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Figure 1. Configurations of Cp2Ti(C2H2)PMe3 and Cp2Ta(C2H4)H. 

firms the carbon hydrogen ratio of 1:1. The polymerization 
turnover rate under 1 bar of C2H2 pressure is approximately 120. 
The compressed polymer exhibits a characteristic metallic luster 
and shows a singlet signal in the EPR spectrum. It absorbs oxygen 
readily from the air up to 25% by weight and can be doped with 
iodine. 

The reactivity of 1 with substituted alkynes has also been 
investigated. The reaction of methylacetylene and 1 followed by 
pentane extraction of the residue afforded the metallacycle 
Cp2TiC4Me2H2 (4).11 This structural assignment is based upon 
1H and 13C NMR data. Preliminary 1H and 13C NMR spectral 
data indicate that the other two possible isomers of 4 are also 
produced. Dimethylacetylene and 1 give the metallacycle 
Cp2TiC4Me4 (5)12 as the main product. Phenylacetylene and 1 
form the alkyne complex Cp2Ti(PhC2H)PMe3 (6)13 and the 
metallacycle Cp2TiC4Ph2H2 (7).14 Diphenylacetylene and 1 react 
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in an analogous manner producing Cp2Ti(C2Ph2)PMe3
15 and 

Cp2TiC4Ph4.
16 

Further investigations concerning the reactivity of 2 and 3 as 
well as other alkyne derivatives of group 4 metals are in progress. 
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128.7 (HCJ; MS, m/z 386 (M+). 
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The existence of a bound state arising from the interaction of 
a neutral dipole and an electron was first predicted by Fermi and 
Teller in 1947.' They calculated that for a nonrotating point 
dipole a critical value of 1.625 D is necessary for a bound state 
to exist. Additional calculations have examined the influence of 
finite-length and rotating dipole moments on the critical value.2 

In this paper we provide structural evidence for such "dipole-
supported" states arising from the interaction of a dipolar molecule 
and an electron. 

Experimental evidence for the existence of dipole-supported 
states is limited. Electron scattering experiments on polar mol
ecules have been carried out and have been interpreted as involving 
such states.3 It has recently been proposed that resonances 
observed in the threshold region for electron photodetachment from 
molecular negative ions correspond to transitions to dipole-sup
ported states.4 Resonances have been observed in the electron 
photodetachment spectra of enolate anions indicating the presence 
of an electronically excited state occurring at the threshold for 
electron photodetachment.5 Quantum mechanical calculations 
have been carried out for acetaldehyde enolate and have indicated 
the presence of a low-lying, non-valence electronic state near the 
photodetachment threshold.6 The assignment of these resonances 
to dipole-supported states is strengthened considerably by recent 
very high resolution (0.0007 cm'1) electron photodetachment 
experiments on acetaldehyde.7 These experiments show that in 
the excited state the higher rotational states are not bound and 
that the excited-state geometry is very similar to that of the neutral 
radical. 

We report here a further test of this model, in which photo
detachment cross sections were measured for a pair of ions for 
which the neutral dipolar core could be varied without substantially 
changing the electronic structure of the anions. In this experiment, 
resonances at the threshold of electron photodetachment due to 
dipole-bound electronic states should be present only for the anion 
with a critical dipole moment. 

One such set of molecules is o- and p-benzoquinone (OBQ and 
PBQ, respectively, structures in Figure 1). The symmetrical PBQ 
has no dipole moment; the dipole moment of OBQ is approxi
mately8 5.1 D. Both of these neutral molecules have positive 
electron affinities and both form stable negative ions. The negative 
ions have similar electronic structures,9 and we would expect that 
the large dipole moment of OBQ should support a quasi-bound 
electronically excited state, while that of PBQ would not. An 
excited electronic state above the threshold energy will give rise 
to a resonance in the spectrum corresponding to an additional 
channel opening besides direct photodetachment.10 

(1) Fermi, E.; Teller, E. Phys. Rev. 1947, 72, 406. 
(2) Garrett, W. R. Chem. Phys. Lett. 1970, 5, 393. Garrett, W. R. Phys. 

Rev. A 1971, 3, 961. Also see: Jordan, K. D. Ace. Chem. Res. 1979, 12, 36. 
(3) Wong, S. F.; Schulz, G. J. Phys. Rev. Lett. 1974, 33, 134. Rohr, K.; 

Under, F. J. Phys. B 1976, 9, 2521. 
(4) Zimmerman, A. H.; Brauman, J. I. J. Chem. Phys. 1978, 66, 5823. 

Jackson, R. L.; Zimmerman, A. H.; Brauman, J. I. J. Chem. Phys. 1979, 71, 
2088. 

(5) Jackson, R. L.; Hiberty, P. C; Brauman, J. I. J. Chem. Phys. 1981, 
74, 3705. 

(6) Wetmore, R. W.; Schaefer, H. F.; Hiberty, P. C; Brauman, J. I. / . 
Am. Chem. Soc. 1980, 102, 5470. 

(7) Lykke, K. R.; Mead, R. D.; Lineberger, W. C. Phys. Rev. Lett. 1984, 
52, 2221. Mead, R. D.; Lykke, K. R.; Lineberger, W. C; Marks, J.; Brauman, 
J. I. J. Chem. Phys. 1984, 81, 4883. 

(8) Nagakura, S.; Kuboyama, A. / . Am. Chem. Soc. 1954, 76, 1003. 
(9) Electron affinities were assigned by analysis of the threshold behavior 

of the photodetachment cross sections.12 
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Figure 1. Electron photodetachment spectra of o-benzoquinone (upper) 
and p-benzoquinone (lower) obtained with a 1-cm"1 resolution. The 
arrows indicate threshold assignments for adiabatic electron affinities. 

To determine if any threshold states exist in these anions we 
recorded the electron photodetachment spectrum of the two radical 
anions. These experiments were carried out in an ion cyclotron 
resonance spectrometer, using a Coherent 590 dye laser with a 
1-cm""1 line width as a light source. Details of the experimental 
apparatus have been reported.4" The anion of PBQ was gen
erated from electron capture by PBQ and the anion of OBQ was 
formed by dissociative electron impact on the cyclic sulfite of 
catechol. In Figure 1 we present the laser photodetachment spectra 
of OBQ" and PBQ". The adiabatic electron affinities were assigned 
to threshold values of approximately 1.99 and 1.62 eV for PBQ 
and OBQ, respectively.12 

Several resonances appear in the photodetachment spectrum 
of OBQ, the most intense of which are at 793, 764, and 761 nm. 
The threshold assignment for the adiabatic electron affinity of 
OBQ is at 764 nm, the position of one of the sharp resonances. 
A Fano line-shape analysis using the location of the resonance 
with respect to the continuum threshold as an adjustable param
eter4 places the threshold assignment at the position of the res
onance corresponding to the 0-0 vibronic transition. The 0-0 
transition has been found to occur at the assigned threshold energy 
for many structurally different enolate anions.4,5 The small relative 
cross section for photodetachment at energies below the assigned 
threshold suggests photodetachment from vibrationally excited 
anion states (hot bands). The resonances lower in energy than 
the threshold are presumably due to hot band transitions to the 
dipole-supported state. 

(10) Drzaic, P. S.; Marks, J.; Brauman, J. I. In "Gas Phase Ion 
Chemistry"; Bowers, M. J., Ed.; Academic Press: New York, 1984; Vol. 3, 
p 167. Mead, R. D.; Stevens, A. E.; Lineberger, W. C. Ibid, p 214. 

(11) Details of the modification of the experimental apparatus will be 
reported in a future manuscript. 

(12) Comita, P. B.; Marks, J.; McPeters, H. L.; Brauman, J. I., manuscript 
in preparation. 

The two threshold resonances are separated by 55 cm""1 and 
may be due to different vibrational modes or possibly different 
rotational branches of one vibration. The width of the resonances 
is about 45 cm"1 and is governed by a manifold of rotational 
transitions. The hot band resonance at 793 nm is separated from 
the threshold resonances by 541 and 486 cm"1, corresponding to 
a low-frequency vibrational mode. 

No fine structure at threshold was observed in the spectrum 
of the PBQ anion. Broad resonances due to valence excited states 
appear at much shorter wavelengths than the threshold region 
shown here. Similar valence excited-state resonances appear at 
shorter wavelengths in the OBQ" spectrum, verifying that the 
valence excited states in these anions are very similar.12 The 
observation of threshold resonances occurring only for the dipolar 
molecule is consistent with the picture that a large dipole is 
required for a quasi-bound state to exist. 
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Studies presented here of the electrochemical behavior of the 
Fc(CN)6

3"/4" couple in aqueous and the Fc0^+ couple (Fc is fer
rocene) in dimethyl sulfoxide (Me2SO) solutions of different 
viscosities demonstrate that even for reactions that are far from 
the diffusion-controlled limit, the heterogeneous electron transfer 
(et) rate constant, k0, strongly depends upon viscosity. The effect 
of the solvent on rate constants of et reactions has been considered 
in a number of papers,1"4 although explicit experimental studies 
of the effect of solvent viscosity on heterogeneous or homogeneous 
et are uncommon. Our interest in this topic was initiated during 
studies of the et kinetics at polymer-modified electrodes.5 The 
rate constants for the reactants bound in polymer layers on an 
electrode surface were 2-3 orders of magnitude smaller than those 
for the same reactants dissolved in solution. The diffusion pro
cesses were also generally 102 to 105 times slower in the polymer 
matrix than in solution.5 This apparent correlation between the 
observed rate constant, k°, and the diffusion coefficient, D, for 
reactants confined in polymer films is also evident in other studies 
of polymer-modified electrodes.6 To assure that these reactions 
were far from the diffusion-controlled limit (where a dependence 
of fcobs on D is clearly expected) and to make comparisons in less 
complicated media, we studied two different electrode reactions 
in solutions in which viscosities were varied by additives thought 
to have a minor effect on other variables (e.g., dielectric constant 
or electrode surface properties). 
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