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In parallel to a kinetic study on the photochemical and cata- 
lytic cis-trans isomerization reaction of 1,2-dipyridylethylenes 
(DPE's) (l), we observed formation of charge transfer (CT) com- 
plexes between the ethylenic derivatives and the iodine used some- 
times as a catalyst. These molecular complexes are interesting 
"per se" (2), furthermore they may play a role in the process of 
catalytic conversion. 

;Je then started a more detailed examination of the behaviour 
of five available trans DPD's. 

The r'sults obtained from the spectrophotometric study of the 
&ability constnnts of J,-DPE's in three different solvents are 
given here together with some observations on the temperature ef- 
fect. 

The DPE's were obtained from Raschig GmbH and conveniently pz 
rified by crystallization from cyclohexane or methanol before use. 

The visible absorption spectra of the complexes (perturbed io- 
dine bands) exhibit their maxima in the range 385-405 mu. The fi- 
gure shows an example of the complexation equilibria with the iso 
sbestic point between the two bands of free and complexed iodine. 

The stoichiometry of the complexes formed in solution was de- 
termined by the Job method (3), using the 400 my band due to the 
complexed iodine, snri found to be 1:l within the error limits 
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FIG. 1 - Spectra showing the formation equilibria of the complex 
beltween iodine and trane l-(3-pyridyl),2-(4-pyridyl)- 
-ethylene (3,4'-DPE) in dichloromethane. Spectrum 1 refers 
to the absorption of free iodine; spectra 2,3,4,5 ahow 
the band due to the complexed iodine at increasing DPE 
concentration. 

(longer cell8 and dilute solutions have been used for the leas 
soluble 4,4' complex). Crystalline solids isolated by precipita- 
tion from bienzenic solutions did not conform to this result. In 
fact the elementar analysis indicate a DPE -(Je)? composition 
for the 4,4' isomer, while the results for 2,2' and others iso- 
mere are lea8 reproducible and give a variable iodine content. 
11318 is prolbably understood aesuming that the solid and soluted 
complex have different etoichiometry or that even in solution 
two or more types of complexee exe formed. Moreover it should be 
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noted that it is difficult to obtain a pure solid complex, which 
also has a noticeable tendency to decompose evolving iodine. 

In any case the formation constants given in the table refer 
to 1:l complexes, as found essentially present in solution. They 
were determined spectrophotometrically at 25OC by Unicam SP. 500 
single beam and Optica CF 4 double beam instruments, equipped 
with thermostatic arrangements; the measurements have been made 
at a fixed acceptor concentration and different amounts of DPE on 
the 520 mu free iodine band and in some cases on the 400 nqr com- 
plexed iodine band, using the Benesi-Hildebrand plot (4). In a few 
experiments also a variable iodine c'oncentration has been used. 

The KCT in the table are mean values of 6-10 experimental data 
obtained in almost two experiments at different wavelengths end 
concentrations. The reproducibility resulted not so good, mainly 
in the case of the higher stability constants, where a slight de 
pendence on concentration has been noted; and this is probably 
due to the reason noted above. 

TABLE 

Stability Constants KcT (mole --1 litre) for the Equilibria 
'Transfer Complexes between Iodine and Dipyridylethylenes. 

OfCharge 

2,2' 32 18 22 
293’ 81.5 66 105 
2,4' 120 122 165 
3.4' 124 123 234 

Benzene Chloroform Dichlorome 

We tried to carry out investigations in n-hexane, which is an 
inert solvent suitable for the study of these complexes, but we 
succeeded only with the 2,J' compound (Job experiment, 1:l ; 

'CT = 192 f 9 at 25'C), as in the other cases the complex solubi- 
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lity 10 too small; 
The five isomers have then been studied in benzene, chloroform 

and diohloromethane; the latter resulted the more convenient both 
from the point of view of the absence of interaction with iodine 
and the reproducibility. 

The measurements in benzene, made at equal iodine concentration 
for all the ieomere, allow to etate a relative scale of eqdlibrlum 
constants, even if the values include the equilibrium between iodine 
and the solvent. 

The folJ.oWing order reeulte in the three solvents for the forma- 
tion conetante: 

K&,2') <K&2,3') <KCT(2,4') SKCT(3,4') 

The only value for 4,4' isomer, in clichloromethane, resulted 
209 Br'. 

It ie evident that eteric hindrance ie much important in the co! 
plex formation; that is, the meeomeric situation, which is impor- 
tant f.i., in the protonation proceeeee of pyridine-derivatives 
(5), is in the present caee much lees influencing the equilibrium 
than the proximity of the vinylpyridyl group to the second nitro- 
gen atom. 

The eteric requirements are etronger in the 2,2' complex with 
a similar behaviour to that found for 2-etyrylpyridine and 2-me- 
thylpyridine (6). In this reepect it should be much intereeting 
to examine the corresponding cis isomer whose preparation for the 
photochemical research is in progreee but has met eeveral diffi- 
culties so far. The corresponding 2,2'-pyrirlyl examined for com- 
parison purposes do not show CT bade at the came conditions: the 
complexafion equilibrium, if any, is in this case shifted towards 
the reagents. 

If it were possible to avoid precipitation and to study these 
equilibria at higher acceptor concentration, one could expect to 
find the formation of 1:2 complexee, as for the solid 4,4' com- 
pound, also in the solutions of the other iaomere. 
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If the present results are compared with those of pyridine in 
chloroform (KCT = 44 at about 28'C) (7), one notes a general ln- 
crease in complex formation (with the only exception of the cro! 
ded 2,2' complex), as can be expected also from the increased 
availability of reaction centers for the iodine molecule. 

The temperature effect on the equilibrium has been investigated 
in some favorable cases and resulted negative, the AH of forma- 
tion being of the order of -7 Kcal (it seems to increase in the 
order 2,3'< 2,4'< 3,4' indicating a noticeable entropic effect on 
the equilibrium). The rather large values for the formation en- 
thalpy are in favour of the n-Q character of these complexes. 

This work is part of the research program of the Bational Cen- 
ter of Radiation Chemietry ana Radioelements of the "Consiglio 
Nazionale delle Ricerche" (Section III - Bologna), which Is gra- 
tefully acknowledged also for the financial support. 
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