256 , •1! H,L.Ia '· .. s 163 5 •! ' 175 6 • •S lt11 11 •7 . 3 274J , _, •tO 1 !C) 5 •3 6 12• I " 7 71 • I ... 22ft 6 2 .. lt61 lt •I -· 11t7 5 •1 7 12 .3 .,. MeL• 2, •6 
•3 532 lit s s .. oo 111 .. •I 111ft 5 •! M•L• lt 1 -· 131 ' •2 
•2 372 10 _, 6 175 5 •l ·7 til 5 •5 •6 1E6 ' •7 •7 29 ItS •II• 
•1 366 9 7 7 29CJ I • •6 232 6 10 _, liZ ' •7 .. 112 s _, 

a Sft3 1" •3 • 172 5 .. •5 116 6 11 . .. lt9 21 •I •S 113 6 •5 
1 91tl Zit •3 • 98 • •• ... 3SZ 9 2 -3 tE6 5 s . .. 92 s •I 
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STRUCTURE FACTO~S CO~TJNJED FOR 
K2YBCCIHitZ.CCHJOCHZCHZQCH3)2 PAGE 3 

1e Foe SG DEL K F'08 Sli DEL K FIB SG DEL It FOB SG DEL IC F'O 8 SG DEL 
•3 196 ' 5 •10 133 !i z •2 215 7 1 i 113 !5 • •5 252 7 lCJ 
•2 2 SCJ 7 18 •9 lit ltl -12• •1 11t2 .. •It 7 121 !5 • -· 216 6 17 
•1 64 • 17 •I Z3E & •l I &!IIJ 16 .. • Zllt 6 I •3 310 • s 
a zso 7 13 •7 171 5 13 1 3!8 9 ·7 9 75 7 •8 •2 369 11 •3 
1 115 6 17 •6 lS .. 5 .. 2 377 ll •16 11 ,. • •6 •1 16 5 •lit 
2 llE 5 25 •5 llt3 J •S 3 21t5 6 •6 11 125 ' •• I 3Z3 I •11 
3 293 I 15 ... 312 I •5 ft 2il 7 •9 MtL• 2. 2 1 204 6 •6 
It 173 5 2: •3 288 s •5 5 538 14 •7 •ll 12CJ !5 •3 2 161 ' •2 
5 148 5 •4 •2 591 15 •l 6 .3 5 •3 •9 236 7 3 3 262 7 5 
6 190 6 •1 •1 503 13 •• 7 21t6 7 4 •I 167 !5 •l 4 12tt 5 11t 
7 11t6 5 •5 • 111 .. -a I 273 7 12 •7 233 ' '' 5 179 ' I 
a 60 16 •lCJ 1 571 15 •16 9 a a 6 •3 

_, 
4tttt 12 lit 6 194 6 -· C) 121 5 •I 2 31t7 ~ •& 10 138 5 2 •5 130 5 •6 7 111 !5 •5 

H, L• 2. •5 3 233 & •5 11 117 6 •6 •4 215 I •2 I 91t 6 •6 
•9 117 5 •2 4 437 1! 

_, 
HeL• 2t 0 •3 478 12 •I 9 112 6 1 

•I 
1 '" 

6 ... 5 111 s 3 ··11 i7 • -6 -2 17ft !5 -I H,La 2. !5 
•7 lOS 5 -s 6 235 & 1 •10 212 6 •2 •1 !571 1!5 12 -· 111 6 •2 -· 137 5 •5 7 295 5 26 •9 11t6 5 •3 I 771 21 7 •7 17 6 •9 
•S 29ft • 6 • 108 s , •I 211 ' ' 1 172 !5 •7 .. 17!5 5 •I 
•4 112 5 lit 9 135 s 1 ·7 .... 11 21 2 385 11 •5 •5 253 7 I 
•3 lilt 5 •I 10 t3CJ 5 •3 •6 !17 • •3 3 lt77 12 •27 ... 113 !5 2 
•2 266 7 •13 11 75 , 1 •5 31t3 9 I ' 114 ' •• •l 312 I I 
•1 201 6 •7 H,Lz 2e •2 ... 56 3 1ft •15 5 211 ' •11 •2 Jilt • 2!5 

• 251 7 •1CJ •11 143 s 3 •3 733 19 9 12!7 ' •1 •1 •• 11t 9 
1 351 9 •16 •10 171 ' •2 •2 ,. 4 I , 76 7 !4 I !49 7 17 
2 2Git 6 •5 •9 7CJ & 

_, 
•1 11t9 .. •l • 131 5 •3 1 221 ' 16 

3 201t 6 •7 -· 160 s •2 0 31"2 I 6 9 166 5 • 2 111 !5 21 
4 2 29 6 .. •7 330 I 21 1 381 tO •7 11 Zl '4 •17• 3 143 !5 7 
5 12 .. 5 23 •6 131 5 

_, 
2 ltll 11 •15 11 12 ' •• ' 92 !5 1 

6 200 6 1 •5 236 & •i 3 216 6 •9 HtL• z. 1 5 95 5 
_, 

7 115 5 z ... 41t6 12 •lit 4 Jil 9 •5 •11 ... ' e6 6 156 5 •2 
I 75 11 •3 •l 134 .. 1 5 Jil 9 •11 •9 1t9 ' •5 7 121 ' •!5 

' 11tlt s • •2 712 15 z 6 liZ 5 •5 -· liZ ' •3 I lit 43 •tt• 
He L• z. •4 •1 197 23 •It 7 2i7 7 3 

_, 
121t ' 

_., 
MeL• Ze • •11 101 6 _, 

D 120 It 2 a 112 5 I -6 149 • 24 •7 115 6 •7 
•9 111 6 •11 1 lt62 1Z •lit 9 il 7 5 -s Z43 7 7 ·6 167 6 •9 
•I 191t 6 5 2 318 10 •lit 10 1!1 5 1 ... 170 ' •6 •S 245 7 •1 
•7 163 5 3 3 202 s •& 11 133 6 •11 •3 371t 11 •11 -· 95 s •2 
•6 117 6 17 It lt9CJ 13 •2 HeLt= 2e l •2 311 • •1 •3 1 Jft !5 •11 
•S 31tCJ 9 2 5 308 s l •11 J!Cf 6 •6 •l 317 I •2 •2 221 6 1 ... 2 3c; 6 •CJ 6 162 !i • •10 199 6 s I 319 • •7 •l 154 s -· •3 203 6 1 7 26~ , 

'' •9 211 6 1 1 38~ 11 I • 119 ~ 2 
•2 335 9 ·1- a 122 • 12 •I 1'1 5 s ! 213 !5 •11 1 217 6 •1 
•1 273 7 •21 CJ 7«. i 4 •7 574 10 20 3 lt25 11 •Zl 2 tiS 5 _, 

• 311 11 •26 10 137 s ' •6 liS 10 •2 .. 215 ' •7 3 111 s s 
1 311 11 •19 11 91 ' •2 •5 tra s •1 I 118 ' •Z 4 17- 5 •l 
2 305 • •lit H,Lz 2. -1 

_,. 
552 1ft •3 ' Z11 ' lZ I ZCJ 37 _,, . .. 

3 211 ' •11 •11 ss Zl •26 •3 ,,. ~~ s 7 t1 ' • 6 64 • •lit 4 2 7CJ 7 •15 •10 183 • _, 
•2 1•6 .. 1 I 135 • •• 7 71 6 7 

5 157 s •2 •9 196 i l •1 771 20 5 ' 114 ' •• MtL• 2. 7 

' 211 6 21 •I 136 5 7 a iiZ 17 17 11 
_, 

1. •9 •S 167 6 •2 
7 199 6 6 

_., 
J9e 11 lit 1 .... 5 s MeL• Ze .. _, 143 5 •4 

• 47 11 •12 •6 Z32 & z 2 4iS 12 •13 •9 !14 ' •3 -3 IS • •I 
CJ 160 5 1 •5 225 & •• 3 2tiiJ I •lit •I 141 ' ... •2 166 I •1 

11 155 s •4 ... 656 17 I 4 21'1 I •It •7 111t 5 1 •1 1!1 I •6 
H, L• 2e •3 •3 213 ' •It 5 z•e I •10 _, 216 ' •4 • ,. I !5 
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STRUCTURE FACTORS CO~TINJEO FOR 
K2YBCC8H8,ZeCCH30CH~CH20CH3)2 PA'E tt 

K FOB SG DEL K Foe s; DEL K FIB SG DEL IC FOB SG DEL C F08 SG DEL 
1 131 5 I 5 151 i 1 •2 3!, • •7 • 173 ' •I •5 ,,.. 12 15 
2 98 6 2 6 112 ; •8 •1 sa-. 11 •1 9 ''' ' 3 _, 234t 13 13 
3 11 6 •2 7 litO ; • 0 ilt3 16 . , 11 " ZE •9 •3 115 .. ... 
.. 137 s I • 9CJ ~ -a 1 155 .. •i u 115 5 • •2 ftll 12 •1 
5 16 • 1 9 62 16 •1 C) 2 lt&8 12 •20 MeL• J, • •1 216 6 -s 
H,L• 2t 8 HeL• 3, •5 3 338 9 •17 •II sa !I •15 

• "'' 12 -· 0 60 • 1 •CJ 91t ~ •5 ' 132 ' 
_, 

•9 221 6 z 1 '2' 11 •1 
H, L• 3, •9 -· 158 i •1 5 lt3. 11 •3 •I 211 ' •3 2 211 6 •5 

•2 tOE 6 1 •7 113 ~ 3 • 11tl 5 1 _, 161 5 22 3 337 9 •13 .. •1 56 19 •19 •6 11tlt 5 •l 7 tlta 5 15 _, 387 11 .141 .. ,39 11 •12 
I 13E 5 1 •S 239 , It a za~t 6 •6 •5 227 I •5 5 213 6 ... 
1 llt6 6 2 •It 365 11 25 9 112 5 5 ... 596 15 • 6 95 6 6 
2 68 lit 1 •3 ,, .. ; ~ 10 ,., 6 1 •3 153 22 •5 1 115 5 3 

H, L• 3, -a •2 236 • •11 11 111 6 I 
•2 ''' 

12 • • 100 5 -· •5 133 5 -a •1 331t IJ 
_, H,L.a s. •2 •1 210 6 •1 • •• 6 2 ... 13 6 2 0 173 ; •ll •10 171 5 1 • 151 Z2 11 11 111 6 • •3 93 6 •3 1 366 10 •ll •9 1111 6 ' 1 ltttl 11 • MeL• 3, 3 

•2 166 5 •1 2 lilt 10 •! -a 1r5 5 •5 z 149 ' •9 •9 111 5 •9 
•1 sa 16 •19 3 196 ; I •1 Zit 7 11 3 550 lit •11 •I 236 7 1 

I 151 5 
_, .. 112 ; 11 •6 :s•2 II 5 .. tit .. •22 _, , ... 5 .. 

1 l 55 5 ... 5 228 ; 13 •5 Zt9 6 2 5 Ziti 1 •1 •6 , ... 5 1 
2 102 6 I 6 tltCJ ; •7 ... 1i7 5 •7 6 367 11 •9 •5 371t 11 31 
3 120 5 -· 7 121 5 -~ •3 659 17 •1 1 115 s 11 

_, 21, 6 1 
.. 116 6 •2 • 92 ~ , •2 2!3 6 2 • 110 5 •Z •3 291 • •• 
5 91 6 •2 9 76 ; ! •1 51t2 lit 5 9 125 5 •• •2 367 11 •5 
6 ICJ 6 2 H1 L• 3. •It a 7!1 19 •3 10 z• •• -·· •1 213 6 3 

H, L• 3, ·7 •11 126 5 .. 1 21t2 6 •5 11 57 11 •11 I 316 • 3 
•1 ... 6 

_, 
•CJ 11 CJ ~ ., 2 3i6 10 •lit MeL• le I 1 333 4J •6 

•6 71. 1 I -· 95 ~ •& :s :sa a to •26 •II 11 ' -· 2 22tt 6 •3 
•5 1 7CJ 6 •1 •7 236 , ... ' 21t2 6 

_, 
-9 149 5 6 3 217 6 •11 

... 116 5 •2 •6 161 s 5 s 112 5 •lit •I 257 1 •ll ' 292 • 12 
•3 151 5 ... •5 21t6 , 17 6 176 5 •17 •7 173 5 13 

5 ' '' 
5 17 

•2 223 ' •12 .,. ltl CJ ll -· 1 113 ' 15 •i 311 I 16 6 123 5 • •1 194J 6 •11 •3 202 i •2 • li6 5 3 •5 ttlt2 11 11 1 179 5 -· • 79 s •1 •2 313 I •3 9 lil s •3 ... 157 5 -· • 3' 4t2 1• 
1 151 5 •6 •1 lt91t 13 •13 10 71 7 2 •3 511 13 •Z 9 17 6 •7 
2 13ft 5 •ll a 11tCJ .. ... 11 ,,, 6 •Z •2 !11 15 -· 11 90 6 2 
3 11E 5 •5 1 311 10 •19 HeL.• 3e •1 •1 25, ., -· HeL• ;s, • 
It 2 DCJ 6 -s 2 533 lit •22 •10 117 5 3 • 5!7 , .. 11 •9 II 6 •11 
5 91t 6 1 3 256 , _, _, 198 6 .. 1 616 17 ' -· 229 

6 •1 
6 103 5 •1 .. 20CJ i •11 -a 119 5 •9 2 161 It -· •7 171 6 ·3 
7 152 s •3 5 320 I 5 •7 2,9 7 !2 3 ... 3 13 •21 •6 123 5 -· H, L• 3, •6 6 161 s 21 •6 lt31 11 5 ' 358 • •17 •5 ZitS 7 •1 

-· 123 6 •1 7 ,, .. ; •2 •5 2~t7 7 It I t3 5 -· ... 211 6 ' •7 151t 5 -· I 161 ; • ... ltiJI6 13 •9 6 2E9 1 •I •3 235 ' 21 
.. 111 s -z 9 ltlt Zit I •3 71t6 19 •17 7 1 .• 6 ' 11 •2 367 II 21 
•5 114J 6 2 10 101 r. •2 •2 2!1t 6 .. I 99 5 •3 •1 31t7 • 11 
... 251 7 •5 H•L• 3, •3 -1 SIS 15 16 • .6 ' 5 • 58 I •6 
•3 127 ' 11 •10 162 ; • a , ... l1 I 11 13 • -· 1 352 9 11 
•2 252 1 IE •9 212 ~ 3 1 252 7 5 11 lt2 lJ t 2 2ZCJ ' 1 
•1 :Slat • 11 •I 61 I l 2 !,., • •13 MeL• 3, I 3 92 5 25 

• 11t2 5 22 ·7 !71 , • 3 It! CJ 11 •9 •lD 113 '•11 .. 215 6 ' l 111 6 16 •6 2CJ6 I Z3 It 36S • •5 •9 121 5 •1 s 4t5 11 •1 
2 221 6 29 •5 lltl s •5 5 131 It •lZ •I 215 ' •• 6 .9 5 •11 
3 lltl 5 16 _, 351 i •It ' !ilt 7 •II •7 Zlt 6 •11 7 136 5 

_, 
.. 213 ' .. •3 319 ' •2 7 112 5 11 •6 271 ., 2• I 51 9 -· 
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STRUCTURE FACtO~$ CO~TINJED 'OR 
~2YBCCIHIJZ.CCH30CH!CH20CH3J2 PA'E 5 

IC FOB SG DEL ~ FOB s; DEL IC FIB SG DEL IC FG8 SG DEL IC fOB SG DEL 

' '5 26 •5 3 101 s 2 • 112 5 11 I 623 16 s 11 til 6 l 
H, L• 3. 5 ' 105 i I 9 113 6 •1 l 553 lit •1 ll 56 11 •4 

•7 191 6 •2 s lllt s • HeL• ... •4 2 lES 5 •13 H,La 4, 1 
•6 119 5· •to 6 12 i •1 •9 liS ·5 •4 3 516 13 •15 •11 191 6 •4 
•5 lSI 5 •I H,La ... _, •I 171 s I .. 219 • •12 •9 75 7 •12 
_, 277 7 2 •7 11ft i i ·7 ,. 6 •l 5 231 ' •I •I 170 5 •4 
•3 96 5 ·3 •6 110 ~ •3 •6 2il 7 3 6 217 I • •7 277 7 •6 
•2 269 7 2 •5 15 i •3 -s 211 6 22 7 119 5 • •6 111 6 25 
•1 271 7 .. ... 167 i •5 •It liZ s 7 I Ill s •6 •5 221 6 11 

0 l2fe 5 I •3 136 ; l •l lt76 12 •10 9 til 5 •11 •4 396 11 2 
1 240 7 1 •2 17 .. i -· •2 219 6 •D 11 115 ' •2 •3 271 7 2 
2 253 7 J •l 259 1 •13 •1 , •.• 5 •I 11 36 ltl •11• •2 226 ' •5 
3 6 .. 12 •15 0 195 s •12 0 375 11 •15 MeL• ... •1 •l 367 11 1 
4 95 5 ... 1 112 5 

_, 
1 Z37 6 •15 •11 11ft 5 •It I 316 I •2 

5 13ft 5 •5 2 172 5 ., 2 216 7 •10 ., 10 I 1 1 J7C) 10 •11 
6 39 39 •21• l 16CJ 5 •l 3 3912 10 •15 •I 262 7 •l 2 345 9 •7 
1 75 6 7 .. 15 i .-. ' 21 a 6 •I •7 215 6 • 3 117 5 •5 
I 75 7 3 5 16f 5 It 5 liS 5 lit •6 lilt s 17 .. 117 I •9 

He L• 3, 6 6 102 • It 6 335 9 17 •5 ltl3 11 5 s 261 7 ... 
•6 125 s 2 7 17 • s ., 18. 5 •9 ... 1.77 s •7 6 126 5 17 
•5 lltS s •5 MtL• ... _, • 57 15 . .. •3 ,7 .. 12 •1 7 21t3 7 I 
•It 111 6 •5 •I 10 i 3 9 132 5 ... •2 690 11 z I 136 5 3 
•3 l2E 5 •3 •7 127 s •l 10 ... ., 2 •1 Zll ' ... 9 71 7 I 
•2 titS 5 •2 

_, 
llt6 i 2 H,L. Itt •3 a lt37 11 I 1a 17 ., •2 

•1 195 6 -· -s 150 5 I •10 11 7 •lit l 119 11 l HtL• ... z 
I 116 5 -a ... 171 s •l •9 lil 5 •7 2 273 7 -· •9 96 6 •1 
1 1,. 5 ... •3 213 • •l •I 21·1t 6 1 3 137 • •18 •I 13ft 5 z 
2 179 5 1 •2 113 ; g ·7 lil 5 •S .. ft33 11 •11 •7 2ftft 7 •I 
3 9CJ s •3 •1 312 I 27 •6 3!7 9 Zit 5 171 5 ... •6 Zll 6 ... .. 12 6 3 I 23CJ , li •5 3llt I I 6 173 5 5 •5 lit I 31 
s lltl 5 3 1 15CJ s 27 ... 171 s •1 7 259 7 12 ... 313 11 • 6 53 15 -· 2 272 , 21 •3 27ft ., •It • •• 6 •lit •3 232 6 •It 

He L• 3, 7 3 214 i , •2 332 9 •3 • 17 ' •l •2 lilt 5 •5 
•3 110 5 I .. 131 s •l •1 375 10 •12 11 111 I ... •1 lt57 12 1 
•2 95 6 •2 s 191 i -s 0 37 3 10 •12 11 11 .I ·7• I 111 .. •5 
•1 15 .. 5 I 6 1 .... 5 •5 1 3,'6 11 •ll H,La ... I 1 212 7 4 

a ta3 5 •0 7 ICJ i l 2 211 5 •li •11 170 I •1 2 253 7 •6 
1 73 6 9 I 121 s •2 3 389 10 •22 •9 61 15 •12 3 172 s •S 
2 117 5 2 HtL• •• •5 .. 3&5 11 •10 -· 223 ' •5 ' 3'1t • 6 
3 53 19 •9 •9 137 s •lD 5 10 5 •5 _., 2 .. 9 7 •7 5 175 5 16 .. 93 5 11 •I II i It 6 212 I 11 -· Z9 lt .. ••• 6 137 5 3 

He L• ... •9 •7 96 i •5 ., 131 5 It •5 !57 ' 3 7 llt2 s 1 
•2 '5 27 •1' •6 20ft r. ... I lllt 5 •3 ., 128 • • • 127 ' I 
•1 95 6 •3 -s t63 s I 9 lltl 5 1 •3 215 I _, 9 21 ltlt •21• 

I 69 7 ... ., 251 , 21 10 13 6 •2 •Z 5-75 15 •lZ 10 13 6 I 
1 136 5 -z •3 332 g 1& H,L.ta ,, •2 •l 360 • •111 H,La ... 3 
2 137 6 •3 -2 118 5 ' •11 F9 7 •6 I J53 • .. -· 163 5 •3 

H. L• ... •I •1 200 i •I _, li7 5 I 1 Slit 15 •11 .. 79 7 •11 
•5 51 22 •23 a 355 CJ •11 •I 2llt 6 D 2 375 11 •lZ _, 239 7 1 
... 161 6 2 1 12CJ s •1l •7 lit) 6 •l 3 16 .. •17 _, 210 6 2 
•3 13 6 1 2 33'1 i 2 •6 3llt I 26 .. 1112 13 •11 •5 ''4 5 •• 
•2 113 6 •J 3 330 i 12 -s 3a. .. 9 . .. I ZIZ I •3 ... ft19 11 lt 
•1 11. 6 •I ' 131 s 12 ... 312 I •7 6 79 5 z •3 139 5 2a 

a 112 5 •3 s 262 , • •3 216 6 •S 7 313 • s •Z 23t) 6 ' 1 126 5 1 6 22CJ • _, •2 ,.,, 12 _,, • 162 5 •7 •1 193 11 •I 
2 151 5 •5 7 118 5 •l •1 2S7 7 •6 9 55 16 -1 • 216 6 •l 
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STRUCTURE FACTORS CO~llMJED FOR 
K2YBCCIHI,!•CCH30CH!CH20CH3,2 PAGE 6 

IC F 08 SG DEL 1C FOB s; DEL K FIB SG DEL 1( FGB SG DEL I( F'OB SG DEL 
l 169 s •2 l 19 ' 1 •2 3SZ 9 21 •9 19 6 • .. 158 5 •5 
2 27CJ 7 3 H•L• ;. _, •1 211 6 .. •I 138 s ' 5 127 5 2 
3 165 5 19 _, .. 7 3Z -r. I 101 5 2 •7 251 ' •12 . 6 160 5 16 
' 131 s 11 I 107 !i • 1 2i6 7 • •6 1CJ7 6 13 7 118 s ... 
5 251 7 2 1 II :t 3 2 155 5 5 -s 319 • 29 • 119 6 •Z 

" 6 91 5 •1 z 105 s •Z 3 212 6 11 ... 315 11 l ' 11 6 1 
7 •• 17 -· H,La ;, •I .. 2!1 6 20 •3 172 5 _, 10 J5 ft7 •19• 
a 122 6 •5 ... 56 i •13 5 rz 6 a •2 Ziti 7 • HtL• 5. 1 

.. 9 32 ItS •7• •3 153 !i 1 6 21ft 6 •I •1 ft31 11 I •9 .218 ' ' "• La ... .. •2 108 !i 7 1 tra 5 2 I 215 I I -· 119 5 2 
-a 87 6 •15 •1 112 ; •1 a t9 6 6 l 335 • •13 •7 231 6 •13 
•7 199 6 •5 0 159 5 •2 9 17 6 6 z J72 11 •11 -6 296 I •5 
•6 191 6 •2 l 103 s •1 HeL• s, •It 3 19 .. •6 •5 lit 5 19 
•5 •• 5 2 2 131 ; •1 •9 113 6 •1 .... ,2 13 -a •It ft12 11 21 
... 172 5 -s 3 136 5 •5 -· li'Z 6 z 5 318 • 12 •3 21 CJ I 3 
•3 21tlt 7 -a It 101t !i 5 •7 111 6 1 6 ,. 15 s •2 216 ' 1 
-2 173 5 • 5 70 13 •17 •6 lll 5 •• 7 179 s • •l 295 I •5 
•1 2ft7 7 19 H,L• ;, _, •5 275 7 1ft I 113 s _, • 37ft 11 3 

D Zftl 7 19 •6 15ft !i a ... 3llt • 11 ' 62 • 2 1 lftl 5 3 
1 137 5 11 •5 126 s z •3 1!2 5 .. 10 93 6 3 2 227 6 -a 
2 31ft a 11 ... 69 13 •I •2 ..... 11 . .. MtL• '· •l 3 238 6 1 
3 223 6 1 -3 121 !i •2 -1 2sa 7 _, •11 211 I l .. 111 5 s 

' .. 2 9 16 •2 lftl 5 5 I 113 5 •2 •9 15ft s •3 5 231 6 16 
5 172 s •7 •l 167 s •1 1 213 I •16 •I 132 5 •7 ' 111 s ' ' ... ' •I ·a z'a 7 •• 2 2!1 6 •2 •7 320 • •lit 7 61 , .. -· 7 .. 3 26 •12 1 ,, .. 5 ... 3 216 ' •I •6 231 ' ll • 159 s •1 
I 95 6 11 2 122 5 •& .. li9 5 15 •S 35 Sl •11• 9 63 15 •S 

H, L• ... 5 3 110 i 
_, s 211t 6 za •It ftZl 11 5 10 38 ft2 ••• 

_, 112 ' ... ' 1'3 5 •5 6 lil 5 6 •3 321 • • H•L• s. 2 
•5 125 s •2 5 181 5 .. 7 117 6 •I •2 120 .. ... •9 216 6 .... ... 16 6 •2 6 11ft s I a 111 5 •5 •1 .. 33 11 1 -· 112 5 ' •3 ZOE 6 •3 7 61 1' •12 9 7ft 7 •2 I 271 7 _, •7 121 s I 
•2 1 2CJ ' .. HwL• ;, •• 10 111 6 3 1 211 • •6 •6 2S1 7 •2 
•1 16ft 5 -· •7 78 ; , H,LIII s, •3 2 361 ' -· •5 211 6 ... 

I 170 5 -· •6 132 5 •I •9 75 12 •11 3 221 • -· ... 2 .. 3 7 • 1 117 5 6 -s tl3 r. It -· til 6 ' ' 217 6 _, •3 ft25 11 !2 
2 221 6 •I ... •• i 2 •7 231t 6 1 5 313 • ' •2 179 5 • 3 172 5 •1 -3 192 ' •3 •6 lit 5 2 i lft2 ' 19 •1 21ft 6 • 
' 93 5 -· ·2 191 i 2 •5 •t• 11 31 7 , .... ' 3 a , .. 2 12 2 
5 100 5 6 •1 llt5 ; • •It 2i I 7 16 I 177 s •3 1 123 s •1 
6 lOft 5 2 D 23ft r. 9 •3 215 6 •2 ' , .. 13 -· 2 15ft 5 •6 
7 ft6 Zl •2 1 217 ' 5 •2 3S5 9 ... 11 ,, 

' .. 3 2Z7 ' 7 
M,L• ... 6 2 126 5 12 •1 211 7 •5 H•L• s. I .. 35 ,.. ,. 

•5 111 6 • 3 !30 i .. I Ziti 6 6 _, 119 6 3 5 215 6 11 
... ... 112 5 •1 .. 170 5 •S 1 31, 11 1 -· 161 ' 

_, 6 156 5 I 
•3 15E 5 5 5 , .. s 1 2 3! 7 9 •11 •7 337 ' •IS 7 , .. 6 I 
•2 9CJ 6 ... 6 lift • .. 3 173 5 -· -· 273 ' ' • ,. 7 •I 
•1 103 s 1 7 120 ; 2 .. 313 • ... -5 73 ' 31 9 68 IS •5 
a t5CJ ' I • ft3 25 _, 5 231 6 13 ... 257 ' • M.L• s. 3 
1 91 5 6 H,L• s, •S 6 112 5 22 •3 3n 11 •11 -· 16~ 6 -6 
2 '' ' 2 •I lCJZ i •• 7 212 , •• •2 lSI 5 6 •7 16 6 1 
3 111 s 2 •7 112 s -· • 1'3 5 •2 •1 3!2 ' •2 •6 ZJ3 6 1 .. tCJ 37 -sa• •6 9ft s 1 CJ i3 1ft •11 I 213 ' -s •S 231 6 z 
5 181 6 1 •S 2ft3 , 

' 10 11' • •l 1 239 ' z ... sa • •7 
H, L• ... ' ... 17CJ s • H, Lt= 5• •Z z J3S • •• •3 326 • s 

I 115 6 •2 •3 lCJft ; ZD •11 1,. 7 •12 3 311 I •11 •2 2113 6 15 
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STRUCTURE FACTO~S CO~TINJED FOR 
K2YBCCIH8tleCCH30C~ZC~ZQCH3)2 PAGE 7 

K Foe SG DEL IC FOB s:; DEL K FltB SG DEL K FOB SG DEL K FOB SG DEL 
•1 170 5 17 4t 113 i •1 •6 2as 6 • 9 ... ' s .. 291t a 19 

0 299 • 21 5 62 a •11 •5 1&1 5 • 11 22 ltlt •21• 5 31 It I 1Z. 
1 179 5 27 HtL• •• •7 ... 276 7 t3 HeL• '• •1 6 122 5 •2 
2 127 5 6 

_, 
12 • •5 •3 Z&l 7 26 •9 116 ' 3 7 111 5 •1 

3 196 6 6 •5 1CJ3 i •II •2 Zl1 ' lit •I lCJI I 
_, • 36 .... •3• 

.. 175 5 •7 ... llt9 5 •l •1 It! I 11 12 •7 221 I •19 • ... • • • 
5 52 15 ... •3 26 ~0 -zr• 0 211t ' ·5 •6 333 • •17 MeL• '· 2 
6 155 5 •6 •2 139 5 •2 1 156 5 2 •5 241t 7 • •I 213 6 2 
7 17 6 -· •1 lSI i •1 2 3llt 9 .. -~ 210 • 21 •7 115 6 •5 
a 31t 39 •12• 0 112 s •3 3 li9 5 17 •3 357 ' , .. _, 121 5 I 

H, L• s, .. 1 172 i •3 .. 111 6 23 •2 302 • •6 •5 211 6 1 
•7 97 6 •6 2 139 5 •l 5 115 5 11 •1 111 5 •3 _, 250 7 1 
•6 209 6 •6 3 101 5 •• 6 93 5 •12 • 319 11 •11 •3 136 5 -o 
•5 171 6 3 It 169 5 z 7 11'2 5 •5 1 212 I •2 •2 301 • 7 ... 106 5 •1 5 99 & -~ • 1!1t 5 5 2 110 5 3 •1 212 6 17 
•3 lit .. 5 •2 6 72 , -z 9 i7 7 ~ 3 251 7 •3 I 231t 6 27 
•2 203 6 1 7 12 i , H,L._ 6, •3 .. 119 5 5 1 37 2 11 Zit 
•1 102 5 ... HtL• it •6 •9 18. 6 •2 5 151 5 21 2 11 ' 16 

a tltE 5 ... •7 167 • I -a ra 6 11 ' 111 5 7 3 117 5 •1 
1 173 5 •3 •6 111 & •i ·1 1i6 5 • 7 72 ' •1! It 201t 6 •2 
2 109 5 •7 •5 172 i -· •6 2r a 7 -~ • lilt 5 J 5 12 ' •5 
3 1 ... 5 •3 ... 21t7 7 It •5 131 5 7 9 99 6 7 6 11 6 •7 
It 13E 5 •5 •3 70 i .; ... lt3 3 11 33 lD ItO ItS -·· 7 110 6 •3 
5 67 7 •9 •2 201t ~ z •3 31"3 • 11 MtL• '• • a lt3 32 •3 
6 109 5 ... •1 229 & •& -2 125 5 •2 •9 152 5 . 2 MeL• 6e 3 
7 60 15 -e 0 131 ; •1 •1 355 9 •5 -· 213 • •3 •7 172 6 •9 

Ht L• 5, 5 1 165 5 ... 0 3!1 CJ •3 _, 20a ' •16 •6 96 6 •11 
•5 112 6 •1 2 200 • •S 1 tra 5 •6 •6 3!2 • •11 •5 211 6 a ... 66 lit •11 3 111 5 .; 2 232 6 -~ •S 210 7 •6 ... 111 6 -a 
•3 138 5 •2 " 112 5 •10 3 267 7 1 ... 16CJ 5 22 •3 119 5 1 
•2 117 6 3 5 16Ct 5 •7 .. 100 5 13 •3 lt39 12 23 •2 226 6 •5 
•1 11 6 .. 6 Sit 1i •15 5 Zi2 7 23 •2 293 • 7 •1 175 5 3 

I 76 6 .. 7 lit i •3 6 113 5 3 •1 t!lt 5 •I I t23 5 •I 
1 131t 5 2 • 61t I .; 7 S7 I •5 I 35CJ 9 -s 1 223 6 • 2 77 6 1 Hel• it •S a 1r1 5 5 1 256 7 •6 2 135 5 ... 
3 130 5 •7 -· 131t 6 •CJ 9 73 7 It 2 190 5 •3 3 111 5 •I .. ... 6 I •7 20a i z 10 51 16 ' J 215 I I .. 112 5 2 
5 12 .... •33• -6 126 ; 1 HtL .. 6t •2 ' 151 5 17 s 16 6 •1 
6 16 6 

_, 
•5 162 ; l •C) 216 6 •1 s 1t7 5 13 6 12 6 •I 

M, L• 5, 6 •It 211 ' .. -a tt·a. 5 1 ' to 6 ... 7 79 t2 •11 
•3 70 7 -· •3 237 r. CJ _, 182 6 •5 7 '~ 7 •13 HtL• 6t .. 
•2 t65 6 3 •2 21t2 7 lit •6 21a • •6 I lt7 22 •17 -s 211 6 •1 
•t 12 6 ... •1 335 i 3 .. •5 217 6 tl ' 13 t5 •13 _, 116 5 •7 

0 51 22 •30 • 183 i 22 •It 2il 7 2i MeL• '· I •! 13 6 •6 
1 l JE s 6 1 163 ; 1& •3 ..... 12 3 -· 225 6 s •2 211 ' •• 
2 61 6 10 2 297 s ,, •2 ,, .. 5 •2 _, 116 5 • •1 170 5 

_, 
3 1a lt3 •29• 3 131t 5 17 •1 211 6 •11 _, 217 • •• I 6t 13 •2 •· 

MeL• '· -a .. 95 5 i D ltll t1 
_, •S 3tlt • •5 1 17 5 5 

•It tG9 5 •2 5 130 5 •5 1 11tl s •2 ... 120 5 ., 2 131 5 z 
•3 II 6 a 6 71 • _, 2 tltCJ 5 •tl •3 313 11 22 J 72 7 6 
•2 litO 5 • 7 t 31 ; •0 3 Zt'Z I •16 -z 321 • Zl .. 132 5 5 
•t lOS 6 .. I 11 i •:S .. ttl 5 11 •1 119 5 • 5 76 6 6 

I 107 5 .. 9 42 30 •t1 S tiD 6 12 • 316 I ' 6 4t6 11 10 
1 llt7 5 •I HeL• it ... 6 2!a 6 .. 1 332 • 1S HeL• 6e 5 
2 13 6 •t -· t21 5 •3 7 ,. 7 •I z 110 5 11 •3 17 6 •t 
3 115 5 t •7 202 6 .. I liD 6 •6 J 195 6 11 •2 152 s •t 
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STRUCTURE FACTOitS COt.TINJED FOR 
K2YBCCIHI)l.CCH30CH~CH20CH3t2 PAC£ I 

K FOB SG DEL K FOB s; OEL K FIB SG DEL It fGB SG DEL K FOB SG DEL 
•1 171 6 •2 s tae ; •3 s 1!7 5 ... s 115 6 1 ' 77 1 •3 

a 53 9 •6 6 136 s •• 6 118 s •• ' 13 • z s IS 6 ... 
1 15 6 •1 7 56 J ... 7 1!2 s •I , 110 I z MtL• It •6 
2 132 5 7 I 78 • 9 8 Sit 17 ... I 4J6 6 I -s 112 6 3 
3 lt2 12 7 HeL• 1e ... 9 i7 I s HeL• 7, 2 ... '' 6 •3 .. 57 15 3 •I llt6 ; •1 H,L&= 7, •1 •& 11ft 5 •3 •3 lftl 5 1 

H, L• 7, -a -7 120 5 D -a tilt s ' •S 1-.1 5 •1 •2 177 6 1 
•3 •• 6 ·2- •6 115 i .. •7 19CJ 6 

_, ... 118 6 •Z •l 110 5 •3 
•2 99 6 6 •S 214 • •l •6 218 6 -s •3 16ft 5 3 . ,, .. 5 l 
•1 11tlt 5 -2 ... 103 5 2 -5 Z91t I •5 •2 112 5 -t 1 t 36 5 •5 

a to3 6 -· •3 265 7 2 ... 177 5 •6 •l 191 I •6 2 126 5 .. 
1 71 7 •7 •2 234 • • •3 2ro 7 ft • 110 5 -· 3 155 5 •2 
2 137 5 I •1 172 5 2 .. •2 35ft CJ 23 1 lilt 5 •3 ft 113 5 3 
3 71 7 •l a 316 I 15 •l 217 6 17 2 229 ' •I 5 98 5 CJ .. 37 ftC) ... 2. 1 183 i 25 a 211 6 11 3 IS 6 •3 6 129 5 9 

Ht L• 7, •7 2 196 6 1 .. 1 lltl CJ 16 .. 111 5 •3 MeL• le •5 
•5 110 5 •1 3 311 s 3 2 lSit 5 ll s 112 , J •6 111 , •5 
... 110 6 •3 .. 11ft 5 .; 3 165 s lit 6 11 Itt •t7• •5 211 7 1 
•3 177 6 l s ... s -1a .. 293 I ' 7 IS 6 ., ... 97 6 -· •2 ll lt6 •61• 6 151 ; •9 s ItO ft3 -zz• H,La 7e 3 •3 15 6 •2 
•l 167 5 5 7 13 • •9 6 ICJ 6 •11 •5 111 I •5 •2 211 6 •1 

• 152 s •6 I ftE 26 •12 7 1!3 5 •5 ... 219 • ... •1 155 , 3 
l 93 6 •5 9 15 i ! I .. g 31 •lit •3 141 , -· • 116 s •7 
2 152 s 3 HtL• re •3 CJ lit .... •tl• •2 ,, 6 ... 1 161 5 1 
3 116 s •1 •I 2a4 ~ 3 H,:.• 7, I •1 211 • 3 2 152 5 .... .. 16 6 •6 •7 62 15 •I •I lZl s 1 I 121 5 ... 3 tlt7 s •I '· 
5 131 5 a _, 152 5 3 •7 219 6 •l 1 11! 5 •l .. 216 6 1 
6 15 6 •11 -s 2CJa I •2 -6 titS 5 •13 2 1.3 , •2 5 lit 6 z 

Ht La 7. •6 ... 158 s ... •5 211 6 •1 3 72 7 . .. 6 .•• 6 1. 
•6 174 6 •1 •3 257 , 12 • .. 317 I •6 ' II 7 3 7 117 s •1 
•S 130 5 •3 •2 326 i 22 •3 1!5 s 2 s 121t 5 11 H,Le 1,- ... 
.;. 161 5 3 •1 162 ; 15 •2 335 CJ 11 • .... 21 •Z •7 1'7 5 ... 
•3 213 6 2 a 306 I 17 •l 2i2 7 23 MeL• 7e .. -6 119 s •7 
•2 130 s •l 1 271 , 15 a 112 s 15 ... 120 I •S •5 116 6 •1 
•1 212 6 •1 2 11t7 s lit 1 315 a Zl •3 177 • •Z ... 215 6 7 

a zaft 6 •I 3 163 ; li 2 lilt 5 19 •2 111 6 -· •3 '' 5 2 
1 121 5 •3 .. 210 • .. 3 1 .. 6 s 2 

•l ''' 
6 -· •2 211 6 •1 

2 175 s •7 S lOS s -· .. 279 7 •1 I 131 s •l •1 219 6 1 
3 171 5 -· 6 133 5 

_, 
S tiS s •6 l R 31 •19• I 7ft 6 

_, 
.. 131 s 3 7 129 s •l 6 3S 39 •13• 2 lllt 5 •2 l 220 6 •6 
5 100 s -· a ... ll •2 7 116 6 •9 3 112 • 3 z 155 s •5 
' 13ft 5 •1 9 94 • 5 a 13 6 ·a .. 11 lt3 •3• 3 12ft 5 •7 
7 67 7 7 H,L• ,, •! CJ .. , 38 2ft MeL• It -· ft 190 6 •ft 

He L• 7, •5 •I 216 • 12 HeL• 7, l •1 •• ' t 5 lZZ s •2 
•7 123 5 •11 •7 130 s I •7 2ft5 7 7 • 113 s •Z 6 ,. • •11 

,.J 
-· 21ft 6 ... •6 175 ; •l •6 •• 6 6 1 t7 14 •11 7 111 s 6 
•5 116 s 2 •5 255 , •9 -s 11s 5 ' 2 19 • ... • 17 • •• _, 172 5 • •ft 21CJ i . .. ... 276 7 3 MeL• •• •7 MeL• le •3 
•3 111 6 ... •3 300 s Zit •3 ''a ft •6 ... 13ft 5 •l •7 21Z 6 2 
•2 113 s 1 -z 311 I ,, •2 116 5 •Q •3 135 5 ... -· 16 s 3 
•1 233 6 3 •1 211 i 11 •1 251 , 11 •2 lft7 , 6 •5 151 5 z 

• 271 7 6 a !66 , ll • lit s 9 •1 113 6 •2 •It Zll 6 3 
1 173 5 3 1 367 111 .. 1 2!ft 6 lft • 15ft 5 •3 •3 ,,, 5 -a 
2 191 ' 1 z 1a.1 ; I 2 236 6 s 1 111 5 -· •2 210 6 1 
3 293 I •12 3 113 s 17 3 , .... s 2 2 75 7 5 •l zzz 6 1 .. 53 11 •31 ft 191 • 1i .. l!ft s ... 3 123 5 l • 1, .. 5 ft 
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STRUCTURE FACTOitS CO._TINJED FOR 
K2YBCCIM8)Z,CCH30CH~CH2QCH3)2 PAGE • 

1C F OS SG DEL It FOS s; OEL K FIB SG DEL IC FGB SG DEL K FOB SG DEL 
1 2 .. 2 7 I 6 15 ~ •i • ... 6 9 5 11 16 •6 •3 lSit 5 ·7 
2 191 6 I 7 57 17 •7 5 73 7 •5 6 112 ' 2 •2 lZF 5 •2 
3 122 5 •5 I 19 , •5 H,L .. •• •S 7 0 ltE •lt3• •1 173 6 1 
.. 11tl 5 ... HeL• s, 1 -5 136 5 •3 HeL• 9. •1 I 151 6 •11 
5 101 s 1 •6 221 i -~ .,. 199 6 •0 •5 1115 5 •l 1 ll 6 •10 
6 66 15 •27 •5 ... ; •3 •J 131t s •5 -· 109 5 z 2 69 7 •1 a 
7 lOit 6 •I ... 171t 5 5 •2 115 5 -a •3 ,.7 6 I 3 111 5 .. 
I 71 7 •6" •3 211 i •3 •1 195 6 2 •2 171 5 I It 66 7 a 

H,La •• •2 •2 ... 5 3 a 111 5 •7 •1 ... 6 •3 H,L• to • ... 
•7 200 6 •1 •1 132 5 •2 1 lt8 10 2 I 110 E •2 ... 18 6 •I 
•6 121 5 1 0 173 5 ,. 2 116 5 2 1 161 5 •5 •3 169 5 •It 
•5 113 5 •2 1 131 5 .. 3 l!! 5 z ! 27 lt3 •3• •2 161t 5 •3 
... 272 7 1 2 100 s 3 .. 66 lit •10 3 112 5 .. •1 113 5 •lD 
•3 12E 5 •5 3 113 5 1 5 II 6 •6 It 119 ' •S I 177 6 1 
•2 195 6 •2 .. CJtJ i -· 6 r3 7 s s 22 lt7 •38• 1 122 5 2 
•1 21t1 7 .. 5 106 r. i H,Lt- 9, •• ' 16 6 • 2 72 12 -a 

0 192 6 9 6 66 15 •10 -s 121 5 -· 7 35 ltl •tZ• 3 125 5 3 
1 21t7 1 7 7 lt7 2! I ... 211 6 •• HeL• 9, I .. 19 6 •It 
2 223 6 I HtL• •• 2 •3 165 s •• •5 158 5 •11 5 0 lt6 ... ,. 
3 10 3 5 •12 •5 112 5 •I •2 1!5 5 •3 ... 115 6 ... HeL• lit •3 
.. 134t s •I ... 121 5 •C) •1 200 6 .. •3 176 6 •11 -· 111 6 •11 
5 152 5 •3 •3 229 i •Z a 1rs s •l •2 1.0 6 3 •3 151 5 •3 
6 31 ltD •26• •2 93 ' •5 1 iO lit -· •1 .6 ' •I •2 190 6 •11 
7 96 6 1 •1 76 , 

-~ 2 11t1 5 5 I 171t 5 •1 -1 31t ItS •31• 
I 69 15 •16 a 153 5 1 3 lJO 5 3 l 155 5 •11 I 113 5 •1 

H, L• •• •1 1 116 i 2 It 15 6 1 z 17 ltlt •12• 1 172 6 a 
•7 191 6 •5 2 93 & ·C) s 11 C) 6 •D 3 '7 6 •1 2 72 1 9 
•6 153 5 •2 3 151 ; I 6 i7 16 •11 It 15 15 •7 3 113 6 •7 
•5 15 6 ... .. 36 3i •11• 7 37 lt1 •11• 5 59 I 11 .. 123 5 2 
... 21t2 7 2 5 57 i 3 H,:..• 9. •3 ' ... • s s 53 9 7 
-3 197 6 -7 6 93 ; 5 -· 175 . 

6- •6 HeL• 9t l H,L• 10, •2 
•2 130 5 I HeL= s. 3 •5 119 5 , •It 112 ' •5 ... 137 5 •11 
•1 256 7 •1 •3 llt5 5 •I •It 177 6 •1 •3 115 5 •3 •3 139 5 •I 
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