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STRUCTURE OF
TRIS(METHY SYCLUPENTQDIENYL)URANIUM(III)TRINETHYLPHESPHINE,
(CH,C_H J_U.P{CH,},
375 43 A

By John 6. Brennan % Allan Zalkin

Materials and Molecular Research Divisian
Lawrence Berkeley Laboratory and
Department. of Chemistry, University of California

Berkeley, California 94720 USA
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Abstract, M_ = 551.5, monoclinic, Cn, a = 13.949(5), b = 9.280(4),

4
)

2033(3) &7, I = 4,

™
I

C o= 16.194(6) A&, 104,09(4)0, V

D = 1.801(3) g cm ~, Mo Ka, Ma )

1052, T = 296 K, R

5.70930 A, u = 76.4 cm 1, F(000) =

0.024 for 1568 reflections. The st}ucture consists

of uranium centered monomolecular units in which the uranium atom is
cocrdinated in a penta-hapto fashion to three cyclopentadiene rings and
to the phosphorus atom of the trimethyl phosphine molecule. The average

U-C distance is 2.79 + 0.048 & and the U-P distance is 2.972(&) A.
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Introduction., He are currently studying the relative affinity of Lewis

Dasas tsward'(CH3C5H4>&Um Trimethylphosphine, F(CH:)S, is found io Be 3

bzttar base towards U(III) than are sthers or tertiary awmines. This is

surprisin,,.as ether and amine complexes of the actinide astals have .

ceen known since the early 1900°'s, yet the first uneguivooal

characterization cf an actinide phosphine coamplex was just recantly
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publishad (Edwards, Andersen % Zalkin, 1981}. To tr;
extent ligand-ligand repulsions may influence competitive basicity, we
are studying the molecular structure of these (CH,C=H4),U complexes, and
- S0 3

rzpart here the X-ray structure of (CH,C_H U P(CH

375 4

Experimental, Rad, air sensitive needles of the phosphine coamplex wersa

prepared by reacting ULl, (Andersen, 1979} with Na\CH H4‘ in

rr

tetrahvdrofuran ( AF), adding F(CH,),, and crystallizing from pentane a

N "\f"’} .

23 Crystal 0.18 % 0.22 % 0.Z8 mm with 9 faces; modified Ficker
automatic diffractometer, graphite monochromatory cell dimensions froa

Il reflactions, 20° < 28 ¢ 27°; analytical absorption correction, ran

[e]
n

2.783 to 3.41; max. (sin®)/A = 0.60, h -154 to 1b4, k 0 to ii,

%, -1% to 19; three standard reflections, (2% variation in intensities
o)
f:um average; 1430 data, 1798 unique (including 232, F~ < Zg, -
Rirf = 0.029; structure solved by Patterson and Fourier methods;
ey .
ratined on F, 207 parameters, ncn-methyl hydrogen atoms in calculated

[}

positions with isotropic thermal parameters, anisotropic tharmal
parametars {for non-hydrogen ataams, ring C-C and C-CH, bond distances

restrained. to (.40(2) & 1.52(2) &; R = 0, 924 for 1568 reflecticns

11}



(0,037 for 1568 for which F

'y omax. ({shift/g) = 0,08, max. correction far

ion 3% of F; max. and min. of a&F synthassis 0.34 and -0.37 2 & 7

atamic f for neutral U, P and C, and spherical bonded H froam
international Tables (1974}); local unﬁﬁblished programs and DRTEP
(Johnson, 196&35).

in an effart to determine the absolute configuratiaﬁ af the
molecule, the full upaveraged data set was used to rafine
bath enantiomorphic structurés, but the results showed no significant
difterences in the R factors for the two structurss. T;e Friedel pairs

of ,selected reflections with large differences were investigate
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again there was no significant correlation with the cobserved data. ©On
the assumption that the crystal was twinned with both enantiomers

e

present in equal amounts, thg data were averaged and af far all atoas
set to zero.

»The cyclaopentadienyl rings suffered considerable thermal
motion., The carbon atams in the ring were not well resclved.resulting
in uhrealistic C-C bond lengths and slow convergence of the least-
squares refinements, and it was necessary to apply distance restraints

(Waser ,1943) to the atoms of the methylcyclopentadiene ligands.

: . . ¥
Atamic parameters are listad in Table 1.



tructure factors, anisotropic thermal parame

stom parameters, deviations from least sguares planes, distances and
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ritish Library Lending Division as

Supplementary Fublication No. N {12 pp.). Copies may b2 obialined
through The Executive Secretary, Internatianal Union of Crystalicagraphy,

S Abbey Square, Chaster CHI 2HU, England.

Discussion. The complex (CH3C5H4)3.P‘CH3)3 is monomolecular in the
crystalline state and consists of a'urahium atom coordinated t& the
three methylcyclopentadienyl groups in a penta-hapto bonding mode and to
tha phosphorus atoam of the trimethyl phosphine molecule in a distorted

2trahadral arrangement; the angles about the U atom are given in Table

[ of

[Rh]

. The uranium atom is 2.972{(6) A from the phosphorus atom and Z.31 to

2.54 & from the least squares planes of the cyclopentadienvl rings; the

J

avarage U-C distance is 2.79 % 0.04 A&,

While there are a number of similar trivalent lanthanide

structures in the literature ((CSH:)?Gd.DC4HB {Rogers et al., 1980},

CJ! ,qy oc, HS’ (CSHS Lka. OC4HB (Rogers et al.’ 1781}, and

(CoHZ) NDLONC W {(Burns % Baldwin, 1943), there is currently anly ons
o 2 [P S
relatad trivalent uranium compound, (C H L oc structurally

4 ] i
characterized (4asserman et al., 1983). The average iU to cyclopentadiens
ring distance is5 2.52 +£ 0.02 A& in both \CH C F4 U.P(CH,}, and

_ PR
(CH Y U.OC H In the trimethylphosphine complex, the average Cp-U-

angle is 10& * 9°, and the average Cp-U-Cp angle, 112 + 7°, This

compares to 99 .z I° for the Cp—U—D.ahgle and 118 # 2° fgr the Cp-U-Cp



angla in the tetrahydrofuran coapley, and reflec
demanding nature of the phosphine ligand ralative to tetrahydrofuran.
In comparisen to three U(III) alkylphosphine structures describegd

rature, the uwranium(III} phosphorus distance in

Tl
-

in-the 1it

(CHLC_H, Y U PICH, ., 2.972(&), is significantly shorter

3 3'3

than the U-P distances of 3.21118) and 3.092{(8) in

£

({CH,C) o) ,UH. {(CH,} PCH,CH,P(CH,) ) (Duttera et al., 1981), 3.057(9) and
ot i L D A “ & R )

i ]

ILIZF?, in U(EH4)G.((CH,)HPCHOCHHF(CH,)H)H, {Wasserman 2% al., 1954},
. s [ & s Wi & .

3.085(3) and 3.174(3), in U(CH,BH,),. ((CH,) ,PCH,CH,P(CH,},),(Brannan et

A

£

~0

al., 1924),

Helpful discussions with Professor R, A. Andersen arz greatly

appreciated. This work was supported by the Director, Office of Enargy

Research, Office of Pasic Energy Sciences, Chemical Sciences Division of

the U.S. Department of Energy under Contract HNo. DE-ACOI-74LSFO0O0TE.
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Table .

Atamic parameters for

Tris(methylcyclopentadienylluranium(IIlitrimethylphosphine

.

G REY
caild
Ce1
a1z
Ciig)

B

eq

174
0.2795(3)
0.3866017)

©0.388B4(1B)

0.4381(13)
0.4393(14)
0.3819(12)

0.3564(17)

0.1118(18)

0.0494(13)
0.1326(23)
0.1978(16)
0.1437(12)
0.2094(12)

CI030(12).

0
0.2964(13)
0.3336(25)
0.3498(19)
0.1669(16)

”

T(B..)/3, &-.
il

y
¢.08828(3)
-0.0741(6)
0.4028(20)
0.3026(23)
0.1715(27)
0.1257(14)
0.2171¢18)
0.3289(22)
0.3483(24)
0.2746(18)
0.3241(17)
0.2149(24)
0.0944(20)
0.1473(21)
0.024(3)
-0.0603(27)
-0.1256(16)
-0.2007(14)
-0,1787(17)
-0.0850(17)
0.025(5)
-0.2218(21)

-0, 15612

F-J3
o~

L]

rJd

[
M

~d EN

xu)

~d

(%))

Q.



Table 2.
]
U
U
U
Y
U
U
Y
U
U
]
F
P
Fn
)
bl )
i
upl
=cCp, €

21

Atoms

Ta

1
o

- Cpi
U - Cp2
y
u

U

- Cp,

Cp?
CP.
2

and -Cp, represents the centers of aton

0y

g

Atoms
C(i4)
CiLs
cois)
C(17}
{3l
cpend

Cp(2)

Cptd)
Lo
C(20)

Ci21)

Cp,

c<§9)
C(19)
c2m

v
~g

-0

o

distances and angles
Distances
d{&) -
2.972(4)
2.7481(23) y
2.66B(22) 4
2.789(19} U
2.835(14) y
‘2.856(20) U
2.817(17) u
2.800(20) U
2.728(21) P
2.704(21) P
2.88B9(17} P
Angles
112.7
109.7
94.7
119.4
169.8

and C{13)-C(18) respectively.

d{a}
2.847(23}
2.805(15;
2.7%97 (15}
2.775(18)
2.736(13)
2.51
2.51
2.50
10933 (26)
1.837(18)
1.837 (2

Cp,  106.0
C(20y .. 97(2)
Ci21)y 101{22
Ce21) 104(2)
groups T(2)-Ci{a}
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Figure captian
ORTEP drawing of- - trisimethylcyclopentadienylluraniem{Ilii-
trimethylphosphine; thermal ellipscids at S0 probability

lavel.
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By John 5. Brennan % Allan Zalkin

Materials and Molecular Resesarch Division
Lawrence Berkeley Laboratory and
Department of Chemistry, University of-California

Berkeley, California 94720 UGA

Abstract. M_ = 551.5, manoclinic, Cn, a = 13.949(5), b = 9.280(4),
C o= 16.194(6) A, B = 104.09(4)°, V = 203I3(3) A, I = 4,

D= 1.80143) 3 cm'3, Mo Ka, Alay) = 0.70930 4, u = 76.4 e !,
F{000) = 10352, T = 294 K, R = ©.024 for 1542 raflections. Ths

structure consists of uranium centered monomolecular units in which

g
T
@]
ur

T
or

ine mol=acule, Th2 average U-C distance is 2.79 + 0.04 & and

the U-F distance is 2.972

a) A.
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c(1)
c(2)
c(3)
Cla)
c(s)
C(6)
C(7)
c(8)
c(9)
C(10)
Cl11)
ct12)
C(13)
Cl14)

c(15)

C(16)
Ct17)
c(18)
C(19)
Ctaa)
c(2t)

|

1
o
cr
s
7]

B11

24438 (13)
bo 81(20)

6¢9(10)

. 4o 8(10)

2¢5(7)
o 4l7)
4o 0(7)
5¢2(9)
9. 4(1 4)
3. 4(B)
60 9(16)
he 3(1L 0)
309(3)
202(7)
11,1(19)
105(23)
Sea(T)
7.6(10)
Tel1(10)
5¢9(9)
8el1il &)
12+9(16)

6e4(10)

exp[—O.ES(Bilhéa

»

Anisotropic Tharmal Parametsr

822

24735(15)
4e35(22)

601 (18)
8056 (16)
8eB(16)
Je1(7)

449(7)

802 (14)
7:2(11)
4.3(3)

1.4 (5)

1746 (30)
508(9)

556 (9)

10011(1%)
13,2(2%)
4¢3(7)

3e9(6)

409 1(8)

5¢9(8)

155(22)

640(113)
9.8 (13)

2 %72

833
3.496(16)

heM7(21)

Te3(11)
75(16)
10.7(28)
5«1(9)
7.2(11)
7.0€12)
8451(14)
8.8(13)
1345 (25)

9.5(17)

95(17)
7.8(12)
4.56(12)

11.2(23)

6e41(8)
9.0(11)
8.1(11)
5.317)
7T¢5(18)
9.3(13)
11.5(17)

¥ %
+ 2B, hka b+ ...
A A&

q

4w

nw
o

812
«30¢(6)

-ekl1(18)

-e6(8)
«2o7(10)
-o?(8)
=o&4(6)
e5(5)
=2 o 8(9)
108(11)
1.1(6)
-e2(6)
12(13)
=e7(7)

e163(6)

=lhe2(13)
«34,7(20)
ol 43(6)
=s3(6)
1.7(7)
06(7)
Je0014)
6e4(11)

=1 45(10)

The anisotropic temperature factor has the fora

813

1.7(9)
Je1(13)

=heb(11)

1.9(8)
2.8(8)
24 1(9)
2e8(12)
o7 (9)
8,0018)
o7 (13)
Je3(11)

©2,61(7) .

-q9(12)
5.8(13)
1e54(7)
Je5(8)
«2€¢8)
15(7)
09(13)
Je7(12)
203111)

e673(10)
033017)

823
«461(5)
*e72(17)

- =198(9)
1,2€(12)
09(1%)
202(€)
1¢2(7)
495(11)
S¢5(11)
208(€)
-g8(9)

-*1008(20)

24e0(10)
206(€)
86 3(12)
=9, 4(20)
e 7(E)
=14,6(7)
=le8(8)
*1¢5(7)
o7.2(17)
4e5(10)
he6(13)



Aftom .

_H(1)
C H(2)
H(3)
H(4)
 H(S).
'H(6)
H(T)
H(8)
H(9)
H(10)
H(11)
- H(12)

L
o . .
— The isotropic temperature factor

1
By

o725
o7 29
03646
e3216
e1515
«0978
0327
«d1 65
«0720
1927
364

3521

012865
«0 384
02033
« #4157
8173
«2188

«0949
~e1194
*,2596
'02217
=e0 433

)
rr
(]
T
ot
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m
-4
=3
as
-
as
|
0.
=3
[11]

03558
21380
01013
«1819
02628
- 93539
02560
01042
01368
2509
- 92285
108

has the form expi-Bsin

10.080
10.0¢€¢0
10.040
10,000
10.000

10.040



Plane

-
-G,9021

0.038
-0.437

B Ll
0,023

(]
-
w

10
39

[e]
—

2, C(8) - C(12

£(8)
Cea)
C{10)
city)
C(12)
u
C(7)

Plane

0.063
-0.021
-0.027

0.067
-0.08%5

2.509

-0.013

Z, C(14) - CUUD

Ce14)
C(15)
C(16)
C(17)
ci18)

-0.,035
0.020
0,002

-0.023

0,03
2.541

-0.113
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376118
LO07418)

34347

Tabkle D C-C distances and C-C-C an;lssa
Distances
Atcms .d (&) Atoms
C(25 - C{3 1.392(18) ceiz2y - oy 1
ey - C4) 1.241 018 C{l4: - CUIS) 1
C(ay - C(Z)y - 1.400017) £(13y - CUi&s i
£ -‘C(b)‘ 1.357(18) Ciig) - CU17s H
C{6) - C(2)  1.438(18) ca7y - cus) 1
gy -y 1.4046(19) geig) - Cidy 1.
C(9) =~ C{i0) 1.434(19)> L)y - C(2) 1
. C(lO)‘- tin 1,427 (18) C(7) - C48) i
C(iif - Ci 1.,412019) Ci13) - i1y 1
Angles(®)
C(1y -C(2)y -C(3 126(2) C(9y -C(10)-C(11)
C{1y -C(2) -CiH) 132(2) cam-tan-tuzy
C(3y -Ci{2) -C(& 100(2) £(gy -Cuu)-citn
C(2y -C(3)y -Ci{H 112(2) ceI -1 -CLsy
C(3) -C{4y -C(D 11042} C{13)-C(14)-C(18)
LL2) -Clay -C(3) 116(2) C(15)-C(14)-C(18)
C(4) -C{3)y -L{6) 102(2) CUf-Cus-cita
C(7y--C(8)y -0(9 129(2) C{19)-CLi&-CUL?)
C(7)y -Ci8)y -C(12) 125() C(16)-C(17)-C(18)
C(9) -C(B) -C(12) 103(2) Ciiar-C1xy-CuL?y
Ce9)y -Clitm-C{L1ly 1042 -

a . . ‘ ' . ,
— Distances were restrained in the least-sguares, therefore the

qucted e.s.d’'s in parenthasss ar=2 not significant. -
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OBSERVED STRUCTURE FACTORS, STANDARD DEVIATIONS, AND DIFFERENCES (ALL X 6.0)
U (CH3C5H&)3. PICH3)3 F(G,0,0) = 28146

FOB ANC FCA ARE THE OBSERVED AND CALCULATED STRUCTURE FACTCRS,
SG s ESTIMATED STANOARD DEVIATION OF FCBe OEL = /F0B8/ = /FCA/.
% INDICATES ZERD WEIGHKTED DATA,

L FOB S6 ODEL L FCB S5 DEL L FOB S6 DEL L FCB SG DEL L FOB SG6 ODEL
HeX= 06y O 2 437 11 =8 =5 692 18 7 9 56 11 =11 <€ 218 6 2
21176 30 =82 3 124 5 2 =4 616 16 39 10 419 11 <& =5 294 8 S
&4 811 26 =3 . 4 365 10 <=5 =3 506 13 2 11 27 53 «=8% =4 247 7 <«2
6 799 20 6 5128 5 =6 =2 725 18 15 12 2¢2 ¢ 8 =3 212 6 =3
8 565 15 -11 6 458 12 ~11 =11024 26 ~-26 13 0 56 =44® =2 281 7 =1
10 428 11 5 7 93 71 7 0 %99 13 0 16 2€3 7 2 =1 340 9 =5
12 408 11 =1 8 384 10 =10 1 903 24 1 15 19 52 6% 0 265 7 w6
14 247 7 1 9 49 27 20% 2577 15 21 16 200 7 -1 1 387 9 =2
16 187 56 =6 10 294 38 4 3682 23 31 17 %6 61 2&% 2 290 8 <=2
16 18€ 56 12 11 47 47 «=5% 4 559 19 39 HeK= 14 5 31290 8 2
HeKs 0y 2 12 260 7 2 S 608 25 0 -16 & 21 11 4 265 7 3
0 216 6 11 13 30 58 =26% 6279 7 <=4 ~15 183 7 € 5 332 9 =4
1 560 17 9 14 188 7 o 7 633 21 b =14 74 21 =14 € 248 7 =26
2149 7 68 15 0 63 -39* 8 351 9 6 =13 2¢0 7 4 7 246 7 ?
31032 27 &2 HeK= 03, 8 9 368 10 =12 =«12 & ¢ 2 8 198 6 =4
& 344 9 18 0 136 7 =1 10 282 8 11 -11 303 15 4 9 158 6 =0
S 624 16 =4 1 325 9 <0 11 367 10 =7 -10 201 ¢ S 10 165 & <=3
€ 378 10 15 2101 T b 12 177 6 =k =9 3Z7 15 0 11 174 6 1
7 487 15 12 3 363 10 2 13278 8 =2 =8 141 S -1 12 139 7 2
6 372 10 20 4 75 15 «22 14 169 6 <=8 =7 4€0 12 =-8 13 151 7 7
9 530 16 8 5 318 38 0 15168 6 <6 =6 &8 20 =12*% 14 80 22 =38
10 185 5 1 6 99 7 -11 16 110 8 0 =5 512 13 10 HeKa 1, 9
11 364 9 4 7256 7 <9 17 158 7T =8 4 222 € =1 -11 19 56 237°
12 186 b =6 8 &4 &7 <0°* 18 B1 34 =5% =3 540 14 20 -10 207 7 0
13 284 8 <=2 9232 7 2 HeKms 1, 3 =2 189 S 15 =9 28 59 239'
14 135 5 & 10 49 48 7T%«=18 144 8 S o1 6060 15 15 =8 221 7 3
15 232 o 1 11 208 7 3 «17 35 60 12% 0 148 5 =2 =7 69 21 =3*
16 81 13 +3 12 71 13 13 =16 224 7 8 1 579 165 6 =6 216 7 =7
17 13€ 6 -8 HeXks 0, 18 =15 33 58 6% 2 265 7 =8 =5 69 11 =11
18 53 28 =26* 0 184 3 0 =14 265 8 6 3 439 12 2 =4 279 8 -0
HeKs 0, & 1128 7 2 =13 bLbh 49 27% 4 208 € 0 <3 93 &8 8
0 S31 16 <=5 2 186 b 5 =-12 315 &8 2 S 476 12 =11 <=2 279 8§ 3
1 573 16 =10 3 143 7 =3 =11 36 51 =13* 6 <0 € 2 =1 95 &8 11
2 476 12 8 & 163 6 <« =10 450 12 -1t T 4S5 12 0 0 254 7 4
3 699 20 L 5 122 7 «1 <=9 31 48 =19* 8 175 € =7 1 85 9 =3
4 316 8 2 6 136 7 =4 =8 539 14 2 9 363 10 2 2 283 8 -1
5 546 18 -19 7 108 8 <5 <7 42 11 =~11 10 131 € S 3 11¢ 7 2
€ 397 10 13 8 121 11 <6 <=6 564 20 0 11 288 13 -8 4 25€¢ 7 2
7 340 9 -11 HeK= 1o 1 =5 122 & 21 12 78 10 3 5 84 9 =3
8 326 8 15 -18 36 S =40% =% 832 21 =7 13 225 7 =5 6 205 6 =5
9 356 9 =14 -17 157 7 <2 =3 166 5 18 14 106 8 18 7 6326 10°
10 246 7 <=2 -16 108 85 <=8 =2 834 23 -2 15 1%6 7 -0 8 2046 7 3
11 26¢ 7 =1 =15 197 b 2 1 B1 & =3 16 A3 64 =22% 9 58 16 -8
12 171 6 =9 ~14 148 6 <k 0 639 18 53 Heks 1, 7 10 181 7 S
13 188 6 4 -13 321 9 1 1191 5 6 -16 118 8 6  HeK= 14 1%
14 139 6 2 ~12-188 5 =5 2 708 18 =42 =13 1€7 7 9 1177 7 2
15 186 6 3 =11 351 16 ~-11 3 73 & =0 =12 1640 7 =3 0 31 60 e0°
16 108 7 <=0 -10 281 13 =5 b 857 25 8 =11 1€8 € =3 1176 7 =3
17 122 7 =5 =9 388 10 =7 5 111 & &0 <10 176 € =6 HeKs 24 O
HeKs 0, 6 =8 315 13 12 6 546 22 =20 =9 183 € =0 -18 180 7 =5
0 S2€ 14 7 =7 577 15 =10 7 45 19 =14® «8 185 6 <=1 <1€ 197 6 0
1160 5 8 537 16 =0 »7 316 &

2 =26 270 7 =7 ol =14 308 8 =7
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STRUCTURE FACTORS COMNTINUED FOR

U (CH3CS5H& )3, P(CHI)3

F 0B
419
390
584
714
652
872
01143
%20
784
851
526
392
371
234
191
15S
Hy Ka
82
167
63

2 44
144
255
12 192
367
175
511
283
482
281
727
284
630
284
371
507
512
2 hé
801
255
494
312
506
213
482
171

U-N- BN U NN NN )

17¢
278
10€
218
39
13¢
Mo K=
=17 145
=16 96

s e e
Wl o

(P TVr
~eoWn e

Jao

S6
11
18
15
18
18
22
29
i1
20
22
16
10
10
7
7
7
"2
11
7
L2
7
6
7
6
10
)
13
7
13

10

DEL L
12 -15
14 =14
=2 «13
16 ~12
26 -11
=5 =10
50
26
7
33
=l
-27
2
g2
=10
]

2
4
-8
-l7®
-2
4
-8
8
=9
-7
-5
&
]
=10
24
3
=il
20
31
17
2
-6
-2
2
-22
9
22
=10
15
7
1?7
=10
17

6 ]
-7
af 2"
o1
4
5
=19

=1

16

FOB S6 DEL

192 7 L
164 5 2
204 b 6
196 b6 g
280 3 =10
234 7 =9
347 9 =9
262 7 5
313 12 17
304 8 =3
505 18 112
342 9 b
634 1€ 6
Wi1s 11 =0
545 14 =5
372 10 =2
511 13 4
315 8 1
61€ 16 =5
298 8 b
353 3 =5
352 9 =9
327 14 =7
262 7 <12
348 14 ~10
202 6 b
234 7 10
176 b 0
177 6 =5
123 8 =9
172 7 -0
113 9 10
H9K= 2 6
138 8 =2
64 43 . R
208 7 &
5€ 57 ~12°%
2€E8 8 3
38 47 -33%
284 8 =2
83 3 3%
372 10 3
93 7 -13
43€ 11 -3
103 3 =1
367 10 =6
109 5 7
489 13 7
111 5 §
549 14 13
84 5 =1
11 11 2
& 6 3
415 11 6
102 65 13
53% 11 -13

FOB
59

S
262
%0
262
56
14 165
15 0
HeKs

«13 156

=12 70
-11 205
=18 0
w9 261
-§ 88
=? 242
=6 127
=5 273
- 51
«3 303
=2 95
281
147
347
102
357
b3
287
84
240
51
212
g
181
69
H'K=
128
127
136
141
156
186
171
146
167
139
167
138
138
134
128
116
H'K=
19 131
-18 87

U
DENOVMSWNFEOM

] e po g
@ o

319

SG6
16

53
5
S8

4

75
2y

N

o

\n .
NONOANOVOUWOLNOOONGD NN

\n

N
~

Cgiﬂlﬂ'N'ﬂ‘!m'ﬂd‘ﬂﬂhd\ﬂ'ﬁ“ﬁtbel

11

DEL L
8 ~17
7 =16
»51% 15
1 =16
alte 13
=10 =12
I*e1y
-3 =10
=35% 9
8 <8
-y =7
6 =6
ol a5
o52% o4
«5 &3
1 2
olyh =t
-8 1}
-5 1
=18*% 2
=6 3
1 b
-9 5
5 6
-1 7
-8 8
6 9
«53% 10
7 11
il 12
6 13
=q% 14
=10 15
=57% 16
2 17
6*
10 =18
-6 =17
5 =16
i3 <15
=5 =14
5 =13
=] «12
3 -11
-3 <10
-6 =9
1 =8
-ly =?
-7 =§
=15 @5
6 w4
0 <3
=2 2
1 -1
=0 ']
-5 1

F(8
1%
14
212
1€2
3
206
317
3as
424
326
630
372
673
337
3s%
111
855
132
6 €0
258
610
&b
588
345
540
327
389
240

345 .

1€8
235
129
157

153
HoKn
155
20
21
49
283
-
31

4€5
&5
455
45
479
‘S1
753
127
812
So
618
182

. L wn
LFOVLONOR BN NI NNNG

N
£ N

NN
Ao m

[
(.3 Y.}

-

W

W
BN NANNEINWNONNNRO YO

.22

OEL
-6

-1

-11

OO NOMEwWNr-

-l
-6
12
-2
-22

-l

12
21

.12
33
26
28
18
15
12
18
11 =€

-3

5
«3

2%
-3
7

17*
-2
-3

VA NOMEWN D

e e
N - S

-7
13
14
1¢

el 3%
12

14
13
=12
=11
<10

=9

21
15
-3

FO08
786

660

104
407
60
476
32
372

257
16
242

167
H’KS
137

191

82
261
103
289
191
32¢
103
453
152
437
307
434
218
510
199
491
267
357
170
427
i5¢

385

176
300

96
278

212
913
145
HoKm
106
161
153
163
171
195
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S6 DEL
-2
10
ot
-3

=16*

=1 9%
o8

3
ohi®
ol
-33s
o5

S
8 =4
o]
oh
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14
-1
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9
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STRUCTURE FACTORS 'CONTINUED FOR

VoOoNOBPUN M

e b
N -6

d
YR
-

=10

U (CH3CSH& )3« P(CH3)3
FOB SG OEL L FgB
181 6 =5 4 77§
30113 0 6 690
227 146 6 8 406
248 7 0 10 375
291 8 3 12 331
260 7 2 14 206
280 7 2 16 173
364 10 0 HoK=
286 8 5 -18 50
324 8 -2 -17 178
282 B <1 =16 172
273 7 1 -15 221
256 7 2 -14 136
272 7 0 -13 240
207 6 =5 =12 174
202 6 2 =11 411
16k 6 =9 =10 154
177 6 =3 =9 502
143 7 =7 =8 228
183 7 5 =7 537
115 8 =16 =6 347
135 8 4 =5 685
HeKz= 39 9 =4 247
28 61 =31* =3 698
198 7 1 =2 520
32 59 «37% =1 780
203 7 1 0 547
7221 6 1 774
213 7 3 2 333
57 25 =10*% 3 687
271 8 2 &4 262
47 54 =30% 5 491
256 7 1 6 297.
64 12 6 7 464
228 7 =6 8 1463
59 25 S% g 399
245 7 -5 10 191
63 23 =15% 11 277
235 7 1 12 159
51 55 =6% 13 227
211 7 =2 14 44
45 59 5% 15 197
212 7 9 16 7%
45 55 =30*% HeKs
HoK® &4, 0 =17 139
172 7 3 -16 99
224 7 15 -15 190
35¢ 9 <4 =14 162
398 11 =6 ~13 198
425 11 14 =12 197
676 17 =5 -11 309
750 19 =24 -10 226
€23 16 6 =9 381
649 17 <20 =8 275
482 12 =26 =7 297
800 20 37 -6 303

S6
20
18
11
10
9
7
7
by
55
7
23
7
7
7
6
11
)
13
5
16
9
13
6
18
13
28
18
20
9
25
13
13
8
20
5
21
5
3
b
7
61
7
23
by

[y
PONCQ OO NN ®

DEL L Fo8
24 -5 438
8 =4 326

b =3 515
af =2 326
ey =1 366
=13 0 419
5 1 471

2 2 380
=23% 3 492
-8 4 335
=9% 5 290
1 6 279
of 7 380
-3 8 223
=9 9 330
5 10 177
2 11 197
=10 12 177
«2 13 184
5 14 112
«10 15 157
Qs “'(8
o =16 136
a7 =15 52
27 =14 213
=l =143 46
12 =12 256
b =11 &4
28 =10 257
1 =9 73
1 -8 3380
1?7 =7 107
T =6 480
20 =5 538
a2 ebf 424
«) «3 65
«3 «2 502
0 =1 103

3 0 S84

6 1 108
«38% 2 381
7 I 7a

b & K28

& 5 &7
-2 6 377
i?2 7 L6
-] 8 2561
- 9 &9
=0 10 249
«3 11 51
5 12 224

1 13 &3
«9 HeKs
2 =13 156
1 =12 b7

r -11 201
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S6 DEL

=10

o
SNNSNRSNONONOO VDO ONOY

20%

n

[l \n
cONSE

12

14

)
B EEENENER -
NWESsFVMOINOODBO

4
voeoNOMSFwwnNFrOP

J [
~N o

L 1)

14
)

F(B

136
1€2

151
1¢€6
141
121
Mo Km
123
103
142
140
212
135
317
156
306
285
§31
246
612
33
5€3
3¢t
677
363

918

651

S6
2§

55

Nbbbl‘dﬂbiﬂﬂ'ﬂ\l@l‘!‘b'ﬂ\lN'ﬂ\iﬂfﬂﬂ‘ﬂ‘lﬂ

i
N~
‘ .

Fo8

OEL L
19% 1 651
8 2 418
2 3 604
8 & 305
8 5 5§72
4 6 264
3% 7 414
6 8 258
=g 9 292
-2 10 198
3 11 314
4 12 135
«15% 13 202
-9 14 118
-7 1% 138
-9 16 77
-2 HeK=
7 «18 142
*15%17 0
1 =1€ 221
«3%-1€ ]
18 «14 239
1«13 4&
1 =12 331
1 =11 286
o2 =10 492
€ =9 42
3 =8 445
3 <7 83
5 =6 52&
4 <5 119
a2 o4 722
2 =3 23¢
.2 =2 673
oy o1 163
b { 8 617
-6 1173
16 2 756
ol 3 aa
10 4 5140
-5 5 0
-5 6 435
-8 7 21
-ly 8 46¢
0 9 15
-4 10 329
§ 11 ]
=1 12 22%
«18 13 25
=5 14 219
24 15 &7
oil N'K’
ol «17 135
-12 1€ 4€
- § «15% 190
27 =14 49
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S6 DEL

-
e

[
[

N o el ol o
GVNSOONNOOAGNRE NGNS
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3
oy
61 =19¢
ol7%

25%
g

-29%
=12

58

13
e10
-
=12

=19

=27
L3

oll
28
o

o34L®

-12®
e11%
o8s
8

62 30°*

- §

63 =29%
7 10
52 =19%
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STRUCTURE FACTORS COMNTINUED FOR

=21

VONOVMS LMD

-
- o

12

POl NOVMSEWNMO

b

U (CH3CS5H&)3,P(CHII3

FOB S6 DEL
256 7 3 -
85 9 -9

284 8 -2
147 6 6
350 9 3
139 6 =8
"#5% 12 =9
19€ 6 -1
381 10 =11
2286 6 =3
401 10 =4
159 5 =3
507 13 =5
119 5 =3
469 12 =3
211 6 =8
410 11 -10
160 5 =5
656 12 »6
161 6 =3 -
331 9 =6 -
135 & =9 -
255 7 =5 -
67 27 o1 7%~
262 8. &
53 41 ~8%
174 7 =1
61 29 -=15*
HeKm 5, 7
105 9 =5
168 7 6
147 7 6
158 6 1
195 6 15
183 6 =3
211 6 =40
263 7 3
262 7 o3 -
260 7 3 -
282 8 =31 -
281 8 0 -
272 7 2 -
307 o 2 -
28¢ 8 Q0 -
Chg 7 =2 -
263 7 =2 -
212 6o ]
234 T =2
232 7 =8
187 6 =5
201 6 =2
170 6 =7
168 6 12
145 7 5
155 7 Q
H'KS 5' 9

L
10
-9

Fos
174
39
191
20
214
74
257
73
238
56
207
77
242
55
2340
67
203
52

H'Kl

150
213
32%
339
3n
566
624
601
843
731
707
581
511
335
378
282
172

&€
17¢

86
206
142
2s2
173
381
i15¢
399
271
378
304
577
148
T48
303
675
239

S6
7
53
5
57
7
19
7
13
7
15
6
10
7
57
7
35
7
61
6y
7
7
9
9
10
15
18
15
21
19
18
15
13
9
10
8

DEL
2
«{5*
2
-32%
5
10
5
-17
0
-2

16
5
-13'
-3
13+
11
=153%
g
-]
3
b
-1 56
-8
-
«35
-21
-18
-1h
?
30
-3
-3
7
ol
7 2
5 2
56 «27%
7 1
10 =3
[4 3
b =4
7 4
b 5
10 =11
6 o7
11 0
[ 4 b
10 =10
11 =15
26 =3
5 =§
23 -16
8 -10
23 =6
6 19

o

F08
591
227
492
3080
17
279
423
139
355
172
228
108
189
67
161
Ho‘z

VoONOITVSWNP™

1?7
=16
=15
=ik
13
=12
11

110
169
159
198
177
335
191
366
289
309
328
401
311
616
295
316
389
467
277
28
304
312
259
353
209
257
163
166
151
164
‘95
HeK=
-15 1]
14 212
13 44
12 244
=11 33
=10 250
-9 &7

VoeNOVMIFIFwNh+r-oe

o ol o
whNhr- o

14

147

DEL
=18
«10

ol 4]
Vo

[
o W

-h
13
14

T
O N

g

NNOONOCOVNOIOFPNNVOOOFOODPIORNRLVARNNDOOINUWUNOENIY

14

» e

=13

«20

(W

8
59 5
14 8
56 =18*
[4 ¢
19 =17

=8
7
»6
=5

[
&

=3

L
N

' ')
WONOVMEWNrHrO R

WVONTVMFWNFIFO

-6
=5

-

. =3

-2
-1
0
1
2

=18

FCB

362 -

3¢

€7
234
€0
226
0
187
""'

132

148
138
147
151
117
1¢%6
150
181
H'!l
&7

S€
<
50
10
1€
9
14
11
€
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17
10
<
10
<
L]
10
7
S5t
7
52
?
€
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7
13

W
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NaNONeNNNu®

53 «

BPNNNNO NSNS
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DEL
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16
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216
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181
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-
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STRUCTURE FACTORS COMTINVED FOR

- 19 -

U (CH3CSHG )3, P(CHI)3
F0B SG OEL L FGB S5 DEL L FOB
0 50 =67% 1 221 5 =2 =7 314
420 11 L 2 195 b 0 =6 2280
48 50 -13* 3 198 b6 =b =5 435
3688 10 2 4 185 6 0 =% 202
51 32 10% 5 226 7 =% =3 339
242 7 4 €6 16 6 e =2 256
40 57 11% 7 153 7 0 =1 314
195 7 7 8 154 7 -10 0 191
33 5¢ 15* 9 131 &8 7 1 473
195 7 7 10 127 8 5 2 21%
HoKms 7, 5 - HeK= 7, 9 3 424
64 36 0% =9 61 30 12* 4 233
1860 7 2 28176 7 <=5 5 347
38 53 =20% =7 46 50 <1%* 6 165
231 7?7 b =6 203 7 6 7 368
95 9 7 =5 6622 =9*% 8 105
238 7 =2 =4 231 7 2 9 268
1314 6 5 =3 43 50 =2%% 10 130
290 8 =1 =2 218 7 2 11 176
132 b6 9 =1 65 23 7% 12 77
387 10 6 0 230 7 7T 13171
123 b5 =11t 1 65 24 ~15* HeK=
3746 10 =0 2234 T <=b =17 134
148 5 3 3 53 &1 «14%=46 92
403 11 =2 4 187 7 b =15 168
150 5 & 5 55 19 1%=14 123
bhh 12 =11 HoKz 3, 0 =213 174
161 5 =11 ~-18 155 7 3 =12 158
373 10 =4 -16 199 7 5 =11 266
212 6 =8 =~14 287 8 2 =10 171
387 10 «11 -12 337 9 2 =9 286
13€ 6 13 -10 375 10 -1 3 =8 280
364 10 «2 =8 516 14 <28 =7 330
103 7 =1 <=6 528 16 -20 =6 274
246 7 =6 <=4 4586 12 =1 =5 4280
122 7 o4 =2 630 16 =3 =4 221
21& 7 1 g 552 14 0 =3 420
58 40 =27% 2 4E&1 12 27 =2 238
199 7 -17 & 505 13 <7 =1 361
65 30 1* 6 414 21 11 0 240
HoK=2 7, 7 8 291 8 % 1 395
64 65 =48* 10 320 9 12 2 226
157 7 0 12 234 7 2 3 298
139 7 =2 14 131 8 -16 4 269
169 6 5 HoKs 8, 2 5 25646
175 6 5 -18 65 33 0* 6 202
190 6 =0 -17 172 7 1 7 255
164 6 =22 ~-16 88 10 O 8 156
229 7 1 -15 212 7 5 9 202
165 6 =6 -14 126 7 <3 10 135
228 6 0 «13 247 7 <2 11 134
19?7 & 8 =12 126 7 b 12 114
280 7 3 =11 335 3 =5 HeKs
199 6 =8 ~10 138 b6 =2 =15 &0
282 & S =9 335 9 6 =14 196
208 6 2 =8 213 6

S6 DEL L
8 =8 =12
6 7 =11

11 =5 «19
6 6 =9

10 =19 3§
7 =1 o7
8 9 6
5 =10 =5

12 7 =4
6 13 -3

19 7 =2
7 e =1
9 =5 0
6 =8 1

10 5 2
8 =8 3
8 1 &
7 7 5
7T =4 6

21 ~16 7
7 =10 ]
8y & 9
8 8 10
19 =20
7 b =11
8 =20 =10
7 =2 9
6 =6 =8
7 2 o7
6 <7 <=6
8 15 5
] 6 e
9 o1 =3
7 =7 =2

11 =15 =1
6 =14 8

11 3 1
7 =6 2
9 =7 3
7 =5 &

10 =12 5
7 [ 6
8 -3 7
7 [

7 3 =18
6 3 -17
7 6 =16
? 1 -15
7 =5 «i4
7 <=9 =13
8 =6 =12
9 =0 -1
8, 6 =13

6 =2% «9

7 6 =8

«2 =13 40 54 -12% <7
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40
1¢5
HoK=
183
€6
201
75
209
43
239
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101
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176
2€9
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W12

OEL
9

b4
1

5
7
1
2
-1

€ 2
-§
P |
-3

&
61
w2

8

2
e |

-9
-5

N
[

v N
NN NN N
.

o3
1
-8
-10

10
-1

N
NESENOaYmND

7
i1
&

o |t
NGO

-l

-

1
14 =10
17
-5
-6
12

3

e
-k
=5
=6
-2
11 =18

(U
(V. -}
>

MO AN NNNO N

8
-19%

3.

-1 3%
=25%
«23%
=70%
-§GY

I%=17

12%=13

oY 2%

2

10*

e238

L FOB
=6 250
=5 346
299
512
267
421
287
392
296
398
22 €
381
207
237
16€
248
108
208
64
132
HoKs
g
190
68

201

3¢

294

20
358
54
357
29
432
L 1)
&47¢
82
hi4
21
4890
16
LY
76
33¢
We
344
24
295
63
190
47

178
HeK=
15 174
=14 65
=13 202
-12 35

o1

WO NOWMESWNeO

10
11
12
13

-1€
-15
-1k

=12
=11
-14
=g
o8
-?
=6
g
aly
-3
-2
L |

VBN NS WNEEO

e b
N o

PAGE 5
S6 DEL

32-351!
miy

3
63 =20

24 51¢

S7
52 =
54

5t
i1 =
o7
12

11
o7
13
49
12

w~onPubaFolve



- 20 -

STRUCTURE FACTORS COMTINUED FOR

U (CH3C5H&)3, P(CHI)I3

L FCB S6 DEL L FOB S6 DEL
«11 208 7 <2 =10 372 10 =5
=10 108 8 =3 =8 472 12 ~17

=9 276 8 10 =6 457 12 -11
8 83 9 eih =4 467 12 =2
=7 338 9 9 «2 549 1% Y
=6 133 6 20 0 452 12 3
=5 356 9 =4 2 398 10 17
=4 137 6 =0 b 462 12 &
=3 397 10 5 6 323 9 5
2 102 7 =} 8 24€E 7 <
1 395 10 =2 10 241 7 5

0 123 6 =6 12 70 3 1

1 312 8 =4 HoK= 10, 2

2123 7 7 =17 163 7 112

J 314 8 =2 =16 73 26 =¥

4 82 10 0 15 180 7 =2

5270 8 -1 -14 116 3 2

6 104 8 0 =13 224 7 3

7 203 7 =2 -12 102 8 =3

8125 8 2 =11 296 3 2

9 187 7 ~3 -10 133 b =2

18 31 54 =35* =9 323 9 2

HeKm 9, 7 =8 154 b 0
=42 12€ 8 & =7 348 3 =5
=11 146 7 6 =26 148 5 e}
«10 153 6 9 =5 412 11 -15

=9 184 6 6 =4 208 6 =7
=8 162 6 4 =3 377 10 -8
o 201 6 =2 <=2 24E T =
=€ 169 6 =0 =1 395 10 =2
=5 177 6 =6 0 212 6 «=b
=4 182 6 = 1 485 13 =3
=3 215 b6 5 2 176 b 1
=2 183 6 =0 J 368 9 -1
=1 228 7 0 4 183 6 =h%

8§ 157 b6 <3 5 27 8 1Y

1172 o 3 6 118 7 =10

2 163 B =3 7 278 B 2

3193 7 5 8 115 3§ 4

4 150 7 -6 9 200 7 -8

$ 193 7 <5 10 114 8 [ 4

€ 147 7 =0 11 149 7T =3

”7 116 9 -3 H’Kl 10, Y

He K= 9' 9 «16 85 12 2

®6 178 7 =2 =15 142 b 3
o5 54 42 =13%-14 115 9 2
o 205 7 7 =13 188 7 3
=3 65 24 G%=12 141 7 =5
=2 180 7 =7 =11 234 7 2
{1 70 25 8*-10 182 +b 6
0 205 7 =1 =9 247 7 9

1 45 63 =3(0" =8 215 7 5
HeKa 10, 0 =7 299 3 =
=236 174 7 =1 =6 209 6 =2
a1h 257 7 3 =5 341 9 3
=12 307 8 1 =4 242 7 -}

L
-3
-2
-1

FO8
288
309
279
27?7
303
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