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The molecular structure of 1-thia-closo-dodecaborane( 1 l),  l-SB,,H,,, has been determined by gas-phase electron diffraction. A 
model assuming C,, symmetry lead to a determination of the distortions from a regular icosahedron consisting mainly in the 
substantial expansion of the pentagonal belt adjacent to sulfur, with r&B-B) = 1.905 f 0.004 A. Well-determined parameters 
are the S-B and (B-H)"" distances, rs = 2.010 f 0.005 and 1.190 0.003 A, respectively. The geometric parameters calculated 
at the ab initio 3-21G(*) level, as well as the IGLO calculations (individual gauge for localized orbitals) IlB chemical shifts, are 
in overall agreement with the experimental findings. 

Introduction 
Very little is known about the structures of thiaboranes. For 

example, the structure of the dimeric form of 1 -thia-closo-deca- 
borane(9), 2,2'-( 1-SB9H&, has been determined by X-ray dif- 
fracti0n.l A short B-B bond links the two bicapped square 
antiprismatic frameworks of the SB9HB moieties. 1-SB9H9 is 
isoelectronic with BIOH1a-. In accord with Wade's rules,2 S 
formally replaces a [BH]*- unit,3 but causes a substantial 
lengthening of the nearest B-B bonds. In another investigation: 
the photoelectron spectra of the l-SB&19 monomer and some other 
thiaboranes, including l-SBIIHII, have been reported and analyzed 
in terms of a simple approach known as the equatorial-apex model. 
The PES data of l-S$H9 have been assigned by means of MNDO 
calculations, which also revealed the cluster-bonding molecular 
orbitals (constructed from a B9H9 unit and a sulfur atom).' The 
MNDO-optimized structure also was reported, but the electronic 
structure of l -SBIIHII was analyzed using an assumed molecular 
geometry. In order to obtain the structure of l-SBIIHII, we now 
report the results of an electron diffraction study (GED) com- 
plemented by ab initio calculations on the geometry and IlB NMR 
chemical shifts. 
Experimental Section 

The sample of 1-thia-closo-dodecaborane(11) (purity >98% as as- 
sessed by TLC) was prepared by Dr. J. Pleiek according to literature 
procedures.6 

The electron diffraction patterns were recorded in Budapest with a 
modified EG-100A unit,' using a membrane nozzle system.* The nozzle 
temperature was about 110 "C. The accelerating voltage of the electron 
beam was 60 kV. Eight photographic plates were used for both camera 
distances (50, 19 cm), respectively. The ranges of intensity data used 
in the analysis were 2.0 I s I 13.875 and 9.50 I s I 33.0 A-' with 
data intervals 0.125 and 0.25 A-' s = (4a-/A) sin (8/2), where A, the 

the scattering angle]. The method of data treatment is described else- 
where.9 The structure analysis was based on least-squares refinement 

electron wave length, is 0.049132 d for both camera distances and 0 is 
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of molecular intensities.'O Literature coherent'' and incoherentt2 scat- 
tering factors were employed. The final experimental and calculated 
molecular intensities and radial distributions are shown in Figures 1 and 
2, respectively. 

Structure Analysis 
The 1-thia-closo-dodecaborane( 11) molecule was assumed to have C, 

symmetry. The following independent parameters were used for the 
description of the geometry (see Figure 2): the B3-B,, B7-B8, B,-BI2 and 
(B-H),,,-" distances and the differences between S-B and B3-B, (Dif,) 
and B2-B3 and B,-B, (Dif,), as well as the S-B-H and BI2-B,-H bond 
angles. In some refinements only the bond lengths within the cage as 
independent parameters (without Dif, and Dif,) were used. Since no 
vibrational spectroscopic data were available, the vibrational parameters 
for 1,12-C2B,oH12'3 provided the initial values for the refinements. The 
vibrational amplitudes of similar distances were coupled by fixing the 
differences between them. Shrinkage effects were neglected. 

Refinements using different starting values of S-B and B-B bonds, 
or using various Dif, and Dif, values converged to the same minimum 
without affecting the geometric parameters. Nevertheless, various re- 
finement conditions for vibrational amplitudes may produce a strong 
influence on the results. Since theoretical calculations for getting better 
starting values of vibrational amplitudes could not be. performed due to 
the lack of force field, a lot of refinements with various starting I values 
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2459. 
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(4) Fehlner, T. P.; Wu, M.; Meneghelli, B. J.; Rudolph, R. W. Inorg. Chem. 

1980, 19, 49. 
( 5 )  Curtain, J. Mac.; Brint, P.; Spalding, T. R. J .  Chem. SOC., Dalron 

Trans. 1985, 2591. 
(6) Pleiek, J.; Hefminek, S. J. Chem. SOC., Chem. Commun. 1975, 127. 
(7) Hargittai, I.; Tremmel, J.; Kolonits, M .  Hung, Sci. Instrum. 1980, 50, -,* 
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Table 11. Geometric Parametersa and R Factors for 
I -Thia-closo-dodecaborane( 1 1 )  As Obtained from the Various 
Refinements 

parameter model Ab model B model C model D' 

0 5 I O  15 20 25 30 s, h-' 
Figure 1. Molecular intensity curves for the two camera distances (E, 
experimental; T, theoretical for the model obtained from refinement A). 
The difference curves (experimental-theoretical) are also shown. 

Table 1. Final Molecular Parametersa for 
I-Thia-closo-dodecaborane( 11)  As Obtained from Refinement A 

(a) Distances r,b and r i  and Mean Amplitudes of Vibration (A)* 
atomic pair multiplicity rs ra P 
S-B 5 2.010 (5) 2.007 ( I ) d  0.0706 (4)' 
BZ-B, 5 1.905 (4) 1.904 ( I ) d  0.0506' 
B3-B1 10 1.783 (8) 1.781 (2) 
B1-Bs 5 1.780 (1 1) 1.778 (2) 0.0606' 
B r B ,  7 5 1.777 (6) 1.775 (2) . .  . _  

5 
1.190 (3) 1.187 ( I )  0.062 (I)" 

5 
5 
5 
5 
5 
1 
4 X 1 0 +  

2 x 5  
4 X 1 0 +  

2 x 5  
2 x 5  

3.075 ( I ) d  0.072 (1)''' 
3.606 (4)d 0.058 (3)'v 
3.469 ( I ) d  0.068'v 
2.941 

2.801 (7)d 0.130"' 
4.082 (7)d 0.1 1 1  (3)" 
4.793 (4)d 0.138 (12)"' 
2.538-2.734d O.lOOiii 

3.954-4.157d (0.083-0.1 11)v 

4.656d 0.118n 

(b) Bond Angles (deg) and Differences between Bond Distances (A) 
value parameter 

LS-B-H 120.3 (40) 120.3 (5) 
f;BI -B7-H 125.3 (25j 125.3 (7) 
Difli 0.227 (2) 
Difi  0.124 ( I )  

'The H...H distances were included in the refinement but they are 
not listed here. Their amplitudes were within the range 0.086-0.20 A. 
*Least-squares standard deviations in the last digit are given in par- 
entheses. 'Total errors for re bonds and for 4 bond angles were cal- 
culated according to ref 29. dDependent parameter. 'Two bonds re- 
moved. ,Three bonds removed. #Diametrically opposite. Difl = 
r(S-B) - r(B2-B3). 'i-vi are the key to the coupling scheme. jDif2 = 
r(B2-B3) - r(B3-Bl). 

of close-lying distances, and various differences between them, also were 
carried out. Thus the geometric consequences of the choice of Al l  = 

A4/ = I(S--Bl) - f(B--B)aII, and A51 = l(S..-Blz) - /(B2***B9) were thor- 
oughly tested. [A single vibrational amplitude, I(B-B)=,, was found to 
characterize the vibration of the B-B bonds excluding r(B2-B3), whereas 
I(B--B),II are the vibrational amplitudes of the next-nearest-neighbor 
boron atoms, which were supposed to be equal.] The geometric param- 
eters of the heavy-atom skeleton were found to be quite sensitive to the 
choice of A,J (n  = 1-4). Interestingly, although the results were relatively 
invariant to changes in A51, the values of these body-diagonal amplitudes 

I(BrB3) - 1(5B)m,  A21 = I(S-B) - l(B-B)M, A31 I(S-B) - I(B2-B3), 

Difld 0.227 (2) 0.234 0.219 
Dif2' 0.124 ( I )  0.130 0.119 
r(S-B)f 2.007 ( I )  2.008 2.005 2.008 
r(B2-B3)f 1.904 ( I )  1.903 1.905 1.904 

r(B7-B8) 1.778 (2) 1.795 1.775 (av) 1.779 

1.187 
120.0 

r(B,-B7) 1.781 (2) 1.774 1.786 

r(B1-Bl2) 1.775 (2) 1.773 1.770 
r(B-H),,,-,, 1.187 ( 1 )  1.187 1.188 

LB12-B7-H 125.3 (7) 127.7 125.7 124.9 
R factor 0.0249 0.0261 0.0260 0.0253 

a Bond lengths (ra) are given in A; angles, in degrees. Least-squares 
standard deviations in the last digit are given in parentheses. 'All the 
cage distances were refined as independent parameters. dDifl = 
r(S-B) - r(B3-B7). 'DifZ = r(B2-B3) - r(B3-Bl). /Dependent pa- 
rameter. 
Table 111. Elements of the Correlation Matrix Exceeding 0.6 in 
Absolute Value 

1 
LS-B-H 120.3 (5) 120.3 120.7 

0.871 
-0.969 

0.793 
0.779 

-0.852 
0.710 
0.661 

-0.826 
-0.786 

0.647 

'Dif, = r(S-B) - r(B3-B7). bDifz = r(B2-B3) - r(B3-B7). cSCl is 
the scale factor for the short camera distance. 

influenced the results strongly. The optimal A,,I (n = 1-5) values from 
fitting the experimental data can be deduced from Table I (same as 
model A in Table 11). 

The effect of the different initial values of both bond angles was found 
to be negligible. The agreement between calculated and experimental 
intensities became worse when these parameters were fixed at particular 
values; e.g., LBI2-Bl-H = 121.7' (the angle in a regular icosahedron) 
or 123.2' [the 3-21G(*) value], and LS-B-H = 110.5' [the 3-21G(*) 
value]. Larger starting values of I(S-.H13) and f(B--H)C [for I(B-.H)C 
see Table I] always worsened the agreement due to the simultaneous 
closing of both bond angles. On the other hand, the difference I(S.-H,,) 
- I(B-.H)e appeared to have only marginal effects on these angles. 

The results of the least-square refinements are given in Table I. Note 
that I(S-BI2) < I(S-B). The fact that vibrational amplitudes of some 
nonbonded distances are close to, or even smaller than, amplitudes for 
bonding ones is very common for closo-carboranes. This has been con- 
firmed by theoretical calculations based on known force fields.14 This 
situation may be ascribed to the specific internal motion within such rigid 
closo systems. 

Due to the lack of calculated I values for l-SBIIHII we considered a 
second model (B in Table II), in which A41 was increased (to 0.004 A) 
as well as the initial values of the corresponding vibrational amplitudes. 
This resulted in I(S-B) < I(S-.B7) < I(S-B12) and I(S-BI2) = 0.079 (3) 
A. Model B follows the general observation that vibrational amplitudes 
are nearly proportional to the corresponding internuclear distances.15J6 
In Table I1 the geometric parameters of two additional models are also 
included. These were obtained either by supposing I(B2-B3) = I(B-B), 
(model C), or by refining r(S-B), r(B2-B3), and the mean value of the 
remaining boron-boron bond lengths (model D). The minimum R factor 
values for the models A-D are also presented in Table 11. 

Although we favor model A, other models cannot be rejected com- 
pletely, and they were used to obtain more realistic error estimates (see 
Table I, ref 29). 

The elements of the correlation matrix e x d i n g  0.6 in absolute value 
are given in Table 111. Several of these elements show a strong corre- 

(14) Atavin, E. G.; Mastryukov, V. S.; Golubinskii, A. V.; Vilkov, L. V. J. 
Mol. Struct. 1980, 65, 259. 

(15) Mastryukov, V. S.; Cyvin, S. J. J .  Mol. Struct. 1975, 29, 15. 
(16) Mastryukov, V. S.; Osina, E. L.; Vilkov, L. V.; Cyvin, S. J. Zh. Strukt. 

Khim. 1976, 17, 80. 
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Table IV. Ab Initio Optimized Geometries and IGLO "B Chemical Shifts for l-SBI,HII 

(a) Bond Lengths (A) 

3-21'3' 2.129 1.975 1.77 1 1.813 1.800 1.172 1.179 1.178 
3-21G(*) 2.050 1.929 1 .I78 1.812 1.802 1.174 1.179 1.178 
GEP 2.007 1.904 1.781 1.778 1.775 1.187 

(b) Bond Angles (deg) 

B12-H23 S-B B2-B3 BrB7 B7-Bs B7-B12 B2-H13 B7-H18 

S-B-H B12-B7-H S-B-H Bl2-B7-H 
3-21G" 109.4 122.2 GEP 120.3 125.3 
3-21G(*) 110.5 123.2 

(c) 6("B) in ppmC 

DZ//3-21G(*) 1.8 -9.8 24.7 exptd -6.7 -4.2 18.4 
DZ//GED 0.5 -8.0 24.5 expt' -5.8 -3.2 19.2 

B2-6 B7-ll Bl2 B2-6 B7-I 1 B12 

'Reference 22. *r ,  and L, values based on model A; for rg values, see Table I. <Relative to BFyOEt,. dCHCI, solution: HeimBnek, S. Personal 
communication. CBenzene solution: Pretzer, W. R.; Rudolph, R. W. J .  Am. Chem. SOC. 1976, 98, 1441. 

0 8  

I 

0 1 2 3 4 5 r ; A  
Figure 2. Radial distribution curves (E, experimental; T, theoretical) 
calculated with an artificial damping factor exp(-0.002s2). Theoretical 
values are used in the region of 0.00 5 s 5 1.75 A-'. The positions of 
the more important distances are marked with vertical bars of height 
proportional to the weight of the distances. The numbering of atoms is 
given on the model. For the meaning of (B.-H)'JS, see Table I. 

lation between parameters that increases their uncertainty. Thus, the 
parameter Difl contributes to the correlation matrix, with py > 10.71, four 
times. Consequently, a test with several fixed Difl values using refine- 
ment conditions A and B was performed. The value of Difl belonging 
to the smallest R factor value for model A, 0.227 A, was consistent with 
that achieved by the virtual refinement of Difl. In contrast, this test for 
model B gave Difl = 0.226-0.228 A, belonging to the minimum R factor 
value. The parameters in this minimum were practically identical with 
those determined for model A. 
Ab Initio Calculations 

The geometry was fully optimized in C,, symmetry with the CADPAC 
program17 employing the standard 3-21G(*) basis set (same as 3-21G, 
but augmented with one set of polarization functions on sulfur18). "B 
chemical shifts were calculated with the IGLO (individual gauge for 
localized orbitals) p r ~ g r a m ~ ~ ~ * ~  employing a DZ basis set of Huzinaga21 

(17) Amos, R. D.; Rice, J. E. CADPAC The Cambridge Analytical De- 
riuatiues Package, Issue 4.0; Cambridge, England 1987. 

(18) Hehre, W.; Radom, L.; Schleyer, P. v. R.; Pople, J. A. Ab initio Mo- 
lecular Orbital Theory; Wiley: New York, 1986. 

(19) (a) Kutzelnigg, W. Isr. J .  Chem. 1980, 19, 193. (b) Schindler, M.; 
Kutzelnigg, W. J. Chem. Phys. 1982, 76, 1919. (c) Kutzelnigg, W.; 
Schindler, M.; Fleischer, U. NMR, Basic Principles and Progress; 
Springer Verlag: Berlin, New York, 1990; Vol. 23, p 165. 

(20) For applications of IGLO to boron compounds, see: (a) Schleyer, P. 
v. R.; Biihl, M.; Fleischer, U.; Koch, W. Inorg. Chem. 1990, 29, 253. 
(b) Buhl, M.; Schleyer, P. v. R. Angew. Chem., Znt. Ed. Engl. 1990,29, 
886. (c) Bllhl, M.; Schleyer, P. v. R. In Electron Deficient Boron and 
Carbon Clusters; Olah, G. A., Wade, K., Williams, R. E., Eds.; Wiley: 
New York, 1991; p 113. 

Gaussian lobes contracted as follows:19b B 7s3p (411 1, 21); S 10s6p 
(511111,3111); H 3s (21). Theresults,as wellas thegeometryoptim- 
ized at the 3-21G 

Discussion 

The most accurate parameters determined are the S-B and 
B2-B3 bond lengths and the mean value of the B-H bonds 

The S-B bond length is the first one established in the gas phase 
for this class of compounds. The B2-B3 separation is the longest 
B-B bond in the molecule. Moreover, it belongs to the group of 
the longest B-B bonds in boranes and heteroboranes investigated 
in the gas phase, e.g. 1.98 and 1.99 A for 1,6-C2B7H9.23 

The axial sulfur placement leads to a substantial lengthening 
of the B-B linkages in the pentagonal belt adjacent to sulfur. This 
also is obvious in the theoretical structures (see Table IV). As 
is found generally, the distances involving sulfur are too long a t  
the 3-21G level [cf. re@-B) = 2.129 A (3-21G); r,(S-B) = 2.010 
A (GED)]. Inclusion of polarization functions on sulfur [Le. the 
3-21G *) level] improves the situation considerably: r,(S-B) = 
2.050 b. At that level, the B-B bonds including r(B2-B$ agree 
with experimental values within ca. 1 .9%.24 The magnitude of 
the B2-B3 elongation is especially noteworthy in comparison to 
the related l,12-XYBloHII series (see Table V). For example, 
since As has a larger atomic radius than S, one might expect a 
stronger perturbation of the boron skeleton in 1,12-AsCBloH11. 
However, the B2-B3 bond for the latter (1.886 A) is shorter than 
that determined for 1-SBI1HI1. 

The other B-B bonds are closely spaced and, consequently, 
could not be distinguished reliably by electron diffraction. The 
computed mean distance for B3-B,, B,-BB, and BrBl2 [re = 1.797 
A at the 3-2 1 G( *) level] compares well to the experimental mean, 
rg = 1.780 A. 

The (B-H),,.,=" bond length does not show any substantial 
deviations from its usual value determined for a variety of boron 
 cluster^.^^^^^ This applies to the theoretical values calculated on 

are summarized in Table IV. 

[(B-H)mea"I. 

(21) Huzinaga, S. Approximate Atomic Waoe Functions; University of 
Alberta: Edmonton, Canada, 1971. 

(22) ZahradGk, R.; Balaji, V.; Michl, J. J .  Compur. Chem. 1991, 12, 1147. 
(23) Lau, K.; Beaudet, R. A. Znorg. Chem. 1976, 15, 1059. 
(24) A direct comparison of theoretical re with experimental r, or r geom- 

etries should be made with caution, see, e+: Hargittai, I.; dargittai 
M. In Molecular Structures and Energetics; Liebman, J. F., Greenberg, 
A., Eds.; VCH Publishers: New York, 1987, Vol. 2, Chapter I.  

(25) Beaudet, R. A. In Aduances in Boron and the Boranes; Liebman, J. L., 
Greenberg, A., Williams, R. E., Eds.; VCH: Weinheim, Germany, 
1988; Chapter 20, pp 417-474. 

(26) Mastryukov, V. S. In Stereochemical Applications of Gas Phase elec- 
tron Dvfraction; Hargittai, I., Hargittai, M., Eds.; VCH: New York, 
1988; Part B, pp 1-29. 

(27) Mastryukov, V. S.; Atavin, E. G.; Vilkov, L. V.; Golubinskii, A. V.; 
Kalinin, V. N.; Zhigareva, G. G.; Zakharkin, L. I. J.  Mol. Srmcr. 1979, 
56, 139. 
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Table V. Molecular Geometry of the 1,12-XYBloHII Molecules so 
Far Studied by Gas-Electron Diffraction' 

X = C - H  X = P  X = A s  X = S  
parameter Y = C Y = C  Y = C  Y = B  
r X  0.77 1.10 1.21 1.03 
rx + rB 1.62 1.95 2.06 1.88 
r(B-X) 1.710 (11) 2.052 (7) 2.137 (3) 2.010 ( 5 )  
r(B2-B3) 1.792 (7) 1.862 (16) 1.886 (6) 1.905 (4) 
r(B3-B7) 1.772 (13) 1.773 (29) 1.778 (11) 1.783 (8) 
r(B7-B8) 1.792 (7) 1.796 (23) 1.785 (11) 1.780 (11) 
r(B7-YI2) 1.710 (11) 1.709 (24) 1.708 (14) 1.777 ( 6 )  

ref 13 27 27 b 

'For B12H12z-, r(B-B) = 1.77 A as determined by X-ray diffraction 
technique.30 In reality there are 6 B-B bonds of 1.755 A and 24 B-B 
bonds of 1.78 A, giving the mean value of 1.77 A; this is ascribed to 
specific steric interactions of hydrogen atoms and cations (Kt) in the 
crystal packing. rB and rx are taken from ref 31. *Present work. 

various levels as well.20E The three kinds of computed B-H 
distances differ only by less than 0.01 A. Consequently, inclusion 
of some ABH constraints would not be expected to improve the 
agreement. 

The largest discrepancy in the geometric parameters is found 
for the S-B-H bond angle [3-21G(*), 110.5'; GED, 120.3'1. 
However, the experimental value is strongly influenced by the 
starting values of some vibrational amplitudes and thus is rather 
uncertain. 

We also performed IGLO IlB chemical shifts calculations em- 
ploying both theoretical [3-21G(*)] and experimental (GED) 
structures. The 6("B) values computed for both geometries are 
virtually identical and are qualitatively in accord with the ex- 
perimentally known chemical shifts (see Table IV). The largest 
discrepancy between the theoretical and experimental 6(I1B) 
values, a. 7 ppm, is found for boron atoms B2+ adjacent to sulfur. 
A better description of these borons, however, would require a 
larger basis set on sulfur for which the DZ basis is probably not 
sufficient .28 

(28) Schindler, M. J .  Chem. Phys. 1988, 88, 7638. 

A shift to high frequency of BI2 (6("B) = 19.2 ppm) with 
respect to the "parent" BI2H12- is well r ep rodud  by the cal- 
culations (IGLO DZ: 24.5 ppm). A more detailed discussion of 
this "antipodal effect"32 will be published elsewhere. 

Note Added in Proof. We were not aware of the 6-31G* 
when the present contribution had gone to press. The results are as 
follows (in A): r(S-B), 2.018; r(Bz-B3), 1.904; r(B3-B7), 1.771; r- 
(B7-Bs), 1.804; r(B7-BI2), 1.794; r(B2-H13), 1.177; r(B7-HI8) and r- 
(BI2-Hz3), 1.182. There is an excellent agreement of the first two pa- 
rameters with the corresponding GED ones. The IGLO values (DZ// 
6-31G*, in ppm) are (BzJ -0.7, (B7-11) -10.0, and (BIZ) 23.1 ppm, quite 
similar to the DZ//GED and DZ//3-21G(*) results. 
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(29) The estimated total errors for distances are a, = [(0.002r)2 + 2$ + 
(A/2)2]1/z, for angles 8, = [2a2 + (A/2)2 + (A1/2)z]11/2, where 0.002 
means experimental scale error, u IS the standard deviation from the 
least-squares refinement (see Tables I and 11) multiplied by 4 2  to take 
the consequences of data correlation into account, and A is the maxi- 
mum difference in the four sets of results A-D. AI is the difference 
between the values of the bond angles obtained for the model A, where 
I(B-.H)' (see Table I) and I ( S - H 1 3 )  were refined to 0.100 and 0.130 
A, respectively, and for such model, where these amplitudes were refined 
to 0.123 and 0.153 A, respectively. 

(30) Wunderlich, J. A.; Lipscomb, W. N. J.  Am. Chem. Soc. 1960,82,4427. 
(31) Vilkov, L. V.; Mastryukov, V. S.; Sadova, N. S. Determination ofthe 

Geometrical Structure of Free Molecules; Mir Publishers: Moscow, 
1983. 

(32) See, e.g.: Hefminek, S.; Hnyk, D.; Havlas, Z .  J .  Chem. SOC., Chem. 
Commun. 1989, 1859 and references therein. 
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The surface force field for molecular mechanics simulation of the ligand structure in transition metal carbonyl clusters, originally 
developed by Lauher, is redesigned and implemented in the common MM2 Allinger's program. The equal potential surface (EPS) 
for a cluster is built by patchwork using patches whose shape depends on Crabtree and Lavin's reaction path for the terminal/ 
p2-bridging/termina1 interconversion. The CO ligands can float on the EPS even in the presence of a clear connectivity pattern 
(necessary for the energy minimization within the MM2 scheme) because their connectivity is periodically redetermined. A CO 
ligand is assumed to be locally connected to the metals used to generate the patches to which the ligand belongs. The program 
is a powerful modeler and can be used as a source of sterically reasonable geometries. The dominant contribution to the computed 
steric energies arises from the nonbonded interactions; hence, the comparison of modeled and experimental structures should lead 
to the recognition of other forces at work. Consideration is given to the case of octahedral metal carbonyl clusters with stoi- 
chiometries ranging from M6(C0)12 to M6(C0)20, and since 'real" structures are only occasionally found in the global minimum 
of the %teric" potential energy surface, it would appear that intramolecular steric interactions are not the leading term in 
determining the metal carbonyl cluster stereogeometries in the solid state. It is only the interplay between many different factors 
(inter- and intramolecular steric interactions, charge and local bookkeeping equilization, and more specific electronic effects) that 
determines the real structure. Steric energies are properly used only to justifv small distortions around a giuen geometry or to 
exclude a particularly crowded stereoisomer rather than to foresee the correct one. 

The cornerstone of all rationale concerning carbonyl clusters14 
is the assumption that  the number of ligands and  their stereo- 

chemistry do not affect the overall number of cluster valence 
electrons (CVES), the only relevant factor being the metal cluster 
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