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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or-implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
- California. The views and opinions of authors expressed herein do not necessarily state or
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'Multipiet splitting of éore-levél peaks in'x-ray photoelectron spectra,
arising from exchéngé interactions between unpaired core and valence electrons,

1’2_and for compounds of

has been repoffeévpreviously for molecuiaro2 and NO
Mn and Fe.3’y' In every case the magnitude of the multipiet splitting, AE, ﬁas
found to be in gObd agreement with approiimate theoretical estimates,5 and it":
was concludéd thdt the splittinngés qﬁalitgtiveiy‘understoon Better‘theoret;
ical valueé fof AE (NO) are now available, however. Thesevvalues were derived
from "frozen bfﬁital" Hartree;Fbckvcalculations.on NO_itself6’7 and also from
direct Hartreg—Fock calculations7 on the four NO+ final states that can be
formed by remeidg a -single 1ls electron from NO(2H1/2). In this note we report
high-precision experimental values for AE(NO).' In addition, values of AE are
reported for di—f—butylnitroxide. These latter data illustrate the éffiéacy
of x—fay phdtbelectron spgctroscopy in measuring spin density distributioné
in poiyaﬁomié»free radicals.

'-Ali'saﬁples were run as gases on the Befkeley.iron—free double-
focusing il V§ épectrometer, as described earlier.8 »The current stepping

interval of 0.1lmAmp was equivalent to 0.1l eV for the N 1s peak and 0.13 eV




for the O ls.pegkf 'Sufficieﬁt data were taken to achieve good statistical
accuracy (i.e., ﬁp to 6000 éounts in the peak channel).. At least two spéétra
were taken for each case, to demonstrate feproaucibility. Careful least-squares
fits were made, using both Gaussian and Lorentziﬁn peak shapes, in order to
extraét values:of AE from the unresolved peaks. The values of AE so obtained
Vere‘eSSentiéiiy independent of the peak shape chosen. fhey were aiSo inéensi—
tive to whether the doublet intensityvfatio was fixed at.3 or allowed to vary.
The fiﬁal vaiuéé, which are qﬁdtéd in Table I, were éll dériVed from Lorentzian
fits, with the intensity ratio fixed at 3. A comparison'ruﬁ on N2 gas gave a
symmetrical N s peak of width 0.97h * 0.025 eV FWHM.

The NO splittings éiven in Table I show good agreement with the Hartree—
Fock final state calcﬁlations,7 which are, héwever, 0.06 eV (or three standard
deviationé) low in each case. The frozen orbital éalculations6’7 also give
fairly good estimates for AE, although the final state calculations are distiﬂctly.

favored by our data..

In a free'atom whose valence electrons are coupled to spin S, the

) multipletvsplitting of the l1ls peak can be estimated as

AE = (28 + 1)H_,

where Hx is the ls electron-valence electron exéhange integral. In a free
radical'thevunpaired electrons are bound in molecular orbitals that are dis-

tributed over the atoms. In the crudest approximation, using an LCAO basis set



and neglecting'allvtwd—centér integrais (includingioverlép), the total
populntion'of unpéired electrons can be.appnnximately partitidned among the
.atoms, with_; fraction fi nssigned to the izg_atoﬁ. In. this approximation we
would expect nultiblet splittiné.
AES = £ H-(25+1)

i'x _
for the iEg_atQm. "Using this relation, and assumingithat HXN ~ HXO; wé nay
infer from Table T that most of the unpaired spin in the pll 'é.ntibonding orbital
of NO is on the N ntom. With some fefineménf, multiplet spliftings may give
a moré direct measure of spin density diétribufioné than do hyperfine structure
constants .

Thé splittinés in di—t;Butylnitroxide,iwhén'conpared pd those in'NO,
suggestlfhat>the spin density on tne.oxygen atom is essentially unchanged, but
that the N aﬁéﬁ loses spin density in tne largef-moiecule, appérently to the
alkyl groups. This is nnt éurpfising, as the unpaired electron is‘pfésumably
in a deiocalized antibonding orbital. By cpntrast the iarge réduntions'in
binding energy of both the N 1ls and the O 1s electrons in di~t—butylnitroxide
demonstrate-quité conclusively a net flnw of electron charge from the:alkyl
group to.ﬁhe NO group. This éonclusion is corroborated by increases in the

binding energiés of_IS'eleqtrons,in the tertiary carbon atoms, as compared to

Y

the.usual-valnes of'290.2 eV for the tértiary alkyl carbon, indicating bxidation

of these cérbon atoms.

v

_We are indebted to DrL.M. P. Klein for the sample of di—t-butylnitrdxide.
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Table I.. Binding Energies and Splittings of 1ls Electrons (in Electron Volts).

Binding Linewidth Measured AE from AE from Frozen = AE (expt)

Case® Energy (FWHM) Splitting, Final State Orbital Estimates Hedman, et al.
- AR Calculations : )
vo(*m) aLs(s)® . .
3 . . 0.93(2) 1.412(16) 1.35 1.237 © 1.26 . 1.5
‘No(°1) 410.1(5) | ' R
no(tm 543.6(5) - s 4 e
5 | 0.91(2) 0.530(21) 0.48 0.737 - 0.77 - 0.7
NO(°T) 543.1(5) - : S ‘
atb gp(ln) 406.9(5) o
3 1.13(4) 0.539(k42)
dtb NO(°M)  406.4(5) o ,
atb wo('M)  536.7(5)
3 0.88(3) 0.448(26)
atb NO(°M)-  536.2(5)
Methyl C 290.3(5)
: ‘ 1.16(5)

Tertiary C  291.k4(5)

P The atom losing a 1s electron is undérlined. _Assumed final-state symmetry is denoted paranthetically,

~and "dtb" means "di-tertbutyl".

bStahdard deviation in the last digit is given paranthetically. Absolute values of binding energies are
accurate to only 0.5 eV. ' ' '

®In fitting each group, linewidths were constrained to be equal. . .
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LEGAL NOTICE:

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of thei’r employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any

information, apparatus, product or process disclosed, or represents

that its use would not infringe privately owned rights.
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