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Many experimental and theoretical approaches have been de- 
veloped to characterize the chemical and physical properties of 
mixed-valence complexes.1*2 These molecules may possess metals 
in differing oxidation states which participate in intervalence 
charge-transfer transitions. In principle, these transitions should 
be strongly affected by an external electric field. Such electro- 
chromism can provide a direct and sensitive approach to inves- 
tigating the electronic properties of  molecule^.^ We report the 
first measurements of the effects of an externally applied electric 
field on the near-infrared absorption spectra of [(NH3)5R~]2LS+ 
(L = pyrazine or 4,4’-bipyridine). Significant differences are 
observed between the two complexes, illustrating the range of 
electronic interactions between the metal centers. 

When an external electric field (Fex,) is applied to a nonoriented 
and immobilized sample of absorbing molecules, the change in 
the absorption spectrum, A A ( u ) ,  can often be described as a linear 
combination of zeroth, first, and second derivatives of the ab- 
sorption band, A ( Y ) : ~ . ~  

AA(u) = 
{A,A(v) + B , v [ A ( ~ ) / u l ’ /  15h + C x v [ A ( ~ ) / ~ ] ’ ’ / 3 O h 2 ] * F i n ~  

(1) 
h is Planck’s constant, x is the experimental angle between F,,, 
and the electric polarization of light at the frequency Y used to 
probe the effect, and Fin, =f’Fext.5 A, and B, are fully described 
e1sewhere;’q4 roughly, A ,  provides information on the transition 
moment polarizability and hyperpolarizability, and B,  provides 
information on the change in polarizability ( A a )  associated with 
an electronic transition. C, = {SlApA12 + (3 cos2 x - I ) [ ~ ( P . A C C ~ ) ~  
- IApA12]1, where p is a unit vector along the transition moment 
and ApA is the change in permanent dipole moment associated 
with the transition. In principle, a decomposition of the hA 
spectrum into its component derivatives with their X-dependences 
provides quantitative estimates of these molecular properties and 
their projections onto p. The Stark effect and electrochromism 
have been applied to the study of metal-to-ligand charge-transfer 
transitions in only a few inorganic complexes;b10 however, only 
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Figure 2. (A) Absorption and (B) electrochromic spectra for 
[(NH~),RuJ2pzS+(C,H,SO~)~ in 50% (v/v) glycerol/D20, 77 K. F,,, 
= 4 X IOs  V/cm: x = 90'. 

spectrum, though the zeroth and first derivatives also contribute, 
indicating that the transition moment and polarizability changes 
are non-negligible. lApAl calculated from this analysis is (28 f 
2)/fD (debye), and PAPA = (27 f 2)/fD, indicating that Ac(A 
and the transition dipole moment are essentially collinear. 

The near-infrared absorption and electrochromic spectra of 
[(NH3)sR~]2pzS+ are shown in Figure 2. The electric field causes 
the low-energy side and the peak of the absorption band to decrease 
in a manner that is well modeled by a negative zeroth derivative, 
while the high-energy side of the absorption increases in a field. 
The AA(v) spectrum does not satisfactorily decompose into a 
simple linear combination of derivatives of the ouerall absorption 
band. Qualitatively, however, there is little evidence that a second 
derivative and hence AlA contributes significantly to the A A ( v )  
line shape, especially on the low-energy side which lacks the large, 
positive signature of the second derivative. 

A large ApA should accompany a true intervalence transition 
involving a large redistribution of electronic charge density from 
one metal center to the other. In [(NH3)sRu]2(4,4'-bpy)S+, the 
observed IApAl of 28/fD indicates that the states involved are 
highly dipolar and the unpaired electron is substantially localized. 
For the limiting case of full charge transfer over 11.3 A (the 
Ru-Ru distance),2 IApAl will be 54 D. While very large, the 
experimentally measured value of I A M ~ ~  is significantly smaller 
than this upper limit.'* This difference suggests that the limiting 
case is an over-simplification and that metal-ligand and metal- 
metal interactions may be more complex and significant than 
initially 

The absence of an observable contribution by IAN,( to the M ( v )  
spectrum for the near-IR band of [(NH3)SRu]2pzS+ indicates that 
there is little net movement of the centers of charge associated 
with this transition. This result directly demonstrates that the 
metal centers are so strongly coupled to each other that the un- 
paired electron is delocalized over both, even at  77 K; this de- 
scription is consistent with a large body of indirect experimental 
evidence for this c o m p l e ~ . l . ~ * " * ~ ~ * ~ ~  The low-energy portion of 
the absorption band decreases in intensity in an electric field, 
indicating an effect solely due to a perturbation of the transition 
dipole moment. At higher energies, the band behaves in a com- 
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plicated manner, suggesting that multiple bands exist that behave 
differently in a field. Variations across the near-IR band have 
also been noted in MCD spectra at low temperature;2' electro- 
chromism is likewise often useful for selectively detecting weak 
transitions which are sensitive to an electric field. 

Electrochromism offers a wealth of information on the changes 
in electrostatic properties associated with transitions between states 
in mixed-valence complexes. In tandem with a detailed theoretical 
analysis,22 these will be explored more fully in a subsequent paper 
covering both metal-to-ligand and intervalence charge-transfer 
transitions of mono- and binuclear ruthenium complexes. 
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Recent work by the Meyers group has suggested the possibility 
of stereoelectronic effects playing a role in diastereofacially se- 
lective alkylations of the enolate carbon in the bicyclic [3.3.0] 
lactam 1.' Meyers describes numerous cases where alkylation 
leads to impressive endo selectivity (Figure Careful exam- 
ination of the geometry of 1, by molecular modeling techniques, 
suggests that the two faces are sterically very similar with the endo 
face slightly less accessible. The origin of the observed endo 
selectivity is therefore unclear. 

One possibility that has been presented invokes stereoelectronic 
control via the Cieplak e f f e ~ t . ~ . ~  This effect, which is purported 
to occur in u bond forming reactions, involves stabilization of the 
transition state in question via orbital mixing of the incipient u* 
orbital with a proximal electron-rich u bond. Although work done 
by le Noble et al. on adamantyl systems has suggested that this 
type of stereoelectronic control is real, the magnitude and gen- 
erality of this effect remain incompletely d o c ~ m e n t e d . ~ - ~  
Moreover, other work done by Meyers on systems very similar 
to the lactam 1 has yielded results that are inconsistent with the 
Cieplak model.' 

Our goal was to use molecular orbital techniques to examine 
the lactam 1 in alkylation reactions in order to determine the 
nature of the facial bias. Semiempirical cahdations (AMPAC)' 
were chosen since the number of atoms preclude a complete a b  
initio study of the reaction surface. The AMI Hamiltonian* was 
used in all cases except those where a lithium counterion was used. 
In these cases M N D 0 9  was applied. 

We examined the reaction surfaces for the endo and exo mo- 
noalkylation of methyl iodide to the naked enolate of l (no 
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