Lawrence Berkeley National Laboratory
Recent Work

Title

ELECTRON SPIN RESONANCE SPECTRA OF THE RADICAL ANIONS OP NITROSOBENZENE AND
NITROBENZENE IN LIQUID AMMONIA

Permalink

https://escholarship.org/uc/item/5dg423ch

Authors

Levy, Donald H.
Myers, Rollie J.

Publication Date
1965

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5dg423ch
https://escholarship.org
http://www.cdlib.org/

UCRL-16060 Rev.

University of California

Ernest O. Lawrence
Radiation Laboratory

ELECTRON SPIN RESONANCE SPECTRA OF THE RADICAL ANIONS
OF NITROSOBENZENE AND NITROBENZENE IN LIQUID AMMONIA

s

\
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
* For a personal retention copy, call
Tech. Info. Division, Ext. 5545
i N J

Berkeley, California




e 33k rres. Ak B e it P eSe 0 G e i M S SO, AU PO P
E

e bt A B

Submitted to Journal of Chemical Physics

1

. UCRL-16060 Rev.

UNIVERSITY OF CALIFORNIA

Lawrance Padiation Laboratory
S8erkeley, Californiaz

AEC Zontract No.. W—?hOS-eng-h8'f‘

Electron Spin Resonance Spectra of the Radical Anions of
Nitrosobenzene and Nitrobenzene in Liquid Ammonia

Dor2lé X. Levy and Rollie J. Myers

January 1955

N

ZaN\



.

.

ELECTRON SPIN RESONANCE SPECTRA OF THE RADICAL ANIONS OF
t NITROSOBENZENE AND NITROBENZENE IN LIQUID AMMONIA

Donald H. Levy and Rollie J. Myers

Inorganic Materials Research Division, Lawrence Radiztion Laboratory
Department of Chemistry, University of California,
Berkeley, California ‘

The ESR spectra of +he nitrosobenzene (C6H5NO) end nitrobenzene

"(C6H5N02) radical anions prepared by electrolytic reductionl‘haveibeen

observed in liquid ammon:ia. The nitrosobenzene'radical anion shows two
ortho and two meta proton coupling constants which can Be explained by

simple theoretical models. The nitrobenzene radical agion was prepared

n

in liquid ammonia as a roference and to compare solvent shifts.
The observed spectrum of the reddish-brown nitroscbenzene radical

anlon is shown in Fig. le.. This radical appears to be gquite stable at

8° . , 4 T y s 4 Q a 1
=70°C in liquid ammonia solution, particularly compared to 1,3-butadiene.
The' spectrum consists of 30 principal lines which are further split by
small amounts. On the bzsis of the 30 principel lines one can readily . .

cormine the 1t . :
determine the N, the single para proton, and average values for both
the ortho and meta coupling cocastants. The larger value can be ascigned
to the ortho protons in snalogy to nitrovenzene. The additional splittings
can only be accounted for if it is assumed thet nitrosobenzene has two
ortho protons differing by 0.30 g. A similar difference for the mcta
protons of 0.18 g. can be determined from the -intensity ratios within

its triplets. The calculated spectrum in Fig. 1b shows the excellent

- .

agreement with experiment for the constants in Teble I.

The two ortho and two mete coupling constants must arise from the

effects of a non-linear C-N-0 group. Thils group must oe held Tairly
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rigidly in & planar coarormetion. This is similar to the case of aitro-
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benzene, but the symmetry of nitrobenzene does not &llow us to de
directly the effects of the N-O bond on the coupling of the ring rvrotous.

A theoretical interpretation of this effect can be included in a

of two ways. One can either utilize e smell resonence integral between

~the oxygen and the nearby ortho carbon,(betﬁeen posiﬁions 1 and 8) or

-

describe the polarizeticn effects of the nifroso group. by changing the
Coulomb integral of one ortho carbon atom;' Rieger and Fraerikel3 used the
latter method and Stone and Makih used both metheds to accounf for similar
asymmetries in substituted benzaldehydes.  Stone and Maki referred to

1

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

5

configuration treatment of McLachlan” with the parameters recomnended
by Rieger and Fraenke12 but with B8 = 1/3 &N 6 and with Tig = 0.05
or 68 = -0.07, then one obtains the theoretical proton coupling constants

given for nitrosobenzene in Table I.

Tt cen be seen from Table I thet either e small value for the resonance

integral between the oxyzen and its nearby ortho carbon or z small change

tion of the two ortho ani meta coupling constants. As previously

L“ 3 o+ £ < <4 e | Y
observed, these two eff2cts are seen to work in opposite directions and

1

we are unable to distinguish between them. An arbitrary adjustiment of
parameters can improve tiae agreement with the values in Table I particular-
ly for <the parg, position, dbut the purpose of our calculation was Lo use
only one completely adjustable perameter (718 or 68) to explain the two
ortho and meta coupling constants.

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

N
N
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of nitrovenzene in liguid emmonia. The radical anion was prepared by the
electrolytic reduction of a 5X10 3M solution 0.1M in sodium iodide. The

spectrum was. independent of temperature from -40 to ~78°C. The values in
" . . . A -
varenthesis are for nitiobenzene dissolved Iin methylformamide, acetoni-

trile,7 and 50% water in acetonitrile, ~ respectively. It’can be scen from
Table I that the solvent shift for nitrobenzene in liquid ammonie is inter-

mediate between acetonitrile and 50% water in acetonitrile. Ludwig et al.

have recently releted the large solvent shifts for nitrobenzene radical
anion to the formation of hydrogen bonds with the solvent. Since ace-

tonitrile and liquid amronia have essentially the same dielectric constants

- the shift cannot be explained entirely by the simple pblarity of the

solvent. Since liquid emmonia is a more protilic solvent than is acetonl-

£rile 1ts position in the solvent shifts in Table I is consistent with

some type of hydrogen bending. However, it can also be seen from Table .
i s A - 2 .. .

I that the calculeticon of Rieger and Fraenkel which is based upon a

variable oxygen Coulomb integral is a very satisfactory cualitative

Interpretation of the shift in the nitrogen and proton coupling constants
9

.

in a wide variety of solvents.

This work was performed under the auspices of the United State:s

Atomic ZEnergy Commission.
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Table I -

“s . &
Coupling Constants for Nitrosobenzene and Nitrobenzene Radical Anions

o Rermrns o ne b b bm s oh e

vt

et e e e,

Position Nitrosobenzene ‘ Nitrobenzene
Obs.” .m;.hCal.c - Obs.I
. .4 . .e
B effect” o effect
Nitrogen-2 T.97 : - - - 11.46(9.70, 10.32, 13,59)
Para H-6 2.97 k.43 L.sh . 3.89(4.03, 3.97, 3.54)
Ortho H-k . 3.887% 3.68 4.02°  3.42(3.36, 3.39, 3.4k)
v . : .
-8 L1k g k.03 3.67 _
Meta E-5 0.66 1.08 1.22 1.11(1.07, 1.09, 1.12)
-7 1k 1.22 1.08
a

Absolute megnitudes in geuss.

° Bracketed values may be interchanged.
c
Celculeted with B - 1.5, 8y = 0733, Yyq = 1.67, Yoy = 1-2, and
QCUH = 23.7. The meta positions have negative spin density.
Using Y, = 0.05 between positions 1 and 8. pl = 0.2629, by = 0.3138,
o, = 0.0086. '
"3
€ "'n' =-“ = N = =
Using &g 0.07. 0y = 0.2652, b, = 0.3121, Py = 0.0026
T

Our value in liquid ammonia followed by dimethylformamide (ref. 2),
acetonitrile (ref. 7) and 50% water in acetonitrile (ref. 8), re-

- Spectively.
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