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Ab initio MO LCAO SCF simulation of molecular and electronic structure 
of ris-n-C60HsXCp (X = Fe, Si) complexes 

A. L. Chistyakov* and L It. Stankevich 

A. N. Nesmeyanov Inst#ute of Oganoelement Compounds, Russian Academy of Sciences, 
28 uL Vavilova, 117813 Moscow, Russian Federation. 

Fax: +7 (095) 135 5085. E-mail: stan@ineos.ac.ru 

The problem of existence of rls-Tt-complexes of unsubstituted fullerene lh-C60 and its 
cyclopentadienyl type derivative C60H 5" is discussed. Ab initio MO LCAO SCF calculations 
of hypothetical sandwich systems "qs-rt-C60H~XCp (X = Fe (la), Si (lb)), the cationic 
complex C~0FeCp § of unsubstituted C60, and the C60H 5 ' radical were performed in the STO- 
3G and 3-21G basis sets. In the la, lb, and C60H 5" systems, hydrogen atoms are attached to 
carbon atoms of fullerene lh-C60 at c~-positions relative to the same pentagonal thce (pent*). 
In r~5-complexes, XCp species are also coordinated to this face. According to calculations in 
the 3-21G basis set. the Fe--pent* bond energy in complex la is much higher than those of 
similar bonds in lb and [n the -qs-~t-C60FeCp+ cation (117 kcal tool -j  vs. 37 and 
64 kcal tool -I,  respectively) and is 7 kcal tool -I higher than the Fe--Cp bond energy in the 
classical ,sandwich system FeCp 2. The Fe...Cpent, and Fe...Ccp distances in complex la are 
slightly shorter than the Fe...C distance in the ferrocene molecule. The spin populations in 
the C60H 5" radical are almost completely localized on the atoms of the pent* face, which 
must favor the formation of qs-r~-complexes of this radical. 

Key words: fullerene, ~-comptexes, sandwich systems with iron and silicon atoms, 
radicals: ab initio quantum-chemical calculations, MO LCAO SCF method. 

The problem of existence of rl 5- and rl6-complexes of 
unsubstituted fullerene lh-C60 was studied in detail t -4  
(see also references cited in Ref. 1). Using semiempiri- 
cal q u a n t u m - c h e m i c a l  methods  (EHT,  MND O ,  
MNDO/PM3),  it was shown i -4  that r]'~-complexes of 
unsubstituted fullerene at n = 5 or 6 should be much less 
stable than analogous classical biscyclopentadienyl and 
bisarene compounds of transition or main group ele- 
ments. One theoretically substantiated z- ' l  procedure for 
stabilizing the ~5-bond between metal atoms (or XCp 
species) and the atoms of the selected pentagonal face 
(pent*) in the carbon cage involves attachment of univa- 
lent functional groups (R) or atoms (H, C1, and Br) to C 
atoms in the a-positions relative to the pent* /:ace. Re- 
cently, the efficiency of such a stabilization procedure was 
experimentally confirmed by synthesizing the first stable 
cyclopentadienyl-type complexes of pentaphenyl deriva- 
tives of fullerene /h-C60, viz., half-sandwich C60PhsX 
(X = Li, In, TI, Cu �9 PEt 3) molecules. The complex with 
X = TI was studied by X-ray analysis. 5 Further calcu- 
lations o f  such systems by the MNDOYPM3 ~ and 
MO LCAO SCF/3-21G* methods 7 showed that the re- 
sults of  numerical simulation are in good a~eement  with 
experimental data. In addition, it has been shown 6 that 
with R = H the half-sandwich complexes C60RsX (X = 
In, TI) must be more stable than with R = Ph. 

The possibility for rt~-rt-C60HsXCp complexes with 
atoms of  main group elements (X = Si~ Ge, Sn) to 

exist was established by the MNDO/PM3 method. 3 
Based on the results of calculations of the above sys- 
tems, it was hypothesized that structurally similar 
~5-Tt-complexes with transition metal atoms X must 
also exist and that the X--pent* bonds in such com- 
plexes should be stronger than in the complexes with 
main group elements. 

In this work, we simulated the geometry and elec- 
tronic structure of hypothetical sandwich complexes 
rts-rc-C60H5FeCp ( l a )  and qs-n-C60HsSiCp ( lb )  
(Fig. 1), bent-sandwich complex qs-Tz-C60HsSiCp ( lc ,  
see Fig. I), cation r~5-rc-C60FeCp § and radical C6~H 5" 
and estimated their stability. 

Calculation procedure 

Calculations were performed by the MO LCAO SCF method 
in the RHF (for molecules with closed electron shells) and 
ROHF (tbr radicals) approximations with the minimum 
(STO-3G) and split-valence (STO-3-21G) basis sets using the 
GAMESS program p-ac-ltageSon-a DEC 3000 AXP:400X work- 
station. 

Results and Discussion 

Half-sandwich and sandwich complexes XCp" and 
XCp2 (X = Fe, Si). The results of  calculations of these 
systems studied previously by other methods 9- t7 are of 
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H H 

l a :  X = Fe 1 c  
l b :  X = Si 

Fig. I. Structures of ~,5-/z-complexes C60HsXCp ( la--r hereafter the atoms equivalent under C5,. symmetry differ in the number of 
primes. 

auxiliary charac te r  and will be used below for comparing 
the energy and geometric characteristics of  X - - C p  bonds 
in half-sandwich and sandwich XCp" and XCp 2 com- 
plexes with analogous values for the X--pent* bonds in 
complexes C60RsX (Tables I and 2). In this work, we 
report only the data obtained in the STO-3-21G basis 
set, since our  MO LCAO SCF/STO-3G calculations 
showed that the formation o f  XCp" and XCp2 com- 
plexes from X and Cp species is energetically unfavor- 
able despite the finding of  corresponding local minima 
of,J~e total energy. 

According to calculations, the FeCp § (2a) and SiCp ~ 
(2b) cat ions  have a half-sandwich structure with Csv 
symmetry (Fig.  2). It was established that the ground 
state of  radicals  FeCp '  (3a) and SiCp" (3b) is charac- 

X Si 
; K  

" ~  " 2" H t~22"~33" H~.~-~''-~_. H ~ / - i - - " ~ - - - .  H H ~ 3/  
/ \ 

H H H 

2 a : X =  F e ( q =  1) 3 b  

2 b : •  1) 
3 a :  X = Fe 

Fig. 2. Half-sandwich complexes XCp: cations 2a.b with Csv 
symmetry, and radical species 3a,b with C~ symmetry (q is the 
charge of the complex). 

terized by a multiplicity of 2. The former species has a 
rlS-half-sandwich structure, while the latter one has the 
structure of  a c~-complex (both with Cs symmetry., see 
Fig. 2). The geometric parameters and bond orders in 
radical systems 3a,b are listed in Table 2. The reduction 
in their symmetry is due to the Jahn--Tel le r  effect, 
since each of  the cations 2a,b has a doubly degenerate 
LUMO energy level. The Fe - -Cp  bond in radical 3a is 
much stronger than the Si - -Cp bond in 3b, which is 
indicated by their energies (see Table 1), X.. .Ccp 
(X = Fe, Si) distances, and corresponding bond orders 
(IV, see Table 2). The spin population distributions in 
radicals 3a,b are listed in Table 3, from which it follows 
that the unpaired electrons in the radicals are almost 
completely localized on X atoms. 

The structures of sandwich n-complexes XCp2 (4a---c) 
are shown in Fig. 3. It should be noted that several 
isomers can exist with X = Si. 9-13 Here, we describe 
only two of  them, SiCp 2 with Dsa symmetry (4b) and a 
bent~sandwichisomer wi th  C~i; symmetry-(-4e), w h i c h  is 
7.1 kcal tool - t  more stable than the former (see Tables I 
and 2). The e n e r ~  of complex 2rlI-SiCp2, in which the Si 
atom forms c-bonds with each Cp ring, is 9.1 kcal mol -~ 
lower than that of 4b. These values indicate that com- 
plexes SiCp 2 are structurally nonrigid. 

With X = Fe, there exist only sandwich systems with 
parallel Cp rings: the complex FeCp2 has DSd or Dsh 
symmetry., is-z7 With X = Fe, the X- -Cp  bond in com- 
plexes XCp" and XCp 2 is much stronger than with X = 
Si. It should be noted that the geometric parameters 
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Table I. Total (Emt) and orbital energies (EHoMO and Et.UMO) energy gaps (8 = Etto,vlo -- ELUMO), dissociation energies of 
X--pent* and X--Cp bonds (AX_pent, and Ax_cp, respectively), and Mulliken effective atomic charges (q) in rlS-C6oHsXCp, Cp, 
XCo, and XCp2 systems calculated by the ab initio MO LCAO SCF method in the STO-3-21G basis set 

Compound Sym- _Etot a EHOM O b ELUM o a 8 '&X--oenr AX--C~ q/au b 
metry /au eV kcal tool -! X Crone Cop Hcp 

C00HsFeCp (la) C5,, 3709.4716 -7.681 0.302 8.0 117.3 -- 1 .61 -0 .13  

C6oHsSiC p (lb) C5~. 2740.5318 -7.691 0.292 8.0 36.6 --  1.04 -0 .04  

C6oHsSiC p ( I t )  C s 2740.5409 -7.61 ~ 0.17 j 7.8 42.4 -- 1.08 -0.21 

FeCp-  (2a) C5~, 1447.1017 -14.302 -5.261 9.0 -- --  1.41 

SiCp* (2b) Csv 478.3249 -15.72 -3.082 12.6 -- -- 1.00 

FeCp" (3a) C~ 1447.5362 -2.421 1.432 3.8 -- 64.3 0.59 

SiCp'  ( 3 b )  C~ 478.5047 -2.18 ~ 0.971 3.2 - -  36.6 0.40 

FeCp2 (4a) D5d 1638.5937 -9.092 3.362 12.4 -- 110.4 1.38 

SiCP2 (4b) Dsd 669.6681 -8.032 2.682 t0.7 -- 38.6 0.94 

SiCP2 (4c) C~ 669.6795 -8.08 ] 2.22 ~ 10.3 - -  45.7 0.93 

[C6oH5]- (5a) C5~. 2262.0394 -3.552 3.062 6.6 -- -- - -  

[C~,oHs] " (5b) C~. 2261.9686 -4.311 0.171 4.5 --  --  --  

. . . .  "9 ~ 3  C60FeCp + (6) Csv 3706 ~S'~0 - I  1._.~- -4 .022 7.2 64.3 --  1.77 

Cp-  D.sh 191.1094 -1.352 13.052 14.4 -- --  - -  

Cp" C2v 191.1019 -3.801 4.661 8.5 -- --  - -  

C60 /j, 2259.0477 - 8.335 - 0.635 7.7 

0.01 

0.10 l 
0.022 
0.062 

-0 .16  

-0 .40 0.26 

-0 .34  0.25 

-0 .29 ~ 0.253 
-0.322 0.262 
-0.412 

-0 .40  0.32 

-0 .35 0,35 

-0.35 ~ 0.25 
-0.372 
-0.392 

-0.661 0.27 ~ 
-0.282 0.252 
-0.222 0.242 

-0 .40 0.26 

-0 .34  0.24 

-0.261 0.252 
-0.492 0.243 
-0.232 

- -  w 

-0 .40 0.29 

-0 .30  0.10 

-0.191 0.25 I 
-0.272 0.244 

0.232 

a Total enemies of the atoms: Etotr 3P 0) = -287.3444 au, E~ot(Fe, 5D4) = -1256.3318 au. 
b Here and in Table 2 the upper index means the multiplicity of the given value. 

found  using the S T O - 3 G  basis set appeared  to be c loser  to 
expe r imen ta l  data (see notes  "c"--"e" to Table 2). 

An ion  C60H5 - (5a, Fig. 4) was ca lcu la ted  previously  
by the  M N D O  4A9 and M N D O / P M 3  methods .  3'z~ O u r  
ab initio ca lcu la t ions  p e r f o r m e d  assuming  that  the  an -  
ion has  Csv symmetry  showed  t h a t  a n i o n  5a has a c losed  
e l e c t r o n  shell  and  is c h a r a c t e r i z e d  by a ra ther  h igh 
i o n i z a t i o n  po ten t ia l_and  large_ e n e r g y  di f ference b e t w e e n  
the  L U M O  (ELuNO) and  H O M O  (EHoMO) ene rgy  
levels. T h e  energy and  cha rge  cha rac te r i s t i c s  o f  a n i o n  5a 
are l is ted in Table I and  its g e o m e t r i c  pa rame te r s  are 
p r e s e n t e d  in Table 2. 

T h e  h ighes t  occupied  level for  a n i o n  5a appeared  to 
be d o u b l y  degenera te ,  w h i c h  is respons ib le  (due to  the  
J a h n - - T e l l e r  effect) for s y m m e t r y  r educ t ion  of  the  s t ruc -  
ture  o f  t he  co r re spond ing  C60H5" radical  to C s (5b, see 
Fig. 4).  The  spin p o p u l a t i o n s  in the  radical 5b are 
a l m o s t  comple t e ly  local ized o n  the  a toms  o f  the  pent* 

8 "  

s' ,* 

i , , ~  9 

-t 

4 a :  X = Fe 4 c  

4 b :  X = Si 

Fig. 3. Sandwich r~-complexes 4a,b with Ds,J symmetry and a 
bent-sandwich complex 4e with C2,~ symmetry. The latter, in 
which the 3--3" and 9--9" edges are brought together, belongs 
to the e--e (edge-to-edge) type. 12 
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Table 2. Interatomic distances ~d/A), bond orders ([t,~/au), and the angle of the out-of-plane deviation of the C- -H  bond with 
respect to the Cp ring plane (to/deg) in hall:sandwich and sandwich complexes calculated by the ab initio MO LCAO SCF method 
in the STO-3-2tG basis set 

Compound d(C--C) [ 14q d d(X--C) [ W] d [ IV] tp 

pent* Cp C( 1 )--C(2) penP Cp X--pent* X--Cp 

CooHsFeCp (la) 1_408 [1.269] 

C~0HsSiCp (lb) F.401 [I.3281 

C60HsSiC p (le) 1.422 11.367J 2 

1.433 [I.295] 2 

1.441 tl.2521 ~ 

FeCp + (2a) 

SiCp + (2b) 

F e C p  (3a) 

SiCp" (3b) 

FeCp2 (4a) 

SiCP2 (4b) 

S i C p 2  (4e) 

[C60Hs]- (5a) 1.399 [1.384 I 

[C6oH5]" (5b) 1.457 I1.129] 2 
1.343 [1.65912 
1.488 [I.0991 ~ 

C60FeCp + (6) 1 . 4 6 0  11.102] 

Cp-  
Cp" 

1.418 1.250] 

1.414 1.3031 

1.420 1.342] 2 

1.431 1.268] 2 

1.436 1.232] ~ 

1.422 1.206] 

1.425 [ 1 . 2 0 5 1  

i.415 [I.292] 2 
1.418 [I.27512 
1.420 [ 1.2671 ~ 
1.449 [I .07812 
1.392 [1.40712 
1.404 [I.36011 
1.417 [ 1.2561 

1.413 
1 1 . 3 o 5 ]  

1.445 [I.1141 ~ 
1.414 [1.26612 
1.399 [1.389] 2 

1.4t9 [I.2251 

1.406 11.3871 
1.484 [ 1.099] ) 
1.348 [ 1-67412 
1.451 [1.13712 

1.500 2.163 10.1711" 2.185 I0.212] 1.801 1.721 1.4 
10.9041 [0.8551 [I.0601 
1.498 2.489 10.1061 b 2.474 I0. J331 2. Z83 2.160 - I . 9  

[0.88I] [0.5301 [0.6651 
1 . 4 9 3  2.350 [ 0 . 1 6 0 ]  2 2.315 [0.18512 [0.533] [0.657] - -  

10.8941 
2.488 {0.086] 2 2.425 [0.1 t2] 2 

2.568 [0.0411 ~ 2.497 [0_0631 ] 

-- -- 2.15l [0.299] - 1.778 4_8 
[1.499] 

-- - -  2 . 2 6 8  [ 0 . 3 0 5 1  - -  1 . 9 1 7  2 . 2  

1 1 . 5 1 5 1  

-- - -  2 . 4 3 1  10 .171 -~ - -  2 . 1 2 2  3 . 3  [ 

2.404 [0.182] 2 [0.931] 3.92 
2.361 [0.198] ~ 4.92 

-- -- 2.075 [0.459] ~ -- [I.017] -- 
2.497 [0.216] 2 
3.027 [0.063] 2 

-- -- 2.204 c -- 1.846 e 2.3 
[ 0 . 2 0 5 1  [1.0251 

- -  - -  2 . 5 5 3  d 2 . 2 5 2  1.3 

[ 0 . 1 4 1 ]  - -  [ 0 . 7 0 5 ]  

- -  - -  2 . 2 7 6  [ 0 . 2 7 2 ]  2 - -  - -  - -  

2.715 [0.088] 2 
2.946 [0.0101 ~ 

1.507 . . . . .  

I0.8901 
1 . 5 0 O l  . . . . .  
1.5102 
1.5192 
1.366 2.220 2.157 [0.258] 1.840 1.788 1.6 

[ 1.49 I] [ 1.290] 
. . . . .  0 

. . . . .  0 

Note. The numbering of atoms is shown in Figs. I--5. 
,7-e Corresponding values obtained from calculations in the STO-3G basis set: a 2. t51 ,~.; b 2.419 A; c 2.132 ;k (the experimental 
value Is is 2.064 .~); d 2.437 A. (the experimental value 14 is 2.42 A for Si(CMe)10): e 1.758 ,'~ (the value obtained from calculations 
in the DZ basis set 14 is 1.9 A and the experimental value la is 1.65 ~,). 

face and are comparable  with those in the Cp radical 
fsee Table 3L It should be noted that in the case. o f  
an ion  5a the energy of  the H O M O  with e I symmetry  
( - 3 . 5  eV) is much  lower than in the case of  the C p -  
an ion  ( - 1 . 4  eV) and that the C - - C  bonds in the pent* 
cycle  are shorter than in the cyclopentadienyl  an ion  
(i.e.. the structure 5a has a "more  localized" r~-system 
c o m p a r e d  with the unsubstituled fullerene lt~-C6o). These  
pecul iar i t ies  o f  the geometry, and e lect ronic  structure o f  
an ion  5a must favor r l5-coordinat ion o f  radical 5b to the 
X C p  group. Our  results (see Tables  I and 2) are in 
a g r e e m e n t  with the previously reported data obta ined 

from ab initio calculat ions in the 3-21G* basis set 7 and 
by tlae_.M N D O / p M 3 Z  ~ and M N  DO. me.thods. 4,19 

Complexes rlS-C60HsXCp (X = Fe ( l a ) ,  S i  ( l b , e ) )  
(see Fig. I). Calculat ions o f  molecules  l a , b  were  per-  
formed assuming that they have C5~ symmetry ,  with the 
initial geometry o f  the f ramework and X C p  fragments  
taken from calculations o f  the structure 5a  and c o m -  
plexes XCp 2. respectively. Full op t imiza t ion  o f  the ge-  
o m e t r y  o f  sys tem lb  p e r f o r m e d  e a r l i e r  3 by the  
M N D O / P M 3  method  conf i rms that it co r re sponds  to a 
local min imum on the PES. The  structure o f  complex  
l c  (see Fig. I), calculated assuming that  it has Cs 
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H= 1" I' H H 1" 1" H 

} 
5a 5b 

Fig. 4. Structures of anion C60H 5- (Sa) with Csv symmetry and radical C60H 5' tSb) with C s symmetry. (for the geometric 
parameters, see Table 2). 

Table 3. Spin populations (p) on the 
atoms in radicals calculated by the 
ab in#io MO LCAO SCF method in the 
STO-3-21G basis set 

Radical p/au 
C(I) C(2) C(J) X 

Co0H 5 0.71 0.01 0.11 -- 
Cp" 0.64 0.02 0.16 --  
FeCp' 0.00 0.00 0 . 0 0  0.98 
SiCp" 0.00 0.00 0 .02  0.95 

symmetry, also corresponds to a local minimum whose 
energy is 5.2 kcal mo l - I  lower than that of  isomer lb. 
Complex le  can be considered as a bent sandwich 
similar to complex 4c. The results of  our ab initio 
calculations with the STO-3-21G basis set (see Tables t 
and 2) show that systems l a - - e  are fairly stable, have 
closed electron shells, high ionization potentials, and 
wide energy gaps (/5). 

As should be expected,  complex la  with the transi- 
tion element a tom is much more stable than the deriva- 
tives lb.c containing Si atoms. This is explained by the 
fact that there are bonding MOs of e I symmetry, with 
appreciable contr ibut ions from dxz- and dyz-AOs of  the 
Fe atom among occupied frontier orbitals of  complex 
In, whereas., t h.e analog0u_s MO s of complex lb  are 
antibonding MOs and are composed only of  the ligand 
AOs. The found energies of  the X--pent* bond are 117.3 
( l a ) ,  36.6 ( lb) ,  and 42.4 kcal tool -I ( le ) .  Comparison 
of  the Fe...Cpenr, and Fe. . .Ccp distances in molecule l a  
shows that the former is shorter than the latter (2.163 .~ 
vs. 2.185 A, respectively) and both of them are shorter 
than the Fe...C distance in the sandwich complex FeCp2 
(2.204 A). This correlates with an increase in the strength 
of  the Fe--pent* bond in the molecule l a  as compared 
to that of the F e - - C p  bond in FeCp 2. Analogously, the 

Si...C distances in complex l b  are shorter than in 
SiCp2; the energies of  the Si--pent* bond in lb and 
S i - -Cp  bond in SiCp 2 are close (see Table 1). The 
energies o f  heterolytic dissociation o f  complexes la  and 
lb  into anions 5a and corresponding cations 2a and 2b 
are 207.2 and 105.2 kcal tool - I ,  respectively. 

Let us denote the total orders  o f  X - - C  "bonds" with 
carbon a toms of  the pent* face and Cp ring as W(X-- 
pent*) and W(X--Cp),  respectively. From the data in 
Table 2 it follows that I$1Fe--pent*) > W(Si--penr*) 
and W(Fe - -Cp)  > W(Si--Cp). These inequalities corre- 
spond to the above estimates of  the  energies of X--pent* 
and X - - C p  bonds. It is hoped that ,  in fullerene com- 
plexes l a - - e ,  the X...C distances calculated in the STO- 
3G basis set will be in better agreement  with experimen- 
tal data (see notes "a" and "b" to Table 2), analogously 
to XCp2 sandwiches. Calculations in the STO-3G basis 
set show that in this case the bond orders W(X--C) 
change in parallel with the lengths of  the X- -C  "bonds," 
viz., W(X--Cpenr) > W(X--Ccp)  for complexes la ,b  
and W(X--Cpent.) > W(X--C) for  XCp 2. 

The effective charges on the X atoms in half-sand- 
wich complexes  XCp" and XCp § and in sandwich 
systems XCp2 and C60HsXCp are positive, the charge 
on the Fe a tom being larger than on the Si atom. The 
electron density transfer in complexes  l a ,b  is more 
pronounced than in corresponding XCp2 molecules (see 
Tabl e t ) .  . . . . .  

Cation 715-C~oFeCp + (6). Opt imiza t ion  of  the geom- 
etry of  complex  6 assuming that  it has Csv symmetry has 
led to a local energy minimum to which the structure 
shown in Fig. 5 corresponds. 

Cation 6 has a closed e lect ron shell (see Table I); 
however, it is less stable than complex  l a ,  since it is 
character ized by a relatively low energy of  the X--C60 
bond (64.3 kcal mol-1), es t imated as the abstraction 
energy o f  cation FeCp § The Fe...pent* distance in 
cation 6 is 0.04 A longer than in complex la  and the 
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t-t H 

Fig. 5. Structure of ris-n-complex C00FeCp* (6) with Csv 
symmetry.. 

Fe . . .Cp  dis tance in this system is also lengthened as 
compared  with the analogous distance in FeCp + (see 
Table  2). 

The  results o f  our  calculat ions demonstra te  the effi- 
c iency  of  a t t achment  of H a toms to carbon atoms of  
ful lerene C60 in the s -pos i t ions  relative to the pent* face 
for stabil izing the Fe--pent* bond in the complexes  o f  
the unsubst i tuted lh-C60 cluster. Based on these results, 
one  can also conclude  that complex qS-rc-C60HsFeCp is 
comparable to the ferrocene molecule in stabili~ and must 
be much more stable than analogous silicon complexes and 
cationic complex qs-rt-C60FeCp + of  unsubstituted fullerene 
Coo. On  the contrary,  complex  rls-Tr-C60HsSiCp is less 
stable than the SiCp~ molecule  (the energy difference is 
1.4 kcal t o o l - i ) ,  while no local min ima o f  the total  
energy were found for complex  qS-~-C60SiCp+ and 
C60XC p" (X = Fe, Si) radicals. 

P r ev ious ly ,  m e n t i o n  has  been  m a d e  that  in 
rrqS'rc-C60Xn (X = Li, z3 in, 24 SiCpl ;  n = 1 to 12) 
systems, in which the X atoms or species are coord i -  
nated to the pentagonal  faces, the average energy of  the 
X--C60 bond increases as n increases. It is hoped that  
rrrlS-n-C60(FeCp),, complexes also possess this property 
and that  complex  12qS-n-C00(FeCp)12 with FeCp spe-  
cies q-S-coordinated to all pentagonal  faces will also be 
stable. 
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