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Abstract

’Bis-ﬂ—(1,3,5,7-tetrapheny1cyc1ooctatefréene)uranium orysta]liies
with a oovel'disorder of the molecular packing whioﬁ is described as
frequent twihning of a monoclinic structure, space group P2/c, a =
24.86(2)R, b = 7.587(6)R, c = 27.78(3)A, 8 = 116.58°, Z = 4, dx'=b

1.495 g cm3

at 23.0(5)°C. - The completely disordered structuré-has

_ orthorhombic symmetry, space group Pccn, a = 24.84(3)3, b = 12.43(1)3,
c = 7.587(6)5,,Z'= 2. Refinement by least squares of x{ray diffraéoo-
heteh data reduced the weighted R to 0.033 for 723 reflections. .The
molecule is a sandwich compound with the C8 rings in a nearly ec]ipsed
confiqguration and with phenyl rings, tiTted.on average of 42° from

the plane of the C8 ring, in a staggered c0nfiguration. The C-C-C

angles in theAC8 ring alternate between average values of 140° at
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carbon bonded to hydrogen and 130° at carbon bonded tb.pheny1. A
similar alternation between 138° and 132° occurs in the analogous
' methyl-Qubstituted compound. The phenyl compound in crystalline forﬁ
is stable in air, with no Siéhificant change in x-réy diffraction

.intensities in three months.



‘Introduction

As part of a program to exténd knowledge of the chémica]'ahd

- structural properties of compounds of actinide elements, we undertook
a study of, the structure of bis-n-(1,3,5,7-tetraphenylcyclooctatetraene)
uranium Qhen it was synthesized by Streitwieser and wa]kér.2 The

: fmmediate objéctive.was a description of the mo]ecuiar geometry and
‘in.barticular the pbsftions and orientations of the phehy1 rings.

" In view of thé diséovery of two different rotomeric“configurétions in
crystéTs of the ana1ogoﬁs methyl-substituted compound,3 there was some
doubt what to expect. ~The X-ray diffractioh data soon showed the
‘exjstence of an unexpected and novel disorder problem cbncerning the
mo]ecu]af packing which made the ana]ysis of the strucfure more

involved than is drdinari]y,the case.

Experimental

Bis-m-(1,3,5,7-tetraphenylcyclooctatetraene)uranium, U(C8H4(CGH5)4)2
was prepared by the reaction of UC]4 with the dianion of 1,3,5,7-
tetraﬁheny]cyc]ooctatetraene.2 The polycrystailine product, in a dry
bdx,vwas loaded into a Pyrex tube fitted with é stopcock. Thé'tube was -
_ pumped to about 10'6 torr; then one end was plunged fnto a hot salt
bath. Cluéters of small dark brown single crystals condensed 1 or 2
cm abbve the bath. Various conditions were tried, and the best crystals
~ were obtaihed with the bath at 400°C. No sb]vent has been found good |

enough to permit crystal growth from solution.



When the x-ray work was started it was believed that the compound
decomposed significantly in a few days on exposure to air. The crystals
were very thin need]es, and we anticipated correctly that the diffraction
intensities would be weak. In order to avoid the.higher background
associated wjth cabi]]aries we glued crystals with epoxy to Pyrex glass
fibers for x-ray diffkactﬁon work.. As it turnéd out; the crystd]s were
stable indefinite]y.

The diffraction patterns consist of sharb ref]ections and diffuse‘
streaks. We describe tﬁem by reference to a primitive orthorhombic
lattice which corfesponds to the sharp reflections. An oscillation
paftern (c-axis rotation) showed the odd layers as continuous streaks
superimposed on a few sharp.ref1ections, while the even layers appeared
as normal sharp reflections. weiséenberg photographs taken with ‘long
exposure times (qp to 72 hours) indicated orthorhombic symmetry and
showed sfreaks which were continuous in the_gf direction at 2 odd and
k half-integral. | | |

Diffractometer measurements were made first considering only the
sharp. reflections, using.a crystal with dimensions approximately 0.030
x 0;056 x 0.174 mm. Unit cell dimensions were determined from 6 hand
-céntered reflections with a.Pitker'FACS-I automatic diffractometer
~ equipped with a graphite monochromator and molybdenum radiation
(A =‘.0.7107 K for Ka). The same instrument was used to collect the
intensity data. The integrated intensity of each reflection was
measured using a 6 - 26 scan technique with a scanning rate of 1°/min

from 0.5° below the 26 angle at which Ka, was diffracted to 0.5°

1
above the 26 angle at which Kcy.2 was diffracted. Two 20 sec
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background counts Were taken with the abparatus'statidnary and offset
0.5° from each end of the scan. Three refTections (002, 510, 220) were
reméasured.at 1ntervals of 200 reflections to check for crystal decom-
position and/or instrument ma1functiqn. The data show an average decay
of about 4% fromvbeginning to end, but this change is almost obscured

- by random vafiations.' Since the decay rate is small-and poorly

- established, andvsihce averaging of measurements made early ahd 1ate
tends to compensate for this effect, no'cofrection was applied for decay.
Measufements were made of most of the reflections in the hémisphere

+ h, +k, ii, 26<45°. ASsorption\corrections calculated by an
 ana1ytica1Vintegrati0n4 ranged from 1.098 to 1.215. .Their validity

: wés Justified by multiple measurements of three reflections at various
azimuthal angles. Equivalent reflections among the 4860 measured were

2 2

averaged to give 1617 which are unique. For 800 ofthean >s(F~), where

s is the standard deviation based on counting statistics. ;Fdr derivation
of weights in least squares calculations, the variance of.F2 was taken

2( 2)2 + q2,.whére p and q were chosen by trial

‘as'oz(FZ) = s (F7) + (pF
and error to give a flat distribution of <w(AF)2> as a function of
maghitude-Of F. Zero weight was assigned when F<o(F).

The same crystaleas.used to take a data set on the streaks. The
.same 6 - 26 scan technique waé emp]oyed.as for the shakp'features.
Measurements were made at both integral and ha]f—integra]_values.of
h, with 5_ha1f-1ntégra] and % odd. These reflections were measured

in the hemisphere + h, + k, - £ up to 20 of 25°. Of the 1196 reflections

. measured, 599 were unique according to monoclinic symmetry, and for
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508 F2>o(F2). There was'ho_decay for the 3 standards within the

experimental accuracy of the experiment.

Crystal Data

For the ideal ordered structure des¢ribed below, the symmetry is
monoclinic, space group P2/c; at 23.0 + 0.5°C, a = 24.86(2)3, b =
7.587(6)A, c = 27.78(3)A, 8 = 116.58, Z = 4, mol. wt. = 1055.12,

3 3 33.3 cm-].

d = 1.496 g cn”>, V.= 4684 A%, u(Moko) For the

completely disordered structure the symmetry is orthorhombic; space

group Pcen, a = 24.84(3)R, b = 12.43(1)A, ¢ = 7.587(6)R, 7 = 2.

Structure Determination

The data were analyzed in two stages. Consideration of reflections
corresponding to the orthorhombic lattice (the sharp kef]éctions); with-
out'any attention to the streaks, gave a result which kepfesents the
~average of the structure over all the orthorhombic unit ce11$. It was
determined and refined by conventiOnai methods. Subsequent analysis
of the streaks revealed a monoclinic and orderly pattern of repetition
which; with frequent twinning, is our model for the actual structure.
The datavare not sufficient for independeht determination of é]] the
atomic parameters in the monoclinic symmetry, and the molecular dimen-
"~ sions Which are reported belowcame from the refinement of the sharp

_reflections -alone.



"The sharp'reflectfons exhibit orthorhombic Laue symmetry. A
Patterson function calculated from these data shows four heavy atom sites.
which each must be half occupied, since the volume corresponds te only
fwo'moleCU1es of UC64H48'. The.Patterson function also showed resolved
U-C peaks among which one could recognize all the carbon atoms of the |
mo]ecu1ar_structure. Considerations of pack1ng 1ead uniquely to one
pattern of relative molecular orientations. Up to this point no parti-
 cu1ar‘assumptiqn waé necessary about the space group. The structure'
which was foundicorrespOnded to space group Pecﬁ,’for which reflections
are absent for the classes: Oki, 1 £2n; hOl, 15 2n; hk0, h+k / 2n.
'A]1 such>ref1ection$ were either weak or absent, but for 17 of them
'(out of 239) the structure factor Qas meésured to be greater than its |
‘ ;standard deviation. We ighored these:ref]ections'and chose Pccn-as the
space group for refinement of the disordered structure.

This model includes 16 independent carbon atoms in the esymmetric
unit, along with one fractional uranium atom. After four cycles of
least squafes refinement of these seventeen.etoms with 1sotrqpic thermel
parameters and using p = 0.05 and q=0,R= ZIAF|/2|FO| = 0.13 for 800
reflections with F2>o(F2). Four more cylces, using anisotropic thermal
parameters for the uranium atom but isotropic temperature factors fer

2)]/2 the

fhe cerbon atoms, reduced R to 0.107'and R2 = (Zw(AF) /ZwF
quantity minimized,_to 0.0§8. Using anisotropic thermal parameter also
for the carbon atoms gave several carboh atom thermal tensers that

were not positive definite. Therefore, the data do not warrant making

- the carbon atoms anisotropic. Further refinements were made with q = 8.
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This reduced the number of reflections with F2>6(F2) to 740, and
deleting the reflections forbidden by space group Pccn reduced that
number to 723. Refinement df the 17 atoms in the asymmetric unit,
using anisotropit'parameters only for uranium resulted in R = 0.088 v
for 723 ref]ections and R2 - 0.058.  Hydrogen atom positions were
ca]cu]ated assuming p]énér trigonal geometry af carbon atoms and a

C-H bond length of 0.95 K;_ The hydrogen contrjbutions to the structure
_factbrs were calculated with the phenyl hydrogen atoms fjxed in their -
calculated positions. Thé isotropic thérma1 pérametérs were con-
strainedvto'be equal, resbective]y, for ortho, meta, and para hydrogen
~atoms. For hydrogenvatoms on fhe cyc]ooctatetraene'(COT) ring;'each.
thermal parameter was constrained to be equal to that of the carbon
atom bonded to it, and each C;H bond was held constant in 1éngth and
direction. IWith a]T.these constraints, only three more independent
parametefs were édded. When further refinement shifted the carbon
atoms, the hydrogen atom positions were calculated a second time. With

p = 0.015 and q = 8, the .final R = 0.081 and R, = 0.033 for 723

2
. reflections. The standard deviation of observation of unit weight
~was 0.981. The scattering factofs used wére-those of Doyle and Turner5
for the neutral ufanium and carbon atoms, those of Stewart, Davidson,
and Simpson6 for spherical hydrogen, and the dispérsion corrections
from Cromer and Liber‘man.7 In thé,]ast cyc]e no parameter changed more
than 0.004c. Final parameters are listed in Table I.

The data from the streaks were used to calculate a Patterson

function, without including the shérp reflections. This was done
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separately because the continuous nature bf the streaks cadses a prqblem
‘about scaling which we did not attempt to solve. This function, if
scaied properly, should benaddéd fo the previous Pattersén function to
give the functioﬁ for the entire data set. Thus i£ can be examined.to
determine corrections to be madéAin the disordered structure'determined_ :
before. | _

This correction‘fuhction waS ca]culéfed usfng monoclinic symmetry -
because deviations from orthorhombic symmetry werevobserved‘in the
intensity measuremehfs.‘ It has.periodicity according to the monoclinic

‘1attice'wjth_c-céntering and With the c-axis doubled, because of the
“manner of sampling of the streaks. However, its main features repéat
with‘periodicity c rather than 2 ¢c. It is antisymmetric in relation

tb planes at y = 1/4 because of the absence of k;evén ferms'(1-even in
the orthorhombic descrfption). By far the most prominent features are
.the origin peak and the peaks related to it by the above symmetries.
These vectors ahd the absence of diffuse scattering except in the |
direction of gf (orthorhombic’g&) show that the uranium structure must
be ordered ih any 1ayer para11e1-wifh g_and E_(orthorhombic b and c)
according to the pattern shown in Figure 1. Furthermore, this'structure
must rebeat with consfderab1e probability at a displacement équa] to c.
A considérab]y smaller peak ét:O, 0, -1/2 and equivalent points shows that
the ke]ation to a layer with disp]acemenf c/2 is .nearly random between
two choices of the uranium positions. These facts ére explained By a-
model with space group'Pé/c and uranium in special positions 2(e),

£(0, y, 1/4), y ~ 0, and 2(f) +(1/2, y, 1/4), y ~ 1/2. This structure
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is highly twinned with two distinct orfentationS'of fhe monoc]inic c
a*is as seen in Figure 2. fhis twinning constitutés,simp1y a change in.
tﬁe stacking of adjaeent layers. The deviations from orthorhombic
symmetry in the streaks shbw’that-the specimen studied.contains unequal
‘amounts of the two orientations.

| A rémarkéb]e feature of this structure is that fhe carbon and
hydrogen atom positions need not change much regérd]ess of the uranium
positiqnsf The spacé_between adjacent mo]ecu]es in a sta;k in the
direction of b (orthorhombic c) is near]y.the same as.phe spacé
occupied within the moiecuie by the uranium atom, and the parallel
COT‘rings with their attached phenyl ringsvhave the same geometrical
‘relation (to a good approximation) with either site (see Figure 1). A
description of the structure in space group P2/c requires 64 cérbon
atoms in the asymmetric unit. The available data are quite insufficient
to determine so many parémetérs, even without the formidable problems-
connected with the twinning and the large ambuntAof pseudosymmetry.'

We made no attempts to refine the structure in the monoclinic symmetry.

Discussion

Thé method of refinement makes no distinction betwéen the site
occupied by uranium and thé similar site between two molecules. The
plane-to-plane diétance between coT rings, averagéd for_thesé'twéfsites,
: ié 3.793(3)K; The ring-to-ring distance is 3.847(10)3 in thé-un3ub~

8

stituted uranocenelnoTecu1e and 3.836(9)3 in the octamethyl derivatfve.3



A similar value could occur in the octaphenyl compound if carbon atoms
are shifted 1ess than 0.03 R from.the average ppsitfons reported here.
Such shifts are small in comparison to the root mean.square amplitudes
of thermal motion estimated for carbon atoms, which average about

0.21 A, and therefore are duite consistent with our diff;action data.
Becausé of this disorder, the U-C distances listed in Table II are
subject to a systematic error. If the fing—to-ring distance in the
mo]ecuie is.3.84 R; each U-C distance in Table IT should be increased
ébout 0.02 K. The disorder is hof expected to have any significant
effect on fhe C-C djstantes and C-C-C angles discussed below.

The molecule, Figures 1 and 3, is a sandwich compound with the
COT rings rotated 6° from the ec]ipsed configuration found in unsub-
sﬁituted uranocene.8 The pheny1 rings; attached to é]ternate
carbon atoms, are staggéred. They are also tilted, fhe four on one
C8 ring like a right-handéd propeller aﬁd the four on the other ring
in a 1éft-hahded maﬁner. The dihedral ang]es-betweeh the planes of
the C8 ring and thé phenyl rings are 43.8° (atoms C(3) - c(8)) and
40.3° (atoms C(11) - C(16)). The differences from the average value
of 42° are not significant. -

The C-C bond lengths (Table I1) average 1.42(2)R in the COT ring
and>1“39(2)3 jn the phenyl.rings. vThié value fdf pheny].rings'fs well
‘acéepfed._ The'COT-rjng value is in agreement with the average 1.41 A
found 1in U[C8H4(CH3)4]2,3.and withi1.407(6)i in a potassium salt of
C8H4(CH3)4 dianion.9 For these crystals the substituents on the rings

. [+]
_prevent excessive torsional motion. Values near 1.39 A are reported
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for several complexes of unsubstituted Cghg dianioh,s’]ovbut in eéch

of these'cases the;effects of thermal motion are appreciable and exp]aih
the lower result. For eXamp1e, a.correction ca]cu]atéd‘according to_"
a rigid-body-torsional model with the data for éither uranocene or
'fhorocenes gives a cofrected averaQe_C-C = 1.42 K. For this modél;
which probab]& is_a good'approximation'here,'the corﬁected distance

is d

corp = [d2 + 4u25in2(ﬂ/n)]1/2, where d is the uncorrected distance,

u is the root-mean—square aﬁplifude of motion.tangéntia1 to the ring,
and n-is the number of atoms equally spaced in‘thé ring (8 in thié
- case). |
" The inclusion of hydrogen atoms in the caTcu]ations was crucial.'
for the good agreement df these C-C distances and also it made the
bond angles more consistent with each other. Without the hydrogen
atoms, the C-C distances averaged 1.44(6)R in the COT ring and 1>42(2)K
in the phenyl rings. - |
The C-C-C angles in the COT ring show an interesting a]ternation

(Figure 4) from aboﬁt 140°, for angles at carbon atoms bonded to
hydrogen, to 130° at those bonded to phenyl. A similar alternation,
betwéen 138° and 132° occurs in tetramethy1cyc1obctatetraené dianion
in the uv‘anium‘compl'éx3 and the potassium saﬂt..9 For some of the
angles the observed differences are less than the estimated errofs;
but with a total of 36 different angle determinations in the two
structures the trend is unmistakab]e.]]v We are unsure whether this
angle alternation is simply a steric effect (thé sign is right to

allow the bulky substituent groups to be more distant from the center
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of the'molecu1e) or whether there is a deeper electronic explanation.
As shown in nguré 1, the molecules stack in columns. These
celumns, viewed end-on in Figure 5, péck.in a trjahgu]ar fashion. The
intermd]ecu]ar contacts involve fhe pheny] rings approaching each other
in the nearly perpendicular fashion which is so widespread in crysté]
 pack1ng of aromatic compounds. The same kfnd.of_phenyl-pheny1 pfoximity
occurs Witﬁin the MO1ecu1e (Fig. 3). The 6° rotation from thekec1ipsed
'configuration is atéfibuted to an effect of this packing; the rotation
relieves the crowding of phenyl groups in molecules adjacent in the |
.'ofthérhombic b direction (Fig. 5) without having much effect on other
intérmo]ecu]ér contacts. We expect that 5so1ated.molecu1esvin the gas
phaée would have ideal 8 symmetry. |
In confrast to other known uranocene-type compounds, which are
vsensitiVe to the atmosphere, the octapheny1 compound in crystalline
forh is remarkably stable. There was no significant decreqse in the
diffraction 1ntensities for the ckysfa] when it was reexamfned three
months after the original measurements, and durihg all this timé {t
was exposed'to the air. The dense packfng-of the pheny]'rihgs ardund
the molecule and the efficient manner in which molecules are'packed_
together méy bothvcontribute to this lack of reactivity.
" We thank Mrs. Helena Ruben for obtaining the photographic
diffraction patterns and Proféssor‘Andrew Streitwieser for making fhe

compound available to us and for his interest in the work.

Supplementary Material Available: A 1isting of structure factors

_(7 pages). Ordering information is given on any current masthead pége.
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‘Table I. Atomic Parameters and Esd's? (Orthokhombic Coordinaté
o System). -

Atom X y z B
U s 1ys .0100(4) b
c(1) 2826(7) .387(2) .285(3) 2.9(5) .

c(2) . 3184(6) .297(1) .260(3) 2.9(4)
- €(3) 3050(4) .4985(8) © .260(3)" - 2.9(2)

c(a) 3501(5) .5217(9) .362(2) 3.0(3)

c(5) 3747(5) 622(1)  .349(2) 4.9(3)

c(6) 3565(5) .6994(9) .235(3) 4.5(3)

c(7) 3113(5) . .678(1)  .133(2) 4.6(3)

c(8) 2866(5) - .579(1) .144(2) 3.3(3)

c(9) .3187(6) 185(1) .260(3) 2.0(4)

c(10) .2752(6) A1) .256(3) 2.2(4)

(1) .3751(3) .1415(7) .249(3) 2.5(2)

c(12) .4146(5) .1863(9) - .150(2) 3.6(3)

c(13) .4667(5) 41y a82(2) 5.0(3)

c(14) . .4782(5) -~ .050(1) .231(3) 4.7(3)

c(15). .4395(5) 0 ..004(1) .343(2) 4.7(3)

c(16) .3885(5) .051(1)  .353(2) 3.8(3)

H(1). .3638 | 4691 L4412 2.8(10)

H(2) . 4050 -~ .6364 .4218 7.4(18)

H(3) .3750 L7661 .2237 13.0(42)

H(4) .2971 .7318 0569 7.4

H(5) 2561 .5643 0710 2.8

H(6) - .3546 3224 2604 2.9

H(7) .4073 2504 .0842 2.8

H(8) .4938 .1743 ~.0735 7.4
H(9) 5126 .0173 .2201 13.0

H(10) .4476 -.0584 - .4097 7.4
CH(IT) .3626 0231 .4319 2.8
H(12) . 2881 .0394 .2564 2.2

8 stimated standard deviation of last digit is in parentheses; if none
is given, the parameter is subject to a constraint.

PFor U, Byy = 2.20(5), By, = 3.52(6), Byy = 1.88(5), By, = 1.7(2),
Byg = By3=0.. - : o



Table II.

mean'U-C

C(3)-C(4).
- C(4)-C(5)
C(5)-C(6)
c(6)-C(7)
C(7)-C(8)
C(8)-C(3)

mean C-C

-14-

. Bond Distances (K)

1.43(2) _
1.40(1) c(1) -C(3)
1.42(2) - C(9) -C(11)
1.44(1)

1.42(2)

2.66(2) -C(2)
2.68(2) -c(10)
2.69(2) (2')
2.67(2) - U-c(10")
2.68(]) mean U-C

 Pheny1 Rings

1.39(2) c(11)-c(12
1.39(2) c(12)-c(13
1.38(2) c(13)-C(14
1.39(2) C(14)-c(

1.37(2) c(15)-c(16
1.41(2) C(16)-C(11
1.39(1) mean C-C

r\ammmr\:

— e e mad pd mad eed
. « e .
=y
—

1.49(2)

o 1.51(2)

Hydrogeh bonded carbons

.62(2)
.62(2)
61(2)
6 (2)
)



Table III.

Bond Angles (°)

c(8) -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)

©oc(7) -c(8) -C(3)
- C(16)-C(11)-C(12)

C(11)-c(12)-C(13)
C(12)-C(13)-C(14)

C(13)-C(14)-C(15)

C(14)-C(15)-C(16)

C(15)-C(16)-C(11)

¢(10')-c(1) -¢(3)
c(2) -c(1) C(3)
c(8) -C(3) - 1)

' C(]) -C(3) -C(4)
_C(2) -

c(

(

) -Cc(11

(

C(9) -C(11)-c(12)
(

c(9 )
C(10)-C(9) -C(11)

(

c(

€(9) -c(11)-c(16)
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1701
120(1
122(1
119(1
120(1
122(1

118(1

121(1
]21(1

119(1

122(2
120(2
111(2
119(1
124(1
118(2

)

)
)
)
)
)

,

)
)

).
)
)
)

)
)
)



Figure T.

Figure 2.

Figure 3.
Figure 4.

‘ Figuré 5.
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FIGURE CAPTIONS

Structure of molecules whose centers are at x = 1/4. Two

unit ce]]é of the orthorhombic lattice which describes

the'periodicity>of the hydrocarbon structure are out]ined.

The monoc11n1cvce11, thh ay 5_2 bO qnd b-M =‘c0, is required

" to déscribe the uranium structure, which is ordered within

“ each ‘layer.

Twinnihg and relation of'the.monocljnicvcell'(so]id ]1ne$)

to the orthorhombic lattice (broken lines). The.numbers
indicate z Coordinates (x 100) of Qranium atoms (orthorhombic).
The uraniUmvatoms just right of center are at the twin
boundary and have coordinates approbriate to either -
orfentation. | ' |

The U(C8H4(C6H5')4)2 mp]ecu]e viewed down the orthprhombic

¢ axis. -One may see that the COT rings are not quite eclipsed.
One Tigandvshowing the angles in the COT ring and the |

numbering of the atoms. For each of these angles, o = 2°.

Molecular packing viewed down the orthorhombic gvéxis.
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STANDARD OEVIATIONS,

FOB ANC FCA ARE THE OBSERVED AND CALCULATED STRUCTURE FACTORS.
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STRUCTURE FACTORS CONTINUED FOR

FOB SG DEL LVFOB SG DEL FOB S6 DEL L FOB S6 DEL

'L FOB SG DEL L L
0234 6 -2 1131 30.-23 2 0 3 -25% 2 57 33 -5 7 48 3 48%
1 31 3 11* 2389 6 5 3 25 3 12* 3 58 29 32  HeKs 5, 1
02192 9 15 3 101 15 6. HeKm 3, 11 4 47 3 14® 0653 S5 &
3 29 3. -17% 4 224 6 =11 0 63 3 13* 5 37 3 29% 1 73 3 4+
& 238 10 -10 5 34 3 23* 1 33 3 21* 6 69 34 -16 2 333 & 1
5 46 3 41* 6 228t5 0 220021 -6 HoKe &, € 3 45 3 3¢
6108 16 13 7 23 3 -2% 4 8920 6 0 455 5 S5 & 224 7 -12
. MeKS 25 9. HeKS 3, &  HeKks 3,13 1 0 3 -6* 5 35 3 5%
0 0 3 0* 0 29 3 29* 011519 -7 2189 7 0 6239 8 5
1 38 3 -59% 1 53 3 -25% HeKs 4y 0 3 52 3 23% 7 8129 53
2 52 3 -14% 2 7324 -18 0 231 6 -7 & 255 8 =3 8 152 11 15
3 7223 32 311514 -6 1 13 3 13* 5 59 3 43* HeKs 5, 2
6 51 3 30* & 7421 28 2 414 8 -10 6 137 35 7 0 43 3 43*
HeKm 2, 10 5 10218 19 3 41 3 41* 7 9% &2 88 1 0 3 -26*
0 86 27 31 6 34 3 <37% 4 397 6 1  HeKs 4y 7 2 0 3 ~-10°
1 44 3 -17% HeK= 3, 5 5 58 40 58* 0 53 3 53* 3 65 22 26
2261 18 -7 0256 7 -8 617312 2 1 0 3 -15* &4 56 29 -8
3 70 3 19* 1 29 3 26% 7 57 3 ST* 2 57 43 46 5 S7 3 46*
4 60 3 -4* 2316 S5 -2 813212 4 3 7631 72 6 9531 2
5. 61 3 51% 3 42 '3 =2% HeK= 4y 1 & 55 3 -18* 7 23 3 16°
HeKe 24 11 © 259 9. 6 0 0 3 0% 5 0 3 -13% HeKs 5, 3
0 6 3 0% 5 42 3 30% 1511 5 0  HeKs &y 8 0 287 12 -2
1 38 3 2% 617023 -1 2 0 3 -11% 0 267 6 2 1 131 15 =30
2 0 3 -5% .7 51 3 39% 3 50 41 41 1 32 3 25% 2 461 5 =11
CHeKS 2, 12  HeKs 3, 6 4 7719 -3 2171 9 1 3 145 10 13
0108 30 =22 0 42 3 42* 5 67 18 12 3 39 3 -11* 4 232 7 1
212520 1 1 0 3 -17* 6 9516 -9 & 230 10 2¢ 5 27 3 . 9%
" HeKm 3,- 0 2 38 3 -33* 7 57 3 42* 5 0 3 -9% 6 240 11 23
6 0 3 0% 3 6328 =4  Heks 4y 2 6 106 17 =10 7 S5 .3 -23%
"1 26 3 26% 4 62 33 20 0266 5 6  HeKS 4y 9  HeKs Sy &
226116 0 5 61 3. 1* 1 40 3 28* 0 52 3 52* 0 15 3 15°%
3 46 3 46* 6 58 3 7* 2607 6 & 1 16 3 -31* 1 60 3 -ii*®
4 76 20 13 HeK= 3, 7 3 21 3 10* 2 39 3 3* 2 29 3 6°*
5 42 3 42* 0 19 6 -2 & 141 9 -8 3 52 3 ~6* 3 55 32 -42
6 9 3 30% 1 35 3 -27* 5 45 3 29* 4 42 3  1* & 99 18 -2
7 0 3 0% 2180 9 4 6261 9 -6 HeKs 4, 10 5 &9 3 20°
 HeKm 3, 1 3 5147 3 7 57 3 55* 0 15613 3 6 9721 7
0 382 6 -1 & 190 13 -6  HeKE 4y 3 1 &b 3 0% HeKs 5, 5
1 35 3 10 5 0 3 -23* 0 0 3 0* 219622 16 0295 5 S
2292 14 -6 6 141.12 -3 1 24 3 -16* 3 0 3 -8% 1 22 3 2%
3 26 3 13* Heka 3, 8 2 8227 6 4 108 17 -6 2 243 7 =2
4 456 5 -2 0 40 3 40 3 8320 3 5 52 3 44* 3 60 34 31
5 40 3 36% 1 13 3 -14% & 43 3 =9% H.Km &y, 11 &4 310 7 -6
615€ 10 6 2 S7 40 18 5 7726 33 0 0 3 0* S5 22 3 18+
7 0 3 4% 3 29 3 22%* 6 8934 10 1 0 3 -27* 6 136 3k -1
8 133 14 =10 &4 75 37 47  HeKs L4y & 2 &7 3 <~1®* 7 64 3 46°
. HeK® 3, 2 5 29 3 19% 0 262 B8 -~1  HeKs 4y 12  HeK= 5, 6
0 26 3 26% Heks 3, 9 1 0 3 =39* 0 14921 1 0 60 38 60°
121712 3 019610 -6 2353 5 3 2 101 18 =12 1 23 3 -7*¢
2230 13 7 1 6 3 -31* 3 58 44 28 HeKe 5, 0 2 34 3 -5+
3 2 3 2* 2221 8 3 4282 T -5 0 0 3 0* 3 35 3 -10°
4 125 13 =11 3 56 3 -26% 5 0 3 -11% 1 73 3 73% 4 48 3 -3+
5 55 31 29 4 8826 -5 6 181 16 -9 2 282 10 -4 5 56 3 16*
6 12€ 17 2 5 49 3 47 7 66 3 35* 3 59 32 59% 6 71 3 10°
7 54 3 29% HyKz= 3, 10 - HeKs U4y 5 & 26 3 =22% H.Ks S5, 7
MeKs 3, 3 0 22 3 22 0 0 3 0* 5 58 42 58% 0 280 6 -9
6

0 19 10 -8 1 28 3 2% {1 189 7 -7 53 3 16% 1 7 I =43°




. , 0 - o -
.~ STRUCTURE FACTORS CONTINUED FOR
F0B S6 DEL

FOB SG DEL L FOB SG DEL FOB SG DEL

L . L FOB SG DEL = L L _
2 205 10 0 7T 39 3 -15* 0 19513 6 1 0 3 =24% 2 96 20 =29
3 0 3 5%  HeKs 69 3 1 43 3 18* 2 340 5 1 3 7023 36
b 250 9 -12 0. 0 3 0% 2102 41 =36 3 41 3 <-7% 4 36 3 ~-13*
5 G4 3 33* 1 21 3. 7* 3 17 3 -12* 4 168 10 20 S5 38 3 2%
6 52 3 -50% 2 173 7T -10 4 161 10 1 5 42 3 37* 6 58 3 ~17¢
HeKs 5o 8 3 48 3 31* 5 35 3 23* 6 221 11 1& HeKm 8, 2
0 60 26 60°* & 10 3 <-8B® HeKm 69 11 7 37 3 17* Q0 274 9 ~10
1 .35 3 25% 5 60 37 59 0 42 3 42* HeKe 7, 6 1 12 3 ~-31*
2 57 3 33* 6 8027 5 1 0 3 =2* D 32 3 32¢* 2341 S5 0
3 0 3 -i7* HeKs 6y & 2 0 3 -22% 1 41 3 39* 3 S3 36 27
4 54 3 <-8* 0 218 8 -9 HeKs 6, 12 2 8 3 -14* L 296 7 O
5 19 3 «7* 1 0 3 -79* 0 134 22 7 3 S1 3 36% 5 63 30 41
HeKs 59y 9 2 430 5 =2 2 99 19 -10 4 87 19 =7 6 188 15 -8
0 260 9 -8 3 53 36 =5 HeKE 7o 8 5 62 3 34* 7 3% 3 20°
1 0 3 -21% 4 192 8 17 o0 0 3 0% HoKks 7, 7 HeKm 8, 3
2182 9 6 5 24 3 ~-9% 1 18 3 18* 0 252 7 -7 O 36 3 36*
3. 0 3 -28*% 6 224 15 -7 2 107 21 12 1 37 3 24% 1 34 3 2+
4 127 16 11 7 0 3 -18* 3 59 24 59* 2 151 10 -4 2 38 3 3*
S 58 3 L6® HeK= 69y 5 &4 78 23 ~12 3 0 3 -64% 3 9 22 -7
. HeKs 54 10 0 32 3 32% S5 23 3 23* &4 315 6 =9 4 79 19 ~-11.
0. 25 3 25% 1 0 3 -28% 6 147 13 15 5 61 3 41%* 5 53 3 1%
1 56 3 -9® 2 Lk 3 8% HeK= Ty 1 b6 8226 17 6 87 60 7
2 22 3 -23* 3 25 3 14% 0 324 13 -14  HeKs 7, 8 HoKs 8y &
'3 k1 3 26% & 78 24 -21 1 171 21 -14 0 39 3 39* 0 139 10 -13
. HeKs 54 11 5 32 3 11*% 2 470 6 6 1 18 3 -23% 1 3z 3 -7*
0 76 3 3* 6 8929 5 3148 9 1 2 51 3 19* 2 462 5 15
A 0 3 ~15% HeKs 6, 6 4 213 6 2 3 64 32 57 3 18 3 =4*
2.162 14 =13 0 442 6 11 S5 20 3 8% & 55 3 10* 4 174 9 =7
b 103 19 =13 L 0 3 -23* 6 241 9 12  HeK= 7y 9 5 83 20 77
HeKes ~ 59 13 2204 8 &4 7 98 27 47 0 207 9 -16 6 207 13 1
0 124 17 0 '3 55 40 32 HeKs 7, 2 1 26 3 =24% 7 56 3 37*
 HeK® 69 0 4 257 7 -1 0 25 3 25* 2 138 20 12 HoKs . 8y 5
0 204 12 -5 S 0 3 -25% 1 9025 & 3 37 3 30* 0 29 3 29*
S 1 W5 3. 45% 6 119 22 11 2 0 3 =4b® & 210 11 -16 1 12112 =5
2585 6 9 7 7239 63 3 117 11 24 5 28 3 12% 2 52 3 22*
3 49 3 49% HeKs 6y 7 4 39 3 5%  HeKm 79 10 3 46 3 27*
b 154 12 =15 0 43 3 43* 5 62 3 =3* 0 63 46 63* &4 36 3 =25+
S 45 3 45* 1 30 3 14* 6 T3 65 =26 1 75 33 <4 5 77 26 14
6 275 8 =8 2 41 3 30% Heks 7, 3 2 0 3 -32* 6 67 3 =-9°*
7 16 3 16% 3 112 17 -23 0 330 7 3 3 9 3 -11%  HeK= 8, 6 .
HeKa 69 1 & 86 19 16 1 69 44 22 HoKa 7, 11 0 425 S5 &
0 40 3 40* S5 136 23 12 2 433 5 7 015526 -9 1 33 3 24%
1 33 3 27 HeKs 6, 8 3 88 18 =16 1 65 4O &2 2 164 10 -11
2 14€ 9 -4 0 30 6 8 & 200 7 1 2 10526 =9 3 21 3 =42°*
'3 46 3 4% 1 5 3 -46®* 5 S4 4T 49 4 125 14 6 & 215 10 7
&% 32 3 -10* 2 13013 1 6 229 9 7 HeKs 8, 0 S5 33 3 =17*
5 60 19 &3 3 45 3 39* 7 0 3 ~-14* 0 332 9 -9 6 147 13 S
6 85 22 1 4 254 11 -5 HoK® 74 & 1 8 3 8% Heks 8y 7
7 17 3 =~-4* 5 52 3 38* 0 35 3 35% 2 407 5 ~-10 O 53 3 53¢
. HeKkms 64 2 6 70 36 =0 1 35 3 29* 3 29 3 29 1 22 3 -6°
0 .306 15 =7 HeKs 6y 9 2 169 8 0 & 264 7 =7 2 37 3 =2¢
1 238 14 15 0 53 3 53* 3 5924 16 5 38 3 38* 3 0 3 -30°
2 LbhEe 6 -1 1 0 3 =9% &4 37 3 13* 6 204 13 -6 & 56 3 5%
320€ 7 -1 2 43 3 2* 5 s0 3 2% 7 S8 3 58* S5 27 3 19%
b 231 7 =2 3 31 3 =31* 6 L1 3 -13* HeKm B8y 1  HeKs 8y 8
5 45 3 10* 4 46 3 -31% Hek=z 7y S5 O 0 3 0* 0282 6 &
6 8 6 =3 1L 56 3 3

22¢ 5 HyKm 6, 10 0 346 9% 1 28 5+



STRUCTURE FACTORS CONTINUED FOR

L FOB SG DEL L FOB SG DEL L FOB SG DEL L FOB S6 DEL

L FOB S6 DEL
2 165 10 =2  HeKs 94 & & 204 11 -14 3 53 3 51* 0 33 3 33°
3 56 3 9% 0 27 3 27* 5 25 3 25% 4 43 3 <-6% 1 G4 3 ~14*
4 169 33 -9 1 11411 9 6 207 25 -13 S5 0 3 -21* 2 50 3 44*
5 30 3 4* 2 5925 39 7 46 3 46% HeK= 10y 8 3 71 64 5
6 94 29 -5 3 43 3 27* HeKs 10y 1 0 273 & 3 4 67 38 -4
, ~ HeKs 8y, 9 4 56 3 27% 0 i1 I 11° 1L 43 3 6% S 66 I 1k*
N 0 52 3 52 5 53 3 29 1 7520 4 219910 1 6 64 3 -5%
S 1 0 3 -10* 6 8931 1 211111 19 3 0 3 -43% HeKs 11, 5
2 31 3 - 7* Hekm. 99 5 3 9316 3 4 B84 4k & 0225 7 -4
3 3 3 21% 021 7 -4 4 36 3 -i7%* 5 23 3 ~19* 1 34 3 -47*
4 28 3 <-6* 1 42 3 36% 5 62 3 <6 Hekm 10y 9 2270 7 7
HeKm 8, 10 2268 6 2 6 39 3 =-14% 0 39 3 39* 3 65 34 54
0 265 14 =17 3 60 28 =9 HeK=s 10, 2 1 25 3 4* & 237 10 -3
1 0 3 -48* 4 241 7 -10 0296 6 -5 2 0 3 ~40* S5 0 3 -50°
2 68 43 -4 5 68 40 48 1 46 3 6* 3 56 3 22* 6 120 20 -11
3 10 3 -4* 6 196 12 36 2 234 7 =2 HyKs 10y 10 HeKs 11s 6
b 174 11 10 7 61 3 52* 3 40 3 30* 0 16322 -7 O 0 3 0°
Hoks 8, 11 HeKs 9y 6 4 347 6 =3 1 28 3 =14* 1 74 27 30
0 57 3 57* 0 25 3 25* S5 32 3 30* 2 126 18 -2 2 85 22 17
1 39 3 30* 1 10 3 ~1* 6 159 21 12 & 125 16 =24 3 57 3 34*
HeKm 8y 12 2 52 36 =2 7 0 3 =29% HeKm 10, 12 & 58 3 15*%
0 76 49 24 3 26 3 17% HeKk=s 10, 3 0 71 61 -26 5 0 3 -12*
2.164 12 2 4 81 31 20 0 30 3 30* HyKm 11, 0  HeK= 11, 7
~HeKa 9, 0 5 63 3 40* 1 41 3 25* 0 6 3 6% 0283 7 9
0 0 3 0% Heke 9y 7 2 7127 14 1 44 3 44% 1 50 3 -31*
1 21 3 21* 0292 . 6 2 3 S0 3 28%* 2 0 3 -46% 2 201 10 -1
2 80 3 ~18% 1 44 3 -40* & 63 43 -37 3 27 3 27* 3 71 39 63
3 58 37 58% 2182 9 6 5 36 3 28* 4 5552 -22 &4 166 23 -0
& 41 3 -7* 3 43 3 25% 6 10022 2 S5 53 3 53* 5 66 41 37
5 T2 22 72% 4 190 11 -9 Hoka 10y & 6 111 22 8 6 129 22 -15
6 134 27 =35 S5 50 3 19* 0 368 5 5 HeK= 11y 1. HeKz 11, 8
HeKz= 9y 1 - 6 113 18 =13 1 41 3 =33* 0 276 6 =5 0 41 3 41°
0 281 7 <-4 Hek= 9, 8 2299 6 -1 1 33 3 30* 1 37 3 13*
1727 3 -13* 0 46 3 46% 3 46 3 32* 2 401 5 1 2 38 3 3u*
2. 460 5 3 1 37 3 19% 4 184 9 8 3 18 3 -2* 3 66 3 37+
3 5751 33 2 5933 -1 5 61 3 43% 4L 177 11 =2 4 0 3 -u3*
: 4 211 7 9 3 45 3 33* 6 20012 8 5 59 45 36 Heks 11, 9
; 5 58 3 40* & 39 3 4% 7 76 35 w44 6 207 14 -15 0 123 26 27
@ © 6.195 15 =18  H.,Ks 9, 9 Heke 10y 5 7 57 3 46® 1 0 3 =49*
% 7 0 3 -33% 0255 7 -3 0 24 3 24% H.Ks 11, 2 2206 17 7
g HeKa 9, 2 1 43 3 26* 1 15 3 =3* 0 22 3 22* 3 4 3 9°
i 0. 25 3 25% 211023 6 2 6541 -7 1 9526 9 4 153 11 -6
| 115312 9 3 7232 3 3 41 3 17+ 2 9721 8 S5 33 3 -9*
RS 2 40 3 7% 4 202 9 -9 4 32 3 5% '3 55 48 =0 HeKs 11, 10
L. 3 40 3 28* 5 32 3 2% 5 0 3 -26% 4 7238 39 0 o0 3 ¢
| &4 66 25 =8  HeK= 9y 10 HeK= 10, 6 5 38 3 25 1 0 3 -75*
] 5 b 3 29 0 0 3 0* 0235 9 3 6 0 3 -58% 2 67 53 34
; 6 68 3 ~4* 1 12 3 5% 1 23 3 -38* Heks 11, 3 HeKs 11, 11
!  HeKm 9y 3 2 0 3 -43% 222310 -6 0 462 6 11 0 14k 16 <6
z 0 173 10 =12  HeKm 9y 11 3 42 3 22* 1 43 3 36 2 124 24 13
; 1 223 2% 0207 13 -19 4252 9 2 2 21911 =2 HeKs 12, O
} 2 4k6 5 8 2 8329 9 S5 0 3 ~-13* 3 60 35 10 0 87 15 -7
| 3 48 3 -6 Heka 10y 0 6 119 15 11 & 274 10 -2 1 32 3. 32*
% 4 201 7 10 0 202 9 =10  HeK= 10y 7 5 73 31 54 2 438 7 =5
I 5 60 35 31 1. 28 3 28* 0 43 3 43* 6 13516 -5 3 0 3 0
3 g 247 11 3 2442 6 5 1 5239 22 T 8327 69 & 230 8 8
? =4 3 52+

69 37 65 3 42 3 42% 2 23 3 17* H,Km 11, & 5 52
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LEGAL NOTICE

This report was prepared as an account of work sponscred by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.




7 <

TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





