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Abstract _____ ,_,.,..~ 

The crystal structure of the monohydrate of the cesium salt of 

Cr[B
9

C2H9(CH3}2J;, 3,3 1-commo-bis[nonahydro-1,2-dimetbyl-1,2-dicarba

J..ochroma-closo-dodecaborate]{1-), has been determined from 1957 inde-

pendent X-ray data obtained from a single-crystal using counter methods 

and the 9-29 scan technique. The crystals are tetragonal 'With ~ = 

9.938 ± 0.004 A and .9. = 22.739 ± 0.007 _A, and space group P41212. 

There are four molecules. of CsCr[B
9
c
2
H

9
(cH

3
)
2

]
2

•H
2
o·in the unit cell 

and the density is calculated to be 1.55 g/cc. The"model vas refined 

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

. anion consists of two icosahedra linked by a chromium atom vhich simul-

taneously occupies an apex position in each cage. Each icosahedron 

is composed of the chromium atom, nine boron atoms each having a hydrogen 

pointing 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 and 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 (C2h). 

to vithin ±0.02 J.. 
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Introduction 
--~,_l'lw_.,.......,_,_"""" 

. . 2 r Ruhle and Hawthorne have recently reported the preparation o 

(2) H. W. Rubie and M. F. Hawthorne, Inorg. Chem.; z, 2279(1968). 

Cr[B9C2H9 (CH3 )2J;~ another in the series. of transition metal derivitives 

of the dicarbollide ion, (a
9
c2a11 )-2• In this anion, 3,3'-commo-bis 

(nonahydro-1 ;2-dimethyl-1 ·,2-dicarba.;.;3-ohroma~loso-<lodecaborateJ(1..:),~ 3 

(3) This name comes from the ACS-approved nomenciature rules given 
I 

in Inorg. Chern., 2, 1945(1968). The name· given~ Ruhle and 

Hawthorn~ in reference'(2) is bis[n-.(3)-1,2-dimethyl-1,2-dicar

bollyl]chromium(III ). 

the chroinium is in a formal +3 valence state and is bonded to tvo 

icosah~dral dioarbollide ions in vbich the hydrogen atoms o~ the carbons 

( )-2 . ot the B9C2H11 have been replaced by methyl groups. It vas expected 

that the complex vould have a sandwich-type structure in which the 

chromium would simultaneously occupy an apex in each of tvo icosahedra. 

The-crystal structure determdnation of the monohydrate or the 

cesium salt of the metallocarborane anion, CsCr(B
9
c2H

9
(cH3)

2
J2•H2o, 

is reported here. The sandwich nature of the anion structure, show 

in Figure 1, is confirmed and it is show that the cages are staggered 

across the chromium Yith the carbon atoms of one cage rotated as far 

as possible from those in the other. 
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, The dark red crystals of CsCr[B
9
c
2
H
9

(CH3)
2

]
2

·H20 vere very vell 

formed in the shape of square prisms elongated along the £ axis. The 

largest faces were the r~ctangular shpaed (110) faces. The crystal 

.used in this work was cut perpendicular to the saxis to dimensions 

0.10 x 0.10 x 0.09 mm and was glued to the tip of a glass fiber in 

the open air, with its£ axis as the rotation axis. 

Oscillation, We!Ssenberg and precession photographs were taken 

using copper radiation (Cu Ka1; }... = 1.5405 l) and from them approximate 

cell dimensions and space group possibilities vere determined. The 

crystal vas then transfered to a manually operated General Electric 

XRD-5 diffractometer where, using copper radiation, space group absences 

vere checked and accurate cell dimensions were obtained from measurements 

on the hOO, 01£0 and oo! axis row reflections •. An automated G'eneral 
' ~ 

.Electric XRD-5 diffractometer equipped vith aquarter circle, Eulerian 

eradle goniostat vas used for collecting intensity data. Machine 

instructions were read in on IBM cards and the output data. vere punched 

. automatically into cards~ ·Copper Ka radiation vas used after the K~ 

radiation vas effectively removed by a 0.003 inch thick nickel filter 

placed in front of the receiving slit.· The scattered radiation vas 

. detected b,y a scintillation counter equipped vith a pulse height 

discriminator. The integrat~ intensity of each reflection was measured 

by scanning in 29 across the peak beginning 0.65° below the 29 value 
' 0 

at vhich the Ka1 vas diffracted, scanning at a rate of 1 /min until 

the 29 reached 0.65° above the 29 value at vhich the Ka2 vas diffracted. 

Tvo ten second background counts ~ere taken vith the apparatus 

0 stationary, one 0.5 belov the 29 value at vhich scanning vas 
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beguri and one 0. 5° above the 29 value at which the scan stopped. 

Before every reflection, 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 reflections thus minimizing the error due to the backlash in 

the ~ gears. In order to check for possible systematic variations in 

the intensity data during data taking, four standard reflections were 

rechecked periodically. However, no significant systematic variation 

was observed. 

All calculations were done using a CDG 6600 computer. The raw 

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

o(!), according to the equations: 
' t2 . 

2 .::-'L and o (!) = Q. + 
2

(B. 
4t I 
-!l 

where~ is the total count accumulated while scanning across· a. reflection 

for a time, ~c' and ]
1 

and §
2 

are the background counts obtained in - ' 

time, 1b• When a reflection was measured morethan once, the intensities 

vere averaged and its standard deviation was set equal to the greater 

of ;(~o~)i or n ~ 1 (~6~)i, where o
1 

and 6Jl are the standard deviation 
- -th - - th 

of the1 measurement and the deviation of the! measurement from 

the average, respectively, and ~is the number of measurements of the 
th 

1 reflection. To reduce the weight given to the large intensity 

reflections, an additio~al term, (0.08!) 2, was included in the calculation 

of o2(£:,2), given by cl-(f_2) = (!!e) 2[o2(!,) + (0.08!)2], where bl?, is the 

LOrentz-polarization correction. 

The intensities of all the reflections of the indices hk{ and~~' 

which in point group 422 are equal except for anomalous dispersion 

effect~, v.ere collected out to a limit of 29 = 147° (sine/>..= 0.622). 

,, 
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This gave a total of 2233 data, excluding the systematic space group 

a~sences, of which 274 had intensities less than.their estimated standard 

deviations • 

. I i 67 - 1 The absorpti~n coefficient for copper radiation s ~ = 1 em • 

An absorption correction was attempted taidng twelve slices through 
I 

the crystal with a 9 x 9 grid using a version of Hamilton's GON09 

program. The absorption correction factors varied from 2.8 to 5.2. 

When this correction was applied there was no improvement in either 

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

use and report the data uncorrected for absorption. 

Val~es of fa and o(£:.2) were calculated from l and o(!J. Standard 
I -

deviations, o(~), of the. observed structure factors were calcuJa ted 

as follows: if! ~ o{!), then o([) = (o{E2)Jt, and if !. > o(!), then 

o(f) ~! - [!2 - o(E2 )]~. Refinements were done using our Unpublished 

version of a full-matrix least-squares program which minimizes E~(l!2 1 

l!'c 1> 2/z.:: lEo 1
2

, where lEg 1 and l!c 1 are the magnitudes of the observed - ~ ' -
and calculat'oo ~tructure factors, respectively, and where;!!·= (o{£)]-2• 

Temperature f~ctors for all atoms except hydrogens, which were given 

' 2 2 2 
isotropic temperature factors, were of the form exp(-,h. ~ 11 -k ~22-i. ~ 33 
-2h.lf~ 12-2!J~13-2M~23 ). All atoms were considered to be in their 

neutral valence state. The scattering factors of Cromer and Waber4 

(4) D. T. Cromer and J. T. Waber, Acta Cryst., 2~, 104(1965). 

were used for all atoms except hydrogen whose scattering factors are 

those of Stewart, Davidson and Simpson5• Cromer's correctlons6 
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(,5) R. F. Stewart, E. R. Davidson and W. T. Simpson, Table II, J. 

Cham. Phys., f3.• 3175(1965). 

(6) D. T. Cromer, Acta Cryst., ~·' 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 11 = +7.75 and Af 11 = +2.59, respectively for 

the imaginary part. The stereoscopic pair dravings were prepared 

using Johnson's ORTEP prograu.7. 

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

for Crystal Structure Illustrations," Report ORNI-3794, Oak . . 

Ridge National Laboratory, Oak Ridge, Tenn., 1965. · 
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2£I;!~1· Q~i~ 

• The unit cell is tetragonal with cell dimensions~= 9.938 ± 0.004 

A and s = 22.739 ± 0.007 l. With four formula units, CsCr(B9C2H9-

(CH3)2]2•H20' in the unit cell, the density is calculated to be 1.55 g/cc. 

Weissenberg photographs, confirmed by goniostat measurements, 

showed the systematic absences, 0~, ! = 4!! and b,OO, b. = 2!!_. These 

rules are characteristic of two space groups, P41212 and P43212. These 

two space groups are enantiomorphic and are equivalent in intensity 

, calculations except for the effect of anomalous dispersion. The 

correct space group for this particular crystal was found to be P41212. 

The general symmetry equivalent positio~s are ~,z,£j i,i,~A; t-z,t+&, 

t+£; t+z,~A,:l+A; z,~,i; i,i,i-A; ~A,i+z,~A; i+z,t-z,i-£• 
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Determination of the Structure 
----~-----~-- -~ ~-- -~------

The structure was determined under the arbitrary assumption that 

P4
1

2
1
2 was the correct spa·ce group. The enarttiomorphic space group, 

P432
1
2, was tested by an attempt to re.fine in P43212 the enantiomorph 

of the structUre found in P41.212. The best agreement vith the observed 

data vas obtained in space group P41212. 

There are only four molecules of CsCr[B9C2H9(cH3)2J2•H20 in the 

unit cell of this eight-fold general equivalent position space group. 

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

positions and the remainder of the asymmetric unit is one complete 

s
9
c2H

9
(cH3)2 group. 

The.! and z. coordinates of the cesium and chromium, vhose J.. coordinates 

are fixed by symmetry, vere readily found from a three dimensional 

:Patterson ful1ction. Several cycles of least squares refinement of 

their coordinates and isotropic thermal parameters gavea conventional 

.B. value of 0•24, vhere !i = ~( 1£:2.1 - lrg.f)/Z lEg.l• ·These atoms •.iere 

used to phase a three dimensional Fourier on vhich appeared all the 

atoms in the cage except the hydrogens. It vas expected that the methyl 

groups vould be attached to the carbon atoms in the cage so the methyl 

carbons and .the atoms to vhich they were attached were given the scattering 

power of carbon while the other atoms vera given boron atomic scattering 

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

- coordinates and isotropic thermal parameters of these fifteen atoms 

gave fi. = 0.14 for all 2233 data. f\. bond distance calculation indicated 

' 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 parameters and including the anomalous dispersion corrections, 

' 



.• 
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further least squares refinement using only the data with I ~ c(I) 
I 

gave !!_ = 0.063 for 1959 data. 

To test the enantiomorphic structure in space group P43212, the 

coordinates of all atoms were inverted through the origin (x,y,z to 
" - ..... -

_!,!,!>• A refinement in P43212 gave R = 0.095 compared to 0.063 for 

.refinement in P4
1

2
1
2 under identical conditions. All further refinements 

were done in space group P4
1

212. This choice of configuration is 

confirmed by excellent agreement in magnitude and sign of observed 

and calculated values of lfhktl - l!~htl after the final refinement. 

Another series of refinement was 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/A~ and corresponds to a water of crystallization. Nine 

of the next largest. twelve peaks corresponded to hydrogens attached 

to the boron atoms. Indications for the presenceof'the methyl group 

hydrogens 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 

atoms~ All of the hydrogen atoms except those of the water molecule 

were included with two isotropic temperature factors, one for the 

. hydrogens attached to the boron cage and an0ther for the methyl group 

hydrogens. The refinement gave !L = 0.052 for the 1959 data having 

l ~ o(!). It was noticed that the two maximum intensity reflections 

·.were both observed much too low, most likely because their counting 

rates exceeded the·capacity of our scintillation counter, so they were 
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deleted. from the calculations. Further refinement then gave !i= 0.047 

for 1957 data and B.= 0.062 for all 2233 data •. The weighted a value, 

~ = [6~{IE0 1- 1Eci) 2/E~I10 l 2J!, was 0.058. The standard deviation of 

ob~ervation-of uni; weight, -given by [Z!!<I!'g.l - lfg.l>2/(.!,l- ,E_)],, where 

!Lis the number of data and p is the number of parameters, was 1.1. - . 
Root-mean-square averages of [:~!,~(1£:0 I - lfc \)] taken over small intensity - -
intervals approximated the value 1.1 over the entire intensity range. 

_On the final cycle of refinement, no positional parameter shifted by 

more than 10 %of its estimated standard deviation. The largest shifts 

were about 20 % of sigma for the thermal parameters on the hydrogen 

atoms. 



- 11 - UCRL-18900 

Results and Discussion 
~---~- ~-- ~--------~ 

' Final atomic coordinates for all atoms except hydrogens are given 

in T~ble1 I and their anisotropic thermal parameters are given in Table 

II. Ato~c coordinates·and isotropic thermal parameters for the hydrogen 

atoms are given in Table III. Observed and calculated structure factors 

are listed in Table IV. 

The structure of the Cr(B9C2H9(cH3)2J; anion skeleton is sho1JI1 

.. without hydrogen atoms in Figure 1. The complete anion including 

hydrogen atoms is shown by·the stereoscopic pair dra\llng in Figure·2. 

The anion consists of two ·complete icosahedra linked through the chromium 

atom which simultaneously occupies an·apex position in each cage. 

Each of the carbori atoms in the cage has a methyl group attached and 

each boron has a hydrogen pointing out radially from the cage. The 

anion has ~n approximate mirror plane passing through atoms Cr, B(6), 
I . 

. B(8) and B(10) in each cage. The only symmetry operation required 

by the space group relating the single cage in the asymmetric unit 

to its eq':livalent cage opposite the.chromium atom_ is a 2-fold rotation 

about an axis passing through atom Cr and normalto the approximate 

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

the space group but the anion is observed to have c2h (2/m) point 

symmetry to within ±0.02 .A. 

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

· Average bond angles involving the atoms in the skeleton of the icosahedron 

·_ are given in Table VI. Two estimates of the error in an average of two 

,. or more values were calculated • One estimate was based on the root-

mean-scatter of individual values, a~, around the"average, a, of n 
. 2 * . equivalent angles, given by (Z(ai- a)] /(,!1- 1). The other estimate -
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Tabla I 
. 

Posi tionlil Parameters·· for all A toras except Hydrogen~' g_ 

A to~ ..L ..z_ _,!_ 

Cs 0.13791(5) 0.13791(5) 0.00000 (0 ).£. 

Cr 0·52992(9) 0.52992(9) 0. 00000 ( 0 ).2. 

. C( 1) 0.3266(6) 0.6165(6) -0.0239(2) 

C(2) 0 • .4413(7) 0.7344(7) -0.0222(3) 

C(3) 0.2776(8) 0.5576(9) -0.0819(3) 

C(4) 0.5068(10) 0.7858(8)' -0.0783(3) 

B(4) 0.3231 (7) 0.5302(8) 0~0410(3) 

B(5) 0.1987(8) 0.6531(8) 0.0254(3) 

B(6) 0.2740(8) 0.7802(8) -0.0158(3) 

B(7) 0.5222(7) 0.7339(7) 0.0430(3) 

B(8) 0.4453(8) 0.6056(8) 0.0864(3) 

B(9) 0.2741(7) 0.6477(8) 0.0954(3) 

B(10) 0.2457(8) 0.8050(8) 0.0595(3) 

B( 11) 0.3990(8) 0.8567(9) 0.0282(3) 

B( 12) 0.3989(7) 0.7762(8) 0.0968(3) 

O( 1) 0.9064(13) 0.9064(13) 0.0000(0 )£. 

(~) Standard deviations of the least significant digits estimated 

by least squares are given in parentheses. 

(~) The numbering system used for the.anion is shovn in Figure 1. 

(g.) Atoms on special fqur-fold posi tiona, !. = 0. 

'~ 
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Table II 

Thermal Parameters for all Atoms except Hydrogen~ 

Atom -~ ~ B33 ~- 813 823 

b Cs- 4-14(2) 4-14(2) 2.11(2) 0.70(2) ~0.16(2) 0.16(2) 
•i/ 

crb.. 2.17(3) 2.17(3) 1.69(5) 0.01(4) 0.18(3) -0.18(3) 

C(1) 2.6(3) 2.6(3) 1.5(2) 0.6(2} . 0.0(2) -0.3(2) 

C(2) 3.3(3) 2.1(3) 2.0(2) -0.2(2) 0.4(2) 0.2(2) 

C(3) 3.,5 (4) 4.2(4) 2.6(3) o. 7"(3) -0.9(2) -0.9(2) 
I 
I i 

C(4) 4.8(4) 3.2(3) 2.7(3) 0.7(3) 1.0(3) 0.7(2) 

8(/.) 2.1(3) 2.4(3) 1.9(3) 0.1(2) 0.5(2) 0.0(2) 

8(5) 2.2(3) 2.9(3) 2.3(3) -0.1 (3) 0.0(2) . -0.1(3). 

8(6) 3.1(3) 2.2(3) . 2.5(3)·. 0.8.(2) 0~4(2) 0.2(2) 

8(7) 2.0(3) . 2.0(3) 2.2(3). -0.5(2). 0.3(2) -0.6(2) 

B(8) 2.7(3) ~-5(4) 1.4(2) 0.7(2) 0.2(2) 0.0(2) 
' :. 

B(9) 2.2(3) 2.2(3) 2.4(3) 0~2(2) 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) .;o.1 (3) 0.6(2) 0.0(3) 

8( 12) 2.3(3) 2.8(3) 2.3(3) 0.0(2) 0.2(2) -1.0(2) 

0(1 ,s 12.5(~) 12.5(8) 15.8(15) -2.2(11) -0.7(9) 0.7(9) 

(~) The anisotropic thermal parameters, ]., in units or A 2 are gi van 
: ·. * * * . th 

b.r ~iJ = 4~i./~i~j' where~ is the lengt~ or the 1 reciprocal 
. -... ~:! ... - -- ' 

cell dimension. 

J!U Due to symmetry or the special position or this atom, 822 = !!11 

and ~23 = ~!113" 

i I 
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Table III 

Posi tlonal Parruneters for Hydrogen Atoms!. 

Atom -1L ..L J.... 

H(4) 0.283(7) 0.419(7) 0.038(3) 

H(5) 0.095(7) 0.615(7) 0•012(3) 

H(6) 0.239(7) 0.835(7) -.0.056(3) 

H(7) 0.641(7) 0.763(6) 0.047(3) 

H(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) 

· H(11) 0.428(7) 0.969(7) 0.015(3) 

H(12) · 0.427('7) 0.838(7) 0.136(3) 

· H(31) 0.32(1) 0.60( l) -0.112(6) 

H(32) 0.31(1) 0 .• 46( 1) .. -0.089(5) 

H(33) 0.17(1) 0.55(1) ..:.o.085(5) 

H(41) 0.60(1) 0.81(1) -0.064(5) 

H(42) 0.44( 1) 0.81(1) -0.103(6) 

H(43) 0.55(1) 0.72(1) -o.095(6) 

(!) The atom number for H(4) through H(12) refers to the position of 

the boron in Figure 1 to 'Which the hydrogen is bonded. The refined 

comlno~ • temperature parameter for these atoms is,!!= 2.2 t 0.6 1.2• 

H(31), H(32)p H(33) and H(41), H(42), H(43) are bonded to the 

methyl carbons, C(3) and C(4), respectively. The refined common~· 

thermal parameter for these atoms is!= 8 t 1 12• 

\.• 

.. 
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Table IV 

Observed and Calculated Structure Factors. Each datum given 
I ' 

zero weight in the final refinement are indicated with an 

asterisk . 

. • 



L FOB FCA 
H,K• O, 0 

4 508 740• 
8 416 456 

12 Hl 440 
16 182 171 
20 190 182 
24 1btt 166 
28 90 96 

HeK• It 0 
1 187 l77 
2 157 141 
3 n 76 
4 1l 10 
s 2n 198 
6 211 202 
1 185 179 
8 19 8 
9 us 139 

10 54 50 
II 153 143 
12 6 3• 
13 95 93 
14 110 100 
15 162 155 
16 26 21 
17 45 42 
18 116 115 
19 139 132 
20 0 14• 
21 69 68 
22 16 zo• 
23 45 50 
24 10 4• 
25 62 61 
26 20 25 
27 60 61 
28 0 ,. 

HtK• 1, 1 
0 351 439• 
1 246 286 
2 76 77 
3 222 254 
4 275 316 
5 151 162 
6 211 229 
7 154 168 
8 251 272 
9 171 181 

10 118 128 
11 135 142 
12 222 231 
13 114 119 
14 159 169 
IS 160 167 
16 157 161 
l1 50 52 
18 153 158 
19 140 139 
20 143 138 
21 17 76 
22 107 109 
23 50 55 
24 113 117 
25 13 75 
26 105 109 
27 42 42 

HoK• It 2 
1 155 164 
2 39 42 
3 96 96 
4 253 212 
5 97 96 
6 189 198 
7 174 117 
8 282 290 
9 36 33 

10 131 133 
11 158 157 
12 211 216 
13 58 56 
14 127 131 
IS 83 85 
16 93 91 
l7 49 51 
18 116 117 
19 69 68 
20 102 98 
21 43 45 
22 70 70 
23 44 43 
24 73 76 
25 61 59 
26 44 49 
27 33 36 

H,K• 1o 3 
I 179 185 
2 153 160 
3 144 143 
4 81 80 
5 147 ISO 
6 141 146 
7 zu 218 
8 btt 62 
9 80 83 

10 94 95 
11 167 164 
12 41 42 
13 142 137 
14 124 119 
l5 80 81 
16 36 38 
11 123 123 
18 116 liS 
19 88 86 
20 40 35 
21 72 78 
22 45 47 
23 77 78 
24 12 2s• 
25 61 61 
26 34 35 
27 40 43 

H,Ka It 4 
1 270 278 
2 309 328 
3 200 205 
4 77 80 
5 159 164 
6 ·235 241 
7 148 145 
8 82 84 
9 136 137 

10 227 227 
11 157 152 
12 67 65 
13 164 159 
14 170 165 
15 107 104 
16 72 73 
17 111 107 
18 136 128 
19 81 74 
20 49 49 
21 75 lo4 
22 115 Ill 
2] 74 76 
.24 3l 33 
25 56 60 
26 83 84 

Hell• 1, 5 
1 10 10• 
2 165 170 
1 o 8• 
4 45 47 
5 ,. 47 
6 133 130 

-15a-

OBSEIIVED AND C.U.CULUEO SfR.UCfUAE FACTORS OF CR-Gl08 

FCAIO,O,O) • 2040 

7 64 59 10 27 22 1 141 140 8 89 84 7 llO 124 19 88 81 8 54 51 18 24 28 2 0 11• 
8 32 n 11 HO 239 2 153 153 9 'H 93 e 113 107 20 55 55 9 80 7e 19 37 41 3 162 167 
9 51 50 12 63 65 ] 115 116 10 114 112 9 17 75 21 13 72 10 16 5 20 13 11• 4 153 154 

10 146 141 ll 201 193 4. 21 18 11 157 157 10 49 40 22 28 26 11 73 73 21 36 34 5 170 173 
11 58 59 14 0 5• 5 175 174 12 47 43 11 76 74 23 57 60 l2 53 49 22 0 IU 6 61 62 
12 38 37 15 194 te8 6 119 114 13 142 136 12 75 67 24 34 35 13 59 57 23 22 25 7 183 183 
13 54 53 16 61 58 7 Ill 110 14 114 112 13 62 57 25 59 60 14 0 4• 24 26 19 e ll9 138 
14 126 127 17 133 128 8 69 6'f 15 89 8'f 14 16 21 26 21 17 15 66 6] HoK• 5o 5 9 135 134 
15 21 20 18 21 24 9 114 Ill 16 24 29 15 62 59 H,K• "'• 3 16 35 ll 0 49 48 10 84 85 
16 16 21 l'f 175 165 10 127 122 11 120 122 16 68 63 0 94 98 HtK• 4, 10 1 124 124 11 92 88 
n st 46 20 39 37 11 n 76 u 111 110 11 50 49 1 76 at 1 11 1e• 2 tat 11e 12 1u 110 
18 96 'f3 21 uz 108 12 0 6• 19 100 96 18 0 16• 2 108 109 z 22 27 3 153 154 13 93 97 
19 15 zo 22 o 2• u st 48 zo 2a 1e 19 34 35 3 90 96 1 t8 21 4 40 40 14 12 n 
zo o 8• 21 tos toJ 14 99 94 21 n 12 2c 58 s7 4 96 95 4 u 21• s 78 e2 l5 95 94 
21 30 27 24 6'f 61 15 75 70 22 54 51 21 11 16• 5 115 119 5 35 28 6 152 151 16 IC9 102 
22 67 68 25 108 110 16 6 17• 23 11 72 22 0 3• 6 117 116 6 16 U 1 39 36 17 110 111 
23 l1 23• 26 10 ll• 17 62 59 24 17 26 HoK• ), II 7 78 78 7 33 27 8 48 48 18 9 16• 
24 0 3• 27 66 67 18 78 17 25 62 64 1 118 109 8 50 50 8 18 21 9 101 100 19 83 84 
25 20 19 H,K• z, 1 19 57 55 26 26 29 2 104 97 9 121 123 9 24 26 10 152 141 20 83 85 

H,K• 1 1 6 0 415 461 20 8 12• 27 38 45 3 110 106 10 114 112 10 0 7• 11 35 31 21 1l 75 
1 128 127 1 172 178 21 31 30 H,K• 3, 2 4 16 15 ll 101 100 11 16 17 12 33 31 22 18 15 
2 zo 19 2 67 n zz 69 67 o 138 t5o 5 102 too 12 n 54 12 33 ll 13 n 63 21 45 4& 
3 165 165 3 IC8. l(l9 Z3 33 33 l 142 153 6 78 71 13 82 77 1l 14 17 14 134 126 24 40 42 
4 165 159 4 262 274 24 lit 20 Z 10 1 7 92 88 14 72 73 HoK• 4, 11 15 76 11 HoK• 6, 2 
5 172 172 5 111 110 H1 Ko 2, 7 J 241 258 e 0 12• 15 90 90 1 26 33 16 38 42 0 0 z• 
6 54 53 6 186 193 1 100 97 4 166 113 9 83 80 16 51 52 2 69 66 17 48 49 1 140 142 
1 168 167 1 158 162 2 18 14 5 143 1S4 10 81 74 l7 67 61 3 20 12 18 141 137 2 169 172 
8 141 136 8 270 276 3 tiJ 86 6 17 86 11 93 89 18 71 70 4 45 44 19 39 ]8 3 114 Ill 
9 121 119 9 9 ts• 4 64 62 1 243 zst 12 23 11 19 53 59 5 40 37 zo 69 67 4 u 19 

10 81 17 10 113 118 5 100 100 8 90 90 13 83 77 zo 16 19 b 6b 64 21 42 45 5 164 169 
11 87 80 11 147 148 6 53 47 9 171 179 14 71 66 21 45 47 1 12 10 22 130 127 6 115 115 
12 105 100 12 210 208 7 101 96 10 lCO 104 15 74 72 22 73 75 8 16 ll 23 65 66 7 lZl 121 
13 94 93 13 67 64 8 8l 76 ll ZCO 203 16 0 z• Z3 65 65 HoK• 'h 0 HoK• So 6 8 66 65 
14 22 27 14 125 129 9 116 114 12 97 95 11 44 40 24 19 18 1 218 222 l 67 64 9 115 111 
15 93 90 15 86 90 10 66 63 13 142 138 1e 53 52 25 49 47 2 155 156 2 17 16 10 104 108 
16 98 91 16 83 82 11 128 121 14 34 37 19 43 39 H1 K• 4o 4 3 216 218 3 91 92 11 79 77 
11 116 112 17 61 60 12 74 68 15 162 166 2C 19 19 0 294 306 4 45 •9 4 87 86 lZ 0 6• 
18 0 10• 18 117 115 13 108 102 16 103 103 Holl• 3, 9 I 109 l15 5 250 249" 5 52 51 13 50 46 
19 84 86 19 74 13 14 50 ;44 17 Ill Ill 1 41 37 2 134 1]6 6 176 174 6 28 24 14 92 95 
20 e1 n zo 97 n 15 87 n 18 30 10 2 10 66 3 ne t84 1 194 186 1 a4 eo t5 n 74 
21 72 n 21 51 50 t6 45 46 19 104 104 1 28 Jo 4 309 116 e t9 zo• e 74 69 16 o 15• 
22 17 16 22 68 68 17 79 76 20 60 60 4 21 7 5 ]8 40 9 199 193 9 43 43 17 54 54 
23 50 49 23 34 44 18 37 33 21 117 112 5 21 20 6 120 121 10 122 109 10 32 29 l8 61 65 
24 41 42 24 e2 80 19 75 76 22 7 15• 6 69 70 7 117 117 11 144 138 11 65 63 19 63 62 

H,K• 1, 7 ZS 47 52 ZO 38 38 23 62 66 7 17 25 8 222 220 12 39 37 12 49 48 20 0 9* 
1 72 68 26 .48 41 21 59 60 24 59 59 8 l 4• 9 42 39 13 183 176 13 52 45 21 24 27 
2 9 1 .. 21 zo 24 22 11 22 25 78 eo 9 21 u to 63 61 14 tos 97 14 o 2•• zz 65 66 
] 72 69 H1 K• 2 1 Z H1 K• 2 1 8 26 0 12• 10 71 73 11 118 117 15 118 112 15 4.3 43 2l 23 23 
4 131 131 0 13 20 1 J7 30 HoK• 3 1 3 11 16 16 14 61 57 16 47 48 16 30 33 24 19 23 
5 114 111 1 60 61 2 84 83 0 218 263 12 25 21 t5 111 138 11 169 162 17 40 39 Hoh 6t 3 
6 33 24 2 339 380 3 58 56 1 f:O 61 13 22 21 16 173 165 18 102 'ill 18 39 40 0 'il6 97 
1 69 67 3 67 61 4 0 1• . 2 110 124 14 55 56 17 66 67 19 119 114 l'il )] 31 1 52 50 
e 133 131 4 t55 168 s 48 so 3 147 149 15 19 zo 18 o ze• 20 o t• 20 zz te 2 89 a9 
9 88 87 5 65 62 6 88 84 4 221 233 16 13 10 19 32 l1 21 101 105 21 38 38 3 57 55 

10 e s• 6 leO 405 7 115 81 5 36 32 17 24 24 20 92 90 22 83 81 H,K• s, 7 4 121 127 
11 57 54 1 41 42 e o u• 6 99 101 H,ll• 3, 10 zt eo 79 23 lOS 1oe 1 eo 74 s 41 40 
12 108 104 8 172 181 9 68 63 7 56 48 1 61 58 22 24 l5 24 13 19 2 75 75 6 101 99 
13 87 84 9 0 .,. 10 85 84 8 244 257 2 68 67 23 36 39 25 88 92 3 100 99 7 40 41 
14 21 12 10 263 273 11 70 64 9 60 bl 3 44 45 24 97 97 "•"'"' 5, 1 4 22 25 e 127 128 
15 84 81 11 20 22 12 0 4• 10 139 141 4 0 10• H1 K• 4 1 5 0 12 11 5 63 61 9 30 23 
16 88 88 12 94 98 13 80 78 11 12 10 5 68 66 1 57 57 1 22 19 6 68 66 10 110 108 
11 80 79 13 13 11 14 84 85 lZ 248 250 6 e3 80 2 36 33 2 170 llO 1 84 80 11 57 53 
18 0 5• 14 213 216 15 76 73 13 47 50 7 46 43 3 122 123 1 34 32 8 29 19 1·2 103 99 
19 54 52 15 18 9 16 0 18• 14 69 63 8 0 11• 4 0 ,. 4 45 45 9 79 71 I] 26 24 
20 67 68 16 118 125 11 65 64 15 57 58 9 54 52 ' 66 65 5 63 60 10 74 69 14 95 91 
21 41 48 17 36 H 18 61 61 16 201 196 10 51 52 6 59 58 6 126 124 11 70 68 15 62 60 
22 17 20 18 186 185 19 64 59 11 26 31 11 44 42 7 93 85 7 45 46 12 1 u,. 16 92 90 
23 44 45 19 0 7• 20 12 8 18 50 45 12 10 13• 8 60 59 8 31 ]] 13 57 57 17 23 30 

H,K• It 8 20 14 76 H1 K• z, 9 19 14 18• 1J 42 44 9 84 86 9 40 40 14 54 53 18 61 61 
1 61 61 21 5 7• l 50 45 20 141 134 14 43 46 10 61 63 1~ 147 143 IS 59 59 19 14 17 
z 11 68 22 l26 126 z o 2• 21 35 38 H1 1C• 3, 11 11 85 85 ll 65 65 16 26 27 zo 70 11 
3 68 64 23 0 1• 3 75 68 22 42 44 1 43 38 12 21 26 lZ 18 37 17 51 52 21 18 19 
4 62 65 24 u u• 4 'f2 85 23 t4 zo• 2 1.0 2e u l7 38 u "' 46 u 36 33 22 54 56 
5 19 70 25 0 lit 5 51 51 24 99 95 ) 36 31 14 41 38 u 130 128 19 42 41 23 43 42 
6 56 55 26 98 100 6 · 0 25 19 27 It 25 22 15 84 80 IS 33 32 20 15 22 HoK• 6, 4 
7 89 87 27 25 30 7 59 57 26 27 28 5 0 U 16 25 23 U 25 20 HoK• 5, 8 0 46 42 
8 45 43 H1 K• 2 1 3 8 72 1Z H 1 K• 3, 4 6 27 29 11 47 48 11 48 48 1 71 67 1 103 lO'f 
9 71 63 1 156 171 9 36 35 1 82 86 7 24 26 18 33 30 18 87 84 2 ]1 30 2 71 69 

10 48 51 2 15 11 10 o 11• z 102 101 8 11 zo t'f 41 45 19 10 u• 3 59 sa 3 121 126 
11 49 48 J 253 268 11 n 31 3 a6 92 9 21 26 20 u u• 20 e 9• 4 to<J 101 4 63 63 
12 33 34 4 158 168 12 61 62 4 93 94 10 19 19 21 36 34 21 26 29 5 69 64 5 92 91 
13 49 45 5 150 159 13 50 48 5 107 ll2 HoK" 4, 0 22 0 9• 22 11 ·72 6 41 43 6 62 59 
14 ss 52 6 el 91 14 12 14• 1 54 55 o 116 112 Zl 30 33 Zl 26 26 1 47 45 7 ll6 113 
u o zz• 1 24-7 257 15 32 34 8 58 56 1 62 64 24 21 22 24 o J• e 'f4 89 8 s7 59 
16 36 33 8 liZ ll1 16 42 41 9 117 116 2 14 ll H,K• Itt 6 25 20 21 9 43 41 9 13e 135 
17 32 30 9 148 153 17 49 47 10 119 116 3 15 15 1 117 Ill Htl• 5, 2 10 32 35 10 70 71 
18 58 55 10 108 111 18 19 14 11 105 103 " 200 195 2 72 69 ,) 214 229 11 50 50 11 120 117 
19 24 24 11 195 199 H1 K• 2 1 10 12 "H 50 5 49 48 3 131 132 1 ll'il 131 12 92 85 13 96 93 
zo 10 21• 12 109 107 1 50 52 u 12 10 6 e e• 4 11 10 2 &9 95 13 36 16 14 63 60 
21 30 27 13 135 134 2 65 70 14 65 65 7 47 46 5 97 96 3 92 98 14 21 24 15 95 91 

Ht"-• 1, 9 14 o 40 3 53 57 15 98 99 e 225 215 6 82 eo 4 247 260 15 50 47 16 28 25 
1 111 t08 15 us 174 4 o e• 16 45 ss 9 30 10 7 to9 105 5 64 66 u 70 67 11 u es 
2 94 88 16 95 97 5 44 45 11 67 67 10 0 8 75 12 6 75 7e 17 42 40 18 69 65 
l 102 99 l1 120 120 6 78 73 18 80 76 11 6 5• 9 126 121 7 74 76 18 zz 21 19 86 82 
It 6 12• 18 26 27 7 56 55 19 63 61 12 129 124 10 92 89 8 205 210 HoK" 5, 9 20 16 lZ 
5 113 t<J5 t9 uo 110 e o 6• 20 34 21 13 o u• 11 127 116 'il 63 66 1 o 2• 21 e2 u 
6 83 82 20 59 58 9 51 49 21 51 54 11t 23 14 12 38 38 10 35 )6 z 28 31 zz 65 62 
7 93 87 21 110 109 10 60 59 22 11 73 15 0 t• 13 98 92 11 86 90 J 20 6 H,IC• 6, 5 
8 13 14• 22 0 13• ll 48 51 23 74 71 16 90 e5 14 64 59 12 145 142 4 1l 16• 0 60 56 
'I 75 72 23 56 59 12 11 23• 24 11 10 11 10 6• 15 94 91 13 49 48 5 0 16• 1 63 66 

to ez eo Z4 sa 61 11 46 46 25 43 46 1e 12 7 t6 21 Z5 t4 1e 43 6 46 45 2 23 zs 
11 62 64 25 80 82 14 51 50 H,K• 3 1 5 19 4 2• 17 91 84 "15 35 29 7 0 2• 3 84 85 
12 34 29 Z6 o 2• 15 35 38 1 165 167 20 74 75 u 67 62 16 158 159 8 18 n 4 99 96 
13 51 51 H1 K• Zo 4 H,K• ·2, 11 Z 41 42 21 8 z• 19 87 82 17 38 33 9 22 22 5 41 41 
t~t n 10 1 131 139 1 23 10 3 178 185 22 s z• zo o 3• 1e 18 11 10 44 44 6 n 36 
15 51 st z 44 41 2 11 zo• 4 140 to 23 o 12• 21 eo 78 19 12 4C 11 o 7• 1 75 76 
u o e• 3 170 17'f 3 Js 12 s t5e tse 24 44 51 22 54 56 zo us ll6 u 21 23 8 83 81 
11 52 48 4 90 'ill 0 13• 6 20 1l 25 l3 6• H,K• 4o 7 21 38 36 13 13 7 9 39 ]2 
IS 61 60 5 149 160 51 50 7 166 167 26 0 4• 1 44 45 ZZ 13 11• 14 24 30 10 37 J2 
19 56 55 6 40 37 35 29 8 118 117 Hd• 4, 1 2 144 138 21 39 39 15 3 U 11 57 57 

H,IC: 1 1 10 7 159 161 48 44 9 147 145 C 18 18 3 51 48 24 76 79 H,K• S, 10 12 41 48 
t 42 41 e 121 124 11 19 to u 74 1 282 ze6 4 st •7 25 u t8 1 62 56 u u 39 
2 0 16• 9 123 125 'f 35 33 11 176 172 2 319 338 5 32 38 HtK• 5, 3 2 9 13• 14 14 22• 
l 45 42 10 38 42 10 31 30 12 81 76 3 187 191 6 109 100 0 126 128 3 56 57 15 43 43 
4 26 26 11 134 134 11 47 47 13 110 1')8 " 73 75 7 61 51 1 163 167 4 71 71 16 10 15 
5 26 28 12 83 87 H,IC• 2t 12 14 32 37 5 165 168 e 41 16 2 26 28 5 58 56 17 J8 38 
f: 28 21 13 110 107 1 36 32 15 130 121 6 214 240 9 26 26 3 175 183 6 0 1• 18 4C 39 
7 40 Je 14 39 43 2 29 28 16 71 68 1 148 146 10 121 117 " 138 144 7 44 46 19 27 21 
8 28 30 15 109 110 3 11 7 17 lCD 95 e 85 85 11 56 51 5 144 143 8 60 55 20 5 6• 
9 32 34 16 43 42 4 21 17 18 32 34 9 144 145 12 58 56 6 31 36 .. 45 40 21 43 43 

10 18 20 17 116 119 H1 K• 3, 0 19 85 82 10 228 229 13 22 22 7 159 159 10 17 19 HoK• 6, 6 
ll 32 31 18 16 23 1 44 41 20 47 44 11 144 140 14 106 104 8 133 136 11 33 35 0 52 48 
12 26 31 19 83 83 2 432 443 21 89 84 12 51 54 15 33 35 9 148 149 HoK• So 11 1 25 21 
13 23 23 20 54 52 3 26 23 22 40 44 13 151 148 16 H 32 10 85 86 1 34 31 2 161 157 
14 29 27 21 13 76 4 12 16 23 11 71 14 196 1118 17 25 24 11 156 155 2 so 51 3 51 56 
15 0 3• zz 30 30 5 78 70 24 38 39 15 91 87 18 85 82 12 91 89 3 0 12• 4 61 54 
16 26 25 23 56 62 6 316 317 H1 K• 3t 6 16 59 61 l'il 34 34 13 97 96 4 11 21 5 . 18 16 

HtK• 1t 11 24 31 ]7 7 103 90 1 38 39 17 97 96 20 14 23 14 34 37 5 22 21 6 157 149 
1 46 42 25 56 58 8 25 24 Z 85 85 18 142 136 21 20 15 15 124 118 Holt• 6o 0 7 l1 20 
2 0 5• 26 21 19 9 52 47 3 55 55 1~ 73 74 H1 K• 4 1 8 16 76 73 0 89 'ilO 8 69 60 
3 47 45 Htll• z, 5 10 286 287 4 127 131 20 47 50 l 0 'f• 11 'fO 85 l 122 115 9 27 28 
4 55 55 1 118 121 11 35 32 5 39 36 21 79 79 2 24 28 l8 38 36 2 46 45 10 142 136 
s 46 44 2 90 93 12 19 t9 6 96 96 22 tu 113 J o u• t9 e1 83 1 52 48 11 o u• 
6 13 6 3 112 113 l3 70 66 7 40 4] 23 69 75 4 93 88 20 41 42 4 140 139 12 54 52 
7 49 43 4 252 264 14 112 300 8 130 128 24 28 35 5 25 14 21 103 97 5 51 48 13 0 5• 
8 54 53 5 54 52 15 27 26 9 12 14• 25 62 63 6 10 7• 22 45 43 6 5 11• 14 105 105 
9 41 42 6 76 79 t6 34 34 to 105 too 26 81 &4 7 10 18• Zl n 69 1 se 53 15 24 zo 

10 17 13 7 86 85 11 69 68 11 51 49 H1 K• 4 1 2 8 11 68 24 36 36 8 108 lOB 16 15 28 
11 46 44 a 215 214 18 220 ·210 12 toe 101 c 124 136 9 12 8• HoK• 5, 4 9 eo 16 11 23 17 
12 64 64 9 62 65 19 31 15 13 .21 17 1 152 156 10 24 21 0 12 12• 10 12 12 18 92 94 

HtK• 1 1 12 I~ 34 31 20 9 3• 14 87 81 2 49 47 11 24 20 I 17 77 11 90 89 19 l2 5 
l 49 47 11 94 94 Zl 19 17 15 55 54 3 174 184 12 57 57 2 30 10 12 71 68 20 20 21 
2 10 6• 12 171 167 22 161 159 16 91 86 4 84 88 l3 9 10• 3 141 139 13 98 96 HtK• 6, 1 
3 32 34 13 6) 63 21 27 24 17 34 30 5 147 157 14 11 16• 19 10 14 47 51 1 62 60 
4 34 31 14 z9 n 24 o 4• 1e u 65 ~ 10 32 t5 o 4• 74 76 15 u 11 2 J4 33 
5 25 27 u J6 36 Z5 o 2o• t9 o zu 7 148 uz 16 u 62 6 44 44 16 93 93 1 91 &7 

Hell• 2 1 0 16 171 168 26 111 134 20 64 63 8 118 122 t7 3 14• 7 9,. 91 11 39 33 4 43 39 
o 102 'ft 11 35 n 21 6 6• zt o 21• 9 131 139 18 o to• 8 68 66 18 9 22• 5 58 57 
1 257 253 18 35 33 H1 K• 3, I ZZ 50 50 10 45 43 19 20 20 9 81 79 19 20 25 6 31 27 
2 19 ll 19 47 41 0 70 70 23 35 36 11 137 139 H,IC• 4, 9 10 54 54 20 64 67 1 10 61 
3 216 215 20 114 114 1 185 ·186 HoK• 3 1 7 12 87 89 1 85 84 11 87 88 21 14 Jf 8 41 35 
4 40 42 21 ]1 J8 2 144 151 1 98 95 13 126 126 2 3 11• 12 27 27 22 20 l2 9 86 86 
5 zn ZlJ 22 16 13 3 156 155 2 Jo 24 14 54 54 J 78 11 u 65 62 Zl 14 n• 10 u 36 
6 35 35 2J 36 36 4 17 76 3 129 125 15 Ill 131 4 49 41 14 32 4C 24 58 60 11 65 65 
7 318 306 24 84 82 5 157 156 4 139 134 16 52 56 5 86 8J 15 94 88 Htll• 6, 1 12 20 24 
e 88 91 25 ze Jt 6 149 152 5 97 92 n 111 us 6 o u• 16 19 zt o 112 179 u 53 56 
9 178 lf4 Holt• 2t 6 7 221 221 6 24 18 18 34 32 7 70 70 17 48 51 1 111 139 14 28 30 

UCRL-18900 

15 S3 52 15 33 ]] 13 66 70 12 12 29 6 68 ll 
16 o a• u 30 31 14 79 78 u 57 ,.. 7 45 51 
11 51 52 11 2s zz u 11 n 14 62 68 a 5 6• 
18 52 41 18 69 75 16 8 15• 15 50 55 9 54 53 

Holt• 6, 8 19 29 33 17 61 63 16 0 8• 10 66 71 
1 58 58 20 26 25 18 55 56 17 39 45 11 46 49 
z " 9 21 11 6 19 55 56 Le 52 56 12 26 24 
3 62 59 HoK• 7, 5 20 14 11 19 49 52 13 34 40 
4 30 27 0 17 16• HtiC• 8, 3 H,K• 9, 2 14 60 65 
5 62 60 l 77 75 0 21 21 0 82 82 15 28 36 
6 23 11 2 62 68 1 116 117 1 55 53 HoK• 10, 3 
7 27 30 3 114 110 2 107 105 2 0 H 0 0 9• 
8 35 31 4 14 20• 3 98 91 3 55 58 1 48 57 
9 71 68 5 70 67 4 8 .,. 4 69 71 2 59 61 

10 8 11• 6 62 61 5 93 91 ' 58 57 3 4• 52 
11 35 36 7 82 81 6 76 11 6 o 13• 4 o e• 
u 21 21 a o zo• 1 97 96 1 50 53 5 sz ss 
u 42 42 9 84 78 8 5 12• 8 70 13 6 69 73 
14 14 12 10 73 70 9 19 76 9 38 36 7 46 53 
15 49 50 11 65 69 10 73 68 10 1 12• 8 0 7• 
16 15 20 12 0 14• 11 90 90 11 30 33 9 56 57 

Holt• 6, 9 13 61 61 12 18 17 tz 50 58 10 36 39 
1 u u• 14 5o 48 u 74 75 u 44 44 u 12 Jtt 
2 Zl 18 15 59 61 14 63 65 14 0 10• 12 6 12• 
3 4 9• 16 20 23 15 75 74 15 40 37 13 47 50 
4 99 101 17 46 46 16 0 •• 16 46 50 14 40 40 
5 zo 14 18 33 32 17 38 42 11 41 43 HoK• to, 4 
6 10 lU 19 40 39 18 39 40 18 13 13 0 30 34 
7 20 4 20 25 27 19 46 45 H,K• 9, 3 1 0 IZ• 
8 eo 82 H,K• 1, 6 zo o t8• o 15 15 2 2 2s• 
9 1 12• o 27 21 H,K• e, 4 1 52 48 1 20 21 

10 11 19 l 67 60 0 79 78 2 78 77 4 22 25 
11 24 23 2 31 27 1 24 19 3 29 29 5 24 28 
u n 69 3 B8 85 z 21 Z8 4 19 4 6 20 22 
13 0 5• 4 35 37 3 0 4• 5 29 27 7 27 31 

HoK• 6o 10 5 61 56 4 82 81 6 73 75 8 18 29 
1 12 30 6 ]5 32 5 7 16• 7 t1 23 9 22 28 
2 10 f• 7 53 55 6 10 7• 8 11 6• 10 9 12• 
3 12 9• 8 39 40 7 13 17• .. 11 16• 11 9 14• 
4 u n 9 e2 84 8 n 74 to 67 11 tz 30 14 
5 34 32 10 48 45 9 0 15• 11 14 10 13 J 19• 
6 0 11• 11 52 55 10 28 20 12 0 19• HtK• 10, 5 
1 18 19 12 29 27 11 14 17• ll 21 26 0 75 80 
8 20 20 13 54 54 12 57 61 14 52 58 1 57 57 

HtK• lt 0 14 24 30 13 14 17 15 20 24 2 8 21• 
1 8) 84 15 51 52 14 20 17 l6 19 11 3 56 63 
2 111 136 16 u a t5 o a• 11 o u• 4 64 69 
3 59 54 17 47 53 16 6l 64 Ho"-• 9, 4 5 58 62 
4 o 4• 18 st 49 11 o u• o 63 58 6 o u• 
5 56 52 H1 1C• fo 7 18 0 11• 1 73 79 7 44 45 
6 131!1 135 o 101 toz t9 25 22 z 1 u• 8 51 s7 
7 69 66 1 14 3 H,K• a, 5 1 62 ro 9 12 36 
8 59 59 2 11 69 0 119 110 4 60 60 10 11 19• 
9 12 n 3 o 11• 1 11 69 s 70 73 11 25 34 

10 127 128 4 94 91 2 Z'f 34 6 l8 13 HoK• lOt 6 
11 62 62 5 0 7• 3 61 59 1 68 69 0 21 22 
12 0 2• 6 52 52 4 1C9 105 8 59 55 1 26 28 
l] 74 71 7 17 21 5 72 67 'I 75 77 z 0 11• 
14 99 98 8 65 64 6 40 44 10 0 4• 3 19 15 
15 74 70 9 0 18• 7 41 4) 11 69 73 4 29 29 
16 o to• to 10 n e 'ill 90 12 s7 53 5 30 10 
17 64 64 11 19 10 .. 42 42 13 51 55 6 ll lC. 
18 67 72 12 67 69 10 Z9 35 u o 2• 1 21 2e 
19 66 68 13 o 14• 11 51 50 u 56 60 e 18 15 
20 19 11* 14 68 70 lZ 83 81 l6 44 39 HtK• lOt 7 

I 
zt 52 54 15 o 1• 13 43 40 H,K• 9t 5 o u 25• 
22 65 10 16 49 51 14 29 12 o 14 21 1 o zz• 
23 28 29 H1 K• 7 1 8 15 48 51 1 0 3• 2 24 31 

H1 K• 7t 1 1 26 24 16 60 62 2 23 26 3 0 9• 
0 104 lOB 2 47 50 17 41 4l 3 0 6• Holt• llo 0 
1 81 81 ) 31 29 18 18 24 4 1 12• 1 39 42 
2 0 16• 4 19 24 HtK• 8, 6 5 20 15 Z 32 35 
3 61 61 5 39 4) 0 )2 ,.. 6 40 ,., ) l"' 31 
4 110 liZ 6 55 57 1 51 54 7 16 2 4 15 8 
5 108 110 7 0 6• 2 0 9* 8 Zl 11 5 30 29 
6 29 29 8 4-6 45 3 50 58 9 13 19• 6 40 45 
1 61 67 9 50 51 4 31 26 10 )9 44 1 15 1e 
8 112 113 10 38 40 5 64 63 11 0 7• 8 10 14• 
9 71 75 11 0 ,.. 6 0 18• 12 16 25 9 11 lZ 

10 19 5 12 56 61 1 25 30 u 13 5 10 34 36 
11 59 60 13 25 25 8 14 21• 14 21 30 11 13 21 
12 92 94 14 31 32 9 11 11 t5 o o• 12 10 9• 
13 79 77 H,IC• 7 1 9 10 20 12 H,lt• 9, 6 H,K• ll1 1 
'4 17 11 I 45 48 11 38 39 0 102 102 0 61 64 
15 93 88 2 21 18 12 6 23• 1 4 10• l 46 45 
16 90 'f3 3 41 45 13 36 42 2 8 15• 2 13 5 
11 65 70 4 o 8• 14 o 12• 3 11 4 3 ll 42 
18 0 9• 5 63 62 l5 51 52 4 96 101 4 55 57 
19 59 59 6 36 27 16 19 22 5 0 14• 5 37 41 
20 61 66 1 51 50 H,K• 8, 7 7 0 4• 6 0 6• 
21 31 45 e 6 e• o 44 43 8 79 83 1 45 47 
zz t9 11 9 61 62 1 10 21 9 1 to• e -u 47 
23 48 48 10 36 32 z 40 47 10 15 zo 9 40 42 

H1 1l• 7, Z H1 11• 7t 10 l 2'f 34 11 21 26 10 3 13• 
0 41 41 1 17 21 4 21 25 12 64 67 11 31 46 
1 113 118 z 34 33 5 42 42 13 0 t• 12 42 49 
2 21 19 3 0 8• 6 58 64 HtK• 9, 7 H,K., llo Z 
3 86 e7 H,lt• e. o 7 12 9• o 6 7• o o 13• 
4 49 48 0 126 126 8 46 54 1 44 45 1 28 31 
5 81 84 1 139 t4Z 9 55 54 Z 18 15 2 21 23 
6 41 41 2 0 16• 10 46 48 3 ]8 41 3 36 41 
7 112 Ill 3 110 IO'f 11 14 14 4 10 8* 6 21 28 
8 94 91 4 110 110 12 61 63 5 56 57 . 1 40 47 
9 102 103 5 85 79 13 ]] 34 6 3] 32 8 20 22 

10 59 56 6 18 U 14 2'f 33 1 30 36 9 31 l7 
11 124 120 7 11 19 H,K• 8, 8 9 47 52 10 25 24 
12 71 76 8 102 103 0 11 24• 10 31 36 11 26 35 
13 98 97 9 108 105 1 28 25 HtK• 9, 8 H,K• llt 3 
14 44 44 10 25 21 2 69 66 0 0 ,. 0 39 43 
15 92 88 11 109 106 3 34 38 1 16 22 1 25 33 
16 47 48 12 92 85 4 2'f 34 2 21 23 z 19 20 
17 66 70 13 96, 91 5 15 12 3 Z1 32 3 29 33 
ta 21 30 t4 14 9 6 52 st ,. o 2• 4 t9 zo 
t9 68 69 t5 n 64 7 Ja 40 5 27 29 5 18 20 
zo 44 47 16 69 66 e 41 44 HoK• 10, o 6 24 24 
21 65 68 17 66 64 9 0 a- 0 73 78 7 13 20 
22 21 20 te 11 n• to 92 94 1 as 88 a 21 29 

IHoK• 7, 3 19 57 60 11 36 43 2 0 5• 9 18 26 
0 Ill 115 20 60 63 H,K• 8, 9 3 83 89 10 9 16• 
1 94 96 21 67 69 l 7 22• 4 73 76 H,K• llo 4 
2 28 20 HoK• 8, 1 2 20 24 5 87 86 0 28 26 
3 121 123 0 49 50 l 29 29 6 23 18 1 ll 31 
4 Ill 123 1 66 66 4 0 4• 7 76 75 z 59 70 
5 ~6 97 2 19 81 5 18 20 8 62 67 3 21 24 
6 16 22 3 57 56 HoiC• 9, 0 'il 37 37 4 35 39 
7 124 120 4 52 56 1 10 10• 10 so 48 5 31 34 
8 11~ 116 5 80 19 2 17 14 11 37 35 53 66 
9 70 73 6 59 60 3 11 10• 12 47 53 10 9• 

10 40 43 1 78 81 4 o 11• u 33 33 8 o u• 
u eo 79 e 44 45 5 IB 15 14 15 18 H,K• u, s 
12 11 69 9 64 63 6 12 ••• 15 43 44 0 3 4• 
u 47 48 10 52 57 7 30 25 16 41 47 1 11 30 
14 15 21 11 58 58 8 21 15 H,IC• lOt 1 Z 16 45 
15 62 62 12 39 38 9 15 19 0 21 28 J 16 24 
16 71 72 13 38 l8 10 0 lU l 47 45 4 0 16• 
17 4] 4'f 14 51 53 11 44 41 2 0 IS• 5 19 22 
18 0 19• 15 31 l3 12 38 35 3 28 35 Holt• 12, 0 

I 19 28 30 16 44 39 13 55 56 - 4 22 28 0 52 55 

I 
20 62 62 17 15 15 14 8 14• 5 40 39 1 8 3• 
21 18 19 18 41 40 15 55 56 6 20 15 z 9 2• 
22 u 2 19 29 30 l6 13 18• 7 29 34 3 11 6• 

H1 K• 7, 4 20 28 32 17 45 45 8 39 31 4 43 44 
o n 77 21 19 t8 ta 1 8• 9 zr JZ s s 
l 55 54 HtK• 8, Z 19 l1 J4 10 24 21 6 5 3• 
2 143 143 0 11 10• HoK• 'fo 1 11 37 39 H,K• 12o l 
3 50 47 l •7 5I 0 9 ,. 12 26 30 0 42 46 
4 38 41 2 91 90 1 113 Ill 13 4 1U 1 34 44 
5 3) 15 3 54 51 2 9) 96 14 25 31 2 18 6 
6 105 101 4 0 J• 3 101 100 15 e ll• 3 JO 36 
7 54 53 5 50 53 4 29 12 16 17 22 4 29 33 
8 36 34 6 102 99 5 98 97 H1 K• lOt 2 5 14 24 
9 24 25 1 8J 83 6 ea 87 0 6 0• H,K• 12, Z 

to 111 114 8 o e• 1 q2 9t 1 51 52 o 12 11 
11 4) 45 9 57 59 8 19 14 2 66 72 1 28 30 
12 51 52 10 92 88 9 12 78 J 44 50 2 26 28 
13 12 21 11 68 67 10 68 68 15 8 3 13 17 
14 101 1:)5 12 10 6• 11 52 57 42 51 4 18 27 
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Table V 

Interatomic Bond Distances ( l)A" · . . . 

~~0~ l .Atom_~ ~>.i.stance .Atom 1 .Atom_~ D.ist_a_nce 

~.e: Cr C( 1) 2.262 B(8) · B(12) 1.77 

Cr C(2) 2.272 B(9) B(12) 1.78 

Cr B(4) 2.257 · a( 1o) B(5) 1.76 

Cr B(7) 2.251 B( 10) . B(6) 1.75 

Cr B(8) 2.266 B(10) B(9) 1.79 

C( 1) C(3) 1.52 B(10) B( 11) 1.76 

C(1) C(2). 1.64 B(10) B(12) 1.77 

C(1) B(4) 1.71 B(11) B(12) 1.76 

C(1) B(5) 1.73 B(4) H(4) 1.18 

C(1) B(6) 1.72 B(5) . H(5) 1.14 

C(2) C(4) 1.52 B(6) H(6) 1.12 

C(2) 
I 

B(6) 1.73 . B(7). · H(7) 1.22 

C(2) B(7) 1.69 B(8) H(S) 1.21 

C(2) B(11) 1.72 B(9) H(9) 1.15 

B(4) B(5) 1.77 . B(10) H(10) 1.06 

B(4) B(S) 1.76. B(11) H( 11) 1.19 

B(4) B(9) 1.77. B(12) H(12) 1.11 

B(5) B(6) 1.74 C(3) H(31) 0.9 

B(5) B(9) 1.76 C(3) H(32) 1.1 

B(6) B( 11) 1.77 C(3) H(33) 1.1 . .. 
B(7) B(8) 1.79 C(4) H(41) -1.0 

B(7) B( 11) 1.76 C(4) H(42) 0.9 

B(7) B(12) 1. 78 C(4) H(43) 0.9 

B(8} B(9) 1. 76 
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Table V (continued) 
., 

I ' .. 
(!.) • Standard deviations estimated from the least squares e.stima.tes 

ii ,:' 

! of.the ac9uracy ()f the coordinates are: ±0.007 X on distances 

:. to Cr, ±Or01.:K on distances between carbon and boron, ±0.07 A 

on hydrog'n to boron distances, and ±0.1 1 on ·the methyl group 
L· 

hydrogen atoms to C(3) :and C(4) • 

. i 
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calculat-ed from the individual standard deviations, a,, caleul":l.ted from 
~ 

the accuracy of the final atomic positions estimated by least squares, 

of the·u independent angles included in the caiculation of the average, 

. 2 ~ 
vas given by (Zo.) /u. .. The larger of these two error estimates is 

reported in Table VI. In a large majority of cases, the error calculated 

from the scatter vas larger than the error calculated from standard 

. deviations of the individual angles and, on the average~ the former 

was about double the latter. 

The molecular packing is shown in Figure 3 by the stereoscopic 

pa.ir drawing of the unit cell looking approximately down the E, axis. 

The ~coordinates of the cesium, labeled CS, the oxygen of the water 

mole~ule, labeled 0, and the unlabeled chromium sandvicherl between 

the cages, are fixed by symmetry at~= 0, ~~ i, ~'and 1, progressing 

along the direction of the .£_.axis from the base to the top of the unit 

cell. The positions of the carbon atoms in the cage are distinguished 

by having the methyl groups attached. All other atoms in the:cage 

are boron atoms. Each of the dwnbell-like anions' is tilted out of the 

!,Q 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 a axis. Since the hydrogen atoms of the water molecule were not 

,determined, the nearest neighbors to the oxygen of the water molecule 

are given in Table VII along with the nearest neighbors to the c~~ium. 

The water molecule has no neighbors sui table for hydrogen bonding, and 

therefore it is not surprising that it is observed to have large 

amplitudes of thermal motion, nor that we failed to detect its hydrogen 

atoms. We cannot exclude the possibility that the large thermal parameters 

in part reflect incomplete occupancy of the·vater sites. 

., 

,, 

.. 
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Table VI 

• 

1 Average Angles Between A toms' in the Cage~ 
~ 

_An_gle_ (q_e~~~~) !t.o~J. .I Atom 2 .J\to!J! ~ Number. 
.. •• ,I" ··•··· 

·'fil 

'I 
Angles around triangular faces 

c Cr c 1 42.3 ± .2 

c Cr B 2 44.1 ± ·4 

B Cr B 2 46.2 ± ·4 

Cri c c 2 68.9 ± .5 

Cr B c 2 68.4 ± .6 

Cr c B 2 67.6 ± .2 

Cr B B 4 66.9 t .3 

c c 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 t ., 
I 

Angles around pentagonal rings 

·c ! 
Cr B 4 75~1 t .3 

n· Cr B 1 77.8 ± .3 

Cr c B 4 126., ± .8 

Cr B B 6 122.9 ± .4 

c I c B 4 110.5 t .2 

.... B c B 2 112.5 ± ·4 

c B. B 12 105.9 ± .2 
.• :_.""11 

B B B 23 107.8 ± .2 

(a) Standard deviations are given by the larger of either (Z6f)'~/ -
(!! - 1) or (E1) ~/!2., where 6!.. is the difference between the ith 
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Table VI (continued) 

measurement and the average of ~ measurements and vhere o1 is the 
. th . 

error of the ~ value estimated from the accuracy of the atomic 

coordinates. 

,, 

,, 
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Table VII 

(A.) Distances to Cesium and Oxygen Atoms 
I a 

~~om,- To 0(1) a 
~tom- To Cs 

H(7) 3.18 ± 0.07 H(9) 2.90 ± 0.07 

H( 10) 3.21 ± 0.07 H(10) 3.20 ± 0.07 

H(31) 3.24 ± 0.14 H(S) 3.23 ± 0.07 

H(8) 3.26 ± 0.07 H(4) 3.26 ± 0.07 

Cs I 3.25 ± 0.02 

: (,!) Ea:ch hydrogen atom has a synnnetry related atom with the same label 

at an eqde.l distance from either 0(1) orCs. 

li 
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' 
Figure 1: Skeletal drawing of the C~(B9c2H9 (cH3 ) 2]; anion (hydrogen 

atoms not shown) including the numbering system. 

Figure 2: Stereoscopic pair drawing of the complete Cr(B9C2H9(CH3)2J; 
· anion. 

Figure 3: Stereoscopic pair drawing of the unit cell of CsCr(B9c2-

a9(CH3)2]2•H20 (hydrogens not shown) looking down the ~ 

axis. The .! axis is horizontal and the £_axis is vertical 

in the plane of the paper. The sets of two Cr(B9c2H9 (CH3)2Ji
anions appearing at ~ = i and i for the chromium atom should 

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

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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