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THE CRYSTAL STRUCTURE OF RUTHENOCENE:
George L. Hardgrove and David H. Templeton:

Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

| July 1958 ;

ABSTRACT

Dicyclopentadienylruthenium, or ruthenocene, crystallizes in the
orthorhombic space group Pnma (No. 62) with a = 7.13, b =8.99, c =12, 81 A.,

There are four Ru (C5H molecules per unit cell, The ruthenium atoms

)
form approximately a fa.ieicentered lattice, and the cyclopentadienyl rings
lie in an eclipsed configuration with respect to each other about each ruthenium
atom. The structure was refined by Fourier and leé.st=squares methods with
791 independent reflections. The ruthenium-carbon distance is 2, 21 Jok and the

o

carbon-carbon bond distance in the rings averages 1.43 A,
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THE CRYSTAL STRUCTURE OF RUTHENOCENE®
George L. Hardgrove and David H. Templeton

Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California-

'~ July 1958 j}

INTRODUCTION

X-ray investigation by Fischer and his collaborators (Pfab and
Fischer, 1953, Weiss and Fischer, 1955) indicated that the dicyclopentadienyl
corripounds of iron, cbbalt, nickel, chrom ium, vanadium, and magnesium
are isdmorphous, crystallizing ih space group PZl/c° Dunitz, Orgel, and
Rich (1956) have reported a three-dimensional analysis of the iron compound.
The present paper reports a three-dimensional analysis of dicyclopentadienyl -
ruthenium, which énexpectedly was found to have a quite different orthorhom-

bic structure.
EXP'ERJL.MENTAL

Ruthenocene crystals were kindly provided by Dr. J. H. Richards.
The compound was prepared by reaction of ruthenium trichloride with sodium

cyclopentadienide in tetrahydrofuran, was purified by chromatography over

~alumina, and was recrystallized from benzene-hgnam (60 - 90 C)

A nearly cylindrical needle of ruthenocene was aligned about the
[ 010] axis, and multiple-film Weissenberg photographs through the fifth

layer were taken with Cu Ka X-~rays. Additional reflections were observed

on photographs taken of a crystal aligned about the | 011] direction. The in-

tensities on the multiple films were estimated by visual comparison with a.
standard, There were 586 observed reflections and 205 reflections tob weak
to be observed in the portion of the reciprocal lattice photographed.

An absorption correction was applied to the hO/ data according to
the method of Bradley (Klug and Alexander, 1954) for cylindrical crystals with
u¥ = 0.8, The same absorption factor table was used for the higher layers,

but the errors introduced by this method are not expected to exceed 6% of the

# This research was supported by the U.S. Atomic Energy Commission.
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IO values on the highest layers. Lorentz and polarization corrections were

made in the usual manner.

Unit cell and space group

The dimensions of the orthorhombic: unit cell were determlned from
measurements made on quartz calibrated zero layer films as sumlng a =4.913 A
for quartz. The standard quartz crystal was also checked with a precision of
about one part in 3000 agé.inst a powder pattern of sodium chloride. For
ruthenocene: » |

a=713 b=8.99, c=12.8lA, each % 0.02 A.
The X-ray density is 1. 876 g cm~3, assuming four molecules per unit cell.

The sYstematic absences suggested either Pnma (No. 62) or Pn2.a

4 . 1
(No. 33) as possible space groups. The structure analysis proceeded on the
assumption of the higher symmetry, and the final agreement justified this

assumption.

Determination of refinement of the structure

The strong reflections with h, k, and £ all even or all odd suggested
that the ruthenium atoms lie in a face-centered lattice. In Pnma this is possible
only with atoms on mirror planes in special positions 4(c): |

x, 1/4, z;.x%, 3/4, z; 1/2 - x, 3/4, 1/2 +z; /2 +x, 1/4, 1/2 - z,
with special values of x and z; for example at 1/4, 1/4, 1/2 and its equivalent
positions. An electron density projection using as coefficients the strong

h= 2n and k = 2n reflections in the hOJ layer have contours which suggested

~ that the cyclopéntadienYl rings are perpendicular to the mirror plane.

With this ruthenium structure and the rings perpendicular to the mirror
plane, either a staggered carbon structure with a non-crystallographic center
of symmetry at the ruthenium atom or an eclipsed structure with a non—crysté.llo—
graphic mirror plane between the rings is possible. In either case, the carbon
atoms are dis_fributed in two sets 4(c) (listed above) and four general sets 8(d):
Hx, v, 2%, /2 -y, zsl2+x, v, Y2-z1/2+x, /2-y, /2 - 2).

Sections of the three-dimensional electron density function were calculated
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using signs of the structure factors based on ruthenium alone. These sections
showed maxima of electron density at positions consistent with an eclipsed
structure and the absence of such maxima at positions corresponding to a
staggered structure. These and subsequent Fourier calculations were made with
the IBM 701 computer and the program completed by Dodge (1958).

Three-dimensional least-squares refinements were then carried out

on the IBM 650 computer with the program known as LS-II (Senko, 1957).
Structure factors were based, in the final set of caléulations, on all atoms in-
cluding hydrogen; Hydrogen was assumed to be 1. 08 Ao from carbon in the plane
of the ring. The carbon and ruthenium atomic parameters and individual iso-
tropic temperature factors, and an over-all scale factor were refined. A
weighting scheme similar to that of Hughes (1941) was used. The weight w

was taken as (16 Fg)—l or as a constant (16 Frznin)-l‘if the uncorrected intensity
~was greater or less than 16 times the minimum observed value. For reflections
too weak to be observed, the quantity Fov - FC was sét equal to zero in the sums
if Fc <'Fmin or equal to -FC if Fc>Fmin' |

After the third cycle the calculated shifts were less than the standard

deviations, and the refinement was concluded there. The coordinates, their
standard deviations, and the temperature factors are listed in Table l(a). The

"unreliability factors' at this point were:
R =ZIF_I-IF_Il +ZIF_| =0.098

' o~ A 2,1/2 _
R, = (X IFOI-.I F,C1) +ZF = 0,127
B 2 2.1/2 B ,
R3—(EW(IFOI-IFCI) TZWFO) = 0.162
The atomic positions.oficarbon were also determined from a three-
dimensional differénce Fourier series with coefficients Fo - FRu based on the

. best ruthenium position as determined from the least-squares refinements.

The signs of these coefficients were calculated from the best carbon and hydrogen
structure. For the atoms in general positions, sections were calculated per-
pendicular to the | 100] and | 001] directions at the levels of the centers of the
atoms. The two atoms in special positions were located from a section at

y = 1/4. Each maximum was located by a least-squares fit of a paraboloid to

the 1ogarithm of the electron density at the nine grid points nearest the peak.

The values were corrected for series termination error by comparison with a

similar Fourier calculation using the calculated structures for the carbon and
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hydrogen positions as coefficients. The corrected coordinates are listed in |
Table I{b). The simple average of the atomic parameters from the least-
squares and Fourier methods is given in Table I{c). In twelve of the sixteen
casés the two methods differ from the average by less than the standard
deviation. |

Projeé.tions of the electron density and of the difference function with

ruthenium removed are shown in Fig. 1.

Discussion of the structure

The carbon rings are the bases of a pentagonal prism with ruthenium
at its center. The two rings are crystallographically independent, and; each
contains three independent carbon-carbon bonds. These bonds (Table (2) are
within a standard deviation of the average bond distance in all cases except the -
bonds at C6° However, if C6 be moved one standard deviation in the aﬁpropria’te
direction, then the carbon-carbon bonds are all equal within the standard devia-~
tions. The deviations from five equal bonds in each ring are slightly less t_hah
th"ose" reported for ferrocene (Dunitz, Orgel, and Rich, 1956) and somewhat
greater thén those reported for bis-| cyclopentadienyl molybdenum tricarbonyl]
(Wilson and Shoemaker, 1957). To our accuracy the bond angles are consistent .-
- with the expected five-fold symmetry of the molecule. '

The carbon-metal distance of 2. 21 A in ruthenocene as determined by
this research is larger than the 2. 05 .;k reported for ferrocene, as is to be ex-.
pected. The carbon-carbon distance of 1. 43 ng r_epo_rted here is in agreement with
the 1. 42 j& found in bis-| cyclopentadienyl molybdenum tricarbonyl) and the 1. 41 A
found in ferrocene. The average inter-ring distance in ruthenocene is 3. 68 A
compared to 3, 32 Pi in ferrocene. v

The packing of the molecules in layers perpendicular to the b axis is
similar for ruthenocene and ferrocene. However, the stacking of the layers
differs in the two compounds. In ruthenocene, Fig. 2, a hydrogen atom from
oneé molecule appears surrounded by a cage of four hydrogens from a neighbor-
ing molecule as if the molecules were interlocking gears. The reason for the
difference in arrangements may be that the smaller inter-ring distance in ferro-
cene with stronger carbon-carbon repulsions prevents the molecules from taking

the eclipsed cbnfiguration required for this interlocking gear arrangement, which
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presumably is a more favorable packing of the molecules.
We thank Dr. Richards for providing the crystals, Mrs. Helena W.
Ruben for assistance in the laboratory, and Dr, Richard P. Dodge, Dr. Robert
E. Jones, Dr. Michael E. Senko, and Dr. Allan Zalkin for the use of their

computer codes.
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Table 1. Atomic coordinates, standard deviations and temperature factors.

(a) Results of least-cquares refinement >

x y z o, o o, B (ﬁ‘)
Ru 0.23705 /4 0.50419  0.00026 -- 0.00010 1.36
c; 0.5135 1/k 0.5779 0.0029 - 0.0017  2.89
C, 0.2529 0.3290 0.6711 ~0.0020 0.0024 0,001k4 3.00
c3 0.4125 0.3768  0.6147 0.0021  0.0012 0.0021 2.85
C) 0.2485 1/4 0.3304 0.0027 —— 0.0019 2.63 -
05 0.9896 0.3315 0.4180 10.0017 0.0020 0.0010 2.28
Cg 0.1453 0.3806 0.3681 0.0019 0.002L 0.0011 2.70
(b) Results of Fourier difference (¢) Final coordinates
sections. ' a X y' VA
x y , z Ru 0.2370 1/k 0.5042
0, 0.5177 1/k 0.5797 61 0.516 1/%  0.579
C, 0.2455  0.3309 0.6655 - C, 0.249 0.330 0.668
03 0.4102 0.3797 0.6124 03 0.411 0.378 0.614
c, 0.2553 1/4 0.3316 c, 0.252 1/b 0.331
05 0.9889 0.3298 0.4189 ‘ gét 0.989 0.331 0.48
Cg  0.1510 0.3809 0.3688 C6 0.148 0.381 0.368

¥Least squares only.
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Table 2. Interatomic distances, standard deviations and bbhd angles.

(é) Ruthenium-caroson distances

Ru-Cl 2.205
Ru—Cz, - 2.223.
Ru-C3 2.200
Ru—CLL 2.220
Ru—C5 2.20h

Ru-Cg 2,193 "

I+

+

0.021 &
0.019
0.016
0.02h
0.015
0.016

Average 2.21 % 0.01

(b) Carbon-carbon distances in the rings.

01-03 1.uu3v
C2~C3 1.420
;Cz“cz' 1.437
C),~Cg 1.470
05=C6 1.378

- n)’l"

+

+

=+ 4

-+

0.021 A
0.021
0.0kk
0.021
0.018 .
0.036

Average 1.43 £ 0.01

(¢) Carbon-carbon distances between

the rings.

cl—.ch 3.689
czwc5 35698
C3’C6 3.659

I+

+

+

0.031%
0.022
0.021

Average 3.68 * 0.01
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(Table 2, continued)

(d) Carbon bond angles in

the rings.

C5=C1=Ca,

17657
Co-Cp=Co
C6=Cy=Ce:
C)-CeCo
Cs=C5Cas

106° g

109° st

107° 50°

106° 15'
107° 45
108° 57

Value for five-fold

symmetry:

108° o'

(e) Carbon-ruthenium-carbon

angles.

C .~Ru=C

C _-Ru-C

c
3
Cg-Ru-C,,

C)-P_Ru—c6

2!

3
-Ru-C

3%

L2 )

37° 43!
37° 21!
38° 15!
38° 33!
36° 32"
38° 5

Value for five-fold symmetry

with the average distances:

37° skt
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- MU-15,238

Fig. la. Projection in [010] direction of electron density.
Contours are at intervals of 1 electron per A2 except at
the ruthenium atom, where the interval changes to 5 electrons
per A2, The zero contour is emitted and negative contours
are broken. The carbon atoms in general positions are doubled
in this projection by the mirror plene and are the only ones
that are clearly shown, '
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MUu-15,236

Fig. 1b, Projection in [010] direction of electron density with
ruthenium effect subtracted from _coefficients. Contours are
at Intervals of 1 electron per Az. The zero contour is emit-
ted and negative contours are broken. The carbon atoms in
general positions are doubled in this projection by the mirror
plane and are the only ones that are clearly shown. ‘
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Fig. 2. Crystal structure of ruthénocene.
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Co -
% .44
06,2 <C|\—— 3.69

Flg. 3a.

(a)

MU-15505

Distances in A, and angles, between carbon atoms.
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W

MU-15506

Fig. 3b. Distances in A, and angles, between ruthenium and
carbon in the ruthenocene molecule,
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" ° CBSERVED AND CALCULATED STRICTURE FACTORS
RUTHENOCENE m(csﬂs)2

The uncbserved reflections appear in the table with Fo =0

1 h k¢ F T h k¢ ‘F, F, h ok
» o T o T ¢t F, R bk e B E bk e B R nke B B bk ¢ F. F
. o L]
§ 02 119 16& T§ 0.2 02 & 137 1i5- 93 5 28 2= ———— -
0 0 4 39 3% 9 0 3 0 2 6 124 110- S35 3 i R 2 5 3 9 6 % 4 6 7 0 3
0 0 & 116 '114 0 2 8 86 72= ¢ 3 9 28 22- 104 3 13 9. 2034 19 i3 « 6 8 52 54=
0 0 8 105 93 0 1 2 0 210 79 " T4= 0 311 19 15 1 4 & 22 20= 2 2.5 n - 4 6 9 0 3
0 010 82 80 0 1 5 0 212 81 76= 0 313 13 11~ 14 ¢ B ox- z5s's 0 7. 4 610, 46 43=
0 012 82.. 713 o 1 7 0 214 55  49- 0 315 21 22- 1 4 6 12 se 231 0 m]eent o s
0 014 52.. 49 0 1 9 0 21 32 37-( 1 3 1 121 1ll8= 1.4 7 19 16 2 5 8 29 10~ 4 612 31 34=
o 016 36 42 0 111 L2 1 18 11 13 2 25 18 Vw8 18 13- %34y 8 W 5 6 1 18 16
1 01 22 21- 0 113 1.2 2 13 10 ¥ 3 3 125 127- 1 64 9 16 12- 2 510 18 14- 5 6 2 o g~
1.0 2 18 14 . 0 115 172 3 15 10 103 % 6- ' 1 410 30 29m 2 21 32 .28 5 6 3 271 23
10 3 15 10- 0 1 1 1 1 2 6 16 9 1 3 5 137 127- 1 411 ° 3- 2 512 o 10~ 5 6 4 o 11
10 & 17 11-0 1.1 2 1 2.8 &8 4 13 6 20 1= 1 a2 16 12. 233 2 T 5 e 5 29 30
1.0 5 18 12=- 0 1 1.3 12 6 17 1 i3 7 95 81 1 413 ‘o 12 3 8571 92 92 5 66 0 5
1 0.6 29 29~ 118 12 7 1 7 138 0 4 1 416 ' 12 12- 3 5 3 87 79 5 6 7 . 26 28
1 0 7 o 5= 1 1 5 1°2 8 25 20 1 3 9 71 64= 2 4 0 103 11a- 3 5 & 0 3~ ‘5 6 B8 [ 7
10 8 19 15- | .1 1 & 129 11 8 1°310 16 14 2 4 1 21 23 205 5 79 66 5 6.9 19 19
1 09 [ 1 11 7 1 210 24 19 1 311 74 T1- 2 4 2 111 106= 2808 9 2= 5 610 24 19
1 010 13 12- 1 1 8 1 21 [ 7 10312 0 o 24 3 28 22 35 7 74 T1- 6 6 0 47 50
1 011 0 5= L1 ‘Y 212 20 20 1 313 59 55 2 4 4 102 94= 2 58 0 8 6 6 1 0 1=
1 012 27  28= 1 110 1°213. ¢ 5 1 314 -0 4= 2 4 5 19 . lé= 3.5 9 70 65- 6 & 2 45 51
1013 10 1z« | .1 1M1 1 216 19 . 18 1 315 38 3= ' 2 4 6 86 B86- 3210 12 9 6 ¢ 3 0 1=
1 01k 23 22= | 1 112 t 21 0 2 23 0 2119 2 4 7 15 1aa- 5 3L %h uem | 6 s b 43 4D
1.015 7 7 1113 1 216 .17 17 2 3 1 0 2 2 4 8 78 75- 3512 0 2 6 6 5 0 1~
1 016 11 2= 1114 2 2 0 134 133 2 3 2 37 29 2 4 9 12 .12 3 512 37 38 6 &6 6 36 37
2 0 0 115 137~ 1118 2 2 1 15 1= 2 3 3 11 9 2 410 6B  65= 430 17 1 6 6. .1...9. 5
2 0 1 35 - 35 21 0 2 2 2z 112 101 2 3 4 23 19 2 411 10 11 sl 8Ly 6 6 8 38 37
20 2 g4 8l-| 2 11 2.2 3 14 8| 2 38 13 9 2,412 32 53 & 3 3 2% 7 6 1 25 31-
2 0 3 36 31= | 2 1 2 2 2 4 121 115 23 6 10 7 PP T DA QRN SR Tez 0 b
2 0 & 116 129= 2 1 3 2 25 0 2= 2 371 11 8 2 4 16 41 "39- 45w 2T 22 76 2 ae 25
2 0 5 41 36 201 4 2 2.6 135 131 2 3.8 14 10 3 4 1 33 28 4 5. 529 26 7 6 4 13 13-
20 & 155 165- 21 5 2 21 6 - 2 3’9 25 25 34 2 o s aose 20 28 76 5 16 18-
2 0°7 33, 23 201 6 2 2 8 94 83 2 310 17 16 3 4 3 39 32 PO 3
2.0 8 .94 85= 2 1 7 2 2 9 0 2= 2 311, 28 26 ( 3 4 4 29 28 4 5 8 18 15 : o 7°7 0
2 0 9 15 1i= 2 1 8 2 210 72 64 2 312 1 11 3 4 5 19 15 4z 9 9 3 o 79 4
2 010 60 58 21 9 2 211 0 3= 2313 15 4 | 3 4 & 12 7 4 810 18 14 0 711 0
2 011 10 7 2 110 2 212 6k 87 2 31 0 3 3 4TI 2 4 511 17 14 0 713 11
2 012- 83 38~ 2 111 2 213 0 3= | 2 315 13 14 548 .0 2 4 512 a8 22 173 o1
2.013 . 0 9 2 112 2.2 14 61 38 3 3 1 125 125 3 4 9 15 12 4 230 9 12 177 e
2 014 42 39~ 2 113 2215 o0 2= 3 3 2 30 21- 3 4-.10 . 23 23 55 1 71 '65 1 7 8 0
2 015 6 8 2 114 3 2 1 29 22~ 3 3 3 411 23 23 552 0 1 17 9 6l
2 016 28 38 2 115 3 2z 2 13 10- 3 s | 3 412 22 19 5.5 3 65 el 1 710 o
30 1 38 36 i3 1 1 3 2 3 33 30- 3 3 5 87 82 3613 15 16 556 0 4 10Tl sk
3.0 2 7 3« | 3 1 2 3 2 &4 13 1le 3 3 6 10 5 1 3 416 10 12 5 5 5 58 55 1712 [
3 0 5 78 28 | 3.1 3 3 2 5 30 28 3 3 7 ae e84 e o8 87 103 5 5 & 0 8= 2 1 6 18
3.0 6 23 28 | 3 1 & 3_2_ 6 17 15= 3 3 8 0 I o H 5 5 7 50 54 2 7 1 26
3 0.7 38 37 31 s 3TE TR T 20~ 3 3 9 67 68 | 4 4 2. 82 80 5°5 8 0 4= 2 1 2 14
3 0 8 29 28 | 3 1 & 3 2 8 19 16- 3 310 0 6= 4 4 3 0 2 5 5 9 47 47 | 2 1 3 0
30 9, 20 200 3 1 7 3 2 9 19 6= 3 311 62 57 4 4 b 65 60 5 510 0 0=t 2 7 7 0
3010 11 11 : 3 1 8 2 210 18 17~ 3 312. 0 1= 4 4 8 o 3= 5 511 33 36 2 18 o
3 011 4 4 3 1:-9 3.2 11 16 b= 3 313 48 43 | 4 4 6 71 10 6 5 0 36 35« 2 7 9 21
3 012 135 13 3 110 3 212 18 _ 18- 3 316 0 2=° 4 4 1. 0 8= 6 5 1 0 15 2 710 0
3 013 0 e I3 111 3 213 13 1< 4 3 0 16 4= 4 4 8 &1 89 6 5 2 31 29- 2 711 22
3 01 19 19 | 3 112 3 216 19 16= 4 3 1 0 2| & 49 0 7= 6 53 9 2 712 6
3 0115 11 16 { 3 113 3 215 10 10~ 4 3 2 31 2= 4 410 52 50 6 5 & 24 23- 3.7 1 54
4,00 1 323 4 3 114 4 20 129 a27- | & 3 3 13 lo-' 4 411 0 2o | & 5 8 2 opal].212 1
470 1 0 1 3 118 4 21 0 2= 4 3 &4 41 39- 4 412 39 38 6 5 6 22 22={ .3 7..3. 83
« 0 2 98 98 4 1 0 @ 2 2 101  93- 4335 19 20 5 & 1 19 17 6 5.7 0 9= 37 4 0
4.0 3 0 2= ' 1 1 4 23 0 2= 4 3 6 31 27«. 5 &4 2 15 18 6 3 8 20 21~ 3 7 5 65
4 0 .4 89 91 4 1 2 4 2 4 77 The 4 3 7 10 7e 5 4 3 34 3l 6 5 9 14 1l4= 31 6 0
& 0 5 0 3 & 1 3 42 85 0 1 4 3 8 17  15- 5 4 4 10 11~ 6510 18  19= 3 7 1 81
4 0 6 83 79 41 4 “ 2 8 79 4 3 9 7. 5 4 5 31 39a T8 1 4 ele 3 78 0
a0 7 0 0 4.1 5 « 21 o 4 310 18 17= 5 4 & 16 18 2 0 - 37 9 47
4 0 8 46 239 41 8 4 2 8 64 4 311 11 16= S o 7 24 2e- |1 %02 wh o bis 3 710 0
4 0 5 ° 6= 4 1 7 4 2 9 0 4 312 18 19= -5 4 &8 ° 8- 75 4 0 2 3 711 42
4 010 57 60 4.1 8 4 210 57, 4 313 16 6= - 5 4°-9 18 17- ?, : i ‘*g ";- 4 7 0 26
4 011 11 2= [ .4 19 ceoz 1l 0 4 314 12 13- 5 410 12 12- 7 7 4 PR H
« 012 T2 T2 4 110 « 212, 57° 8 301 79 Te= 5 411 12° 1es | 4 3 2 36- 4 7 2 19
“ 013 14 1= 4 113 4 213 0 5 3 2 11 11 5 412 0 13 13~ 4 5 0 24 28 “« 7 3 0
4 014 39 39 4 114 4 214 3 5 3 3 .62 59 g 4 0 54 56= - T 4 7 4 18
5 0 1 50 47- ! 5 2 1 37 5 3 4 0 2= . g 4 1 -0 4= 2 232 e1 s
s 0 2 21 21- 12 5 2 2. 0 5 3 5 67 69 "2 68 - )
5 0 3 25 28- 5 1 3. 5 2 3 36 5.3 6 10 9 SO S S g 88 Iv - 4 1.7 o0
5 0 4 10 4= 51 4 5 2 4 0 5 377 65 66" g 4 4 68 - Bhe v e B I2m 4 7 8. 21
5 0 5 21 18- 51 5 5 2 5 33 5 3 8 12 9 6 4 5 8 o s A 4= « 7.9 0
5 0 6 10 1 5 1 6 5 2.6 13 5 3 9 48 .48= 6 4 6 46 53 612 28 ul- 4 710 715
¢ 5 0 7 21 4= 5 1 7 5 2 1 26 5 3210 0 5 e 4°7 o 8 .0 61 33 39= s. 7 1 39
5 0 A 15 15= 5 1 8 5 2 8 11 5 311 40 4l= g 4 8 41 43m 162 12= 5 1 2 13
509 27 30-| 5109 5 29 22 5 312 0 5 € 45 0 2 ve s g8 R S
5 010 ‘14 18- 5 110 5 210 14 5 313 32 3%~ & 410 32 35= SO I 4 5 7 4 0
5 011 20 24= 5 111 5 211 20 6 3 0 &40 38 7 41 36 42 1e e 5..7.5...48
5 012 13 1s= ' 5 112 52172 15 6'3 1 0 10- 7 4 3 0 4= | o 8 1o 19 5776770
5 013 15 15- 5 113 5213 18 6 3 2 31 31 7 4 3 21 22 1L e s -0 8 57 7 36
o+ 6 0 0 62 68- 6 1 0 62 .0 64 6 3 3 0 6= 7 6% 0 "o 16 9. 0 6 5 7 8 0
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