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The problem of the unpaired electron exohange frequency in theoL,d-dia- 

rylalksne anion-radicala has remained unsolved in spite of a considerable 

amount of experimental (I-5) and theoretical (6, 7) work. Until now a possi- 

ble exchange reaction (8) between the anion-radical end non-radical components 

of the system has not been taken into consiieration. This delocalization mecha- 

nism een compete with the unpaired eleotron transfer through the barrier of 

the bridge group. 

We have investigated the ESR spectra of the anion-radicals of diphenyl- 

methane (I-K),d,d'-dinaphthylmethane (II-K), endd,d'-1,2-dinaphthyletha- 

ne (III-K). Fig. I shows the E%Z spectrum of the anion-radical I-K in 1,2-di- 

methoxyethsne (DUIE) with potassium at -70°, end Fig. 2 gives the spectrum 

of the ssme anion-radical in a mixture of 1,2-dimethoxyethene-tetrshydro- 

furan (THF) (1:I) at -lOO". As the temperature increases up to -70' the 

spectrumin Fig. 2 reversibly turns into the spectrum given in Fig. I. 

Anelysis of the spectra shown in Figs I end 2 results in the following hyper- 

fine splittings 

aortho = smeta = 8c~, = 2.05 G, %ara = O-9 G (5). 

The changes observed in the solvent mixture are connected with the hy- 

perfine line width alternation due to abnormel broadening of the odd compo- 

nents (g-11). This broadening D (T2-* ) is described by the following ex- 

pression (IO): 

n (T -I)= re2(?I - k)2 (% - %I)' 
2 2vexo 

, 
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where V eI0 
is the eleatron exchange frequenoy from one phenyl ring to the 

other one; MI end %Ir are the magnetia quantum numbers for the total Z aompo- 

nents of the nuclear angular moments of the protons in 

phenol firrgs; 3 d %I are the hyperfine splittings 

the megnetogyria ratio of the eleatron. 

the firstend seaond 

of forms I and II; )'e is 

Fig. I. The ISR speatrurn of diphenyl- 

methane anion-radiasl in DME 

at -70' 

II 

Fig.2. The ESB 

methane 

IIliXtUIV 

speatrum of dipheqyl- 

anion-radiaal in the 

of DMISTHP (I:11 at 

-loo0 

The lines corresponding to the projections of the ortho- and meta-proton 

magnetic moments will undergo the greatest alternation since their value of 

(81 - sII12 = (4.IG - 0j2 = 16.81 G* is considerably higher than for para-pro- 

tons, which is (aI - aIIj2 = (I.8 G - 012 = 3.24 G *. The hyperfine lines of 

methylene protons will not be affected by the electron exchange due to symmet- 

ry. The line intensities in groups M = 0 and M = f2 in Fig. 2 have the follow- 
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ing relations 1$2t324:3$2rI, which is connected with the Value of %RS2apera. 
2 

The line width is smaller in groups M = * and the Splittings tbara and 8cH 
2 

are clearly distinguished. The preliminary value of the exchange frequency is 

\) exe 
r 3 l 1013 exp (dOOO/RT) sea-I. 

A similar picture is observed in the ESR spectra of the anion-radicals 

II-K. A qualitative analysis shows that the ESR spectrum of the aniOn-radiCd. 

II-K in THF coincides with that of the anion-radical III-K in DME. On the ba- 

sis of this result and the data given in ref. (2-5) it is possible to make a 

conclusion that the exchenge frequency is small in the anion-radical II-K as 

compared with the hyperfine splittings. The ESR spectrum of the anion-radical 

II-K in DME differs from that in THF both by the smaller values of the split- 

tings end the smaller total width of the spectrum. Interesting changes take 

place with temperature in the ESR spectrum of II-K in the DME-THF mixture 

(1:I). The spectrum coincides with that in IlldE at -70' and at -115o it is 

similar to the spectnun in TEF at -110'. 

The beheviour of the I-K and II-K anion-radical spectra in pure MBE 

differ aharply from that in the mixture with THF. Uniform broadening of all 

the spectrum components is observed when the temperature decreases to the DME 

freezing point and below. 

Thus, the unpaired electron in I-K and II-K is completely delocalized in 

DME, an intermediate picture (from the unpaired electron delocelizatton towards 

its localization) is observed in the mixture with THF depending on temperature, 

and the unpaired electron is localized in one part of molecule II-K in TRW. 

We believe that the main ceuse of a different character of the spectra in 

DME end THF as well as in their mixture is connected with the different nature 

of the ion pairs, which is known to effect strongly the exchange rate constants 

in these solvents (8, 12). 

The loose ion pairs in DME are more active in the electron exchange reac- 

tions as compared with the contact ion peirs in TRW. As is known (Ij), elec- 

tron exchange is connected with a synchronous metal cation transfer from one 

molecule to another and therefere it is a different mobility of the pota&.um 

cation in DME and TRW, which determines the different delocalization frequan- 



oiea in these solvents. The reeults obtained may have general significance for 

understending delocalisation in systeme (Ar - X - Ar) Q+. 
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