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Linear dichroism effects several hundred times smaller than those obtainable with conventional 

techniques have been studied by a new method. This has been described in a recent report' and is 

based on an oriented polymer matrix (a stretched polyethylene sheet). The conditions for linear 

dichroism are optical anisotropy and anisodimensional molecular shape, but as was shown from the 

metal complexes investigated, detectable effects can be obtained even with small deviations from 

spherical shape. 

In conventional linear dichroism studies, the absorbances A(ll) and A(I) are recorded separately; 

A(ll) is the absorbance when the light vector is oscillating parallel to the direction of orien- 

tation (stretch) of the film and A(l) is the perpendicular absorbance. 2.3 However, the 90' pola- 

riser turning or sample turning in that method introduces considerable errors. In the technique 

used here, A(ii) - A(I), called LD (with sign), is directly measured with a circular dichroism 

spectrometer supplemented with a quarter wave modulator.' LD can take both positive and negative 

values depending on whether the transition studied is polarised parallel or perpendicular, 

respectively, to the effective long-axis of the molecule, or for a planar molecule with high 

symmetry whether it is polarised in the plane or perpendicular to it. 1.295 

The benzene molecule is not of negligible thickness, the ratio D/a between the diameter and 

thickness of a cylinder circumscribing the molecule is only about 2.1. 

cient to give a detectable orientation, as is shown by the non-zero ID 

plane polarised TT - T;* transitions (positive LD). 

If a band with, e.g. positive ID, is pure, i.e. is not superimposed by 

However, this is suffi- 

in Fig. 1, for the in- 

bands with opposite signs, 

the ratio LD/A (A = ordinary absorbance) is directly related to the degree Of Orientation, l-5 

f (LD/n = 2(A(ll) - A(J))/(A(ll) + A(L)) = 24, - I)/(% + 1); f$, = A(iI)/A(l)9 e-gnj “ith P = ‘3 

LD/A =$&, eq. 8 ref. 2). 
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This is shown by a comparison of LD/A, determined at a fixed orientatjon of the matrix pal,;,:s-~!, 

(R = 3.00),2y3 with D/a for the bands corresponding to the 
1 
Lb transition: 

D/a LD/A 

benzene 2.1 0.043 

naphthalene 3.6 0.080 

anthracene 5.4 0.121 

Beuene. The polyethylene begins to absorb at about 220 nm but there is evidecce for :i strong 

positive IS band at shorter wavelengths, probably ('B,'Elu). The small shifts towards lowr 

wavelength of the strong positive LD bands ('Lb, ’ BP& in comparison, with the corresponding ab- 

sorbance bands, may be explained by weak, intermediately positionec negative bands (Cf. absorp- 

tion spectrum) due to vibronic transitions polarised perpendicular to the molecular plans. 
6 

Xaphthalene, antnracene. The LD spectra in Fig. 2 and 3 both consist of one strong positive band 

at short wavelength, and, in principle, two weak bands with positive and negative signs which 

might be assigned ('Bb, Blu), ('Lb, 'B3u) and ('La, i B2U), respectively. Contrary to benzene, 

these molecules have a deftned long-axis which is oriented parallel to the stretch-direction of 

the film. Thus, the negative bands are due to transitions polarised perpendicuiar to the long- 

axis but which may still be polarised in the aromatic plane. 

Conventional polarised measurements on stretched films' have been reported to give short axis- 

polarisation for the 330 - 380 nm transitions of anthrncene, but fluorescence studies on solu- 

tions by Zimmermann et al 
6 

indicate long-axis polarisation for the transitions below 350 nm, 

agreeing with our result in Fig. 3. Thus, 'B 3u is probably split into the positive LIZ bands at 

about 330 nm and at 390 nm (in naphthalene at 260 and 310 nm). The negative band at 3'70 nm (in 

naphthaiene at 290 nm) Is 
1 
B 
2u' 

A spectroscopic application of the linear diuhroism method has been demonstrated here. The 5L, 

spectrum can of course be used in several other ways, e.g. for qual!tative chemic-il anxlysi?, ,IS 

the spectrutn generally has a finer structure thafi the ahsorption spectrum. With ar,thrscen?, for 

example, the sensitivity of detection is very high (approx. 10 times that of a sensitive ;rbsorp- 

tion spectrophotometer), i.e. the LD signal can oe used also for quantitative analysis. 

Experimental: The sample (except for benzene), dissolved in chiorlform, WAS introduced int.s and 

oriented in a polyethylene film ir; the usual way. ' Tc prevent the benzene from evaporating, Llle 

film was kept in water between quartz wedges. The filtx was oriented with its direction Gf stre'ch 

45o from the optical axis of the ql~arter w.ive modu:ator. 
1 
The linear ciichroism from i.t!;J p~lyrzer~ 
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. Anthracene. Notations as in Fig. 1. 
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itself was compensated to approximately zero by inserting a similar film, free of sample, at 

right angles to the sample-film and after the latter in the light-path. 
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