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Sir: 

A cor~ound designnted n-cyclopentadienyl n-(1)-2,3-dicnrbollyl 

iron (III) t:as synthesized by Hat:rthorna ar.d Pilling as described in 

-~he adjacent com.:nunication.1 vle deterr:d.r..ed its crystal structure 

(1) M. F. I-k?."t-lthorne ar..d R.. L. Pilling, J. Am. Chern. Soc. , 

by X-ray diffraction and found a 11 sand.uich" type n:olecular structure 

3S predicted by Hawthorne. This work is .the first X-ray crystallographic 

contir~ation of' the structure of' the B
9
c2H11- 2 ion, and it gives support 

for tha structures suggested previously for several other derivati~es. 2 '3 
:i 

·(2) M. F. Hawthorne, D. C. Young, a:nd P. A. Hegner, ibid., 87,1818 (1965). 
• ---- -N 

(3) M. F. P-a~rthorne, and T. D. Andrct~s, ibid., in press. · 

Crystals o.! c
5

H
5

FeB
9
c2H11 were :received from Hawthol"ne and Pilling1 

as tiny flat plates. Tl".ey are monoclinic, space group ~21/_£, with 

. unit cell din>.znsions ~ = 11.470, £ = 6.629, £.,. 16.808 A, ~ ... 99.86°. 

With tour molecules in the unit cell the density is calculated as 

! ·; 1.34 g ml. We ~asured the intensities of 1639 indeper~ent reflections 

by the stationary brystal technique using !1oKa radiation (A. = 0. 71069 A.)· 
. ~ 

'and a scintillatioh detector. The Patterson function revealed the 

iron atom location~ and a Fourier c.alculation ·phazed by tl':.e iron atom 
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sh~1ed all of the· boron and carbon atoms. Carbon and boron atoms in 

the ca.rbor.:me were distinguished by the beh..avior of "(,heir :therr..:a.l . 

pc.rarr.G·cers lThan scattering factors wer.a interchanged in least-squares 

calcuh.tions. The assignment we.:::: confirmed by th.a bond distances 

uhich rc:;;ult,·od, ul"..ich correspond to smaller bo.nd radius for carbon 

tl"1..sn for boron. After some refinement by least squares, a difference 

f·t..Ir.ction sno:·.red evidence for all .the hydrogen atoms. In the fir..al 

rcf'ir..er:-..er~t, isotropic therrr.al parameters -;-;ere used for hydrogen and . 

c.nisotropic par.::."rr.:::ters tor all other atoms·. The function R a 

~ !1 lF · !-IF II/~ IF I 't·ras reduced to Oo074. 
~ -cbs -cnl ~ -obs 

I 

In Table I 

c.re listed tb fim.l cbordim.tes of t!'.e heaV"J atoms and the root 

rr~an square arr~litudes of thermal vibrc.tion. The standard deviations 

of thes3 coordinates correspond to about 0.001 A for Fe and 0.01 A 
to~ tr~ other atorr~. These estimates of precision rr.ake no provision 

~or systematic errors. :; 

The th.arrr.a.l mo.tion is large ai'l.d anisotropic. In the cyclopenta-

dienyl ring the largest amplitudes are tangential to the ring, and 

the atoms are very poorly resolved in Fourier sections. This evidence 

for torsional rr~tion or internal rotation is very similar to that 

t d . .$' 4 repor e ~n ~errocene. In the carborana part of the rrclecule tr~ 

.. 
(4) J. D. Dunitz, L. E. Orgel, and A~ Rich, Acta Cryst. ,":.2, 373 (1956). 

~ ........ ~- •. 

ar:1plitudes .are less, t:b..s bond·di~tances are greater, and the atomic 

resolution is ver} much batter.'·' 1-le have found no sirr;ple uay or describing 

the .therr.al ar~sotropy of this part of the rr.olecule. 
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TABLE I 

ATOMIC GOORDlliATES AND RHS PJ·1PLITUDES 

A "Com X l. z -
Fe .2244 -.0331· .1897 

G(L~) a .0917 -.0331 . .0909 
; '• 

''.'··~1817 G(2R) ,•'. j .0862 .0?6T 

G(JR) .2779 ~.0361 .0780 
' 

G(4R) .2h33 -.2285 .0942 

G(5R) .1278 ~.2228 .1026 

G(2) .3345 -.lU-76 .2871 

G(3) .2008 -.1537 • 2978 

B(4) .lJ54 .0749 .2794 

B(5) .2)02 • 2337 .2580 

!: 
I 

B(6) ... 3764 .0795 .2621 

B(?) .3035 -.1630 .3822 

B(8) .1786 -.0172 .3790 

B(9) .2127 .2301 .3555 

B(10) ~3607 .2328 ~3447 

B(ll) .4159 .:..0112 ~3609 

B(12) • .317.3 .0825 .4194 

~ indicates an atom in the cyc1opentadienyl ring •. 

c 

~,.A 

.23 

.J5 

.)3 

'.34 

.34 

.34: 

.25 

.24 

.25 

.26 

.27 

.JO 

.27 

.26 

.28 

.30 

.28 
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Atoms 

Fc-3 (3)0. 

Fe-e (2) 

Fe-e (S)b 

B-B (18) 

B-e (6) 

c-c (1) 

C-C (5)b 

B-H (9) 

C-H (2) 

C-H (5)b 

I 
-LJ,-

TABLE II 

BOliD DISTANCES 

Distance, 

2.09 

2.0h 

2.07 

1. 75 

1.68 

1.58 

1.36 

0.9 

o.B 

0.7 
•. 

of bonds in molecule. 

" A 

I. 
· bCyclopent~dienyl II distances. 

Average bor.d distances are listed. in Table II, without any correction 

for ther!r..al motion. This correction Jl".ay be as much as 0.05 A for some 

ot the bonds, but' we cannot estimate it with confidence. In each case 

the correction will increase the bond distance. Each distance in a 

group (except bor.ds to H) is witr~n 0.03 A'of the average valua. Because 

of t~ large ar.d tu~certain therll".al corrections, we give no significance 

to the deviations within each group. 

The skeletoh of the molecule is sho~m in Figure 1. T:b.e ato:mS of the 
~,. 

carborane part ate at 11 of the 12 corners of an icosahedron uhich is 

app:roxirr.ately re~ar. The iron atom is at .the twelfth corl"..zr, but 

sorr.s'W'hat furt~r .away. 1-lithin the e::.:perirr.ental accuracy of about 0.2 A, 

~~~~ n~n~~~Pn ~t.~m 1~ on the line passing through its neighbor and the 
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opposite atom of the icosahedron. The hydrogen atom positions on the 

cyclopentc.dienyl ring are rr.o.::::-c poorly determined, but. within tr.e large 

e:~erirr~ntal ur.cert~inty they ~re in the e~~ected locations in the plane 

of 

The iron atom is alrr.ost e~~~distant from the carbon atoms iri the 

::-ing ar.d the .five neighbors in the icosahedron. The configiirati.on is 

almost e~ctly eclipsed rather than staggered as i~ the fcrrocene crystal.4 

Ho tested the staggered structure in the least~.squares calculations, 

but got sign:!i'icantly worse agreerr.ent. Because of the large bristing 

ration, the configuration in the crystal rrsy have little che~cal 

.,...; ry·-,-i '"'l.. C"nce 5 ..... f.>.:........... ..:.... -. 

(5) This.uork ~as done under th3 auspices of the U. S. Atomic Er2r~J Comndssion. 

Allan Zclkin,.David H. Templeton, Ted E~ Ro?kins 

· ··Lawrence. P..adiation Labo:ratory ar...d Departrr~nt of Chemistl-y 

University of California 

Berkeley, California 94720 
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This report was prepared as 'an account of Government 
sponsored work. Neither the Uniied States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed o; 
implied, with respect to the accura~y~ ~6mp1eteness, 

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 beha1 f of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the·extent that 
such employee or contractor of the Commission, or employee 

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




