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Summary 
Starting from the circular dichroism (CD.) of testosterone propionate oriented 

in a liquid crystal matrix it is shown that the CD., measured with light beams 
having different directions of propagation with respect to the molecular framework, 
is different in magnitude and frequency dependence. The vibrational structure is 
analysed. 

From the concentration and temperature dependence of the CD. and UV. 
spectra an order parameter p and its concentration and temperature dependence is 
derived. By this an estimation for the direction of the transition moment of the 
n -, zy transition is given. 

1. Introduction. - 1 . 1 .  The circular dichroisrn (CD.) spectra. The CD. of an aniso- 
tropic system can be given by 

A&* ( i j )  = B i j  gij33 R$nKk GNnKk (J) 
n Kk 

32 7t 3N, 
lo3 hcln 10 

B=  

') The index notation of vectors and tensors is used: p I  is a vector coordinate, D,, a tensor coordinate. 
Repeated tensor indices indicate a summation over 1, 2 and 3. 

20 
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RNnKk is the tensor of rotation and GNnKk(ij) the spectral function of the CD. for 
the transition I Kk) +- INn). N resp. K describes the electronic ground resp. 
excited state and n resp. k the vibrational state in N resp. K l/h 
(EKk- EN& (p,)NnKk resp. ( Csl)NnKk is the electric dipole resp. quadrupole 
transition moment; (mr)NnKk is the magnetic dipole transition moment. "1 23' 

&312=&231'1; &132=&213=&321 '  - 1; all other tensor coordinates &,,k are zero. 
g1,33 are the orientational distribution coefficients defined by 

9 

f (a,B, y )  represents the orientational distribution as a function of the Eulerian 
angles [ l ]  and aij describes the transformation from the laboratory (x9 to the 
body-fixed (xi) coordinate system. If the CD. is measured for an uniaxial sample, 
as described in section 3, the orientational distribution can be approximated 
by a superposition of a system of oriented molecules (fraction p )  and a system 
of isotropically distributed molecules (fraction 1 - p ) .  The oriented molecules are 
with their x3 axis aligned completely parallel to the optical axis of the uniaxial 
sample and distributed equally about this axis. The quantitative description 
(Fruser model) is given by 

471 
sinp f(u,P) = 1 - p + p ~ d  (a - ao)6  ( / ? - P o ) .  

For this type of the function f(a,P,y) only diagonal elements of R P K k  contribute 
to A&*(:): 

( 5  a) A&* ( 9 )  = g, 133 d&?,(C) + g2233 A 4 2 2 ( 9  + g3333 J43(9) 

A&& ( i j )  = B 9 2 RNnKk BB GNnKk (P) 
n Kk 

(j = 1,2,3;  no summation over /3) 

Using equ. (4) and (5) the following explicit equation results: 

+{+- I 1 
-p(3sin2/?,-2) A E $ ~ ( s )  
3 

and for Do= 0: 
A E * (t) = (1 - p )  d E iso ( 9 )  + p A E ;3(9) 

For both equations we have assumed that the light is travelling parallel to 
the laboratory fixed x j  direction, which is parallel to x3 under the condition chosen 
for equ. (6 b). J&fl(ij), d ~ f ~ ( i j )  and Acf3(9) is the CD. measured with a light wave 

2) See footnote page 574. 
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Fig. 1. CD. measured in different directions of rhe molecule. 

propagating parallel to the xi-axes of the molecules aligned completely parallel 
to each other (Fig. I ) .  x3 is the assumed orientation axis of the molecules, which, 
in general, does not coincide with an axis of the system of principal axes of the 
tensor RfnKkGNnKk(ij). Therefore the diagonal elements given in equ. ( 5 )  

are not the eigenvalues of the latter tensor. The CD. htD(ij) measured parallel 
to the axis xB (p = 1, 2, 3) is invariant against a rotation of the molecules about this 
axis. Furthermore, as can be seen from equ. (6a), a rotation of 180" around the 
x1 axis does not change the measured effect d ~ ~ ( i j ) .  That means that the CD. for a 
molecule with its carbonyl group parallel or antiparallel to the xg direction is the 
same. This statement is important if the orientation is produced in a liquid crystal, 
because there both orientations are equally probable. For this the orientational 
distribution function is given by3) 

n Kk 

2z 
sing f(a,D) = 1 - p  + p  7 { 6 (a  - ao) 6 cp - P o )  + 6 (u - uo- n) 6 (P -Po- n)) . 

Using this equation for the evaluation of gijkl results in equations for 
resp. ~ ~ ( 9 )  (p= 1,2) which are of identical form as equ. (6b) resp. equ. (8a) and 
(8 b)- 

1.2. The Ui? spectra. As developed in the paper I11 [4] the absorption for a 
light wave polarized parallel to the xi x; resp. x5 x; plane and propagating in the 
x; direction is given by E ,  resp. e2:  

3, Equ. (4) and this equation, which represents a symmetrical Fraser distribution, are special 
approximations of the real orientational distribution function of the experimental system. One could 
think that the results depend on the choice of the special distribution function but this is not the 
case. If for instance the symmetrical Fraser distribution is chosen, only the value of the para- 
meter p =  (P2) [2] determines the result for deA(t) and e B ( 0 ) .  Any other symmetrical distribution 
e.g. the Maier-Saupe distribution, with the same (PI), would give the same result [3]. 
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B is given in equ. (1 b) and gijkl is defined by equ. (3). DznKk represents the tensor 
of the transition moment and FNnKk (5) is the spectral function of the transition 
1 K k ) t  INn). Using equ. (4) and the special conditions ao=O and /3,=n/2 the 
following equ. (8 a), (8 b) and (8 c) can be derived4): 

P 
E2(9) = 1 + -  E i s o ( 9 ) - - & 3 3 ( 9 )  ( 3 2 

Furthermore the degree of polarization can be calculated as follows: 

2. The problem. - In the preceding paper [4] it has been shown by the 
mechanism of vibronic coupling that different progressions of vibrations contribute 
to various amounts to the CD. measured with light propagating in the different 
directions within the molecule i.e. to At,:l, Act2  and Ai;f3. For this each tensor 
coordinate has to be multiplied with a spectral function of different type and there- 
fore the (p= 1, 2, 3 )  will be of different form and magnitude (Fig. 2u). There- 
fore deA(9) will generally depend on the magnitude of the coefficients gl,kl (equ. 
( 5 ) ) ,  which are determined by the type of the orientational distribution function. 
Using the Fruser model, AeA(9 )  will be a function of p (equ. (6)) as demonstrated 
in Figure 2 b. If the optically active molecule is solved in an oriented mesophase, 
the orientational distribution function and therefore p is a function of the con- 
centration of the solute and of the temperature. This has been shown experimentally 
by different methods e.g. NMR. measurements [5 ] .  Therefore the magnitude and 
band structure of deA(5)  should be a function of the concentration of the solute 
and of the temperature. 

4, For the oriented fraction of molecules, the molecular axis xj is chosen to be parallel to the xi 
axis, which is defined for the absorption measurement to be the optical axis of the uniaxial 
system. The direction of propagation is parallel to xi. 
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1 

Fig. 2. a) Asjp(P(j) curves calculated (equ. (6b)) by a formalism developed within the Herzberg-Teller method; 
b) AeA(C) as a function of the order parameter p. using the data of Fig. 2a. 

In this paper, the experimental proof will be given for testosterone propionate 
that the CD. connected with different tensor coordinates has a different frequency 
dependence. The vibrational structure, the concentration and temperature de- 
pendence will be analysed. 

3. Experimental Part. - deA(G), E , ( G )  and Q ( G )  are measured for the solution of testosterone pro- 
pionate (5) in the mesophase of a mixture of cholesteryl chloride and cholesteryl laurate (1.8:l by 
weight). The orientation of the solution is generated by a constant electric field (2. lo6 V/m). The 
thickness of the samples is mostly 1, sometimes 3 mm. Under this condition, no scattering of light can 
be seen visually. The compensated nematic phase of the pure mixture [6]  exists in the region of 
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T- 36". The CD.  resp. UV. spectra of the isotropic solution are measured at T= 80". For all measure- 
ments the x j  axis is defined as the direction of propagation of light. For the CD. measurements, the 
optical axis of the system is parallel to the xj axis (electric field parallel to xj). For the UV. 
measurements, the xi axis is chosen as the optical axis of the system (electric field parallel to xi). 

4. Results. - The CD. spectrum of testosterone propionate (5) in the isotropic 
solution of the mixture of cholesteryl chloride/cholesteryl laurate (Aeiso (C); T= SOo) 
and in heptane for T=23", 36" and 80" are of the same structure and magnitude 
(Fig. 3n). The small differences between the curves should be due to the usual 
solvent effect. 

The measurement in the oriented mesophase (AeA(i i ) ;  T =  36") shows a strong 
alteration of the magnitude and band structure compared to dei,,(C) (Fig. 3c ,  d). 
These curves depend on concentration and temperature. The measurable range of 
concentration is determined for small concentrations by the sensitivity of the 
apparatus and the error produced by interference of linear birefringence. For 
concentrations higher than 0.3 mol 1-' the signal to noise ratio decreases in a way 
that every measurement was impossible, although visually the samples are as 
transparent as those with smaller concentration. The variation of temperature is 
limited by a resulting phase transition from the nematic to the cholesteric phase. 

Fig. 3. a) AE,~,,(G) (-) of 5 in the liquid crystal mixture (80") and the spectra A & @ )  in heptane 
[T=23" (- - - -); T=80"(-.-.-.-.-.)]. (The spectrum for T=36" is omitted, because it is within the 

accuracy of the figure equal to that of T= 23"). 
b) The small positive CD. band at F=26.180 em-' in heptane and its temperature dependence [T=23" 

(- - - -). T=36" ( .  . . , . . . . .). T=80"( )] 
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c) The concentration dependence of AcA(C) of 5 in the oriented liquid crystal matrix (T= 35.3"; parameter 

d) The temperaturedependence A.cA(f) of5 in theorientedliquidcrystalmatrix (c= 0.2026 moll-' atT= 35.3"; 
parameter T "C) 

c 10 



578 HELVETICA CHIMICA ACTA - Vol. 61, Fasc. 2 (1978) - Nr. 47 

Within the experimental error the change of AeA(S) as a function of temperature 
and of concentration respectively is the same at each wave number.That means 
ddeA(S)/dc is proportional to dAe*(S)/dT for each wave-length. 

The UV. spectrum of 5 in the isotropic solution of the cholesteryl chloride/ 
cholesteryl laurate mixture is the same as that in heptane apart from a small 
solvent dependence. The concentration and temperature dependence show the same 
behaviour as the CD. spectra. The degree of polarization as a function of ii is not 
uniform (Fig. 4). 

5. Discussion. - It is known [7] from UV., NMR., ESR. and other methods that 
a solute can be oriented in a liquid crystal matrix, which is oriented itself in an 
electric field. Therefore the measured effect in UV. and CD. should be a conse- 
quence of an anisotropic orientational distribution. But there can also be a solvent 
effect because the surroundings of the solute are different in the isotropic solution 
and in the oriented mesophase. Beside the intensity change ( AE ( S ) ;  E ( S ) )  and the 
shift of wave-length of the bands, a change of the spectra due to the different con- 
tributions of the three possible conformers [8] of 5 can occur. Furthermore, in the 
following discussion we have to compare measurements of the isotropic and aniso- 
tropic solutions which are done at different temperatures. For this we have to 
analyse the temperature effect in order to estimate the magnitude with which this 
effect contributes to the change from Aeiso (S) to AcA (t). 

5.1. The temperature and solvent effect. Both the temperature and the solvent effect of the UV. and 
the CD. spectra are relatively small (Fig. 3 4  46). Lowering the temperature from 80" to 36" results 
in an increase of the CD. of about 7 to 8% in the main bands (negative bands) and in the small positive 
band at the long wave-length side (Fig. 36). The whole alteration can be interpreted as a very small 
shift of the CD. from a positive to a negative sign. This shift is small but similar as compared to the 
change of the band structure in the isotropic-anisotropic transition. Therefore both effects could have 
the same origin. 

Assuming the existence of some conformers the mean value of the CD. is given by5) 

I 

K,, is the equilibrium constant for the equilibrium between the conformers i and j (K,j = c,/cj) and co 
the weight-in quantity. d:,(i.) represents the CD. of the conformer i. If one assumes that only two 
conformers are essential, then the change of d e l s 0 ( ~ )  as a function of Ki, and therefore as a function 
of temperature can be described with an equation identical to equ. (6b), if p is interpreted as: p= 
Kzl/(l+K21). Using Aei-values for the two conformers which have a different sign, a change of the 
curve similar to Figure 26 can be constructed. Comparison of the measured temperature dependence 
of d&iso(Q) and that of deA(D) with the theoretical curves deA(V.p) in Figure 7 shows that this 
mechanism seems to be unimportant. One can draw a similar conclusion from the UV. spectra. The 
solvent effect for a series of nonpolar and polar solvents leads to the same result [9].  Therefore, 
temperature and solvent effects are only of subordinate importance. By neglecting these effects the error 
of the calculated data given in the following sections should be small, probably not larger than 8%. 

5 .2 .  Estimation of the orderparameter p and the direction of the transition moment. 
As mentioned in paper I11 [4], it is impossible to determine p in general from 
equ. (8) only with the knowledge of ciso(S), el($) and c2(S) and any further 
measurement of the absorption with light having an oblique direction of propaga- 

5 ,  Jclso($) is independent of the concentration (weight-in quantity) of the solution. 
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Fig. 4. a) t i s o ( $ )  of 5 in the liquid crystalmixture (T= 81" (~ )), the degree ofpolarization (T= 38.2") 

b) The anisotropic absorption E ~ ( V )  and E * ( $ )  of 5 (c=O.O1732 (----) c=O.O682 (- ) c = 0.20443 

E ,  are the three upper, €2 the three lower curves. 

and& ( G )  in heptane (T= 23" (----); T= 81 (- 

-) moll-'; T=38.2"); 

-. - ,  -. -)); 
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E( . j . c )  
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c) The anisotropic absorption E I ( G )  andcI(ii) of 5 (T=25.5" (-.-.-.-.-.-); T =  38.2" (----); T=48.5" 

d) Theanisotropicabsorptionc, (GO) [uppercurve] a n d q  (Bo) [lowest curve] andthedegree ofpolarization P(,'o) 
asafunction ofthe concentration and temperature [PO= 30.030 cm-I; for f(T): [x, +]  c= 0.186 moV1; for f(c) 

(o,A] T= 38.2"]. 

(-..-)' , c=O.185 at T =  35.6"); E I  are the three upper, c2 the three lower curves; 
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tion with respect to the optical axis of the system. In addition to these quantities, one has 
to know the value ofel + E~~ or E ~ ~ ,  which in general is not accessible. In order to over- 
come this problem, more or less severe simplifications are necessary. For determiningp 
and the direction of the transition moment for 5 we have to combine the UV.-data of 
three different compounds: 2 , 5  and 8 (Fig. 5). Furthermore, we need the following 
assumptions : 

a) The transition moment of 2, 5 and 8 is determined by the same chromophor 
C=C-C=O. Its direction is connected for all three molecules in the same way to the 
skeleton of the chromophor and is - as well as the absolute value of (pUr)NnKk - 

independent of the other parts of the molecule; 
b) The transition moment lies in the x2x3 plane defined by the condition 

c l l=O.  This plane should be essentially the “mean” plane of the molecule 
(Fig. 5); 

c ) ~ )  The axis of orientation given by x3 is the same in 2 ,5  and 8; 
d)6) The order parameter p is the same for the three molecules because the 

e) The skeleton of the chromophor of 2 and therefore the transition moment 
structure of these molecules is very similar; 

transforms to that of 8 by a rotation of 

Yg/z’ag-O2=240”; 

f) The skeleton of the chromophor of 8 and therefore the transition moment 
transforms to that of 5 by the mirror plane xIx3 (o‘=o” in Fig. 5). For that 
reason the angle between the directions of the two transition moments of 2 and 5 
is given by 

?S/Z = g s  - gz = 2 (390 - 08) . 

With the assumptions a) and b) one gets: 

c , 1 = 0  

~ 3 3  = 3 E~~~ sin2 a 

CJ is the angle between the transition moment and the x2 axis. From equ. (8) and 
(1 1) the absorption coefficients are 

1 (B) = 3 ciso (B) -(1 -p) +psin2a (c) i: 
i: 2 1 (12b) 

P 
E 2 ( C ) = 3 E l s o ( B )  -(l-p)+-cos2o(iq . 

6 ,  From CD. measurements one can see that this is not really true [3]. But because there is only 
a relatively low sensitivity of the UV. spectra against rotations of the molecule, this assumption is 
allowed here. 
u is a function of 0. 7, 
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wx3 
Fig. 5. Comparison of the different directions 

of the transition moments in 2 , 5  and 8 

With the simplifications c) and d) and the equ. (12) the direction of the transition 
moment for the ith compound (if 2 )  is given by: 

f f z =  f f i -  Yi/Z (13 b) 

Ri= [ ( E ,  - E ~ ) / ( E ~  +2e2)li  is the degree of anisotropy of the ith compound. 

*) In order to fulfill the condition Osps 1, we have used here the positive sign in equ. (13a) 
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Using the compound 2 as a reference (the UV. data are given in [lo]) the 
transition moment of 8 can be calculated by equ. (13a) because y s / 2  is known. 
From os and equ. (14) the parameter 0 can be calculated from the UV. data of 8 
[Ill.  Using UV. data from different wave numbers a set of p values is obtained. 
A second set can be evaluated with 

from the UV. data of5  (Fig. 4) and the transition moment of8, obtained by the relation 
between y 5 / z  and o8. Because of the concentration dependence of c i  (0) and e 2  (D), we 
choose for evaluating o and p measurements done with nearly the same concentration 
(= 6 . moll-'). Because of the conditions a) and b) and the fact that the UV. spectra 
ofdifferent compounds are slightly shifted against each other we have always used for the 
calculations with equ. (13 a) and (14) absorption coefficients, which belong to wave- 
numbers having the same distance to the maximum of the UV. band of each 
compound. 

From the UV. data of 2, 5 and 8 in the spectral region of about 28,000 to 
33,000 cm-' the order parameter is given by p=0.27. It is very difficult to estimate 
the error of this number. Because of the severe simplifications of the method one 
has to expect an error of 25-30%. More important - and this we have to point out 
very clearly - is the fact that we do not get any information about the absolute 
orientation of the coordinate axes within the molecule for unsymmetrical com- 
pounds as 2,5  and 8. 

5.3. The tensor of rotation and the concentration and temperature dependence 
of the order parameter p. Using the order parameter determined from the UV.- 
spectra, the tensor coordinate c c RYtKk GNnKk (5) resp. A c t 3  (0) can be calculated by 

equ. (6) from the measured curves of dcA(i7) and ~ l t . , , , ( 7 ) ~ ) .  From these numbers 
the sum of At?,(;) and LIE&(;) can be evaluated too, which is shown together 
with At.$(:) in Figure 6. This is the experimental proof for the statement given in 
paper 111 [4] that the spectral functions of the CD. connected with different tensor 
coordinates have a different frequency dependence. 

With these data one can calculate AeA ( 5 )  as a function ofp (Fig. 7). The good agree- 
ment all over the frequency region between the structure of the calculated and the 
measured curvesgivesafurtherevidencefor thecorrectness ofthemodel used. Compari- 
son with the concentration and temperature dependent experimental curves allows a 
quantitative determination of p (T) and p (c) as given in Figure 8. From this it seems 
that the CD. measurement of the compound 5 gives a very sensitive method for 
determining the concentration and temperature dependence of p.  The same analysis 
as discussed for the CD. data can be done for the UV. absorption spectra (Fig. 4). 
The components of the absorption spectrum are given in Figure 9. From this the 
order parameter p can be calculated too but the accuracy is lower here. The reason 
for this higher sensitivity in deriving p from the CD. instead of the UV. spectra is 
given by the different signs of the terms in equ. (6) (i.e. At.$(:) and AckC, (C) ) .  

n Kk 

9, de,,,(i.) is defined by equ. (5) together with g,lj3= 1/3 a1,. 
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i 
Fig. 6.  The calculated components of the CD. of 5 

Fig. 7. The calculated AeA(S)  as a funcrion of the order parumeter 
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Fig. 8. The order parameter p as a function of the temperalure and the concentration calculated Jrom 
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Fig. 9. The calculated components ofthe UV. spectrum of 5 
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5.4. Analysis of the vibrational structure. It is shown in the preceding sections that 
the CD. connected with the various tensor coordinates has in each case a different 
frequency dependence. In a theoretical description using the Herzberg-Teller scheme 
[4], this behaviour originates in the fact that different modes of vibrations con- 
tribute by a different amount to degB (p= 1, 2, 3; no summations over /?). There- 
fore a further separation resp. a decomposition of the bands def1(?)+d~f2(?) and 
A E $ ~ ( ? )  into different modes of vibrations should be possible. 

Using the condition (pl) = 0, which results from the definition of the coordinate 
system (sect. 5.2), the explicit form of the tensor coordinates REnKk is given by 

This shows that the CD. produced by RYTKk and R F K k  is determined by con- 
tributions of transitions polarized parallel to the x2 axis ( E~~ (?)). These bands are 
responsible for a negative degree of polarization or for relative minima in the 
function P (?). RYFKk also can have contributions from positively polarized bands 
(parallel to x3). RFTKk is only determined by progressions polarized parallel to 
the x3 axis ( P  ( V )  > 0 ;  E~~ (0)) . Therefore the maxima given by A&(;) are associated 
with the relative minima in the curve of the degree of polarization. Because this 
band system has its origin in a n+n*  transition (A,-+A2 in C&), the negatively 
polarized bands (parallel to (p2)NnKk) cannot include the 0,O-band. Therefore we 
have to conclude that ~Ie;\~(i;) is connected with the following type of progressions: 

RNnKk+RY2Kk 1 1  resp. d ~ f ~ ( V ) + d e ~ ~ ( ? )  (Fig. 6)  should also be determined by a 
progression of the type given by equ. (16). But to a large extent the sum should be 
determined by systems of bands polarized parallel to x3 [(I (p3 )  I > I (p2)  I ) .  
Figure 91, which include the 0,O-transition [equ. (17)]: 

Therefore the maxima of defl(?)+de&(ij) belong to the relative maxima of the 
degree of polarization. 
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From this scheme we can derive at least two different progressions. One of them 
is given by equ. (16) and is connected with a positive CD. The other one [equ. (17)], 
which includes the 0,O-transition, belongs to a negative CD. 

(P), cZ2 (P) and 
~ ~ ~ ( 5 )  are in the order of 1200 cm-', which is found also for saturated ketones 
in connection with the symmetric carbonyl-group-stretch frequency. Comparing the 
band systems of A&fI(Cj)+Aef2(C) with that of Ae$(t) one can see that the first 
system appears at higher wave numbers (Fig. 6). In agreement with this observation 
the progression of c33 ( a ) ,  which belongs to A&?, (a )  + A c t 2  (C), is found at higher wave 
numbers, too. Therefore the band at the lowest wave number in the progression of 
E~~ ( i j )  and def1 (a )  + A e f 2  ( i j )  cannot be the 0,O-transition and we have to conclude 
that this is to weak to be observed here. 

From the separated CD. and UV. spectra (Fig. 6 and 9), a progression for the 
components E ~ ~ ( C )  and de?1+Acf2(P)'0) can be derived (Fig. lob, c), which has to 
be connected with the relative maxima of the degree of polarization (Fig. I O U ) .  
Therefore one can describe this progression by equ. (17) as discussed before. A 
p-ogi-esaion belonging to the relative minima of P (Fig. IOa), which has its origin in the 
vibronic coupling (equ. (16)), can be derived from ~ ~ ~ ( 5 )  and Aef3(P) (Fig. ZOb, 
d). The mean values from both descriptions (Fig. IOc, d) are given in Figure 1Od. 
From these values the wave number of the totally symmetric progression is calculat- 
ed to be C1 = 1170 cm-'. Assuming that the first band of E~~ ( a )  is connected with 

The separations of the maxima of At?, (a )  + (a ) ,  

! !  
! !  , !  i i i  ! !  
! ;  , I  

i i  
I 

! I  

f l  

26 

Fig. 10. Analysis of the CD. and UK spectra of 5 

lo) A contribution to dcfl(C)+ ~ c & ( P )  of the progression which is responsible for the spectrum of 
c22(t) cannot be seen in the expermental curve. 
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the first excited vibrational state (m= 1 in equ. (17)), then the 0,O-transition will 
be at 26,300 cm-’. From this and the first band of the progression given by 
equ. (16), the ‘nontotally symmetric’ mode, which results from the vibronic 
coupling, is given by tx= 870 cm-I. This value corresponds well with that found for 
saturated ketones [ 121. 

As a conclusion from the analysis given above, the CD. and UV. spectra of the 
a, p unsaturated ketone 5 are built up by two progressions: 

Series CD. Degree of polarization 

(I) Coo+m. 1170 positive positive 
(11) Coo+ 870+ m . 1 170 negative negative 

If the very small CD. band at 26,380 cm-’ in the isotropic solution is connected with the 0,O-transi- 
tion, one would have to assume that the sign of the CD. can change within a progression. For 
this there exists no hint at the moment. This band can also be a consequence of the superposition 
of the first negative CD. band of de$,(V)+dsf2(V) and the first positive band of A c t 3 ( $ )  as a function of 
p. If one follows the line connecting the maxima of the first band as a function of p in Figure 7. 
one comes straightforward to the position where this small positive CD. band is found. 

In the isotropic solution the series I1 prevails against I. By orientation and a 
measurement of the CD. along the optical axis, the intensity of the positive series 
I outweighs the intensity of the second series (11) and therefore the CD. band 
will be more and more positive if the order increases. This is shown schematically 
in construction of the experimental curves in Figure IOe (Aciso(C)), Figure lOf 
( deA (j)) and Figure 7. 
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