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ELECTRON SPIN RESOAANCE SPECTRA OF THE RADICAL A!-.'lONS OF 

NITROSOBENZE~~ -~~~ NITROBE~~ENE IN LIQUID ~WONIA 

Donald H. Levy and Rollie J." Myers 

Inorganic ~~terials 
Department of 

R·~search Division, Lawrence Radiation 
c:1emi stry, University of California, 
B<~rkeley, California · ' 

Laboratory 

The ESR spectra of the nitrosobenvene (C6H
5

NO) and nitrobenzene 
"· 

. · (c6H
5
No

2
) radica~ anions prepared by electrolytic reduction

1 
·ho.ve been 

observed in liquid a.mrnon::a. The nitrosobenzene radical anion shmvs two 

ortho and two meta proton coupling constants which can 'De explained by 

simple theoretical modeln. T:1.e nitrobenzene radical anion wa:::; ureuared 
I • • 

2 
in liquid ammonia as a r<!ference a!"ld to compare sol vent shi:f't s. 

The observed spectrum of the reddish-brown nitrosobenzene radical 

anion is shown in Fig. lE,. Tr>.i·s radical appears to be quite stable at 

-78°C in liquid arnmon:l.a ~:elution, particularly compared to 1,3-butadiene.
1 

The· spectrurr.. consists of 30 principal line.s which are further split by 

small amounts. On the bc.sis of the 30 principal lines one can readily 

detennine the ~4, the single para proton, and average valu0s for both 

the ortho and meta coupling ccnstants. The larger value ca!"l be as~icncd 

to the ortho protons in analogy to nitrobenzene. The additional splittincs 

can only be accounted for· if it is assumed that riitrosobenzene has t-..To 

ortho protons differing by 0.30 g. A similar difference for the mcto. 

protons of 0.18 g. can be determined from the·intensity ratios w~chin 

its triplets. ':he calculated spectrwn in, Fig. lb shmvs the excellent 

agreement with experinent for the constants in Table I. 

The two ortho and two weta coupling constants must ari~e from the 

effects of a non-llnear C-N-0 group. This group must be held fairly 
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rigidly in a pla..."'lar con:~ormation. This is similar .to the case of :1itro-

benzene,. but the symrnetJ'Y of nitrobenzene does not allo· ... · us to dc:tcr;ninc 

directly the effects of the N-0 bond on the coupling of the ~:ins })l'Otons • 

A theoretical intel·pretation of this effect can be includ~d in n 

hu"ckel LCAO molecular orbital calculation of the spin densities in either 

of two ways.. One can e:ither utilize 'a. snw.ll resonance· ir:.tet:;ral bl:!t,,•ccn 

the oxygen and the nearby ortho carbon. (betw'een positions l and 8) or 

describe the polarizaticn effects of the nitroso group by changinG the 

Coulomb integral of one ortho carbon atom.· Rieger and Fraenkel3 used the. 

4 
latter method and Stone and Maki used both methods to account for similar 

as~~etries in substituted benzaldehydes. · Stone and ~~ki referred to 
I 

these as the f3 and a. effects respectively. If one uses the approximate 

configuration treatment of McLachlan5 with the parameters recommended 

by ~eger and Fraenkel
2 

but with o~ = l/3 oN 6 
and with r18 = 0.05 

or o8 = -0.07, then one obtains the theoretical proton coupling consto.nt.s 

given for nitrosobenzene in Table I. 

It.can be seen from Table I that either a small value for the resonance 

integral between the oxy~en and its nearby ortho carbon or a small chan3e 

in the nearby ortho carb~n Coulomb integral yields a satisfactory explana-

tion of the two ortho an:i :rreta coupling constants. As previously 

4 
observed, these two eff·~cts are· seen to work in opposite directions and 

we are unable to disting· .. lish ·between them. A..'1 arbitrary adjustment of 

pa.ra.'!leters can improve t:1e agreement with the .values in Table I ;JO.rticular-

ly for the par2;_;. position, but the purpose; of our calculation ivas to use 

only one completely adju:;table para.Jneter (r18 or o8) to explain the t•to 

ortho and meta coupli!'lg eonstants. 

In Table I we also give our observed values for the radical anion 

.· 
t~-:.-i 

------------------------~~~ 



'i l 
l 

-3-

of nitrobenzene in liqu:Ld unlrno.nia. The radical anion ''as :prepr..rcd by the 

~lectrolytic reduction of a 5:D.O-~ solution O.L.\1: in sodium iodide. The 

spectrum was. independen~~ of temperature from -40 to -78°C. The values in 

d 1 d .t h 1" 'd '· 2 . :parenthesis are for nit:.·obenzene isso ve .~..n met y 1orma'll1 e) acetom.-

trile) 1 and 50% water in ~cetonitrile) 8· respectively. It 'can be ::;ccn froin 

Table I that the solvent shift for nitrobenzene in liquid ammonia is inter­

mediate between acetonitrile and 50% water in acetonitrile. LudwiG et ~1. 6 

have recently relateC. the large solvent shifts for nitrobenzene radical 

anion to the for.mation. of hydrogen bonds with the sol vent. Since ace-

tonitrile and liquid a.mn~onia have essentially the same dielectric constants 

I 
the shift cannot be explained entirely by the s~rnple polarity of the 

solvent. Since liquid ammonia is a more protic sol vent than is ncetor~i-

·trile its position in the solvent shifts in Table I is consistent ivith 

sor.1.e type of hydrogen bonding. Hovrever) it can also be seen fron Table 

2 
I that the calculatiqn of Rieger and Fraenkel which is ba.Ged upon a 

variable oxygen Coulomb integral is a very satisfactory qualitative 

interpretation of the shift in the nitrogen and proton coupling conGtantn 

'" in a wide variety of solvents. 

This work was perfo~rned ~~der the auspices of the United State: 

Atomic Energy Commission. 
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Table I 

C N b '"' '' 1 A · a Cou::;>l+.ng onstants for Nitrosobenzene and itro enzene .:.iaCJ.Ca . m.ons 

Position Xitrosobenzene Nitrobenzene 

Obs. 0 .· .. Cal. c Obs. 
f 

i3 
. d 

effect a. effect e 

Nitrogen-2 7·97 11. 46 ( 9. 70} 10.32, 13,59) 

Para H-6 2. 9~( 4~43 4.54 3·89(4.03, 3·97, 

Ortho H-4 .., 8' ""'( 3.68 4.02. 3-42(3.36, 3-39, .J. ..;. :. 
~" 

-8 ~ \ 4.1 .) 4.03 3-67 
........ 

1.08 Meta H-5 o. S-E· ? 
I 

1.22 1.11(1. 07, 1.09, 
(' 

-7 l-1~ ; 
. - 1.22 l.o6 

a Absolute magnitu~es in gauss. 

0 
Bracketed values illay be interchanged. 

c 
Calculated with o0 .= 1.4, oN= 0.733, YNO = 1.67, YeN= 1.2, and 

Q~.~ = 23.7. The meta positions have negative spin aensity. 
~...::. 

3. 51~) 

3.44) 

1.12) 

d 
Using Yeo = 0.05 between positions 1 and 8. pl = 0.2629, p2 = 0.3138, 

P
3 

= o.oo86. 

e 

f 
O~r value in liquid &~~onia followed by dL~ethylformamide (ref. 2), 

. 
acetonitrile (ref, 7) and 50% water in acetonitrile (ref. 8), re-

spectively. 

r::::-~ 

-----------------------------------------------~~~: 
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