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Bis{bis(t-butyl)cyclopentadienyl) Juranium chloride
Allan Zalkin, Anthony L. Stuart & Richard A. Andersen

Materials and Chemical Sciences Division, Lawrence Berkeley Laboratory and

Department of Chemistry, University of California, Berkeley, CA 94720

Abstract. ([(Me3C)2C5H3]2UC2)2, Mr= 1256.22, orthorhombic, Pcecn, a =

13.040(3), b = 17.086(3), c = 24.587(3) A, V = 5478 A3, Z =4, D=1.523

g/cm>, A(MoKa) = 0.71073 A, p = 57.24 cm’ '

2

, F(000) = 2456, T = 296 K, R =
0.027 [1293 data, F >20(F2)]. Two [(Me3C)2C5H3]UC2 groups form a double
chlorine-bridged dimer in which the uranium atom is bonded to two

cyclopentadienyl rings and to two chlorine atoms with U-Cp and U-C4

distances of 2.516 and 2.856(4) A, respectively.
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Introduction. The title compound was prepared as part of a systematic
synthetic and X-ray crystallographic study aimed at elucidating the solid
state stereochemistry and geometrical alterations in trivalent uraniuﬁ
metallocenes as a function of coordination environment. It has been shown
that the tris-cyclopentadienyl compounds of the type (RC5H4)3(L), where R is
H or CH3 and L is a Lewis base such as an ether, amine, thioether, or
phosphine, can be isolated (Wasserman, Zozulin, Moody, Ryan & Salazar,
1983), (Zalkin & Brennan, 1985,1987), (Brennan & Zalkin,.l985). When R is a
351CsH, 05U

is isolated (Brennan, Andersen & Zalkin, 1986). Increasing the number of

sterically large group, such as Me3Si, the base-free compound (Me

bulky substituents on the cyclopentadienyl ring by one gives the dimeric
molecule [1,3-(Me3Si)2C5H3]aU2(p-C2)2 (Blake, Lappert, Taylor, Atwood,
Hunper & Zhang, 1986). The title compound, [l,3-(Me3C)2C5H3]4U2(p-C2)2 is a
related member of this series. The latter two compounds are an excellent
pair of compounds in which the issue of intra-molecular steric effects in
two molecules of identical empirical formulae that differ only in the

replacement of the silicon atoms by carbon atoms may be addressed. A

structural representation of the complex is shown below.
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Experimental. The title compound was prepared from K[1,3-(Me3C)ZCSH3] and
UC.Q3 in tetrahydrofuran followed by crystallization from hexane as bright
green crystals. An air-sensitive crystal, 0.1 x 0.1 x 0.25 mm, was sealed
inside a quartz capillary in an argon filled dry box. X-ray diffraction
intensities (#-28 scans) were obtained using a modified Picker FACS-1I
automatic diffractometer equipped with a graphite monochromator. Cell
dimensions from 20 reflections, 22° < 24 < 34°; analytical absorption
correction, range 1.72-1.90; max sind/x = 0.60, h 0 to 15, k -20 to 19, £ O
’to 14; three standard reflections, 1.4%,1.0%,4.3% variation in standards
intensities from average, .intensities adjusted isotropically; 5477 data,
2629 unique (with 1293, F2> 20), Rint-0.072; structure solved by Patterson
and Fourier methods; refined on F, 254 parameters; 42 hydrogen atoms in
calculated positions and fixed isotropic thermal paramters; anisotropic
thermal parameters for non-hydrogen atoms; R = 0.12 for all the data, R =

1

0.027 for F?>20 data, wR = 0.021, S = 1.01; w = 4F2[o2(F2)+(p£2)%) 1 max
(shift/o) = 0.14; no ex;iﬁction correction indicated; max. and min of AF
synthesis 3.3 and -3.7 e A3; atomic f for neutral U, Cf and C, and
spherical bonded H from International Tables (1974); local unpublished
programs and ORTEP (Johnson, 1965). Atomic parameters are listed in Table
I*. A list of selected distances and angles is given in Table II. Figure 1
shows the molecule and its numbering scheme.

*Lists of anisotropic thermal parameters, calculated hydrogen positions,
least-squares planes, distances and angles and additional ORTEP drawings

have been deposited with the British Library Lending Division as

Supplementary Publication No. XXXXX ( pp.). Copies may be obtained through
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The Executive Secretary, International Union of Crystallography, 5 Abbey

Square, Chester CH1 2HU, England.

Results. The compound is a dimer in which the uranium atom is bonded to two
. cyclopentadienyl rings in a pentahapto fashion and to two chlorides which
bridge the two uranium atoms. The cyclopentadienyl rings are rigorously
planar but the tertiary carbon atoms of the t-butyl groups are out of the
cyclopentadienyl ring plane and directed away from the uranium atom by an
average of 0.27(4) A. The rings of the bent sandwich molecule are in a
staggered configurationbwith respect to each other about both the Ul and U2
atoms. The averaged U-C distance of 2.79(4) A and the U-Cp(centroid)
distance of 2.51 A are not significantly different from these values in
other trivalent uranium metallocenes. The averaged U-Cf distance of
2.856(1) A is in the rénge found in other trivalent uranium compounds with
bridging chlorideiligands which range from 2.78(1) A in [(Me6C6)3U3 (p-

ch) (#3 ct) (p Ct AECZ (AECIA) (Cotton, Schwotzer & Simpson, 1986),

23
2.810+0.001 A in [1,3-(Me3Si)2CSH3]4U2(p-C£)2 (Blake, Lappert, Taylor,
Atwood, Hunter & Zhang, 1986), and 2.90+0.01 A in [MeCq] U(s-CR)5 (Fagan,
Manriquez, Marks, Day, Vollmer & Day, 1982).

A comparison between the geometrical paraméters in [1,3-
(Me Sl) ] U (p ct ) and [1,3-(Me C)2 5 3]& z(p Cl)2 is shown in Table
IITI. The U-C4 distance in the (Me3C)2CSH3 compound is 0.046 A longer and
the Uee+U distance is 0.183 A longer than the équivalent distances in the
(Me3Si)205H3 compound. As a consequence the C£-U-Cf angle in the
(Me3C)2C5H3 compound is closed by 4°, the Cp-U-Cp angle is closed by 11° and

the U-C2-U angle is opened by 4° relative to the equivalent angles in the

(Me3Si)2C5H3 compound. The geometry changes are small though they may be
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rationalized by the fact that Me,C groups are sterically larger than Me,Si

3
groups since carbon is 0.4 A smaller than silicon, and accordingly the
(Me3C)2C5H3 ligand is sterically larger than the (Me3Si)2C5H3 ligand. The
bulkier (Me3C)2C5H3 groups on a uranium center minimize their intramolecular
ligand-ligand repulsions between the (Me3C)205H3 groups on the neighboring

uranium atom in the dimer. This postulate accounts for the geometry changes

listed in Table III.

Acknowledgment. This work was supported by the Director, Office of Energy
Research, Office of Basic Energy Scilences, Chemical Sciences Division of the

U. S. Department of Energy under Contract No. DE-AC03-76SF00098.
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Atom
Ul
U2
ck
Cl
C2
C3
C4
Cc5
Ccé
Cc7
c8
C9
C1l0
Cll
Cl2
Cl3
Cl4
Cl5
Cl6
Cl7
C18
C1l9
Cc20
Cc21
C22
C23
C24
Cc25
C26

O O O O O O O O O O O O O O O O O O O O O O o O o o o

X
1/4
1/4

.34838(28)
.4315(12)
.3501(14)
.3094(10)
.3638(12)
.4378(12)
.3645(16)
.2806(11)
.2990(14)
.3883(14)
.4306(15)
.3325(14)
.3705(15)
.3826(16)
.2148(12)
.5267(12)
.5965(11)
.5917(13)
.4880(13)
.2033(15)
.231(3)
.1933(15)
.0988(15)
.5381(15)
.5530(11)
.6111(14)
.5748(15)

Table I. Atomic Parameters

B

- 1/32 Y. B,

y
1/4
1/4

.18173(22)
.3388(10)
.3894(9)
.3609(10)
.2915(9)
.2780(8)
.3900(11)
.3994(11)
.3402(10)
.2977(9)
.3298(12)
.4719(10)
.4785(9)
.5314(10)
.4904(12)
.2195(9)
.2431(19)
.2171(11)
.1375(11)
.4635(11)
.5217(10)
.5066(11)
.4313(11)
.3129(15)
.3334(11)
.3700(12)
.2329(22)

OO0 O O O O O 0O O O 0O O O 0 O O O O OO O OVQOOLoL OO OoOOoOo

-7-

a .
ij%1 2581

4

.29597(3)
.11133(2)
.20369(18)
.3085(6)
.3226(7)
.3723(6)
.3847(8)
.3467(6)
.1003(7)
.0632(6)
.0242(8)
.0336(7)
.0829(8)
.2998(11)
.2431(8)
.3345(8)
.2980(12)
.3504(7)
.3961(7)
.2988(8)
.3635(10)
.0624(8)
.0216(8)
.1174(10)
.0488(10)
.1019(10)
.1613(7)
.0693(7)
.0929(11)

a.

Beq

.38(2)
.53(2)
.2(1)
.3(6)
.4(6)
.1(5)
.1(5)
.9(5)
.2(7)
.9(6)
.9(6)
.8(6)
.2(7)
.7(5)
L2(7)
.8(8)
.9(8)
.8(6)
.9(7)
L4(9)
.2(9)
.4(8)
.5(10)
.5(9)
.7(9)

5.3(8)
7.0(6)
8.7(7)

11.

4(19)
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Table II. Selected Distances(A) and Angles(°)i

Ul - &> 2.78(4)

U2 - C> 2.79(5)
Ul - cpl 2.516
U2 - Cp2 2.516
Ul - C# 2.856(4)
U2 - ce 2.857(4)
Ul - U2 4.540(1)
ce - C2 3.468(7)

cpl - Ul - Cpl’ 120.2

Cp2 - U2 - Cp2' 120.9

cpl - Ul - C#& 108.9
cpl - Ul - c2' 117.9
Cp2 - U2 - CZ 115.8
cp2 - U2 - c&' 110.5
ce - Ul - cg 74.77(17)
ce - U2 - ca 74.73(15)
Ul - Ccf - U2 105.25(11)

4 Cpl and Cp2 are the centroids of cyclopentadienyl ring atoms Cl - C5 and
C6 - C10 respectively. Cpl’,Cp2’' and CZ' represent the equivalent groups

or atoms at 1/2-x, 1/2-y, z.
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Table III. Bond Lengths and Angles Comparison

Parameter [(Me4Si),CeHq], U, (n-CR), [(Me;C),CcHq], U, (u-CH),
U-C(ave),A 2.78(2) 2.78(4)
U-Cp(ave),A ' 2.50 2.52
U-C2(ave),A 2.710(4) 2.856(1)
UseoU,A ‘ 4.357(1) 4.540(1)
ce-U-ce,° 78.5(1) | 74.7(2)
CE-U-Cp(ave),”® 107 113
Cp-U-Cp(ave),”® 131 ' 120

ce-ce-u,-° 101.50) 105.3
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Fig 1. ORTEP drawing with thermal ellipsoids at. 50% probability level.




Supplemental Materials

Bis[bis(t-butyl)cyclopentadienyl]uranium chloride
Allan Zalkin, Anthony L. Stuart & Richard A. Andersen

Materials and Chemical Sciences Division, Lawrence Berkeley Laboratory and

Department of Chemistry, University of California, Berkeley, CA 94720

Abstract. ([((CH3)3C)2C5H3]2UC2)2,.Mr- 1256.22, orthorhombic, Pccn, a =

13.040(3), b = 17.086(3), ¢ = 24.587(%) &, V = 5478 A%, 2 -4, D = 1.523

)
g/cm>, A(MoKa) = 0.71073 A, u = 57.24%em™ Y, F(000) = 2456, T = 296 K, R =
0.027 [1293 data, F2>20(F2)]. Two (Me3C)2CpUC£ groups form a double
chlorine-bridged dimer in which the uranium atom is bonded to two

cyclopentadienyl rings and to two chlorine atoms with U-Cp and U-C#

distances of 2.516 and 2.856(4) A, respectively.
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Supplemental Table 1. Anisotropic Thermal Parameters (Az) with Estimated

Standard Deviations for ([(Me,C),CcH,],UCE),
Atom Bl1l B22 B33 B12 B13 B23
Ul 3.64(4) 3.84(4) 2.67(3) -0.11(16) 0 0
U2 3.76(4) 4,25(5) 2.58(4) -1.19(15) 0 0
c2 4.,45(20) 4.55(20) 3.53(15) -0.13(17) 1.16(28) -0.30(27)
Cl 3.5(8) 5.2(9) 4.2(11) -0.6(8) -0.1(8) -1.1(8)
C2 4.4(10) 3.7(10) 5.2(9) 1.1(8) -0.4(8) -1.3(8)
C3 2.7(8) 3.6(9) 3.1(7) 0.3(6) -0.4(6) -0.6(7)
C4 3.0(7) 4.0(10) 5.3(9) 0.4(7) 1.1(8) 0.4(8)
C5 4.0(8) 3.9(11) 3.6(7) 0.2(7) 0.4(7) 0.5(6)
Cé 4.6(11) 5.0(12) 6.0(11) -1.5(10) 1.6(10) 0.1(9)
Cc7 2.6(12) 5.7(10) 3.3(8) -0.3(7) 0.1(6) 1.2(7)
C8 7.4(14)  4.6(9) 5.6(9) -2.8(9) -0.6(9) -2.7(8)
C9 4.4(10) 5.3(10) 4.8(13) -0.4(8) -0.2(9) 0.2(8)
Cl0 5.7(13) 6.2(12) 3.8(10) -1.9(10) -0.2(9) 0.0(9)
Cll 3.5(11) 2.6(8) 5.1(10) -0.1(7) 0.9(13) -2.0(10)
Cl2 12.1(16) 6.4(11) 6.2(11) 2.4¢11) 0.0(13) 0.2(10)
Cl3 11.2(16) 4.8(10) 10.4(14) -2.7(10) -1.4(13) -0.4(10)
Cla 3.9(16) 4.3(9) 9.4(13) 0.0(7) 0.0(13) 0.9(13)
Cl5 3.1(8) 5.5(12) 5.8(10) 1.0(7) -1.4(8) -0.6(8)
Ccle 6.2(9) 10.3(14) 10.2(11) 4.9(17) | -2.2(9) 0.8(24)
Cl7 6.1(10) 14.6(24) 7.4(10) 4.3(10) 2.2(12) 1.8(14)
Cl8 2.8(9) 7.9(13) 19.9(23) 0.0(9) -1.6(13) 1.6(15)
Cl9 7.2(14) 3.4(9) 8.6(16) 0.5(9) -1.2(10) 2.9(10)
C20 15.5(25) 9.5(11) 12.5(15) 5.4(21) 3.6(22) 7.4(11)
c21 10.2(18) 6.2(12) 12.1(18) 1.3(10) -2.2(14) -0.9(12)
Cc22 7.0(12) 7.1(11) 18.0(23) 0.9(10) -2.5(18) 0.4(16)
c23 1.4(9) 8.3(17) 6.2(13) -1.5(9) 0.0(9) 0.7(12)
C24 3.2(9) 11.5(14) 6.3(10) -1.7(9) -3.6(8) 0.4(10)
C25 6.2(11) 12.2(15) 7.7(11) -3.9(1D) 0.3(9) 1.6(11)
C26 2.4(11) 23.6(53) 8.0(13) -1.2(22) -0.7(9) -1.0(27)

* The anisotropic temperature factor has the form T = -0.

*

25exp(Th.h.B..a a))

131 1]
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Supplemental Table 2. Positional and Thermal Parameters of Fixed Atoms

for ([(Me3C)205H3]2UC£)2
Atom X y z B(Az)
H1 0.4765 0.3458 0.2770 10.000
H2 0.2549 0.3857 0.3940 10.000
H3 0.3490 0.2577 0.4158 10.000
H4 0.3749 0.4205 0.1335 10.000
H5 0.2532 0.3304 -0.0063 10.000
H6 0.4167 0.2553 0.0114 10.000
H7 0.3346 0.4406 0.2200 10.000
H8 0.4443 0.4673 0.2426 10.000
H9 0.3583 0.5314 0.2296 10.000
H10 0.4563 0.5212 0.3358 10.000
H11l 0.3537 0.5289 0.3711 10.000
H12 0.3704 0.5836 0.3190 10.000
H13 0.1876 0.4876 0.3356 10.000
H1l4 0.1798 0.4518 0.2756 10.000
H15 0.2040 0.5429 0.2837 10.000
H16 0.5578 0.2432 0.4307 10.000
H17 0.6236 0.2956 0.3896 10.000
H18 0.6533 0.2058 0.3992 10.000
H19 0.6204 0.2690 0.2918 10.000
H20 0.5479 0.2017 0.2680 10.000
H21 0.6469 0.1790 0.3031 ~10.000
H22 0.4417 0.1200 0.3345 ' 10.000
H23 0.4517 0.1378 0.3982 10.000
H24 0.5467 0.1014 0.3657 10.000
H25 0.2324 0.4965 -0.0146 10.000
H26 0.2975 0.5439 0.0296 10.000
H27 0.1785 0.5631 0.0210 10.000
H28 0.2600 0.5294 0.1280 10.000
H29 0.1729 0.4688 0.1462 10.000
H30 0.1421 0.5479 0.1154 10.000
H31 0.0791 0.3926 0.0772 10.000
H32 0.1003 0.4050 0.0137 10.000
H33 0.0485 0.4735 0.0486 10.000
H34 0.5058 0.3018 0.1833 10.000
H35 0.5395 0.3887 0.1667 10.000
H36 0.6240 0.3212 0.1722 10.000
H37 0.5924 0.4236 0.0773 10.000
H38 0.6035 0.3596 0.0301 10.000
H39 0.6826 0.3602 0.0799 10.000
H40 0.5726 0.2206 0.0540 10.000
H41 0.5304 0.1963 0.1127 10.000
H42 0.6454 0.2277 0.1061 10.000

* The isotropic temperature factor has the form: T = exp[fB(sine/A)z].
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Supplemental Table 3.

Atoms
Uul - ¢l
Uul - C2
Ul - C3
Ul - C4
Ul - C5

- Cé6
v2 - C7
U2 - C8
u2 - C9
U2 - Clo0
Cl - cC2
Cl - Cs
c2 - C3
c2 - Cl1
C3 - C4
C4 - CS
c5 - Cl15
ce - C7
c6 - C10
c7 - C8
c7 - C19
c8 - C9
c9 - Cl0
Cl0 - C23
Cll - Cl2
Cl1l - C13
Cll - Cl4

e i e e I e O S e i e T = = T = I S R R CR CR ORI R R R Y

d(d)

.829(16)
.794(16)
.777(14)
.732(17)
.790(15)
.832(17)
.841(17)
.715(18)
.752(15)
.810(18)
.412(18)
.404(17)
.418(19)
.535(23)
.415(16)
.362(18)
.533(16)
.434(20)
.408(21)
.413(19)
.489(19)
.391(19)
.642(21)
.504(24)
.483(30)
.480(24)
.568(21)

Additional Distances in {[(Me3C)2C

Atoms
Cl5 - Cl6
Cl5 - C17
Cl5 - C18
Cl9 - c20
Cl9 - c21
Cl9 - C22
C23 - C24
C23 - C25
C23 - C26
Hl - C1
H2 - C3
H3 - C4
H4 - Cé
H5 - C8
H6 - C9
H7 - Cl2
H8 - Cl2
H9 - Cl2
H10 - C13
H11l - C13
H12 - C13
H13 - Cl4
Hl4 - Cl4
H15 - Cl4
H16 - Cl6
H17 - Clé
H18 - Clé6

-14

O O O O O O O O O O O O O O O O O O b i H b b b b

d(A)
.501(22)
.525(20)
.525(21)
.456(23)
.546(25)
.507(23)
.515(26)
.581(30)
.465(42)
.980
.984
.978
.978
.973
.979
.979
982
.977
.976
.977
.983
.990
.974
.974
.991
.977
.980

sHylp
Atoms

H19 - C17
H20 - C17
H21 - C17
H22 - C18
H23 - C18
H24 - C18
H25 - C20
H26 - C20
H27 - C20
H28 - C21
H29 - C21
H30 - C21
H31 - C22
H32 - C22
H33 - C22
H34 - C24
H35 - C24
H36 - C24
H37 - C25
H38 - C25
H39 - C25
H40 - C26
H41 - C26
H42 - C26

Ucx

O O O O O O O O O O O O O O O O O O O O O o o oo

)y

d(A)
.980
.984
.975
.980
.975
.985
.989
.972
.982
.989
.995
973
.995
972
.975
.981
.970
.986
.968
.986
.982
.981
.981
.980
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Supplemental Table 4. Additional Angles in {[(Me3Si)2C5H3]2UC£)2

Atoms Angle(®) Atoms Anglé(°)
ce -uUL - ck 74.77(17) c6 - C7 - Cl9 127.5(18)
ceL -U2 - C# 74.73(15) c8 - C7 - Cl19 129.2(17)
Ul - Cc2 - U2 105.25(11) c7 -C8 - (C9 113.8(16)
c2 -C1 -GS 109.4(15) c8 -C9 - cClo 105.1(16)
ct -c¢c2 -C3 106.5(15) c6 - Cl0 - C9 107.4(17)
cl -¢2 -cCl1 125.8(18) C6 - Cl0 - C23 128.1(21)
c3 - €2 -c11 125.1(17) €9 - Cl0 - cC23 123.0(20)
c2 -C3 - ¢c& 106.6(14) C2 - Cl1 - c12 111.3(14)
c3 -C4 - C5 110.5(15) c2 - Cl1l - C13 110.7(18)
Cl - C5 - C4 107.0(15) C2 - Cl1 - Cl4 110.0(¢20)
cCl - ¢5 - Cl15 124.4(17) Cl2 - Cl1l1 - C13 110.0(19)
c4 - C5 - Cl5 127.3(17) Cl2 - Cl1 - Cl4 106.6(24)

c7 - c¢c6 - ClO 110.9(18) c13 - Cl1 - Cl4 108.0(19)
c6 -C7 - C8 ~102.8(15)
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Least Squares Plane
([(M33C)205H3]

Plane 31

s and Deviations Therefrom
2UC£}2

8.47624 a + 9.32984 b + 12.99402 ¢ = 10.81250

Distance(A) to th

atoms in the plane

Ccl
Cc2
Cc3
C4
C5

0.015(23)
-0.020(22)
0.015(21)
-0.010(23)
-0.003(21)

Plane #2

e plane

atoms not in plane

Ul - =2.515(8)
C1l1 0.30(4)
Cl5 0.25(3)

6.88778 a + 11.21458 b - 13.24486 ¢ = 5.56382
Distance(A) to the plane

atoms in the plane

Cé
c7
c8
c9

c10

-0.008(25)
0.011(25)
-0.010(24)
0.004(23)
0.002(25)

atoms not in plane

U2 -2.513(9)
C19 0.21(4)

C23 0.30(4)
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Suplemental Figure 1. ORTEP drawing looking down the line through the

centroids of Cpl; 50% probability ellipsoids.
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Suplemental Figure 2. ORTEP drawing looking down the line through the

centroids of Cp2; 50% probability ellipsoids.
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Suplemental Figure 3. ORTEP drawing looking down the line through the CZ

atoms; 50% probability ellipsoids.
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OESERVED STRUCTURE AMPLITUDES, STANDARD DEVIATIONS, AND DIFFERENCES (ALL X 2.0)
{{ 3)3C12CSH3}2UCL-Pcen F(0,0,0) = 4747

SG = Estimated standard deviation of Fob. DEL = /Fob/- /Fca/, where
Fok and Fca are the observed and calculated structure amplitudes.

FOCO = 2.0 x (no. of electrons in the unit cell adjusted for dispersion and omitted atoms).

* indicates zero weighted data.

K FCB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL X FOB SG'DEL
H.L= 0, O 14 98 56 17* 0 120 11 8 13 65100 -10% HLl= 1, 2
21458 19 -29 15 282 10 -6 1219 6 11 14 154 25 14 0328 4 -3
41259 14 27 16 73101 13* 2 86 26 -20* H,L= 0, 22 1437 5 1
g SEs 7 1 17 23513 8 3114 15 -5 057510 7 2 226 3 1
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12 514 7 3 H L= 0, 8 6 108 37 -24* 3 0101 -1l4* 5 353 4 5
16 438 8 13 0179 6 2 7 137 16 23 4 454 7 14 6227 4 3
16 272 11 -18 1 77 26 -7 8 110 23 15 5 6782 30 7183 5 6
18 245 13 15 2 3757 2 9 188 13 -12 6325 8 2 8 7126 -5+
22 is¢ 21 11 3 564 57 12* 10 56 97 -8* 7 26 94 -43* 9282 5 -1
2= 0, 2 4 164 6 6 11 88 89 -15 8 310 8 11 10 80 24 -17»
122 4 O 513 7 -5 12 089 -33* 9 0 97 -46* 11 142 14 -13
2 tis 5 11 6 41 61 -24* 13 38 80 -31* 10 268 10 3 12 170 13 6
2 42 48 9* 7 26 64 5% 14 65104 25% 11 56 98 40* 13 224 11 1
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2232 0 16 8 94  4* 4 2982 5 5 4586 32* 1 5911 -4
13 182 16 -7 17 0105 -24* 5689 9 -2 6 1383 2* 2202 5 §
16 130 16 -4 18 41106 35 6 52 B4 24 7 47 98 24 3 60 46 22*
15 142 23 -6 19 56111 17* 7 554 8 -11 ‘8 091 -25* 4276 5 O
i£ 78 82 -53+ H,l= 0, 10 8 8698 17* 9 61100 47 5 127 10 1
.7 73 88. 20 01067 11 -17 9 539 8 10 10 63 99 21* 6 0 68 -2+
1347107 -4l 1116 8 9 10 99 57 70% 11 48100 17 7 0 62 -12%
i3 87 37 46" 2 983 10 -18 11 358 ¢ 11 H,L= 0, 26 8 83 43 52
23 0:91 -32 3271 5 -6 12 0102 -11* 0 0127 -75* 9 0 79 -20%
d.0= 0, 4 4 764 8 -2 13 27511 -5 1261 12 24 10 77 34 o*
T 72 8 -6 5134 8 -1 14 72104 59* 2 128 39 21+ Hl= 1, 4
1iigd 12 3 6 503 6 -5 1520515 10 3 234 11 4 01154 12 &
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17 16135 21 1291 5 1 12 51 94 -4* 585 9 14 16 144 32. 11
18 85 92 4w 2666 7 -8 13 96 51 -17* 7 749 8 -3 17 111 70 S5g*
"1¢ 84110 -53* 3375 S5 0 14 5989 11 9682 8 2 18 85 98 -52*
20 47100 7% 4 586 7 -1 15 60 83 6* 11529 7 -5 19 87108 4b6*
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0 183 6 8 6 406 5 -1 Hl= 0, 20 15386 98 7 gLl= 1, 5
1625 7 0 718111 0 0 369 11 11 17 257 12 -3 1187 6 &
2178 6 2 8 361 7 14 1180 14 19 19 196 16 & 2 54 64 29+
3 843 10 -7 9 102 41 33 2326 9 2 Hl= 1, 1 3211 6 8
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