This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

iy ... |Journal of Coordination Chemistry

Journal of

COORDINATION
CHEMISTRY

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

THE ROTATIONAL BARRIER IN METAL SANDWICH COMPOUNDS

Jaan Laane®
* Department of Chemistry, Texas A&M University, College Station, Texas, U.S.A.

To cite this Article Laane, Jaan(1971) "THE ROTATIONAL BARRIER IN METAL SANDWICH COMPOUNDS!, Journal of
Coordination Chemistry, 1: 1, 75 — 76

To link to this Article: DOI: 10.1080/00958977108070747
URL: http://dx.doi.org/10.1080/00958977108070747

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958977108070747
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08: 37 24 January 2011

Downl oaded At:

J. Coord. Chem., 1971, Vol. 1, pp. 75-76

© Gordon and Breach Science Publishers Ltd.
Printed in Woking, England

The Rotational Barrier in Metal Sandwich Compounds

JAAN LAANE
Department of Chemistry, Texas A&M University College Station, Texas 77843, U.S.A.

(Received March 2, 1971)

The vibrational spectra of metallocenes and diben-
zene-metal complexes have been of considerable
value in helping elucidate the bonding forces
present in these molecules.!—3 The skeletal vibra-
tions, in particular, are useful for evaluating ring
to metal forces.4 The torsional frequency, however,
cannot be observed directly under normal con-
ditions for #-Cp,M or (m—CsH¢),M compounds
since the vibration is inactive in both infrared and
Raman spectra. This is unfortunate since knowledge
of this frequency would make it possible to dir-
ectly evaluate the potential barrier to internal
rotation in a di-ring molecule.

In this note the torsional frequencies for the
sandwich compounds are correlated to the barriers
to rotation of the two rings. Even though the
fundamental vibration cannot be observed, in
certain cases it may be possible to find combination
bands from which the torsional frequency can be
determined. Our calculations show that previous
attempts to do this for dibenzenechromium and its
cation are in error.!: 3

The vibrational energy levels for an internal
rotation can be determined by solving the wave
equation
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where ¢ is the angle of rotation and V), is the
n-fold barrier restricting free rotation (n = 5 for
ferrocene; n = 6 for dibenzenechromium). F is
the internal rotation constant which is related to
I, the reduced moment about the rotation axis,
by F = #2/2I. In atomic units the I for unsub-
stituted =—Cp,M and (7~C4Hg),M molecules are
given by

5
Ig [7-Cp,M] = 3 (mcdc?* + mydy?)

and
Ig[(m-CsHe):M] = 3 (mcd? + mpde®
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where m. and mj are the masses of carbon and
hydrogen and where d. and djy are the distances
of the carbon and hydrogen atoms from the rotor
axis (the ring centers). Evaluation of these equations
yields F[7-Cp,M] = 0.301 cm~! and

F[(7-C¢Hg);M] = 0.192 cm —! for any metallocene
or dibenzene-metal complex which has two parallel
rings. Using a calculated value of F the wave equa-
tion can be solved for any value of ¥, in order to
obtain the torsional energy levels. A computer
program has been written to carry out these
calculations.’ For high barrier cases solutions can
also be obtained from Mathieu tables.
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FIGURE 1 Potential energy function for the internal
rotation of ferrocene. Each energy level shown has a near-
degeneracy of six.

Broad line nmr spectra have suggested a barrier
to internal rotation of 2.3 kcal (805cm—?) for
ferrocene.® Using this value the torsional energy
levels were calculated and are shown in Figure 1
along with the potential energy curve ¥V = (805/2)
(1 —cos 5¢). The fundamental frequency calculated
for the torsional vibration is 75.9 cm~—!. This has
not been observed but theoretically could be
obtained from combination band studies. ¥

4 Preliminary far-infrared work in our laboratory shows
no evidence for this inactive vibration.



08: 37 24 January 2011

Downl oaded At:

76 SHORT COMMUNICATIONS

Figure 2 shows the calculated relationship
between the torsional frequency and the barrier
height for the sandwich compounds. The curves
are independent of what M is since the metal atom
falls on the rotor axis and does not change the
value of F. The graph, therefore, makes it possible
to evaluate the barrier height for any unsubstituted
m—Cp,M of (m-C¢Hg),M compound for which
the torsional frequency can be determined, or
vice-versa.
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FIGURE 2 Relationship between the torsional frequency
and torsional barrier of metal sandwich compounds.

In studies on chromium complexes Fritz! has
assigned a torsional frequency of 303cm~—! to
(m-C¢Hg),Cr* from which he calculates a barrier
of 1 kcal/mole. This high a frequency, however,
would correspond to a barrier of 40 kcal/mole
and the assignment must therefore be in error.

Likewise, a frequency of 152cm~1 observed for
(mC¢Hg),Cr was used to estimate® a torsional
barrier of only 0.2 kcal/mole. This frequency,
however, implies a highly restricted internal
rotation with a barrier of 9.5 kcal/mole. For
dibenzene-vanadium the torsion assigned to a
band at 118 cm~! (or 121 cm~!) would correspond
to a torsional barrier of 5.8 kcal/mole. Whether
these frequencies correspond to torsional bands or
lattice modes is not clear. At any rate, they certainly
cannot be interpreted to support unrestricted
rotation of the rings as previously proposed.

The technique described here can be used to
evaluate barriers to internal rotation for derivates
of the sandwich compounds as well as for other
molecules using their far-infrared spectra. The
value of F, however, needs to be recalculated for
each molecule.

1 The author has apparently used F = 1.92 cm -1 instead
of 0.192cm™1 for (r-CsHg),Cr* and (=CsHe),Cr, thus
obtaining erroneous results.
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