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Observation at different temperatures of uv absorption spectra of a number of i m i d a z o l i d - 4 - o n e  der iva-  
tives, dimerocyanines,  shows that  change in temperature  of the solution causes considerable al terations in 
the absorption curves. In agreement  with previous results, this corresponds to a d isplacement  of equil ibrium 
between two dye conformations in solution. One conformation has the 13-dicarbonyl group more coplanar 
with respect to the plane of the molecu le  than the other. The transition energy required to convert  one 
form into the other ( ~ t )  is found from a plot  of the logarithms of the equil ibrium constants against the re-  
c iprocal  of the temperature .  It is shown that Zk[-t depends on the substituent at the nitrogen atom in position 
3 of the imidazol idone  ring. 

Study of the e lect ronic  and ir absorption spectra of dimerocyanines,  derivatives of 1, 3-disubstituted i m i d a z o l i d - 4 -  
ones [1-3], made  i t  possible to show that in solutions of dyes containing the phenyl group in posit ion 1 of the ke tometh-  
y lene ring and a 15-dicarbonyl group in position 2 of the same ring, there exists an equil ibrium between the two forms 
that depends on the position of the tS-dicarbonyl group re la t ive  to the plane of the ke tomethylene  ring. Solvation pro-  
motes formation of the form with the dicarbonyl  group more rotated.  In the absence of a solvating solvent, equil ibrium 
between the two forms can be displaced by varying the temperature  of the solution [4]. Thus, measurement  of absorption 
spectra of dimerocyanines at different temperatures made  i t  possible not only to confirm the existence of the conforma-  
t ional  equil ibrium independently,  but also to determine the energy of transition from one dye form to the other. 

The subjects of invest igat ion were the dyes I and II, giving two forms in aprotic solvents and two absorption bands 
in the visible region, the intensity rat io depending on the solvent Dk, or the re la t ive  content  of solvating component  [1]. 
For comparison, dyes III and IV were also invest igated:  their absorption curves are simple,  corresponding to the existence 

of only one form in solution. 

The spectra were measured on an SF-4 spectrophotometer,  with a special  thermostat ted j acke t  connected to a 
water thermostat .  Over the range from room temperature  to 70 ~ the temperature  in the cells was main ta ined  constant to 
within sO. 05 ~ 

[$ ~ = C H - - . C H = c - - - N / 0  
, 
C~H~ o ~ ,  R 

I I~=C(COC6H5)COOC2Hs, W=C2H~; I!! 17,=S, R.'=CsHs; 
il R=C(COC6Hs)COOC2Hs, P,'=CH3; IV R=O, R'fC2Hs. 

Figure 1 shows the absorption spectra of 5 x 10 "5 M dye solutions in benzene, obtained at  different temperatures.  It 

can be seen (Fig. 1, a and b) that  with dyes I and II raising of the temperature  of the solution leads to a marked change in the 

shape of the absorption curve. The position of the maximum for the dye I is displaced from 555 mg at 23 ~ to 545 ml~ at  63 ~ 
Especial ly marked is the change in the absorption curve on heat ing dye II (Fig. 1, b). The curve for 4 3  ~ has two distinct  
absorption max ima  at  565 and 550 mt~, corresponding to the two conformations of the dye molecule ,  which are present at 
about the same concentrations in the dye solution, while the absorption spectra of the solutions of dyes III and IV (Fig. 1, 
c and d) are p rac t i ca l ly  unchanged for the temperature  range invest igated.  This confirms that these two dyes have the 

same molecular  form. 

Bad resolution of the two m a x i m a  makes i t  difficult  to determine accura te ly  the concentrations C 1 and C 2 of each 
form of dyes I and II present in solution at a par t icular  temperature .  However, the concentrations CI and C2 can be found 
from the exper imenta l  absorption curve, i f  i t  is split  into two curves corresponding to the two conformations, provided 
that the positions of the absorption m a x i m a  of the dyes are known and that the ext inct ion coefficients of each form are 

equal.  

Figure 2 gives the relat ion between the reciprocal  of the temperature  and the log of the equil ibr ium constants for 

the two forms ca lcu la ted  in this way. It may  be seen that  the points correspond rather well  to a l inear  re la t ion.  From the 
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slopes of the straight lines, the ca lcula ted  heats of transition AH from one form of dye to the other is 2.5 + 0 .5  k c a l /  
/ m o l e  for dye I and 4 • 0, 5 k c a l / m o l e  for dye II. If i t  is assumed, as in [1-3], that in dimerocyanines I and II the con-  
formational  isomers are condit ioned by rotation of the 8-d icarbonyl  group around the C-~--C bond connecting it with the 
imidazol idone  ring, the values of AH obtained are a measure of the bond energy of the oxygen of the carbonyl group of 
the radical  and the 7r-electron system of the benzene ring at posit ion 1 of the ketomethylene  ring. Actual ly ,  the steric 
hindrances [I] in dye molecules  I and II strive to rotate the 8-d icarbonyl  group in such a way that the dye form obtained 
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Fig. 1. Dye absorption curves I(a), II(b), III(c) and 
and IV(d), measured at  23 ~ , 33 ~  �9 �9 " ,  43 ~ 
. . . . . .  and 6 3 " ~  

Fig. 2. Relation between temperature  and 

the equil ibrium constants of the two dye 
forms: 1 - I, and 2 - II. 

is that with the m a x i m a l l y  rotated radical .  On the other hand, in teract ion between the oxygen atom of ~he carbonyl group 
and the phenyl ring stops the ethyl  benzoyl  ace ta te  group fwm being rotated.  This givesrise to the dye form charac te r iz -  
ed by a smal ler  angle of rotation, and hence by greater coplanar i ty  of this par t  of the molecu le .  EvidentIy, the smatler  
the steric hindrance,  the greater this interact ion energy, and hence the value of ~H. In agreement  with previous work 
[1], it  follows from the measurements  of ~-t  given that the me ty l  group in posit ion 3 of the ke tomethylene  ring creates 
less steric hindrance than the ethyl group. Obviously, the heat  of solvation of the dimerocyanines I and II, or of hydrogen 
bonding between the solvent and the carbonyl group of the e thy lbenzoylace ta te  group, must be greater than the values of 
AH found for transition between the two dye forms. This condit ion is also in agreement  with the usual heats of hydrogen 

bonding, namely  5-10 k c a l / m o l e .  
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