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Abstract—The ESCA core level spectra of the perchlorodipheaylaminyl radical have been measured and are
interpretated in terms of a significant unpaired spin density on nitrogen. Comparison is drawa with conclusions
based on the comresponding ESR data. Satellites are observed 1o the low kinetic energy side of the direct
pho(o»mnonpahudlhuemmwmuudmmm of w-#® shake up transitions accompany core

There has been considerable interest on both an cxperi-
mental and theoretical front in the mvunpuon of
multiplet effects accompanying core ionization with the
pndomuum empbhasis to date being on paramagnetic
transition metal complexes.' With the present back-
ground of available information the investigation of
multiplet effects in the core ionization of transition metal
complexes provides a useful tool for the investigation of
spin state, stereochemistry, oxidation state and dis-
tribution of unpaired electrons which is becoming of
increasing importance.'

By contrast there have been relatively few in-
vestigations of paramagnetic organic systems; the pub-
lished data being confined to the diphenyl picryl
hydrazy’® radical and dnemary butyl and
ditrifluoromethyl nitroxide systems.’ Although in prin-
ciple ESCA studies of multiplet effects in such systems
should (and in the case of the nitroxides does) provide a
means of investigating unpaired spin distributions there
are relatively few stable organic free radicals which may
conveniently be studies with conventional instrumen-
tation. From availabie theoretical calculations it is clear
that even for systems in which an unpaired electron is
essentially localized on an atom (e.g. C, N or O) the

ulnpletsplmm.mthc Is core levels is predicted to be
quite small (1-2eV), comparable to the typical in-
strumental resolution.’*~'*? Indeed for the two systems
which has been studied in most detail the multiplet
splittings in each were manifest as broadening of the
core level signals since there is considerable delocaliza-
tion of the unpaired electron in both cases.’

In recent years a new class of stable organic free
radicals have been produced by synthetic routes
pnoneetedbyhllutudal.‘mbmcnnonalebehmd
the work is to sterically shield the site of high spin
density by appropriate chlorine substitution. In this way
for exampie the perchlorodiphenylaminyl radical has
beenpnwed‘nnsublcwhdwhthybekmmm
on a time scale of months without appreciable oxidation.
ESR studies at first sight suggest a high degree of spin
localization on nitrogen comparable with diphenyl picryl
hydrazyl and somewhat less than for ditertiaryl butyl
nitroxide, however the magnitude of the hyperfine split-
ting as a measure of spin localization is ambiguous since
distortion from planarity about the nitrogen can lead to
substantial s character for the singly occupied molecular
orbital the net effect being that quite a small spin density
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could lead to an appreciable hyperfine coupling.’ The
relative chemical inertness of the perchlorodipbenyl-
aminyl radical could therefore possibly arise from ex-
tensive delocalization of spin density over the pheny!
substituents with a relatively small spin density on
nitrogen which constitutes the reactive centre. Steric
hindrance provided by the four ortho chlorines could
then explain the relative inertness of the system. The
substantial hyperfine splitting on nitrogen in this case
would be explicable in terms of significant 2s character
on nitrogen for the singly occupied MO.>*“ This is not
unreasonable on the basis of molecular models which
indicate considerable distortion about the CNC centre.
The alternative rationalization of the available data would
be that the unpaired electron is essentially localized on
nitrogen, the chemical inertness again being attributable
to the steric hindrance to approach provided by the four
ortho chlorines. The magnitude of the hyperfine splitting
however would suggest that if this were the case the
singly occupied molecular orbital must have a large
amount of nitrogen 2 p character so that the splitting
arises from indirect polarization.

To investigate these alternative possibilities we report
here a study of the core level spectra of the per-
chlorodiphenyl aminy! radical which goes some way to
presenting a consistent overall picture of the electronic
structures of the system.

EXPERIMENTAL

The sample of perchlorodipbenylaminyl radical was kindly
supplied by Professor Ballester of the Department of Chemistry.
Barcelona University. The sample (~ | mg) was sublimed onto
gold foil. The ESCA spectra were recorded on an AEl ES
200 AA/B electron spectrometer employing Mgy, , radiation and
mumemmmmm.,,meuuuoevm
ing energy. used for calibration purposes, had a FWHM of
1.15 eV. The spectra obtained were deconvoluted and the relative
pesk arcas measured using a DuPont 310 curve resolver.

Energy referencing was accomplished by studying hydrocarbon
material (285.0 eV) selectively deposited onto the sampie after the
core level spectra had been recorded.

RESULTS AND DESCUSEION
The core level spectra (Ny.. Cy,, Cha, Clp,) for the
perchlorodiphenylaminyl radical are shown in Fig. 1 and
the derived data are tabulated in Table 1. Considering
firstly the C,, spectrum this consists of a single peak
centred at ~ 286.7 eV somewhat lower in binding energy
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Table 1.

FWHM

Core level (in eV) (eV)

Shake up % of direct

Binding cnergies satellites photoionization

energy (eV) peak

Ny, 401.4(1)
400.8(3)

6.7

-
N -

cl.

21
1.2
12

ms
2025
210

Ch,
Cly,y

Chana

54

45 2
5.6 6
104 3

$?
57

tExpressed as percentages of corresponding spin orbit split compooents.
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Fig. 1. Core level spectra for the perchiorodipbenylaminyl radical.

than the chlorine substituted carbons in pentachioro-
benzene (287.5¢V).* This is not entirely unexpected
on the basis of the electronic effect associated with
replmn; hydrogen by a mu'ogen functional group. The

carbons directly attached to nnro.en are sufficiently
perturbed by the chlorine substituents in the ring system
to be considerably shifted to higher binding energy (CH
in pentachlorobenzene 286.2 eV) such that fortuituously
Mbmmemmemmllythcmum
appropriate 1o the C-Cl structural features.® The net
effect therefore is that the overall line shape and line
width for the direct photoionization peak for the C,,
levels is esseatially that appropriate to a single
component (FWHM 1.2 eV). Before discussing the satel-
lites to the low kinetic energy side of the direct pho-
toionization peaks (attributable to w-»w* shake up
satellites) we may briefly consider the measured binding
energies and FWHM for the other core levels. The
nitrogen core level spectrum shows a somewhat asym-
metric line shape suggesting that it arises from the
superposition of two components. Analysis of the line
shape in terms of two components of intensity ratio 1:3
may straightforwardly be accomplished and the derived
energy separation of 0.6eV is comparable with that
measured for the N,, levels of the nitroxides but
substantially smaller than for NO (1.4eV) or NF;
(1.9¢V) for which there is a large degree of spin local-
ization on nitrogen. The ESCA data show however that
there must be a significant unpaired spin density on
nitrogen and the ESR data therefore imply a very small
degree of nitrogen 2s character. The binding energy of
the N,, levels is closely similar to that for perchioroin-
dolenin which forms a suitable model for comparison

tit should be noted that the linewidth observed for the per-
chloro diphenyl aminyl is quite large (4 gauss) which may be
attributed to unresolved hyperfine splitting involving the chlorines.

purposes. Tthla.andCImmlevcl.shambmdlm

The evidence from the direct pbotononmlnn of the core
Jevels therefore would seem (o support an interpretation
of the ESR spectra in terms of considerable localization
of the unpaired electron although this does not neces-
sarily preciude the possibility of there being a very small
contribution from the nitrogen 2s orbital.

1t is also of interest to note that for the dimethyl aminyl
ndscalthehyperﬁmcwphucomumusomhn
larger (14.8 gauss)® which is also indicative of more
exlznm;e delocalization in the perchloro diphenyl aminyl
system

FottheN..holemthemulﬁpletsplitﬁn;isdvenu

AE=fxK where { is the fraction of unpaired spin
denmyonnm.enandxutheomeentuexehue
between a core and valence electron on
lhemmmonfomalum'uu

9.

those appropriate to the half
ionized systems (eompmed from the equivalent cores
spwc) Unfomnnwly the perchlorodipheny! aminyl
radical is inconveniently large for calculations at the
INDO level to be straightforwardly available. As a pro-

totype system to investigate the iikely relationship be-
meenspmdemuymtheuumdsmeuovpowdtom
Mmu.edmmmwommhve



Some aspects of structure and bonding in the perchlorodipheaylaminyl radical revealed by ESCA

bond angle about nitrogen of 103.4° and standard bond
lengths” the unpaired spin density on nitrogen for the
neutral system is somewhat dependent on the relative
conformation of the two phenyl groups. Thus with the
plane of the rings at an angle of 45° with respect to the
plane through the nitrogen and attached two carbon
atoms the unpaired spin density on nitrogen is some 5%
lower for the equivalent core species. With one of the
phenyl groups in plane and the other rotated by 90" the
change in unpaired spin density in going from the ground
state to the half ionized species is even less ~2%. It
should be clear from this that the spin densities ap-
propriate to the interpretation of multiplet effect in
ESCA and in hyperfine splittings in ESR are subtly
different. For the former the spin distribution is that
appropriate for a half ionized system as is clear from the
transition formalism, whilst for the latter the spin dis-
tribution is that appropriate to the neutral system. Model
calculations would seem to provide strong evidence that
the spin densities are not significantly different for the
two situations, however the tendency will undoubtedly
be in a sense that the apparent spin density on nitrogen
in the diphenyl aminyl system will be slightly smaller as
adjudged by data pertaining to the half ionized state.
Since the exchange integral K does not depend strongly
on the extent of s and p mixing, multiplet splmm.
should therefore reflect fairly directly the unpaired spin
density at nitrogen. This contrasts strongly with the
situation for the ESR spectra where the hyperfine coup-
ling is a sensitive function of the s contribution to the
singly occupied molecular orbital. In this respect there-
fore the unpaired spin density on nitrogen can more
readily be investigated by ESCA and the multiplet split-
ting for the N,, core levels would seem to indicate quite
clearly that the unpaired spin density on nitrogen in the
perchloro diphenyl aminy] radical is quite substantial.
The core level spectra displayed in Fig. 1 show evi-
dence of satellites to the low kinetic energy side of the
direct photoionization peaks. Such satellites have been
well documented for unsaturated systems and oti.imtc
in w-»#* shake up transition lceompnnymg core ion-
ization.' For the C,, levels shake up transitions centred
~4.5, 5.6 and 104¢V from the direct photoionization
peak are observed with relative intensity 3, 6 and 2%
with respect to the direct photoionization peak. For the
Cly, and N, levels satellites are also observed at energy
scparations of ~5.7¢eV and ~S4eV respectively, the
satellites for the Cly, levels exhibiting the characteristic
spin orbit coupling (1.5¢V) of the direct photoionization
peak. The shake up intensities for the N, and C,, levels
significantly higher than for the Cl,, levels indicative
fact that the transitions involve occupied and
orbitals with small contributions from Cly,
necorbmls Allhouhsmalymmenuno
pi separability it is nonetheless convenient to
the shake up transitions in terms of the local
try of the pi system of the component building
for the perchloro diphenyl aminyl system. In
papers we bave studied in some detail the low
energy shake up satellites of substituted aromatic ring
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systems and shown that the low energy satellites in the’

region <8eV from the direct photoionization peaks ori-
ginate in transitions involving the two highest occupled
and lowen unoccupied molecular orbitals of the pi
systems.” The situation with regard to systems with
unpeired valence electrons is considerably more complex
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since transitions involving both the singly and doubly
occupied oribitals are of some importance. The striking
feature clearly evident in comparing the shake up struc-
ture for the C,, levels of the perchloro dipheny! aminy!
system with that for simple substituted pheny! deriva-
tives however is the significantly higher intensity of the
low energy shake up structure and the greatly reduced
transition energies. The shake up intensity for both the
Ni, and Ch, levels is considerably lower and the
centroid of the peaks correspond in encrgy to the bigher
energy of the two low energy satellites for the C,, levels.
By analogy with the substituted aromatic systems which
has been studied’®'' the low energy satellites almost
certainly originate in tramsitions involving the two
highest occupied and low unoccupied M.O.'s. In the
particular case of the C,, levels where the region to
the low kinetic energy side of the direct photoionization
peak has been studied in somewhat more detail an ad-
ditional higher energy (10.4eV) transition is also ap-
parent. It is interesting to note that the lowest energy
component of the shake up transitions for the C,, levels
corresponds quite closely in energy to the most intense
of the UV-visible transitions for the radical (Ames
296 mpu, 4.2¢V).

Acknowledgements—Thanks are due to S.R.C. for provision of
equipment and 1o Prof. M. Ballester, Bascelona University for
whﬂy supplying the sample of the perchloro diphenyl aminy!

oK. Siegbahn, ESCA Applied to Free Molecules. North
Holland, Amsterdam (1969); °C. S. Fadley, Electron Emission
Spectroscopy (Edited W. Dekeyser), Reide!l, Dordrecht, Holland
(1973); “D. Shirley, Advances in Chemical Physics, (Edited by
1. Prigogine and S. A. Rice), Vol. XXITI. Interscience, Wiley,
New York (1973); “T. A. Carison, J. C. Carver, L. J. Saethre, F.
G. Santibanerz and G. A. Veron, J. Electron Spectroscopy end
Related Phenomens, Conf. Procs., Namue Meeting (1974); *B.
Wallbank, 1. G. Muir and C. E. Jobnson, /bid. Conf. Procs.,
Namur Meeting (1974).

’li:. Drummond and H. Harker. Natare, Phys. Sci. 232, Tl
(1971).

’D. W. Davis, R. L. Martin, M. S. Banna and D. A. Shirley. /.
Chem. Phys. 9%(8), 4235 (1973).

“*M. Ballester, J. Castaner and S. Olivella, Tetrakedron Letters
7. 615 (1974); *M. Ballester, Bull. Soc. Fr. 1, 7-15 (1966).

3R. Bersohn, Determination of Organic Structures by Physical
Methods (Edited F. C. Nachod and W. D. Phillips), pp. 563-
616. Academic Press, New York (1962); *A. R. Forrester, J. M.
Hay and R H. Thomson, Ovganic Chemistry of Stable Free
Redicals. Academic Press, New York (1968); ‘A. Carrington
and A. D. McLachan, Introduction 1o Magnetic Resomance.
Harper International, New York (1967); “W. C. Danen and T.
T. Keasler, J. Am. Chem. Soc. 92, 5235 (1970).

*D. T. Clark, D. Kilcast, D. B. Adams and W. K. R. Musgrave, J.
Electron Spectros. Relat. Phenom. 6, 117 (1975).

’R. King, Ph.D. Thesis, University of Durham (1974).

%20, Goscinski. B. T. Pickup and G. Purvis, Chem. Phys. Letters
23(1), 167 (1973); *W. L. Jolly, Faroday Discuss. Chem. Soc.
84, 13 (1972).

':n:s)uonic Distances, Chem. Soc. Special Publication 18
196S).

%D. T. Clark, Molecular Spectroscopy (Edited by A. West),
Heyden, Loadon (1977); *D. T. Clark, in Progress in Theoretical
O'macChauimy(Edudbyl Q. Csizmadis), Vol. I1. Elsevier,
Amsterdam (1977).

"D, T. Clark and A. Dilks, J. Polymer Sci., Polymer Chem. Ed.
14, 533 (1976).



