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BY ALLAN ZALKIN1 TED E. HOPK1NS1 AND DAVID H. TEHPLETON ... _ .. .... . ~ 

The crystal structure of the cesium salt' of n-(1) .. 2 1 )-dica~bollylrheniUm• ;' 

tricarbony~ 1 . (~9c2Hn)Re(CO))cs; has been determined from an X-ray 

diffraction study of a single crystal specimen. The monoclinic cell~ 

spaco group !:..21/£, with ! "" llel.t35 A, !?. = 9.516 A, .£. .,. 12.730 A, and 

~ a 92.87° contains four formula units. The structure wau determined 

'~ . .; 

. I; ' 

., 
I 

. ' 

by straightforward crystallographic techniques, and the atomic parameters·' : 
. . . !j: ' ' 

I 

.. ·· 
... ·, 

of all but the hydrogen atoms were 'refined by· a full-matrix least squares '· · · ~ '\ . .... 

procedure. The rheniwn atom occupies .. an apex position of an icosahedront. ·. 
fl 

•' 

containing boron and carbon, an:i on the other side . occupies the apex of ·, · 

a trlgonal:.pyram:i.d.whose base:is three·carboilylos.-.':In .t~a· ico~ahedron·.the . 
;. 

two carbon atoms are adjacent to each other and tb··the· rheniumo :, •. 

I l'.;.,. • . ' • , .· .. 

Introduction 
N"''t'tti""'NNNNH"'""N 

' • •• . ~. .1 \ 
•' ._·· ...... ·, 

·.. ·A· .. ;) .. 
n-(l)-21 3-dicarbollylrheniumtricarbol'\Vl was synthesized by Hawthorne and' ··<: :. ; .: · 

. ~)- . 
'2 

Andrews • The structure work was undertaken to reaffirm the results·of our 
. ~ ' . 

. \, 
... · .. 

4-·. • ' • ' ' 

• • ' " •·. : '!·_,~ .... ;. 

previous study on the dicarbollyliron structure3, in c
5

H
5

FeB
9
c2H11 o In .th~t 

study there was considerable thermal motion of .the cyclopentadieeyl ring, and , 

,l· 
' ~ , • f I , ' J • 

• I ·_;' ! '• ~ • ' 
•• ••· ,i .f. 

'. . .... '~ ··:; 
to a lesser extent ·of the dicarbollyl portion, n

9
c2H11 e This thermal motion, .·.· .· ,,.:._.'\· ... 

1
. 

' ... ~ ...... · . 
. '• '• .•'. I 

evidenced by large thermal paramaters. ,.does not permit the calculation of ' .. 
.'.",' ..,;1(1 

I ' . " , ). • ' ;'. , i ' ... ,;, • "-t· ~ 

accurate bond distances. _The B9c2H11Re~t.o) 3cs.·cry.st~ <ioes not :suffer t~ese .;.··.'.,:' :.;'..::~.:.:-f::: 

. thermal errects as badly, aoo the. rcsuJting'·structure we bel:t.ave .io .. be_~ ~or~~ .. ·L:>~·;/::?·:.f:·:· 
• ' . . • ,. : ; •· • :'' .• ' . ' .. ( : ( ; : •· •. . . • -·.. • .•• ·.- -~- • i .: .:... • •• . ~-- .. ~. .''" • 

·-- " ... 
accurate description of ·the dicarbollyl .J;teometryi·: .· . .. · '.- . . ·,: :•· ·i · 

.·' . ' . . .. ···, ' . ' . ·. · ... <_· ...... ·· _1, ... ··. 
..... ·" •.', ~ • 1 'o; i ·; • : .: :,' 

·,, I • ,• ' .. f 

' .. ···. ·•·. '"! . ~-: 

·,.,. 
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The present work oonfinns the .geOTIIetry of this compotqllt,postulated 
~. ; , , ~~:~JII ~ ' 

I 2 , ~~ 
'.,. 

. ~~ .. 
i 

· ... ; 
-~ 

by Hawthorne and .Andrews • · · f<}~ " .. ·I 
. \!{§' ;-

. \ 

'•. '... ~ . 
·i 

.•. ·• 
1, , ,t 

i : . •. '· .~ ·, '" . 
~ : ' 

·~. •' .·. ··~ ' . ,. ... 
The crystals were sent to us by Dre H. F. Hawthorne of the Riverside · 

campus of the University of Calif~rniac. A ~mall white crystal, ...0.25 rnm! 

long and ...a.oa x ...0.08 rnm. in cross section, was glued to the end of a pyrex- . 

glass fiber. The long direction of the crystal was parallel to the fiber,· 

I. " ; :, 

. . 
... ·'. 

t .. •• 

·'. 
and is the direction of the b axis •. A Gener-al Electric XRD-5 X-ray diffraction· ·. 

set up equipped with- a Molybdenum X-ray tube ( Ho K~ A= Oo 70926 A ) , a 

scintillation counter, a pulse height discriminator, and a quarter-circle 

Eulerian-cradle type goniostat was uscdo The X-r~ tube was operated at 

50 KV and 20 rna, and a Zr fiJter was used on the receiving· slito The 

crystal was oriented such that the b axis was parallel to the d> axis. · The 
~ -

cell dimensions were obtained from ca~fully measured 29 ( 9 is the Bragg 

., 

I '! I. 
;' 

' 

I 

angle ) values of the-OkO, hOO, and OOt reflections whose Ql and a2 components 

were resolved. The ~ angle was measured directly from the angle between 
I 

the hOO and OOt set of reflections. 

2452 independent intensities were measured, of which 1j8 were. recorded 

as zero. A stationary crystal, stationary counter technique using a ten-

secorxi count for every· reflection was used. The maxi mwn 29 ·angle was 50° . 

. ' ~ 

' . ~ . ' 

. ~ ~ . 

' j· .... 

. J• 

' 

• . . . . 

•: . '· .. ' . 

( 

. 
• 

ii 

i 
I 

.! 

·i' 

t 
:~ 

.i j 

(sine/).. = 0.595) ~ The maxinrum observed raw intensity was 7800 counts per · .:", · >.. , ! .j' ; 
· ,··. l_ •.: ..•. · I 

. ' .· I •j 

secorxi for the ll2- renectiono The data we.re corrected for the Lorentz and ''. .' ~ _·, · J' 
• , i :(.:;;• ~ ;· · I '! 

polarization effects. No corrections were. made for either absorption or ·. :. · ,; .. _:. ·-' i ·' 
~ .. f ~.,:.~ t.'_· _:._ .•· • ' '· •. ' • , ·.' ' "• : .·!···· )i 

extinction. · 

. ' ' ~. 

; . 
' . 

. ·.·· 

' I , ·~ , - : 'r' • I • . ~· ' i_ ,· .'. I • ' ,.. . . .~ ,~. " .: 
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All of the computations were performed on an IBH 7044 o~putor with 
~~;t!~ 

· ' a 32 K memory. aur· unpublished least squares program minimi·~~s the function· 
''{~'I ~ 

~w(IF0 1-1Fcl> 2/~w~, where F
0

_and Fe aro the observed and ~~lculated 
structure factors, and w is the weightine factor. All of the-reflections were· 

given equal weight. The least squares program has been modified to handle 

the anomalous dispersion, and thes~ effects were included in the final set of 
4 . . + . 

refinements. The atonti.c scattering factors for neutral Re and Cs were cor-. 

rected for llf' 1 the re~ part c£ the anomalous dispersion5' 6, by the a.mo~ts 
Ml.) and -0.5 electrons respectively. The imaginar.y components of the 

anomalous dispersion Af 11 ; were int~oduc~d into the least squares calculations 

as +7.5 and +2.5 electrons respectively for Re and Cs~. Scattering factors.· 

for neutra,l o)\ygen, carbon, boron and hydrogen were adopted as given in the ·1 · 
\ 

standard tables 7• The aniso.tropic temperature factors used have the form 

exp(-~ll~2-~22~2-~)~2-2~l~~-2~l~-2~2~)o 

11 :'· ' . 

I ' 
( 

j ,._. 

'...r 

•'( 

\ 
I 

1 
' 

!!!&~ Q~g ~2 §~£~ Qt2~E·MFour ·formula 'units of (B9c2H11)Re(co)3cs 
1 

.;• ' 

;! 
I• 

! 

are 
I . . ... 

contained in the ~ono~linic unit cell in space grC?UP ~1/E., ~ith dim~nsions:,. .. _:" . 

llo435! 0.010 A1 , b a 9.516! Oo005 A, C a 12.730 !·0.010 A~ and .. . ..... a a 

The ~rrors are estimateso The calculated XMray density. 
•; -·,. t: I 

' .... · ! 

is 2.57 g./ceo The observed extinctions· correspond. to· the·· space· group. 
' .. · ·. 
.. ::: '· ... , 

' l . . . ; ... : f 
. . '! . 

. r· ~ 
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!2~~~!:~~n~~l2Q 2£ ~b~ 2~t~£~~t2 .-Tho positions of the c~,'tftd Re were easily. 

e>.."tracted from the three dimensional Pattersort function. T~~e heavy . 
J,,;4; . ~·-. . .. 

atom positions were refined by least squares usine isotropi~ .t~mperature 
t~1 'I 

factors, and after four cycles of refinement yielded ail R .f1~ctor of o.lL9 . 1 

·,. 
·'. ·_.· ·. 

"' '· ·o _.. .• 

·,'I, 

l ~ -~ 
•' . • ~ , _;· -'~ · .. ~! : _:. ' 

where R "" ~ IIF
0
1-lF II/~ IF I. Four more cycles using anisotropic c 0 

temperature factors reduced R to o.lu6. A difference Fouri'r was calculated 

and the seventeen remaining atoms, excluding hydroeen, appe,ared as the 

seventeen largest peaks in the patterns. The parameters of tho two heavy · 

atoms rr.i.th anisotropic temperature factors, and the seventeen lighter atoJ!ls 

with isotropic te~perature factors were refined by least squares· for two cycles ... 

and R decreased to o.o66. Several blunders in punching the data onto the 

IBM cards and errors in. setting the angles were recognized and corrected. II .. · -. 
I· 

Two cycles with the corrected data yielded an R of 0.046 •. From a study of.. t'· :, 
I . ' 

the interatomic distances and the thermal parameters it.was apparent that··· 
• 

a boron and a carbon atom were interchanged. · This correction improved R 
. ~ .. ~ . 

. very 1i ttle, but. the thei-mal parameters oeeame ·more consistent. 
I 

A difference function was again calculated and the patterns were·. 
I .. . . . . 

studied for hydrogen peaks. Among the 35 peaks whose observed electron 

density was greater ~han o-.55 e~ectrons per A3 '~t ·their peaks, S were 

close to Re, 6 were clo~e to Cs, 7 wero. near the o~gen carbonyls, 10 

·' 
' • ! .' 

were peaks in positions that would be· suitable nydrogen.atom locations, and 

. ,. 
. ;. . ~ . -

.. . ' . •' :~\~ 
• • . ·"'J 

. ' . . ~.,)' \ 

... 
''r: • 

:. 

- ... 

i. 

. .•.4 r { 

; ,. . ,j 

-·~:. . .. - j / ~ f ., 
; . .' ·j . . , 

.. ·' ~ l ~. 

7 were peaks in the vicinity of tho boro~ atoms which were either anisotropies~ ~· :' i 

,: . · ... 

. or j~st spurious • The hydrogen atom near B (10) was not foundo . The te~ ; . ··.~. 0< ' . ·.: :! 
• , : ' • t': ~ • 

· hydrogen atoms were included in :the ensuirig refinements with these positions.\: .:·,: <:.·.·: .j· 
·. . . . . . ·, '.' i 

and an isotropic temperature factor.of LeO 'A2,. .. No'attempt·was made,:t·o·· _.~ .. ·. ~·. · .. ·· ... ·. i· 
. . ·. .., :·;. ;• /·.·: '?i' ·: ' . .. . ...... .': .: . ' ·.. •. i . ;: 

refine t.he hydrogen parmneterso ' .•• r <,,·g?,:;: ' ::: ' .':; ' ·, · .. i' 

··_,' :·' ' ·",; • ,1· r I,; 'r •.•' ,: ! 

.. 

,' .·· .: .. ~, ... ·,.~ .. ·;;;;':.".·~:. :·>~-.· ;' > ·' l.:· .. ( ·'·' _y: ,·:,. ~-·~·:;·· 

'.1 . • • . . : • ' ... . . . 
. , .. . ',J> ~-' • • ' 

~~.·.· 

. ,; 
. ~ . i 

. I' 
I· 
i 
' l 
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For the final set of refinements, all of the atoms wit~. the exception 
~ "~ 

of the hydrogens were given anisotropic thermal pararooters,~:"the imaginary 
''·¥; 
J>~ 

part of the anomalous dispersion for Cs and Re was added, ao~ 10 hydrogen 
. ~1 . 

atoms were' included but not refinedo The final R factor wa~ b.o42o The 

largest shift of any positional parameter was o.oooo2 in the ver,y last 

cycle. The final results are shown in Table Ie Table II lists the observed 

.:url calculated structure factors. 

!2~2£!::i.E~!22 2£ €~!:~£~~s·-The B9c2H11Re (co) 3 anion is:·shown in Figure 1. 

This structure was postulated by Hawthorne and Andrews2 ~d has been confirmed 
!,~ 

by this work. The anion coosista of the dicarbollide por~!im (B
9
c2H11) to 

which is bonded the rhenium tricarbonyl via n-bonding to the rhenium atom; 

the rhenium atom occupies the number 1 position in a completed icosahedron 
l] 
, I 

involving the dicarbollide portion •. A bQttom view of the structure is shown ; 

in Figure 2; this shows the·orientatiort of the three carbonyls to the • • 

icosahedron. In the icosahedron the two carbon atoms are adjacent to each 

other and the Re atom. Lists of distances ru1d angles are shown in Tables 

III arrl IV. 

·' 

... 

.. t,, 

'~ . . . 

.. .. . 

. · 

,. ' 

.. ·• 

'j, .. 

~ . ' 

',i· .. .., 

. ' 
... 

. . . . . 

• • I • r 

. ' 

•. 

'I 

. ( 

f '. 

! 
' ! .' 



Cs 

i~osahedron 

Re ( l) 

c ( 2) 

c ( .3) 

B ( 4) 

B ( 5) 

B . ( 6) 

11- ( 7) 
\af·· 
... : ( 8) i .. ' 
/' 
B ( 9) 

B (10) 

~ (11) 
l' ., 
B ·(12) 

cari;>ony1s 

c(1)-co 

c(2)-co, 

c(J)-co 

0(1)-CO 

0(2)-co 

O(J)-CO 
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. I . TABLE I. . ·~ I 

FINAL ~lTIONAL AND THERMAL PARAMETE:Il#nl CsB9c2~Ro(Co)3 • .Ji! ' 

:x; z - -
o,2766 o.1909 -o.006S 

-o.l49S o.l4o6 0.2316 

-0.2.32 0.356 0.267 

-0 • .327 0,232 
.,; 

·o.279 

· •Oo.342 o.JJ8 o,J.64 

-o. 248 o.214 o.o7S . · 

-o.l76 o.J58 o.l45 

-0 • .377 o.hc4 o.269 

· -o.4L9 0.263 o.2oo 

-0.401 0.260 0.07~. 

. -0.295 

-0.282 

o.06o 

0.180 

~!'1' 
Bll B22 _!!33 Bl2 t:>l BlJ ,!!23 - - i'' .... 
3.77 4.57 · 4.65 o.l9 o.53· o.oa 

• I 

· 2.09 1.88 2.08 o.l4 o.l8· o.o1 
i 

2.6 : 2.0. o.l' o.o -o.2 

2.6 2 • .3 2.2 o.~ 0.1 · o.3 

1.9 

2.8 

3o3 2.2 

2.8 
'· 

2.1 4.o · 2.1 · ·o.71· o.6 -o.l 

' ·· .3e3 3e1. 2o9 •0.2 

:·.·.3.6 '; 2.9· 2.8 . 1.2 

0~8 1,0 ·. 

0.2 ··. o.6 

-o.422 

0.393 

o.48J 

o.l.t.25 0.134 '; ·: :-.-. 3.2 i 4.2 ... 2~4 o.a ·: o.o o.o 

-o.olD 0.167 0.349 

. '. .. 
! 

.. 
. . 2. 7 .' 2~8 . 3.6 

.. : 

0.2 

.. o.o:n o.o92 . o.153 ··. 2.4 .3~.3 . 3.0 · 6.4 o.4 o.5 

-o.168 -o.o48 o.275 ·4•7 2~·9., .. 2.8 0.1. ·o.3 o.2. 

0,024 0.193 0.418 

0.057 0,065' 0.102 :. 3.6 
... 
s.o .. .3~6 .. 

I' 

-o.l87 -0.162 ~.;oo ·. · -~. · 7.4 · ~ 2:4 · · 7~1 . -·6~i . o.a ;_ ~-j 1.4 .· ·: 
; r. ' ·,· .: •· ... 

.. I • 
..;; . ~ " ; . . . 

': ,..- • .. ~· •'I .. 

• • ~ .. . l!. ~.. t.. 
: c . • • I ; !· • ~. • 
- . . . 

..... 

.. '~ ; f< ·. 
. ~ ' . . . 

. . ., . 
i , I 

. \ . '-~ ~ . ' 

. ~ ... 

•• -~ • J • .. • .; -

·' 

. '"I 

• I 

: I 

.. . ,, 

..· 

..... ' .. 

... 

. I.· 

.· l. 

• r 

. . . . . ' 
' . 

' ' ~· ' 'I 

. ~ i 

• ~ 1 
. I ., 

• • •• ,' J ~ 

. . .. \; · . .:.. ! 
. I .. 

I 

' 

' ' 

' .. 

. t 
I 

.... • 
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'{ 

"'o• 
·'\: 

hydrogen~ \ Atom X l. z - -; 
J{ ( 2) -0.20 o.ho 0.3b H ( 7) -o.4o 0.46 O,J4 

H ( .3) -o • .36 0.20 0 • .36 H ( 8) -o.su 0.28 0.20 
I 

H ( 4) -o.JB o.o4 0.18 H ( 9) .. -o.h6 0.20, 0.02 I 

H ( S) -0.20 0.18 o.oo H (11) -0.26 o.6o 0.20 

H ( 6) -o.1o o.42 o.12 H (12) -o.so o.ub o.1o 

a -Unite are ,2 . . . I** I* 
A • The anisotropic values B!J • 41!.!J !~J. where !! is the .!th 

. reciprocal cell length. 
b . . 
- St~pdard deviations of the positional pararooters of Cs and Re are 0.0001 or 

II lops~ emd o.ooi or leas :.for all the other atoms excluding hydrogens. ·r . . . ·. 
St~~dard deviations of ~he tpermal parameters ~e 0.94 or le~e for Cs and Re, 

'. 
e~.n<;l o. 7 or less £or all" the other atoms excluding hydrogens. 

I 

c -- H~ogen positional parameters are those from a difference Fourier and were 
~ ~: . 

not' refined by least squares. H(lO) was not found. The labelling is parallel 
•' 

to _:t.he labelling ini the icosahedron, !•.!• H(S.) is the hydrogen to B(S) • 

.. ,, . 

.I 
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TAB IE II. t\ 

! 
.il.' •• 

' OBSERVED AND CALCULATED STRUCTURE FACTORS IN B9c2H11R~ ~0) 3cs 

"··· o. ft • " •• 1 , •• ,., -· .. " t ,,. rtt •II 10 -· •• li -· .. •• •II " II -I~' .. ... _, 
" 

, .. ,. 
I , ... f(. . • II , I• " .. .. •• -·· tctt to• •10 " .. ·I .. .. •t til 111 •10 10 .. ::t.~~ .:: -· .. , .. , , . 10 
I l•t lrt , ...... t to• ,,.. •I .. .. •II .. " -· .. .. •I . II ·• •• ., .. If " 

... ,., ... 10 . . .. , "'' • II .. • , . , . •I IU IU ... ta nr IU .. •• .. .. " • .. •• ,. -· • .. .... ~ ... ,., ·• t•l U\ " If . 'I " • " .. • AI •• ·• •• •• .. .. .. .. • ' I II II .. .. .. _, 
" " •• Ill Ill -· , 

" • , ...... , .. .. ' • , , I 10 0 .... ,,, uo .. .. •• , •• • • ., ,., 110 ·• •• •• ... uo 110 ., ... ,., 
IO • • II Ol .. t tot"' , .. ., .. ,., ,,. ·• " •• J •• •• •I •• •• .. , ...... •I ••• nr •• ,,, uo ........ 
" •• •• • ft I ' Ill lit •I 'I •• .. I• " • • • II •I •• u .. •I •• .. " ,. •ft ... ,,., t ta• •t• •• ., ., .. ...... • I• " . • • •• .. '" ,,, •I •• .. • ., .. •• " II .. .. .. ' , ..... I .. . .. •• " t to. ru • II II • .. .. I .. .. •I .. " • IDt • • . ,, ,., ., ...... . .. 10 I tU IU .. • , .... "· I -· •• .. I .. .. • • I .. ltl , .. •I •• .. ' •• " , Ill ttl -· lfl .,, 

. .,, ,,. , ,,., uo .. .. .. 
',,.._ u.a I •I •• ' •• ' 

, ,. ,, • .. ., ·• .. ., • .. JO J 1U Ill -· •• " • .. .. • II .. ·• .. " I .. " 1 n• .. , I " 
,. • II .. . ,,. , .. I •o ,, • •• .. • • • I .. Of IO " " ' .. II .. •• 10 

I 1"0 .. , 
" .. • II " • •• .. .. •• If t Ill tOt 10 .. .. ' It• IW ' • .,. lOt II ., Ol • .. •• .. ' • ' 

,/ , ,. 
" . " .. lo .. " u ..... , I ,. .. • .. 10 J Ul U• II ,. II • .. • I ., .. • • 

4 ...... • •o .. .... ~ .. , II •• " .. .. .. • uo In ...... .. . ' •• .. • .. .. • " II •I " , . 
' .. , tU • .. •• l •n11 •u II , . ,. ' .. .. L Uti tU • ,. ,. I " II fttl• •• I . • • •0 " II . .. •• ' .. .. . . , . .. M••• It I ....... .. II • t tt• Ul • " •• t tot "" 10 10 IO I 10 • I 

' .. •• • 0 ' • 1 .. " ....... ' t fiN fU ' •• •• •I .. •• IO II " t 140 144 . ,. " •• II " .. I .. •• """ II Ill Ill • II " . ' • • t •o• •u ... . I ....... -· 10 ' II .. ,. • .. .. •II , I• II ,. IO I ,. •• 
• 111 lit 10 .. .. • I .. .. •II " IO ... • I • .. .. .... liM tot II 10 I • ,. " • •• , " II ,. 10 • " " 1ft .. .. .. .. , . ... II " •II II " to lOA tot .. II " II " 

,., 10 II •• :a .:: .:: • • ' II .. .. ...... .. . • 0 • .. " •II •• , II •• .. -· .. tl ,, II • II " .. .. ..... ' • •• .. 
II .. .. 'JOA •u • u I• -· .. •• •II ,. .. II .. " .. .. II " .. .. ..• , If I tl'tl tU ' " I' .. " .. I I• . ' .. ,. .. .. .. -·· .. II II ,. 

" •I Ito Uf ...... •• J -· .. .. ·I• I• •• 
I• •• .. I ., 

" • ., .. .. " II -· .. .. -· II , 'tO. ,u .. ...... t j' ..... ., " " ........ o .. •• •• l 10 II , 
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Figure 2. - Bottom view of a9c2H11Re (co)
3 
.. ion (ey'drogons excluded) 

shordng the orientation of the three carbo~ls to the·ic~sahedrono 
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TABLE IJI • 

DISTANCES IN CsB9C~e(Co)3.! 
Atom Atom Distance (A) Atom Atom Distance (~) 

Re { 1) - c(1)-co 1,90 B ( 6) . - B (10) 1. 7.3 

- c{2)-co 1.88 - B (11) 1.78 

- c{J)-co 1.90 B { 7) - B ( 8) 1.78 

- c ( 2) 2.)1 - B (11) · 1.77 

- c { 3) 2 • .31 - B (12) • 1.77 

B ( 4) 2 • .32 B ( 8) R ( 9) 1. 76 

- B ( 5) 2 • .35 • . B (12) 1.79 

- B ( 6) 2 • .35 B ( 9) - n: (lo) 1. 76 

c ( 2) - c ( .3) 1.61 - B (12) 1.79 

- B { 6) 1•71 · B (10) - B (11) 1.76 
,, - B ( 7) 1.72 - B (12) 1.79 

0 

• .B {11) 1. 72 B {11) - B {12) . 1. 76 

c ( .3) - B ( 4) \ 1.71 c(1)-co - o(1)-co 1. J.6 {1. 20 )2 

, .. 7) c(2)-co 0{2)-co 1.16 b - B 1.71 - (1.18)-

- B ( 8) 1.74 c{3)-co - 0(3)-co 1.15 (1.19)!?. 

B.( 4) B ( 5) 1,76 Cs o{1)-co c - .3.20 -

- B ( 8) 1.78 - 0(2)-co .),16 .2. 

B {9) 1.77 o(3)-co c - - 3.20-

B ( 5) - B ( 6) 1,81 

- B { 9) 1.80 

- B {10) 1.80 

! Estimated standard deviations on the distances invo1vine Cs and Re is •0.01 A; 
all other distances have standard d~viations ot •0,02 A, 

b . . 
- Corrected for thermal motion assuming the 0 rides on the c. This wa3 the only 

set where the thermal effect was larcer than the estimated etandard deviations • 

.2. Nearest neighbors to the cesium ions. Each o:xygen is from a different molecule. 

• r 

I 
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Atom·· Atom Atom 

O(l)CO •C(l)CO -Re(l) 
•. 

0(2)CO •C(2)CO •Re(l) 
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\. 

TABLE' :IV •• 
. ' ' 

ANGLES IN B9c2n11Re (CO)J .. 

Angle (0
) Atom Atom Atom ''Angle {0 ) 

. . 

Atom Atom· · Atom ,Angle 

l7S ·. c (J) -c (2) . -B (7) 63 B (11) · -B (7) -B (12) .. 60 

178 c(2). -c(3) -B(7). · · 62 B (4) -B (8) i -B (9) . 6C 

' o(J)CO -C())CO -R~(l) 176: B(6) -c (2) -B (11) .. 63 B (7) . -B (8) •B (12) 6C 

C(l)CO -Re(1) -C(2)CO. 89 B(7) 

B (4) 

B (7) 

C(3) 

C(2) 

c (2) 

c (3) 

c(3) 

c (3) 

c (2) 

c (2) 

B (5) 

-c(2) -B (11) . 62 B(9) . •B(8) •B(12) 61 

C(2)CO -Re(1) -c())CO 92 -c (3) . -B (8) ; .. 63 ,,B(4) -B (9) -n (5) .59 

C (3)CO -Re (1) •C (1)CO 

C(2) · -Re(1) -C(3) 

C (3) -Re (1) -B (4) 

B (4) -Re (1). -B (5) 

B (5) -Re (1) -B (6) 

3 (6) -Ro (1) · -c (2) 

Re (1) -c (2) -c (3) 

Rc (1) -c (2) -B (6) 

Re (1) -c (3) -c (2) 

Re (1) · -c (3) -n (4) 

Re (1) -B (4) -c (3) 

Re (1) -B (4) . -B (5) 

. Re (1) -n (5) -B(4) 

Re (1) -B (5) -B(6) 

Re (1) -B (6) -C(2) . 
: 

Ro(l) -B (6) -B(5) 

' c (2) -B (7) -c(3) 

88 

41 
. 43. 

44 

l6 

.4J 
• 
70 

70 

70 

69 

68 

·69 

67. 

68 

67 

·-c (3) .. · -n (8) 62 

•B(4) -B (8) 59 

. -D(6) . -B (11) 59 

· -D (7) -B (11) 59 

-13 (7) -n (8) 56 

-B(8). -B (4) '59. 

-D(8) . -B (7) 6o 

-B(ll) -B(6)'' .,:58 

. . B(4) 

. B(S) 

B (8) 

B(10) 

B{5) 

B(5) 

B(6) 

. -B(9) . 

· -B (9) 

-B (9) 

-D (9) 

-B (10) 

-B (10) 

-B (10) 

-8(8) 6G 

-B(lO) 60 

-B (12) .. 6C 

-B(12) . 1 
61 

! 

-B (6) 62 

-B(9) 61 

-B (11) 61 

B (9) .. , -B (10) -B (12) ' 60 
~ \ 

-B (11) ·' -B (7). · · ... 59 ·: . _B (11)· •B (10) . -B (12) · · 60 
-'· . 

· •B(4) ·;-B(9) .,.·_.·, 61··. B(6) .·-B(ll) -B(10)'_ ~-59 

. B(8) -B(4) c' -B(9) . :·. ·59 · B(7) ... :-D(ll) ~B(12). 60 
. .- . ~.; 

B(4) . -B(5)' . J.D(9) ·. ·.· 60 ... B(10) ·-n(ll)' •B(12) 61 
' . . . . 

B(6) · -B(5) · -B(10). ·: 58 - · B(7) ··. -D(12) · •D(B). 60 
' . 

. -B (10) . '· 59 B (7) -B (12) -B·(11) . ~ 60 

. -B(lO) '· · 61,,.·:: B(8) -B(12). •B(9) . . 59 

67 . . .·-B (11) <; . 6o ~ .... B (9) . : -B (12) . -B,(10) : ... S9 
' • • ' ~ • ,~ -• .;, • ' t • • • • J ~ • • . ' 

56· •B (12)-'. · 60 . , . B (10)' . •B (12} · . .:.a (11) > .· 59 

: ' ' '' ' · .•.. ' :. ' :. ;·. . >. > >1·· .. :'···:·;·:·: .•. :: .. : .• 'i{ :'',.>:.· '. •, ·. ~ ,:_\: ... : ... ·.·.·. : •. ~. ':. ; ' : ; • ·' i • ; 
~ . ... . . ' ;, ~ '• ,.: ... ·.: .. · ;.<; ' ' 

,f • I t '• ', ' ·~ ' . 

,· 
·: .·. 

'·· 
. .. ' .· 

. ' 
• I ~. .J ' ' 

.. 
.· .... ·. 
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The thermal 1motion of the atoms in the icosahedron inqthis structure . ,,1,, . 
: 3 is less than for comparable atoms in the c5H5FeC2B9H11 str~e~ure 1 and 

'l•: 
• -~ 1 

therefore wo consider the resulting bond distances an impr~ypment over 
r, 

. i 
the previous ones. In B9c2H11ne(co) 3 the average value of 18 B - B 

. bonds, 1. 78 i\, is 0.03 A larger;- the averace of the 6 C - B bonds, 1. 72A1 

is Oo04 A larger; and the c - c bond, 1.61 A, is o.03 A larger than the 
. 3 

comparable values in the c5H5FeC2B9~11 structure •. Such i?creases are 
. !I 

expected since large motions causes the observed distance to be shorter 
' -~ 

than the true average value~ 
!: 

. ;.: 

In the caroonyl. portion of the ion, the Re to. C to 0 linkages are 
. . 

almost linear with a alight bend of a fe~ degrees in an outward direction 

v.way from the aXis ot' the molecule. /~.t the ~e atom· the three carbonyl 
l' • 

J 
carbons make very nearly right B.tlgles with respect to each other. This 

. ' . 

l'· tricarbonyl structure is quite sim:nar to that reported in hexamethylbenzene-. . ; ; 
• < 

· ... chromium tricarbonyl, thiophenechromium tricarbonyl, and benzenechromium 
; .. { 

tricarbony18• The carbonyl o~gens. are apparently free to flop around 

somewhat as their t-hermal parameters· are larger than the carbons to which . 
I . . . 

they are attached. In Table III we have included the thermally adjusted 

values for the C - ·o· bond distances. These three bonds were the only .. 1 

' . 
bonds· in the structure where· the correction due to thermal motion was.· ',i 

larger than the estifnated standard de'viation .o.f the·.bond length •. The·· 

thermal correction is based on a calculation that assumes the o~gens 
• • • .. • • • • • : ~ • • ; : ; • • • • ' • • 1 ~ ~ 

are.11riding 11'onthecarbom.··.·'· ·. ·· . :y~· ... ··:······ · , 
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The cesium ipn has as its clo:.est:. :'lc:i;:hl;m-;:: ,.,::, 3.2 A, ·~~9rec ozyr,cn 
~; q 

atoms of three symmetry unrelated carbon,vl3 .from throe di.ff~;,ont anions. 
" ; ...... : 

The hydrogen atoms were poorly rc~:olved in this structw.;·a determination. 
c 

One hydrocen atom, H (10), uas nat. resolved at· all in tho difference .function. 
I 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
m1ss1on, nor any person acting on beha]f of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 

or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

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

As used in the above, "person acting on behalf of the 
Commission'' includes any employee or contr~ctor of the Com
mission) or employee of such contractor, to the extent that 
such employee or contractor of th~ Commission, or employee 

of such contractor prepares, disseminates, or provid;es access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




