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Abstract

The Crystal‘structure of the monohydrate.of'the cesium salt of

Cr(B.C.H.(CH 3,3'-como-bis[ nonahydro-1,2-dimethyl-1,2-dicarba=~

9Caflg(CH3) 15,
'3fchroma-cLo§o—dodecaboréte](1-), has been determined from 1957 inde-

pendont X-ray data obtained from a single-crystal using counter methods
and the 0-20 scan technique. The cfyotalsbare tetragonal with g =

9.938 + 0.004 % and ¢ - 22.739 + 0,007 L and space group PA 2 2.

:There are four molecules, of CsCr(B 9 2H9(CH3)2] “H 0 in the unit cell’
_and'the density is calculated to be 1.55 g/cc. The ‘model was refined

by least squares to a conventional R value of 0.047. The metallocarborane

:,'anion consists of two icosahedra linked by a chromium atom which simul-

taneously occupieo an apex position in each cage. Each icosahodron |

‘is composed of the chromium atom, nine boron gtomsaeach having o hydrogen'
_poiniing out radially from the cage, and two carbon atoms each having

a methyl group attached. The carbon atoms in the cage are bonded to

each other ond to the chromium atom. ' The pair of methyl groups in

one cage are as far as possible from the pair of methyl groups in the
other cage in a single molecule. The anion has point symmetry 2/m (Czh).
to within £0,02 A ’ | | o
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Introduction R

" Ruhle and Hawthorne have recehfcly‘re'ported2 the preparation of

(2) H. W, Ruhle'and M, F. Hawthbrne,'Inorg. Chem. ; 7, 2279(1968).

of the dicarbollide ion, (B.C

cr(B 9 2H9(CH3)é];;:another in the series‘of:trdhsitibﬂ metal derivitives
gCally4) ™% 2, In this anion, 3,3'-comno-bis

--_[nonahydro-1;2-d1methy1-1;Zhdicarbaé3echromaeélosoédOdocabOrate](14l;a

(3) This name comes from the ACS-approved nomenélature rules given
: L SR L -
'ih Inorg. Chem., 7, 1945(1968). The name‘giveniby Ruhle and
B Hawthorne in reference (2) is’ bis[n-(3)~1 2-dimethy1—1 2-dicar~

bollyl]chromium(III)

: -,the chr6miuﬁ is-in‘a formal +3”va1encé’state and is anded‘tb twof

' 1cosahedra1 dicarbollide ions in which the hydrogen atoms on the carbons

2
of the (B9CZH11)

that the complex would have a sandwich-type structure in which'the

have been replaced by methyl groups. It was expected

chromium would simultaneously oécupy an apex in each of two icosahedra.

The - crystal structure determlnation of the monohydrate of the

 ces1um salt of the metallocarborane anion, CsCr[B C H (CH ) 12 v2 ’

: 1s reported here. The sandwich nature of the anion structure, shown
-:;1n-Figure 1, is confirmed and it is shown that the cages are staggered>
i across the chromium with the carbon atoms of one cage rotated as far:

‘a8 possible from those in the other.
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Experimental

"+ The dark red crystals of CsCr[B 0 were very well

oCallg(CHy) 1, Hy
formed in the shape of square prisms elongated along the ¢ axdis. The
'~ largest faces were the réctangular shpaed (110) faces. The crystal
 used in“this‘ﬁork was cut perpendicular to the ¢ axis to dimensions
0.10 x 0,10 x 0.09 mm and vas glued to the tip of a glass fiber in
the open air,‘witﬁ its ¢ axls as the fotation axis.
'Osciilation,’WeiSSenberg and precessionvphotographs.were taken

using copper radiation (Cu Ka,3 A = 1.5405 &) and’ from them approximate

13
cell dimensions and space group possibilities were determined. The
»cfystal was then traﬁsfered to a manually operated GenéralvElectric
XRD—S‘diffraétometer where, using copper radiation, space‘group ébsences
were checkgdland accurate cell dimensioné were obtained from measurements
on the'gpo; 0kO and 004 axis row reflections. .An'automated General
r_Electric‘XRD—S'difffactometer equipped with a'quarteé‘ciféle,'Euleriap
~ cradle éoniéstat was used for.colléétihg intensity data. Machine
instructions were read in on IBM cards and the output data wefe punched
’iautOmatically”into cards;"Cbppér Ka rédiation was used after the KB
:'radiatioﬁ was effectively removed by a 0.003 inch thick nickei filter
placéd in front of the receiving slit. The scatteréd radiation was
'j.detéctediby a scintillation counter equipped with a pulse height
faiscrimingtor. The integrated intensity of each reflection was measured -
‘,: by scanning in 20 across the peak beginning 0.65° below the 20 value
was diffracted, scanning at a rate éf 1%/min until

1
the 20 reached 0.65° above the 20 value at which the Ka

" at which the Ka
, vas diffracted.
Two ten second background counts were taken with the apparatusv

"stationary, one 0.5° below the 20 value at which scanning was
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- begun and one O. 59 above the 20 value at which the scan stopped.
Before'every reflectidn, the ¢ angle was first set 5.0° below the desired
.value.so that the final phi value was approached from the same direction
for all reflectione thus minimizing the error due to the backlash in
the ¢ gears. In order to check for possible syetematic variations in
the'intensity data during data taking, four standard reflections'were

| rechecked periodically. However, no‘eignificant systenatic variation
'was observed. » | . ) _ . o

All calculations were done using a CDC 6600 computer. ;The_rau

.data were converted into intensities, 1, and standard deviations,

a(I) according to the equations.

; 2. |
t t
- C o 5. 2 o 10
;___g. 2%(51.’* By) amd oI = C+Lt (2, +3)

where ¢ is the total count accumulated while scanning across a reflection
for a time, tg, and B1 and é are the background counts obtained in
time,rtb.” When a reflection was measured more than once, the intensities
vere averaged'and’its standard deviation vas get equal to the greater'

F R S

of'%(Zoi)ébor ;4%-;(iAi)é, where o, and A, are the standard deviation
~of the.‘_i_th measurement and the deviation of the i}h measurement from

the average, respectively, and n is the number of measurements of the
‘ith reflection. To reduce the‘weight'given to the large intensity ‘
vreflections, an additional.term, (0.081)2, was included in the calculation
of 02(2?),,given by () = (Lp)°[o%(Z) + (0.081)%], vhers Lp 1s the
| Lorentz-polarization correction.

‘The intensities of all the reflections of the indices hk€ and khi,

which. in point group 422 are equal except for anomalous dispersion

~effects, were collected out to-avlimit of 20 = 147 ,(sinB/X = 0.622).
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This gave a'iotal of»éZSS‘data, excluding'the systématic space group
absences, of which 274 had intensities legs than their estimated siandard
deviafionso | ' | |
Thé'absorptinn'coefficient for coﬁper radiation is p = 167 cm-1.

An absorption correction was attempted taking twelve slices through

. . { . .
the crystal with a 9 x 9 grid using a version of Hamilton's GONO9

progran. The absofptioh correction factors varied from 2.8 to 5.2.

. When fhis-correction wag applied there was no improvement in either

the structure or the reiiability indices. Therefore, we prefer to

‘use and report the data uncorrected for absorption.

Values of fﬁvand_o(z?) were calculated from I and o(I). Standard

deviations, o(F), of the observed structure factors were calculated

as follows: if I = o(I), then oF) = [c(zz)]%,fand if I > o(I), then

"ofF) =F - [Ez - 0(22)]%.' Refinements were done using our unpublished
”'versibn of a full-matrix least-squares program which minimizes Zg(|§;| -
) JEEJ)2/23|EQ|2; yhefe_|§§| and lEQJ are the magnitudes of the observed
l and calculated structure factors, réspectively, and where w = [o(g)]-z.

"Temperature factors fpr all atoms except hydrogens, which were given

isotropic tehperature factors, were of the form exp(fg?ﬁ11fk?azé-§?ﬁ33

| -22&312-2§§ﬁ53-2§§ﬂ23). A1l atoms were considered to be in their

4

neutral valence state. -The scattering factors of Cromer and Waber

(4) D. T. Cromer and J. T. Waber, Acta Cryst., 18, 104(1965).

f were used for all atoms except hydrogen whose scattering factors are

~those of Stewart, Davidson and Simpson5. Cromer's corrections
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(5) R. F. Stewart, E. R. Davidson and W. T. Simpson, TableAIi, J.

Chem. Phys., égJ'3175(1965)-

- (6) D. T. Cromer, Acta Cryst., 18, 17(1965).

" for anomalous dispersion applied to the scattering factors of the

cesium and chromium atoms are Af' = -1,40 and Af' = <0,13, respectively

for the real part and Af'' = 47,75 and Af'' = +2.59, respectively for

_ the imaginary part. The stereoscopic pair.drawings were prepared

‘using Johnson's ORTEP program’s

(%) C. K. Johnson, "ORTEP, A Fortran Thermal-Ellipsoid Plot Program

for Crystal Structure Illustrations," Report 0RNL-3794, Oak -

Ridge National Laboratory, Oak Ridge, Tenn., 1965. '
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Crystal Data

- The unit cell is tetragonal with cell dimensions a = 9.938 * 0.004

" } and ¢ = 22,739 + 0.007 k. WIth.four fo:hula units, CsCr[Bngﬂg-
(CHS)ZJZ-HZO, in the ﬁnit cell, the dénsity.is calcglated to be 1.55 g/cc.
Weissenberg photographs, confirmed by goniostat measurements, '
. showed the systematic absenées, 004, &_: 4n and hOO, h ﬁ‘ZQ.V These
'ru;es are charactéfistic of two'space.groups, P41212 and P43212. These
 two space groups are en#ntiomofphic and are equivalent in intensity
‘;éalculations except for the_effect of anomalous dispers;on. The |
N cor;ectigpace group'for-this particular crystal was found to be P41212.
The general symmetry equivalent positions are x,¥,z; X,Y,%tz; -y, 4%,

ﬁ‘ M)E‘Sn%*ﬁ; I;?_(_,,Z:; iyi;%"&i .%"KQM)%‘.ZJ Mp%‘xp%' .
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Qe&ggmination of the Structure

Preng Bt Fos Pt g ot o0

.

The structure was determined under the arbitrary assumption that

PL12U2 was the correct space group. The enantiomorphic space group,’

 PL32 2, was tested by an attempt to refine in PL 2 2 the enantiomorph

of the'structure found in P412 . The best agreement with the observed

‘data was obtained in space group PL 2 2.

There are only four molecules of CsCr[B902H9(CH ) ] H 0 in the

uhit cell of this elght-fold general equivalent position space group.

Therefore, the cesium, chromium and oxygen atoms must 1lie on special

positions and the remainder of the aSymmetric_unit*is'one'complete

' 5902H9(CH3)2 group.

The.ziandlx coordinates of the cesium and chromium, whose z coordinates

are fixed'by'symmetri; were readily found fromia three dimensional

Patterson functlon. Several cycles of least squares refinement of

fheir“coordinates and isotropic thermai‘parumeters gave a conventional

R value of 0.24, where R = Z(|F l - IF |)/Z|F ] Tﬁeéé atoms were
used to phase a three dimenslonal Fourier on which appeared all the
atoms in the cage except the hydrogens. It was expected that the methyl
groups would be attached to fhe carbon .atoms in the cage so the methyl

carbons and the atoms to which they were attached were given the scattering

, power of carbon while the dther‘atoms were given boron atomic scattering'

pover. Several cycles of full matrix least squares refinement of the

" coordinates and isotropic thermal parémeters of these fifteen atons

gave R = 0.14 for all 2233 data, A bond distance calculation indicated

5{that the correct choice had been made for the positions of the carbon

atoms in the cage. Giving the cesium and chromium atoms anisotropic

thermal parametefs and including_the'anomaious dispersion corrections,
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further least squaree refinement using only the data with Iz b(;)

gave R = 0. 063 for 1959 data.

To test the enantiomorphic structure in space group PL 2 2, the

.coordinates of all atoms were inverted through the origin (E,y,g to

2,5;5).' A refinement in P432 2 gave B = 0.095 compared to 0.063 for

'_refinement in PL 2 2 under identical conditions. Ali furtherkrefinements '

vere done in space group PL 2 2. This choice of configuration is

confirmed by excellent agreement in'magnitude and sign of observed

- and calculated values OvaEQK&‘ - |E,1£‘ after the final refinement.

Another series of refinementtwas done in which all atoms were given
anisotropic_temperature factors. A three dimensional difference Fourier

phased'by'these atoms was prepared. The largest peak had a magnitude

.of 4 electronS/Rg and corresponds to a water of crystailizetion. Nine
. of the next lergest‘twelve peaks corresponded to'hydrogene'attached

“to thevtoroniatoms. Indications for‘the presence“of'the methyl group

hydrogene were found but they were not nearly as clear as the peaks

of the hydrogens'on the borons. The hydrogen atoms of the water molecule

did not appear on this difference Fourier.

Anisotropic temperature factors were applied to all the non-hydrogen

atome; A1l of the hydrogen atoms except those of the water molecule

wvere included with two isotropic tempereture factors, one for the

;hydrogens attached to the boron cage and annther for the methyl group |

~ hydrogens. The refinement gave R = 0.052 for the 1959 data having

I2o0(I). It was noticed that the two maximum intensity reflections

“: were both observed much too low, most likely because their counting

rates exceeded the - -capaclty of our scintillation counter, so they were
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deleted’ from the calculations. Further refinement then gave R = 0.047
for 1957 data and R = 0.062 for all 2233 data.. The weighted R value,
2 2
B, = (3u(|E, | - I 1)%/oulE, | 1%, vas 0.058. The standard deviation of

observation of unit weight, given by [Zg(lfgt - Ifcl)z/(ﬁ - P)]%,_where

. n is the number of data and p is the number of parameters, was 1.1.
_Root-mean-square averages of [g%(lgol - |EC‘)] taken over small intensity
N;ntervals.approximated the value 1.1 over the entire intensity range.
'wdn the final cycle of refiqement, no positiongl parameter shifted by
'vmore than 10 % of its estimated standard deviation. The largest shifts

 were about 2Q % of sigma for the thermal ﬁarameters on the hydrééen

. .atoms.

o
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Results and Discussion

Final atomic coordinates’for all atoms except hydrogens are'given
in Table‘I and_their anisotropic thermal parameters are given in Table

II. Atomic coordinates*and isotropic thermal parameters for the hydrogen

' atomslare given in Table III.  Observed and calculated structure factors

are listed in Table IV,

The ‘structure of the”Cr[B902H9(CHB)2]2 anion skeleton is shown

__uithoutvhydrogen atoms in Figure 1. The complete anion including
.hydrogen'atoms is shown by ‘the etereOScopic pairvdrawingdin Figure 2.
-dThe anion consists of two complete icosahedra linked through the chromium

:/atOm thch simultaneously occupies'an‘apex-position ln'each cage.

; Eacn of the carbon atoms in the cage has a'mefh}l group attached and

.;each boron has a hydrogen pointing out radially from the cage. Tne =

' anion has an approximate mirror plane passing through atoms Cr, B(6)
'B(8) and B(1Q) in each cage. The only symmetry operation required

_by the space group relating the single cage_indthe'asymmetric unit

to 1us’equivalent.cage opposite the chromium atom. is a 2-fold rotation

about an axis passing through atom Cr and normal to the approximate

mirror plane. Thus, point symmetry 2 is required for the anion by

the space group but the anion is observed to have Con (2/m) point

' symmetry to within £0.02 R.

A complete 1ist of interatomic bond distances is given in Table V.

» 2_Average bond angles involving the atons in. the skeleton of the iCOSahedron B
“.are given in Table VI, Two estimates of the error in an average of two

'”Nor ‘more values were calculated. One estimate was based on the root-

mean-scatter of individual values, ai} around the’ average, a, of n

equivalent angles, given by [Z(a - a) ]i/(n - 1)+ The other estimate
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' L ._a,b
Positiondl Paraméters- for all Atons except Hydrogen=’'=

Atom

Cs

Cr

- c(1)

c(2)

c(a)

c(4)
B(4)

B(5)
B(6)
B(7)

B(8)

| B(9)
B(10)

B(11)
B(12)

0(1)

X

0.13791(5)

0.52992(9)

0.3266(6)

0.4413(7)
0.2776(8)

0.5068(10)

0.3231(7)

0.1987(8) -

0.2740(8) -

0.5222(7)

0.4453(8)
0.2741(7)
0.2457(8)
0.3990(8)
0.3989(7)

vo.9064(13i

- A

. 0.13791(5)

0.52992(9)
0.6165(6)

'o;7344(7)

0.5576(9)

10.7858(8)

0.5302(8)

10.6531(8)

0.7802(8)

1 0.7339(7)

0.6056(8)
0.6477(6)
0.8050(8)
0.8567(9)

0.7762(8)

0.9064(13)

0.00000(0)%
0.00000(0)%

-0.0239(2)

-0.0222(3)

- =0,0819(3)

-0,0783(3)
0.0410(3)

© 0.0254(3)

~0.0158(3)

0.0430(3)

| 0.0864(3)
' 0.0954(3)

0.0595(3)

- 0.0282(3)
~ 0.0968(3)

0.0000(0)%

by least squares are given in parentheses.

" (¢) Atoms on,speciél four-fold positions, z = 0.

(a) Standard deviations of the least significant digits estimated

" (b) The numbering system used for the anion is shown in Figure 1.
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Table II o
Thermal Parameters for all Atoms except Hydrogen

mom Pt P2 P P P Iy
cs2 1.;14(2) 4.14(2)  2.11(2)  0.70(2) -0.16(2) 0_.16»(2)
o 2.17(3)  2.17(3) v1.69(5) 0.01(4) 0.18(3) -0.18(3)
’c_(1") 2.6(3)  2.6(3) S 15(2) 0.6(2)  -0.0(2)  -0.3(2)
o) 3.3(3) 2.1(3) 2.0(2) -0.2(2)  0.4(2)  0.2(2)
63 3.5()  k26)  2.6(3)  0.73)  0.9(2) -0.9(2)
o) 48 s23)  2.7(3) 0.7(3) 1.0(3)  0.7(2)
CB() 2.1(3) 2.4(3) 1.9(3) = 0.1(2)  0.5(2) 0.0(2)

-ia(s_) 2.2(3)- S 2.9(3)  2.3(3) _-0.1(5) _gvo.o(z): -_0.1(3)':
B6)  3.1(3)  2.2(3) 2.5(3) 0.8(2) 0.4(2) 0.2(2)
B 2.0(3)  2.003)  2.2(3) -0.5(2) 0.3(2) -0.6(2)
B(8)  2.7(3)  3.5()  1.4(2)  0.7(2)  0.2(2) 0.0(2)
B9 2.2(3)  2.23)  24(3)  0.22)  0.2(2) 0.2(2)
'B(10) 3.0(3)  2.3(3) 2.1(3) - 0.4(3)  0.3(2) ~0.4(2)
B(11)  3.0(3)  2.6(3)  2.5(3) _-'0;1(3) 0.6(2) 0.0(3)
B(12)  2.3(3)  2.8(3)  2.3(3) 0.0(2) 0.2(2) -1.0(2)
'_0(1)—'-'@— 12.5(8) 12.5(8) 115.815) =2.2(11) =0.7(9)  0.7(9)

: »(g._) The anisof.ro;iic thermal parameters, B, in units of,Az are given

th

: g " » SR '
B ‘b?’_g_i_i = 452.?/2}.9'3' wherq g;‘ is the length of f.he 1™ reciprocal

-cell dimension.

.(b) Due to symmetry of the special position of this atom, B, = B,,

- and By = <Byy-
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Table IIT

Positional Parameters for Hydrogen Atomse“

Atom X . Z
H(4) 0.283(7) . 0.419(7) 0.038(3)
H(5) - 0.095(7) © 0.615(7) © 0.012(3)
() 0.239(7) 0.835(7)  =0.056(3)
H(7) - 0.641(7) 0.763(6)  0.047(3)
CH(8) S 0.497(7) 0.547(7)  0.127(3)
H(9) | 0.222(7) 0.619(7) - 0.139(3)
“H(10) | 0.173(6) . 0.871(7) 0.078(3)
CH(11) C 0 0.428(7) - 0;969(7) ~ 0.015(3)
n(ié)* : 0.427(7) 0.838(7)  0.136(3)
H(31) | S 0.32(1) 0.60(1) l‘.;0.112(6)'
H(32) | 0.31(1) 0.46(1) 20.089(5)
H(33) 0.47(1)  0.55(1)  =0.085(5)
H(41) 0.60(1) ~ 0.81(1) -0.064(5)
H(42) | 0.44(1) 0.81(1) | 50.163(6)

H(43) 0.55(1) - 0.72(1) -0.095(6)

E (a) The atom numberA for H(4) through H(12) refers to the position of
the bo;on in Figure 1 to which the hydrogen is bonded.. The refined
common : teﬁperatue parameter for these atoms is B = 2.2 ¢ 0.6 Kz. |
H(31), H(32), H(33) and H(41), H(42), H(43) are bonded to the
methyl carbons, C(3) and C(4), respectively. The refined '69mmor_x:

- thermal parameter for these atoms is B = 8 ¢ 1 12,
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Table IV
|Obserlved'a'.nd Calculated Structure Factors. Each datum given

" zero weight in the final refinement are indicated with an

-asterisk.
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OBSERVED AND CALCULATED SVRUFTURE FACTORS OF CR~-GLODB
FCAL0,040) = 2040

L FOB FCA 7 64 59 10 27 22 1141140 8 89 86 7130 124 19 68 87 8 S4 S1 18 264 28 2 O 1i¢ 15 53 S2 15 33 33 13 66 10 12 32 29 & 68 7
W= O, O 8 32 31 11250239 2153153 9 91 93 € 113107 20 55 55 9 B0 78 19 37 41 3 162 167 16 0 8 16 30 31 14 79 78 13 ST 59 ¥ 45 S
4 508 740 9 51 50 12 63 65 3115116 10114 112 § 77 I 21 73 72 10 16 5 20 13 11s 4 153 154 17 sl S2 17 25 22 15 77 19 14 62 68 & 5 e
8 416 456 10 146 141 13 201 193 4 21 18 11 157 157 10 49 40 22 28 26 11 73 73 21 36 34 5170173 19 52 47 18 69 75 16 B 15 15 50 55 ¢ 54 53
12 431 440 11 58 59 14 O S8 5175 174 12 47 43 11 76 T4 23 ST 60 12 53 43 22 O las -6 61 62 H,Ke 6, 8 19 29 33 17 &1 €3 16 O 8¢ 10 & T1
16 182 17t 12 38 37 15 154 188 6 119 114 13 142 136 12 75 67 24 34 35 13 59 ST 23 22 25 716318 1 58 S8 20 26 25 18 S5 56 17 39 45 1l 46 49
20 190 182 13 56 53 16 &L 58 T 113 110 14 114 112 13 62 57 25 59 40 14 0 4% 24 26 19 8139 138 2 15 9 21 M1 6 18 55 56 18 52 56 12 26 24
24 166 166 16 126 127 17 133 128 6 69 69 15 89 89 14 16 21 26 21 17 15 66 63 H,k= 5, 5 9125 134 3 62 59 Hekw T, 5 20 14 11 19 49 52 13 34 40
28 90 96 15 27 20 18 21 24 9114 11t 16 24 29 15 62 59 H,ke &, 3 16 35 33 0 49 48 10 64 85 4 30 27 16% HeX= 3 HKe 9, 2 14 60 65
Hek® 1, O 16 16 21 19 175 165 10 127 122 17 120 122 16 68 63 0 94 98 H.Ke 4, 10 1124 126 11 92 88 S 62 60 1 77 75 0 21 21 0 82 82 15 28 36
1167 177 17 51 46 20 39 37 11 78 To 18 111 110 17 50 49 1 76 81 1 11 l@s 2181 178 12 113 110 6 23 1T 2 62 88 1116117 1 55 53 H,Kx 10, 3
2157 147 16 96 93 21 112108 12 0 6+ 19100 9 18 0 & 2106 109 2 22 21 3153 154 13 91 97 7 2T 30 3114110 2107105 2z O 0 0 9
3 1 16 19 15 20 22 s 13 51 48 20 28 38 1§ 34 35 S0 96 3 18 21 4 40 40 14 32 3} 8 35 31 4 14 200 3 98 ST 3 S5 56 1 48 57
4 12 10 20 © 8% 23105103 14 99 94 21 77 72 20 S8 ST 4 9 95 4 13 2l* 5 73 B2 15 95 94 9 7L 68 5 T0 67 4 8 15¢ 4 69 TL- 2 59 6l
5 213 198 21 30 2T 24 69 67 1S 75 70 22 S4 51 21 11 16% S 115119 5 35 28 & 152151 16 1€9102 10 8 1ls & 62 61 5 93 9 5 58 ST 3 4s 52
6 211 202 22 67 6B 25108 110 16 6 i7e 23 71 72 22 0 3 S117116 616 1¢ 6 17 110 111 3 3 7 82 81 6 7 T 6 O 13w A4 0 8¢
7 185 179 23 11 23% 26 10 138 1T 62 59 24 17 26 Hks 3, 8 7 78 78 7 33 27 8 4B 48 18 9 16%¢ 12 21 21 6 O 200 7T 97T % 7 %0 53 5 52 55
4 27 66 67 18 78 TT 25 62 o 1 109 8 S0 50 8 18 21 9103100 19 63 64 13 &2 42 9 B4 78 8 5 12¢ 8 70 73 6 69 73
9 145 139 25 20 19 MeK= 2, L 19 ST 55 26 26 29 2 104 9T 9121123 9 24 26 10152 147 20 B3 65 14 16 12 10 73 70 9 19 76 9 38 36 7 46 S3
10 54 50 Mk 1, 0 415461 20 8 12+ 27 38 43 3 110 108 10 114 112 10 Te 1L 35 31 21 73 Y5 1S 49 SO 11 65 69 10 73 68 10 1 12¢ 8§ 0 71e
1 153 143 1 128 127 1 172178 21 31 30 Hyks 3, 2 4 L6 15 11101 100 Il 16 17 12 33 31 22 18 15 16 15 20 12 O 4% 1l 90 90 11 3¢ 33 9 56 57
3 2 20 19 2 67 TL 22 6% &7 0138150 S5 102 100 4 12 33 33 13 89 63 23 A5 48 HeKs= 6, 9 13 8L 64l 12 18 17T 12 SO 58 10 36 39
13 95 93 3 165 165 3 108 109 23 33 33 1142153 & 113 82 17 13 14 1T 14 138 126 26 40 42 13 1450 48 13 T4 TS5 13 44 44 11 32 34
16 110 100 4 165 159 4 262 2764 24 14 20 2 10 T 92 88 14 72 73 HKs 4, L1 15 T6 - TL H.Ke &y 2 2 23 18 15 59 &1 14 63 65 14 O 10% 12 6 12e
15 162 155 5 172 172 5 111 110 H,K= 2, T 3247258 & 0 12% 15 90 9 1 33 16 38 42 2 3 4 9% 16 20 23 15 75 T4 15 40 37 13 47 S0
16 26 21 &6 54 53 & 186 193 1100 97 4166173 9 83 80 16 51 52 2 69 66 17 48 49 1 140 142 4 99101 17 46 48 16 0 1¢ 16 46 50 1a 40 40
17 4S 42 7168 167 7156 162 2 18 14 S 143 154 10 81 74 17 87 &7 3 20 12 18 141 137 2 169 172 S 20 14 10 33 32 17 38 42 17 41 43 H,Ke 10, 4
18 116 115 8 141 136 8 270 276 3 587 86 11 93 89 18 T1L 70 4 45 44 19 39 38 3 114§l 6 10 11+ 19 40 39 18 39 40 18 13 13 0 30 34
19. 139 132 9 121 119 9 9 15+ 4 64 b2 7 243 251 12 23 17 19 53 59 S 40 37 20 &9 6V 4 16 19 T 20 4 20 25 27 19 46 45 Hks 9, 3 10 12
20 0 las 10 81 77T 10 113 H18 0100 8 90 90 13 83 77 20 16 19 & 66 &4 42 5 164 169 8 .80 82 H,K= 7, 6 20 0 18 0 15 15 2 2 25¢
21 69 68 1l 8T 80 11 147 148 7 9173179 14 71 66 21 45 AT 7 12 10 22 130 127 6 115 115 9 T 12¢ 0 27 23 HK= 8, 4 | 52 48 3 20 23
22 16 20 12 105100 12 210 208 7101 96 10 160 104 1S 74 72 22 73 75 8 16 13 23 65 66 T i 121 10 17T 19 1 67 60 0 79 78 2 718 YT 4 22 25
23 45 SO 13 94 93 13 67T 64 B B3 76 11 200203 186 O 28 23 65 65 HeKs O Hyks 5, 6 8 66 & 11 26 23 2 31 27 1 24 19 3 29 29 .5 24 28
24 L0 4% 16 22 27 14125129 9116 114 12 97 95 17 44 40 24 19 18 1 218 22 1 67 66 9115111 12 71 69 3 B3 85 2z 27 28 4 13 & &6 20 22
25 62 61 15 93 90 15 86 90 10 66 63 13 142 138 18 53 52 25 4% 47 2155156 2 17 16 10 104 108 S¢ 4 35 31 3 Q0 4 5 29 27 T 27 31
26 20 25 16 98 91 16 83 82 11 128 121 14 34 37 19 43 39 H,K= 4, & 3 216218 3 Sl 92 77 -WeKe 6, 10 5 61 56 4 82 81 6 73 75 8 18 29
27 60 61 17 116 112 1T 6L 60 12 T4 68 15 162 166 2C 19 19 0 294 306 4 45 49 & 87 &6 12 0 &* 30 s 35 32 5 7 16e T 1T 23 9 22 28
26 0 Se 18 0 10% 18 117 115 13 108 102 16 103 103 H.k= 3, 9 1109 115 5 250 249 5 52 S1 13 SC 4 2 ¢ Te 7 S3 S5 6 10 T¢ 8 11 6% 10 9 12
Hekm 1, 1 19 B4 86 19 74 T3 14 S50 a4 17 113 111 1 41 37 213413 6176174 6 28 26 14 92 95 3 12 9% g 39 40 7 13 170 9 11 16¢ 11 9 l4s
0 351 43¢ 20 Bl 79 20 97 93 15 87 83 18 30 30 Z 70 &6 3 178 184 7 194 186 84 80 15 77 T4 4 13 19 ¢ B2 84 8 73 T4 10 &7 T1 1z 30 34
1246 286 201 T2 T3 21 S1 S0 16 45 46 19 104 104 3 28 30 4309 36 6 19 20v 8 T6 69 16 0 i5¢ 5 34 32 10 46 4% 9 0 150 1l 14 10 13 3 19¢
2 76 1T 22 17 16 22 48 &8 17 TS T6 20 60 60 4 23 1 5 38 40 9 199 19 S 43 43 17 34 54 6 O 11 11 52 55 10 28 20 12 0 194 Hyk= 10, 5
3 222 2564 23 50 49 23 34 44 18 37 33 21 117112 5 21 20 6120 121 10 122 109 10 32 29 18 61 &5 7 18 19 12 29 27 11 14 17¢ 13 21 26 O 15 80
4 275 316 24 41 42 24 82 60 19 75 76 22 1 15% 4 69 70 7 117 117 11 144 38 11 65 &3 19 63 62 8 20 20 13 54 54 12 ST 61 1 52 58 1 51 57
5 151 162 HeKs 1, 7 25 47 52 20 38 38 23 62 66 7 17T 25 8222220 12 39 37 12 49 48 20 0 o9¢ HKe 7, 0 14 24 30 13 14 17 15 20 26 2 B 21e
6211 229 1 T2 68 26 48 %7 21 59 &0 24 S5 59 8 1 4 9 42 39 13183 176 13 52 45 21 26 27 83 84 1% 51 52 14 20 1T 16 19 11 3 56 63
7 156 168 2 9 11s 27 20 24 22 17 22 25 78 80 9 23 16 10 63 61 16 105 97 14 0 24e 22 65 86 213313 16 13 8 15 0 17 17¢ 4 64 &9
a 251 212 3 69 HyKe 2, 2 MeK= 2, 8 26 0 12¢ 10 71 73 11118 117 15113 112 15 43 43 23 23 23 3 59 54 17 AT 53 16 61 64 Mk 9, 4 5 58 62
9 177 187 & 131 131 13 20 1 30 Heks 3, 11 16 16 14 61 57 16 47 46 16 30 33 24 19 23 4 0 4% 18 SL 49 17 O 11» 0 63 S8 6 O lle
10 118 128 5 114 111 1 60 61 2 84 83 0238 263 12 25 21 15 137 138 17 169 162 17 40 39 HeK= 6, 3 52 H,ke T, 8 0 118 L 73 79 7 44 45
Bl 135 142 & 33 24 2339380 3 58 56 13 22 21 16 173 165 18 102 97 18 39 40 97 6 138 13 0101102 19 25 22 2 3 138 8 51 S7
12 222 231 1 69 67 67 6 4 - 2110126 14 55 S6 17 66 67 19 119 114 19 33 31 1 52 S0 7 69 66 WKe B, 5 3 62 T0 9 32 16
13 114 119 8133 131 4 155 168 % 48 S0 3 147 149 15 19 20 18 O 28¢ 20 0 1% 20 22 18 2 89 &9 8 59 59 2 TL 69 0119110 & 60 &0 10 11 19
14 159 169 9 88 S 65 42 6 88 864 4223233 16 13 10 19 32 31 21 103105 21 38 28 55 9 32 37 3 0 11s 1 T 69 5 70 T3 11 25 34
15 160 167 10 8 S¢ 65 3g0 405 7 85 61 5 36 32 17 24 24 20 92 90 83 81 M,Ke 5, T 4121127 10 127 128 4 94 91 2 29 34 6 18 13 Hkw 10, 6
16 157 161 11 ST 54 7 &l 42 8 0 118 6 99103 Hexs 3, 10 21 60 79 23 105 108 1 80 74 S5 41 40 Il 62 6 S O re 3 &1 59 ¥ 68 69 0 21 22
7 S0 52 12 108 104 8172181 9 6B 63 7 56 48 1 6L 58 22 24 15 26 13 19 2 75 7% 6101 99 ‘12 @ 2% 6 52 52 4169105 8 59 55 1 28 28
18 153 158 13 87 B4 0 15% 10 85 8¢ 8 244 25T 2 68 67 23 36 39 25 88 92 3100 $9 7 40 41 13 T4 T T IT 21 5 12 6T 9 15 7T 2 O 1ls
19 160 139 16 21 12 10 263 273 11 70 64 9 60 61 3 4% 45 24 97 67 M,Ke 5, 1 4 22 25 B 127128 14 99 9B B 65 &4 6 A0 44 10 O 4e 3 19 15
20 143 138 15 86 61 11 20 22 12 0 40 10139 141 4 O 10% HKe 4, 0 12 1 S 63 63 9 30 23 15 T4 70 O 18 7 41 43 11 63 73 4 29 29
2t 77T 76 16 88 B8 12 94 98 13 80 718 1 s 8 66 ST 1 22 19 6 68 66 10 110 108 0 10 10 T¢ &7 8 91 90 12 ST S35 20 30
22 107 109 17 80 79 13 13 11 14 B84 85 12 248250 & €3 80 2 36 33 2170170 T 84 80 1 57 53 17 66 64 11 19 16 9 &2 42 13 51 55 &6 11 1&
3 55 18 0 5% 14 213216 15 76 73 13 47 S50 T 46 43 3122123 3 3¢ 32 8 29 19 12103 99 18 &7 72 12 6T &9 10 29 35 14 0 2 7 27 28
26 113 117 19 54 52 15 16 0 18+ 14 69 63 & 0 lie ¢ 4 45 45 9 7o 17 26 24 19 &6 68 13 O 1l4e 11 51 S0 15 S8 60 8 18 15
25 13 75 20 67 68 16 118 125 17 65 &4 15 5T S8 G 54 52 5 66 &5 10 74 69 14 95 91 20 19 11s 14 68 7O 12 83 €1 16 44 39 HuK= 10, 7
26 105 109 21 47 48 17 36 35 18 61 61 16201196 10 S1 52 6 59 58 6126 124 11 70 68 15 62 60 | 21 52 54 0 3% 13 43 A0 Heks 94 0 18 25¢
27 42 42 22 17 20 16 186 185 19 64 59 17 2 1 1L 46 42 T 93 85 7 45 46 12 L 16% 16 92 90 | 22 ¢5 7 16 49 53 14 29 32 0 14 21 1 0 22¢
Heke 1, 2 23 44 45 19 0 12 8 18 SO 45 12 10 13 8 60 $9 8 31 33 13 87 57 17 23 30 |23 28 29 H,K= 7, 8 15 4B Sl o 3¢ 2 2¢ 31
S5 164 HeKa 1, 8 20 T4 T6 HK= 2, 9 1S 14 180 13 42 44 9 84 86 9 40 40 14 54 53 18 61 61 HKs Te 1 1 2 18 60 62 2 23 26 3 O 9
2 39 4 61 21 1 45 20 141134 14 43 46 10 61 63 10 147 143 15 59 59 19 14 17 0 1064 108 2 47 S50 17 4L 43 3 0 6* Hxe Il, 0O
3 96 96 .2 71 68 22126126 2 0 29 21 35 38 Heks 3, Il 1L 85 85 11 65 65 16 26 27 20 0 N 1 81 81 3 33 20 18 18 26 4 T 128 1 239 42
4253 2712 3 68 64 23 3 75 68 22 A2 44 1 43 38 12 27 26 1z 38 37 17 51 52 21 18 19 2 0 168 & 19 26 HeKe 8, 6 5 20 15 2 32 3%
s 96 4 62 65 24 13 13% 4 92 85 23 1« 209 2 30 28 13 37 38 13 45 46 16 36 33 22 54 56 3 61 61 5 39 43 0 32 J4 6 40 43 3 34 37
6189 196 5 79 70 0 1t 5 51 S1 24 99 95 3 36 31 14 &1 38 14 130 128 19 42 41 23 43 &2 41210112 & 55 57 1 53 54 7 16 2 4 1s 8
71T 17T 6 56 55 26 98100 6° 0 B¢ 25 19 27 4 25 22 15 B6 80 15 33 32 20 15 22 HsKs 6, & 5108 110 7 0 & 2 0 9¢ a 20 17 5 30 29
8 282 290 7 89 87 27 25 30 7 59 ST 26 271 28 S5 0 4% 16 25 23 16 25 20 Hek=e 5, 8 0 46 42 6 29 29 8 46 45 3 50 s8 9 13 19 6 40 45
9 36 33 8 45 43 HKs 2, 8 T2 72 M= 3, 4 6 2T 29 1T AT 48 QT 43 48 71 67 1103 199 7 67 67 9 S0 S1 4 31 26 10 39 45 1 15 18
10 131 133 9 71 63 1 156 171 9 36 35 8 1 24 26 18 33 30 18 87 8& 2 I 30 2 T 69 8112 113 10 38 40 5 & 43 11 0 7¢ & 10 l4s
11 156 157 10 48 51 2 15 11 10 0 1le 2102101 8 17 20 19 43 45 19 10 l2¢ 3 S9 S8 3 121 126 11 0 4 6 0 180 12 16 25 9 1 12
12 217 2167 11 49 48 3 253 268 11 37 31 3 86 92 9 21 26 20 I3 I1* 20 8 9% 410910L 4 63 63 10 19 S5 12 5 s 7 25 30 13 13 S 1.0 34 36
13 58 56 12 33 34 4 158 168 12 81 62 & 93 9 10 19 19 21 36 36 21 26 29 5 69 64 5 92 91 11 59 60 13 25 25 8 14 2le 14 21 30 1 13 21
14 127 131 13 49 45 S 150 159 13 50 48 5 107 112 Heks &, 2 0 9% 22 71 72 6 41 43 6 59 12 92 94 14 31 32 9 7L 7L 15 & 0% 12 10 9
15 83 85 1&¢ 55 52 6 83 91 14 12 l4e ¢ 116 112 23 30 33 26 26 7 AT 45 T 116113 13 79 IT HK= Ty, 9 10 20 12 Heke 9y & HyX= 11, 1
16 93 91 15 0 22 7247 257 15 32 34 B 58 56 1 62 64 24 21 22 24 0 3¢ B 9 89 B 57 59 14 17T 11 1 48 11 28 39 0102102 0 61 &4
17 49 s 16 36 33 B 112 111 16 42 43 9 117 116 2 14 17 HKs 4, 6 25 20 21 9 43 43 9138135 s o3 88 2 21 18 12 6 23% 1 4 10% 1 4s 43
19 116 117 17 32 30 9 148 153 17 49 47 10 119 116 315 1 1117 117 Hek= 5, 2 10 32 35 10 70 7L 16 90 93 3 41 45 13 36 42 2 8 15+ 2 13 5
19 69 68 18 Sa 55 10108 111 18 15 1& 11 105103 4 200 195 2 72 69 3 214 229 11 50 50 11120117 17 65 70 4 O & 14 0 12¢ 3 17 & 3 33 &2
20 102.98 19 24 24 11 195 199 HeKs 2, 10 12 44 50 5 49 48 1131 132 1129131 12 92 8 13 9 93 18 s 5 63 62 15 51 52 4 96101 4 55 ST
21 43 45 20 10 23+ 12 109 107 1 50 52 13 72 0 & 8 @8 4 71 70 2 89 95 13 36 36 14 &3 60 19 59 59 & 36 2T 16 19 22 5 l4e 5 37 41
22 70 70 21 30 27 13135 13 2 65 T0O 14 65 &5 7 47 46 5 97 96 3 92 98 14 21 24 15 95 91 20 6l 86 7 51 50 Hks 8, T 7 G 4s 6 0 6
23 46 43 Heke 1, 9 14 43 40 3 53 57 15 98 99 8 228 215 & 82 80 4 247 26 15 S0 47 k6 28 25 21 37 A8 8 6 Bs 0 44 43 8 79 @3 T 45 47
24 713 Te 1111 108 15175176 & O 8+ 16 45 55 9 30 30 7109 165 5 64 66 16 70 67T 17 87T 85 22 19 1T 9 63 62 1 30 21 9 T 1los 8 42 47
25 61 S92 94 B8 16 95 9T S 44 45 AT 67 67 10 O 4% 8 TS5 72 6 75 70 17 42 40 18 &9 65 23 48 48 10 36 32 2 40 47T 10 15 20 9 40 42
26 44 49 1102 99 K7 120120 6 78 73 18 80 76 - 11 se 9126 121 7T T4 T6 18 22 21 19 86 B2 Heka Ty 2 Meke T, 10 3 29 24 1l 23 26 10 3 13
21 33 36 4 6 120 18 26 27 7 S& 55 19 63 61 12 129 124 10 92 89 8 205 210 H,k= 5, 9 20 16 12 0 41 41 117 21 4 21 25 12 &% &7 11 3T 4
Hek= 1o 3 5113105 1910110 8 0 68 20 34 27 13 13e 11 127 116 9 63 66 20 21 82 81 113 118 2 36 33 5 42 42 13 0 1% 12 42 49
1179 185 ¢ 83 82 20 9 51 49 21 51 56 14 23 14 12 38 38 10 35 3% 2 28 31 22 65 62 21 19 3 0 8% 6 56 64 Heks 9, 7 HKs 1l 2
2153 160 7 93 87 21 110 209 10 60 59 22 11 13 1 1+ 13 98 92 11 86 90 3 20 6 HK= & 5 3 86 87 Heke 6 7 12 9% 0 6 T+ 0 0 13
3 144 143 8 13 14® 22 0 M3¢ 11 48 51 23 74 7L 16 90 65 1é 66 59 12 145 142 4 13 16¢ O 56 4 49 48 0126126 8 A6 54 1 44 45 1 28 31
4 81 B0 9 75 T2 23 $6 59 12 11 23¢ 24 1T 10 17 10 &% 15 94 91 13 49 48 5 0 16 1 &3 66 s 8l 8% 1139142 9 55 56 2 18 15 2 21 23
S 147 150 10 82 80 24 58 61 13 46 46 25 43 46 18 12 7 16 21 25 14 38 43 & 48 45 2 23 25 6 41 41 2 O 1se 10 46 48 3 38 4l 3 36 41
6 141 246 11 62 64 25 80 82 14 51 S0 M,Ks 3, 5 19 & 26 17 91 &4 15 35 29 0 20 3 84 85 7112 111 3 110 109 Ll 14 14 4 10 8+ 6 27 23
72172018 12 34 290 26 Q 20 15 35 38 1165167 20 764 TS5 1B 67 62 16156155 8 18 23 4 39 9 8 96 91 & 110 110 12 61 63 5 86 57 . T 40 47
8 64 62 13 S1 S1 HiKs 2 4 HKs -2, 11 2 41" 62 21 8 2% 19 87 82 17 38 33 9 22 22 5 41 &l 9 102 103 5 85 13 33 34 6 33 32 8 20 22
9 80 83 14 T3 70 1 137 139 30 3176185 22 5 20 20 0 3% 18 38 33 D 44 44 6 37 36 10 § 6 18 13 14 29 33 71 30 3 § 31 W
10 96 95 15 51 51 2 43 2 11 20 4 140143 23 0 12¢ 21 80 78 19 32 40 11 O Te T I5 T& 11 124 120 7 TT T9 Hek= 8, 8 9 47 52 10 25 24
11 167 164 L& 0 8¢ 3170 1719 3 35 S 158 158 24 44 51 22 54 56 20115116 12 23 23 8 83 8l It Te 8102103 0 11 24 10 31 3¢ 11 26 35
12 47 42 17 52 48 4 90 93 4 139 6 20 13 25 13 6e Hyke 4, 7 21 3836 13 13 T 9 39 32 13 98 97 9108 105 1 28 25 Heks 9, 8 H,Kk= 11, 3
13 142 137 18 61 60 5 149 160 5 S1 50 7 166 167 26 0 & 44 45 22 13 11s 14 24 30 10 37 32 14 46 44 10 25 27 2 69 66 0 O Se 0 39 43
14 126 119 19 56 55 & 40 37 6 35 29 B 118 117 Hee= &, 1 2 146138 23 39 39 | 3 1e 11 57 S7 15 92 88 11109 106 3 23 28 1 18 22 1 25 33
15 60 81 MeXs 1, 10 7 ISP 181 7 4B 44 9 14T 145 8 18 3 S1L 48 24 T6 TS HyKe 5, 10 12 47 48 16 47 48 12 92 85 4 20 I 2 21 23 2 19 20
16 36 38 1 41 8123124 @ 17T 19 10 74 T4 1262 206 4 S1 AT 25 15 18 1 62 %6 13 4 39 17 & T0 13 9 91 5 15 12 3 27 32 3 29 23
A7 123 123 2 0 1&% 9123125 9 35 33 11 176 172 2319 238 5 32 38 Hike 5, 2 2 9 13s 14 14 229 18 2T 30 14 14 9 6 52 51 4 0 20 4 19 20
18 116 115 3 45 42 10 36 42 10 31 30 12 81 16 3187 151 6 109 100 0126 128 3 56 ST 15 43 43 19 68 69 15 &3 64 1 38 &0 3 27 29 5 18 20
19 88 86 4 26 26 11134134 11 47 47 131101298 & 73 75 7 61 %1 1163 167 & 77 77 16 30.35 20 4& 47 16 69 66 B 4l 44 HKs 10, 0 6 24 24
20 40 35 5 26 28 12 83 BT M,Ke 2,12 14 32 37 5165168 8 41 36 2 26 28 5 58 S6 17 38 38 2l 65 68 17 6 s 9 0 8 0 73 78 T 13 20
21 72-76 & 28 21 13 110 107 1 38 32 .15 130 121 6 234 240 9 26 26 3175183 6 9 3+ 18 AC 39 22 23 20 18 11 17¢ 10 92 9 1 85 88 & 23 29
22 45 47 7 40 38 14 39 43 2 29 28 16 71 68 1 148 146 10 121 117 4 138 14k 7 46 46 19 27 27 m,ke 7. 3 19 57 40 Il 36 43 2 0 5+ 9 18 26
23 77T 78 6 28 30 15109110 3 11 7 171€0 95 & 85 85 11 56 S1 5144 143 8 60 SS 20 5 6% 0 113 115 20 60 63 Mks 8, 9 3 83 89 10 9 lée
26 12 25 9 32 34 16 43 42 4 20 17 18 32 34 5 144 145 12 S8 36 6 31 36 9 45 40 21 43 43 1 94 95 21 67 &9 1 7 220 & T3 76 H.,Kke 11y &
25 61 61 10 18 20 17 116 119 H,Ke 3, 0 19 B85 82 10 228 229 13 22 22 T 159 159 10 17 19 Hsk=s 6, & 2 28 20 HKe 8, L 2 20 26 5 87 66 0 268 26
26 3¢ 35 11 32 31 18 16 20 1 44 41 20 4T 44 11 144 140 14 106 104 8133 136 11 33 35 0 52 48 3120 123 0 49 S0 3 29 29 ¢ 23 18 1 31 A
27T 40 43 12 26 31 19 B3 83 2 432 443 2L 69 84 12 Sl 54 15 33 35 9 148 149 Mk« 5, 11 1 25 27 4123 123 1 66 b6 4 4 7 T8 TS5 2 59 T0
Hekm 1, 4 13 23 23 20 S4 52 3 26 23 22 40 44 11151 148 16 35 32 10 65 86 1 34 31 2 161 157 s 9 97 2 79 81 5 18 20 6 &2 67 3 21 2%
L 270 276 14 29 27 20 73 76 4 12 16 23 71 Ti 14 196 188 17 25 24 11156 155 2 50 51 3 57 Se & 16 22 3 57 S6 Hike 0 9 37 37 4 35 39
2309 328 15 0 3% 22 30 30 5 78 10 24 38 39 15 91 87 18 85 82 12 91 89 3 0 12¢ 4 61 sS4 7124 120 & 52 56 1 10 10% 10 S0 48 5 31 34
3200 205 16 26 25 23 56 62 6 316 37 M= 3, 6 16 59 61 19 34 34 13 97 9 4 17 2 s .18 16 8119 116 5 8 79 2 17 14 11 37 35 & 53 &6
4 17 80 M= 1, 11 24 3T 37 7103 90 1 38 39 17 ST 96 20 14 23 14 34 37 5 22 27 & 157 149 9 70 T3 & 59 &0 3 11 108 12 47 53 7 10 9
5 159 164 1 46 42 25 56 S8 B 25 24 2 85 B5 19 142 13¢ 21 15 15124 112 W= 6, 0 T 21 20 10 4 43 7 1 61 4 G 1le 13 33 33 6 0 1l¢
6235 241 2 . 19 9 52 & s 15 4 HeKm 4, 16 76 0 B9 SO 8 69 60 Il 80 79 8 44 45 S 18 15 14 15 18 H,K= 11, S
T 148 145 3 47 45 H,Ke 2, 5 10 286 287 4 127 131 20 &7 S 1 9+ 17 <0 85 1122115 9 27 28 12 TL 69 9 64 63 6 12 14s 15 43 44 0 3 4
8 82 B&4. 4 55 55 1 118121 11 35 32 5 39 36 21 19 79 2 264 28 18 38 36 2 46 A5 10 142 136 13 47T 48 10 .52 57T 7 30 25 16 41 47 1 13 30
9 136 137 5 46 44 2 90 93 12 19 19 & 9 9 22113413 3 0 12° 19 83 83 10 15% 14 15 21 11 58 58 8 21 15 Hexe 10, 1 2 36 45
10 227 227 6 13 6 3112113 13 T0 66 - T 40 43 23 68 73 4 93 885 20 Al 42 4 140139 12 S+ 52 15 62 62 12 39 38 9 15 19 0 21 28 3 16 24
1L 157 152 7 49 &3 4 252 264 14 312 300 @ 130 128 24 28 35 5 25 14 21103 97 5 51 48 13 S¢ 16 71 72 13 38 38 10 0 1ls 1 4T 45 & 0 16
12 67 65 B sS4 53 5 54 52 15 271 26 12 140 25 62 63 6 10 7% 22 45 43 6 5 1ls 14 105 105 T 43 49 14 51 53 11 44 Al 2 15¢ 5 19 22
13 164 159 9 43 42 6 16 79 16 34 34 10 105 100 8L 8¢ 7 10 18% 23 67 &9 T 58 53 15 24 20 16 0 19¢ 15 31 33 12 23 35 3 26 35 Hyk= 12, O
16 170 165 10 17 13 7 86 85 17 6% 88 11 51 49 H,k= 4, 2 8 TI &8 24 36 36 8108 1B 16 35 28 , 19 28 30 16 44 39 13 55 S6 . 4 22 28 0 52 55
15 107 204 11 46 44 8 215 214 18 2207210 12 106 103 0 (24 136 9 12 Be H,Ke 5, 4 ¢ 60 Te 11 23 17 20 62 62 17 IS 15 14 8 les 5 40 39 1 30
6 T2 T3 12 64 64 62 1 13 .21 17 1152 156 10 24 2 [ 20 10 12 12 18 92 9¢ |21 18 19 18 41 40 15 S5 S6 6 20 15 2 9 2¢
17 111 107 M,K» 1, 12 13 3¢ 33 20 9 3+ 14 07 81 2 49 47 11 24 20 1 7 7T i1 90 69 19 12 5 |22 13 2 19 29 30 16 13 1@ 7 29 3% 3 11 é+
18 136 128 1 49 47 11 96 94 21 19 17 15 55 S 3174 186 12 57 ST 2 30 30 12 71 68 20 20 21 H.K= T, & 20 28 32 17 45 45 0 33 37 4 43 44
19 81 74 2 10 &% 12171 187 22 161 159 16 91 86 4 88 13 9 10% 3141 139 13 98 96 HeK= & T 77T 2t 19 18 18 8¢ o 27 32 5 5 9
20 49 49 3 32 34 13 63 63 23 27 24 17 34 30 5 (A7 157 14 11 1&* & 10 14 47 51 1 62 60 1 55 54 Mk 8, 2 19 31 3 10 2¢ 21 & 5 3
21 75 T4 4 34 31 14 29 29 24 O ¢ 18 64 65 6 30 32 15 O 4% S5 T4 76 15 36 31 2 34 33 2143 143 0 11 10® Heks 9, & 11 37 39 H,Ke 12, 1
22115 117 5 25 27 15 36 36 25 © 200 19 0 2l* 7148 152 16 63 62 6 44 44 16 93 9 3 s 87 3 50 47 1 &7 51 9 Se 12 26 30 O 42 4¢
23 T4 T6 HeKe 2, O 16171 168 26 131 134 20 &4 63 8118122 17 3 14% 7 §¢ 91 17 39 33 4 &3 39 4 38 410 2 91 90 1113113 13 4 UTe 1 34 4e
2¢ 31 33 01 91 17 35 33 2T 6 6e 0 21 9137139 18 0 10%¢ 8 66 66 18 9 22¢ 5 58 57 | S 33 35 3 54 51 2 93 8 14 25 31 2 18 ¢
25 56 60 1257 253 18 35 33 W,ke 3, 1 22 50 50 10 45 43 19 20 20 9 81 19 19 20 25 & 31 27 | 6105101 4 0 3 3101100 15 @ iis 3 3G 36
2 83 84 2 19 1T 19 47 & 0 70 23 35 36 11 137 139 HeK= 4, 9 10 54 54 20 6% 67 7 To 61 7 %6 53 5 50 53 12 16 17 22 4 29 33
MeK= 1, 5 3216215 20 114 114 1 185°186 MH,ke 3, 7 12 87 1 8¢ 11 87 88 -21 34 37 8 4L 35 | B 35 3& 6102 99 5 98 97 HeKke 10, 2 5 14 24
10 108 4 40 42 21 3T 38 2 144 151 1 98 95 13126 126 2 3 118 12 27 27 22 20 12 9 68 86 9 24 25 83 63 6 B3 87 0 08 H,Kk= 12, 2
2 165 170 5 239 233 22 16 13 3 156 155 30 2% 14 5 3 18 77 65 62 23 14 17+ 10 44 36 10117114 6 0 8 T 92 91 151 52 0 12 1
3 8o 35 35 23 36 36 4 TP 76 3129125 15 131 131 4 49 &7 14 32 40 24 58 &0 11 65 &5 IL 43 45 g 57 S9 B 15 14 2 66 72 1 26 30
4 45 47 7318 306 24 8% 82 5157 156 4 139 134 16 56 5 86 03 15 04 B8 HeK= 6, 1 12 20 24 12 sl 52 10 92 B8 9 T2 18 3 4 s0 2 26 28
5 51 e 88 9L 28 31 6149152 5 97 S2 17113115 6 0 1l% 16 19 21 0172179 13 53 58 13 32 27 11 68 &7 10 68 68 4 15 8 3 13 17
6 133 130 9 178 174 H.k= 2, 6 7220221 6 24 18 18 34 32 T 0 T0 17 43 51 1133139 14 28 30 14 107 125 12 10 6s 11 52 ST 5 42 S1 4 18 27
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B(11)

B(12)

~ B(9)
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Table V

Distance

2.262\". B(8)
| ,é'272 | B(9)
2,257 - B(10)

2.251 - B(10) .

2,266 B(10)

1.52 - B(10)
1.6 B(10)
1.7 - B(11)

1.7 . Bl4)

S 1.72 B(5)
1.52 - B(6)
1,73 B(7)
.1.69' B(8)
1.72 B(9)
1,77 - B(10)
1.76 - B(11)

R B(12)
1.74 o3
1.76 c(3)
.77 c(3)
1.79 c(A)'
1.76 c(4)
1.78 c(4)
1.76

istanceé(ﬂ)%ﬁi:'
Atom 1 Atom 2
B(12) .

B(12)

- B(5)

B(6)
B(9)

:B(11)

B(12)
B(12)

H(4)

H(5)
H(6)

H(7)
H(8)

H(9)
H(10)
H(11)
'3(12)

H(31)

'H(32)
- H(33)

B(41) -

H(42)

n(@s)‘

UCRL-18900

- Distance

177
1,78
1476
1475
1.79
1.76
1.77
1.76
1.18
1.4
1012

1,22

1.1
1415
1.06
1.19
1.11
0.9
101
1;1;_

1.0

. .0.9

0.9
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Table v (continued)

T
|
¥ :

(a) Standard‘deviations estimated from the least squares estimatea.
'_‘ of the accuracy of the coordinates are."+0 007 K on distances

l

@ . , f";,_ .1 to Or, tO .01 K on distances between carbon and boron, 0. 07 A

| ~on hydrogen to boron distances and 1 K on the methyl group

hydrpganlatoms to C(B)jgnd'C(L).
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~ calculated from the individual standard deviations, 9 calculated from

the accuracy of the final atomic positibnéféstimated by least squares,
of the'n independent angles included in theHCaicuiation of the average,
o
l . . .
reported in Table VI, In a large majority of cases, the error calculated

vas given by (Z )é/g. ‘The larger of these two error estimates is
from the scatter was larger than the error calculated from standard
_deviations of the indiVidual angles and, on the average, the former
‘was about double thevlatter.
The molecular packing is shown in Figure 3 by ﬁhe steféoécopic
-  §dir drawing of the unit ce11'looking.approximately'down thé:é_axis.
‘ Thé z_coordinates of the cesiuﬁ,'labeléd CS, the'oxfgen of the water
‘m"o.léc,'ule, labeled O, and the unlabeled chromium sandwiched between
b‘thevcages, are fixed by symmetry at 2 =0, %, %, 4, and 1, pfogressing
v'along the direction of the ¢ axis from the base to the top of the unit
Eell. Thé’positiOns of the carbon atoms in the cage are distinguished
by havihg the methyl groups attached. All otﬁer_atoms in‘theféage
‘are boron atoms. Each of the dumbell-like anions is ﬁilted éut of the
ab plane until its axis, B(10) in one cage to B(10) in the cage on
: the opposite side of the chromium, makes an angle of about 20° with
“the ¢ axds. Sincevthe hydrogen atoms of thé water molecule were not
-determined, the nearest nelghbors to'the‘oxygen ofithe water molecule
- ~are glven in TAble VII along with.the hearest neighbors to the.c9§ium.
” The water_mqlecule haé no neighbors suitable for hydrogen bbnding, and
ii'therefore,it is not surprising that it is observed to have large
;'amplitudes of thermal motion, hor that we failed tb detect itsvhydrogen
atoms. We cannot exclude the péssibility,that'thé 1argeithe;ﬁai parameters .

~in baft reflect ihcomplete’occupancy of the water sites.
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e . Table VI
‘ .'.;Av;r;ge Angles Betweén Atoms;invthe Cageg'
Atom 1. ’L .Atgni 2 Atom 3 Number  Angle(degroes)
| ‘Angles around tri&ngul&r faces
c Cr c 1 4320
Cr .‘B - ‘2, '1.1..1‘ t o4
or B 2 46.2 + .4
Cri c Cc 2 68.9 & .5
cr B c 2 68.4 ¢ .6
cr c B 2 67,6 + .2
Cr B B A €6.9 £ .3
¢ ¢ B 2 61.7 ¢ .4
B c B 4 61.6 + .4
C " B B 8 59.2 + .3
B B B 30 60.0 + .1
o Angles'around»pentagonal rings
c S T I S
B Cr B T Mgl
or G B 4 12601 % .8
o .:.B B 6 122.9 ¢ .4
c e B L 110.5 + .2
B c B -2 | 112_.5 LA
c B, B 12 0 105.9 % .2
B B B 23 107.8

+

o2

(a) Standard deviations are given by the larger of either (ZA )é/

(n - 1) or (Zoz)i/n where A th -

is the difference between tbe i

p.
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Table VI (continued 2

-

error of the ‘j_._th value estimated from the accuracy of the atomie

cdotdinates .

measurement and the average of n measurements and where oy is the



ey
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_ Table VII |
. . Distances (A) to Cesium and Oxygen Atoms

: _A_t_om.é‘ | ~To 0(1) |  Atom® . _ToCs
v He) 3.18 £ 0.07 ‘ | H(9) 2,90+ 0.07
"1{(10)._ 3213007 H(10) 3.20 + 0,07
B(31) 324 0.4 H8)  8.23 £ 0,07
'H_(s) . :3.26 + 0,07 H(4) . 3.26 1 0.07

G 3;2__5 + 0,02 |

}(g)v Edch hydrogen atom has a symmetry related atom with the same label

at an equal distance from either 0(1) or Cs.
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- Figure Captions

Skeletal»draw1ng of ‘the C?[B902H9(CH3)2]2 anion (hydrogen

atoms not shown) including the numbering system.

929 3)2]2

Stereoscopic pair drawing of the complete Cr(B,C_H,(CH

- anion.

Stereoscopic palr drawing of the unit cell of CsCr[B9CZ-

H9(CH3)2]é-H20 (hydfogens.not shown) looking.down the b

axis. The a axis is horizontal and the ¢ axis is vertical

in the plane of the paper. The sets of two Cr[B902H9(CH3)_2]2‘.

anions appearing at z = § and 2 for the chromium atom should

be in both the rear and the fore of the unit cell but for

- clarity only one set of each pair is shown in the drawing.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor  the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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