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On Solvent-induced Change in Intensity of Electronic Absorption and 
Circular Dichroism 

By E. A. BOUDREAUX,* 0. E. WEIGANG, JR., and J. A. TURNER 

(Richardson Chemical Laboratories, Tulane University, New Orleans, Louisiana 70 1 18) 

THE theory of solvent-dependence of electric dipole 
strength and of rotatory strength is usually based 
on the traditional Lorentz field in a continuous 
dielectric medium. Because of the general in- 
adequacy of this simple correction, quantitative 
theoretical adjustment for solvent effect has seldom 
been attempted.1 Yet, the actual influence of 
solvents is definitely appreciable. 

There seems a danger that the inadequacy of 
theoretical correction technique lead to ignoring the 
presence of very real effects or to misinterpretation 
of them. The purpose of this Communication is to 
discuss two cases in which the empirical evaluation 
of such effects significantly alters conclusions 
derived from uncorrected data. 

The electronic absorption spectrum and the 
circular dichroism of ( + )-tris(ethy1enediamine)- 
cobalt(Ir1) in H,O and D,O have been compared 
recently.2 A striking decrease in absolute magni- 
tude of dipole strength and rotatory strength for 
all bands from 200 to 500 mp was attributed to  the 
replacement of N-€€ by N-D.3 

Our determinations of the electronic absorption 
intensity in H,O and D,O (Figure 1) closely parallel 
those reported. A slight blue shift in D,O is also 
evident from the position of the minima in the 
difference curve. The latter was obtained by a 
differential recording technique5 which eliminates 
errors due to solvent absorbance and lack of record- 
ing reproducibility. 

* Department of Chemistry, Louisiana State University in New Orleans, New Orleans, Louisiana 70122. 
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We have carried out a similar comparison of the 
deuterated Co (en):+ complex ion in perdeutero- 
dimethyl sulphoxide to the undeuterated complex 
in ordinary dimethyl sulphoxide, shown in Figure 2. 
The change is little more than a slight blue shift 
with virtually no change in integrated intensity. 
The same result, within experimental error, is 
observed when the undeuterated complex replaces 
the deuterated complex in the perdeutero-solvent, 
under which conditions exchange proceeds at  a very 
slow rate.6 
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FIGURE 1. T h e  ordinary absorption spectrum of 

compared to the spectrum in H,O (- - -). The AE curve 
(not to  be confused with the circular dichroism) obtained 
directly by diflerential recording (ref. 5 )  i s  essentially the 
difference of the spectra shown. 

tris(ethy1enediamine)cobalt (111) chloride in D,O (- 1 

One must conclude that the observed change in 
heavy water is predominantly a solvent effect, 
probably arising from the significant change in 
mole density. The mole densities of perdeutero- 
and ordinary dimethyl sulphoxide are almost equal, 
even though the deuteration on an atom ratio basis 
is nearly as great as for water. One must conclude 
further that the replacement of N-H and N-D in 
the complex produces an effect no larger than that 
shown in Figure 2, and in all probability is smaller 
Any effect observed in the ordinary absorption will 
also appear in the circular dichroism,l superposed 
possibly on an additional solvent dissymmetry 
effect unique to the circular dichroism. 

The solvent effect in optical activity has been 
reported most often for the optical rotation at  
wavelengths outside the absorption region. Parti- 
cularly anomolous for traditional Lorentz theory 
is the reported decrease in the optical rotation of 
hexahelicene in paraffin hydrocarbon solvents of 
increasing refractive index. 8 The difficulties of 

many partial rotations, each with individual 
solvent sensitivity, has been stated ear1ier.l 

The Table summarizes our observations of 
fractional change in hexahelicene absorption in- 
tensity on going from n-hexane to n-octane solvent. 
There follows an analysis for optical rotation at  
550 mp that is meant to be more illustrative 
of many optically active compounds than definitive 
for hexahelicene. Yet, the available evidence 
suggests i t  is a very good approximation to the 
situation in he~ahelicene.~ 
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FIGURE 2. The ordinary absorption spectrum of tris- 
(ethylenediamine) cobalt (111) chloride in (CD 3) ,SO 
(- ) compared to the spectrum of the deuterated com- 
plex in (CH,),SO (- - -) and the corresponding dijference 
curve. 

TABLE 

Observed change in dipole strength and calcdated change 
in optical rotation 

Transition 
upper 
state, K ADg/D=a A [ ~ K ] E ~ O /  [ ~ K l ~ i o ’ ’ ~  

‘Lb 4*460/, 0*01/0*22 
lLB, 0.53% 0*03/5-46 
‘Bb - 1.91 yo 0*00/0*17 
’Ba(lCb) 3.54% -0*19/-5*43 

a In  n-octane solvent compared to n-hexane solvent. 
b Reference 12. 

Calculated relative partial rotations due to the 
various circular dichroism bands of hexahelicene’O 
were assumed t o  undergo fractional changes 
parallelling that observed for dipole strength. 
Solvent shifts of band centres, suggested earlier as 
contributing8 produce changes negligible by 
comparison. The rotation, 0.42 in n-hexane, 
decreases to 0.26 in n-octane.12 The analysis 

formulating any generalized theory for the sum of clearly demonstrates a large self-cancellation of 
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partial rotations and a dominant solvent sensitivity 
(though not dominant rotational contribution) region of the molecule. 

from a band deep within the ultraviolet absorption 
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