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Sir:

Since nuclear quadrupole resonance spectroscopy provides a sensitive

185

measure of the chaxge and electron distribution in molecules, Re

: . 1,2 .
- and Re187 ngr may be useful in the study of rhenium-rhenium™’~ and rhenium-

ligand bonds.

Although quadrdpole coupling has been observed in the microwave

185

spectrum of rhenium compounds,3 to the authors knowledge no pure Re

and Re187

ngr have heretofore been detected. This communication reports
the rhenium quadrupole coupling constant in dirhenium decacarbonyl in the
solid state.

All resonances (Cf. Table) were obtained on a high power super-

. ) i -
‘regenerative spectrometer and all frequency measurements were made

5

utilizing spectrum analyzing techniques.

The rhenium field gradient, q,, and the asymmetry parameter n defined,

no= (ayme,)a,,
iﬁ terms of its irigducible teﬂsqr coﬁponents6 can be calculated using
solutions7 of the secular equatiog for a nu¢leus with a spin of 5/2.
The room temperature values are qZz =-6.9 x 101“ esu/crﬁ3 and n = 0.63 * 0.03
while the liquid nitrogen temperature values are ., =.7.1 x ldlh esu/cm3
and n = (.88 £0.03. These results show that the"average"8 field gradient
tensor in the y-direction is twice as large as the "average" field
gradient tensof in the x-direction. This is totally unexpected in.view .
of the symmetry9 of Re2(CO)1O. The th "ideal"™ molecular symmetry
requires Cuv site symmetry at the Re nucleus. Under a fourfold rotation

axis S should be the same as Ay i.e. 7 =0.
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The deviations from ideal C,, site symetry in Mne(CO)lO 10 ana 4

Tce(CO)lO 1L are very small. In fact, all the measured bond angle; and
bond distances in both molecules are within three standard deviations
of ideal Dud molecular symmetry.

Unfortunately, precise stfuctural parameters for Reg(CO)lo are not
available from a two dimension crystal structure.9 However,-i@ is
difficult to imagine the Reé(CO)lo structure deviating enough from its
TCQ(CO)lo and Mn2(CO)lO isomorphs to produce sucﬁ a large asymmetry
parameter.

Since the molecules are neutral there can be no point charge lattice
sum contributions to the field gradient in any direction. Induced dipole-
induced dipole interactions can not contribute any appreciable field
gradient at the Re nucleus. At a distance of ~2 A the induced-dipole
interactions are about ten times less than thé coulombic contributions
which, in favorable ca.ses,12 account for léss than 1 per cent of the
totai field gradignt in neutral molecules.

There'does appear to be a credible explanation for the large asymmetfy
parameter if one accepts structural isomorphism and assumes that the
anisotropic temperature.factors, Bij of the form exp [—(Bllhg + 322k2 +

2

B331 + 2B, hk + 2313h1 £ 2B23kl)] are similar for Mne(CO)

and ReQ(CO)lo'

100 Tep(C0)yq
o It is interesting to note that in both Mne(CO)lo and‘Tc2(CO)lO an
analysis of the anisotropic temperature factors shows significant differences
in the thermal motion of the carbonyls cis to each other. In the MnO(CO)lO,

for instance, the root-mean-square component of the thermal displacement

lowers the ReCuV site Symmetry to CQV’ e.g. the CO's in the x-direction
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have 30% less thermal displacement than the CO's in the y-direction.
Assuming a similar behavior in ReQ(CO)lo’ the overall effect, therefore,

of the large anisotropic motion is to leave'qzz relatively unéhanged

in both directions (along the Re-Re bond) énd mégnitude but to make [o /qxx]

much larger. - In other words, the "average“ electron density around the
Re is distfibuted more by thermal motion along the y-direction.than the
x-direction; thus, a large asymmetry parameter may be observed.

Finally, the ingrease in the low temperature 7 may be due to a
decrease in the x and y motion but 4 greater decrease in the x—direction.

A temperature dependent single crystal nqgr study has been initiated
to explicitly investigate these possibilities. A molecular electronic
interpretation of ., must necessarily be deferred until the single
crystal study is completed.
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Table 1. Rhenium Nuclear Quadrupole Resonance Freguencies

, Signal to Frequency
Nucleus Transition Temperature Noise Ratio (MHz * 0.02)
Re185 £1/2 - & 3/2 26.5°C - 11:1 T 28.94
Rel87 £ 1/2 » £ 3/2 26.5°C ol :1 27.35
Re 89 + 3/é -t 5/2 26.5°C o 39.93
re 87 £3/2 >+ 5/2 6.5°c ges 37.70
Re 18 + 1/2 - + 3/2 .196°C ~10:1 35.67
Re 187 £1/2 -t 3/2 -196°C . 2011 3375
RelSS £ 3/2~5/2  -196°C ~30:1 39.80
Rel87 t 3/2> + 5/2 - -196°C ~60:1 | 37.51
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