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Deduction of Resonance Structures

from Core Electron Binding Energies

.WILLTIAM L. JOLLY, THEODORE F.SCHAAF, AND WINFIELD B. PERRY

ABSTRACT:

A method for estimating the weighting of resonance stfuctgres using core
electron binding energies, the pbtential equation, and CHELEQ atomic
chargés is described. The method is applied to compoﬁnds, such as
P0013@ which have boﬁds bgtﬁeen atoms of oppﬁsite formal charge.
Hyperconjugation.is founﬂ to be important, whereas no evidence is found
for’pﬂ*dﬂ.bonding. New core binding energy data are presented for

several compounds.



Introductioh
ANV

Atomic éharges calculated by the CHELEQ electronegativity equaliza-
tion procedure can be used for the correlation of core electron binding
energies of a wide variety of elements in gaseous compounds.l’2 The

best correlations are achieved using the following "potential equétion,"

Eg = kQ + V + £ + Eg | 6))

in which Eg is the électron binding‘energy for a particular core

level in a parficular atom (the "ionized" atom), Q.is-the charge of
the ioﬁized atom, V is thg coulomb potential ene?gy'at the site of the
ionized atom due to the 6ther charged atoms of the molecule, and ER is
the relaxation energy associlated with‘the shift of electron density

toward the core hole. The relaxation energy3 is calculated from the

- relation

Ep = k(@ =~ Q - 1)/2 + (Vg - V)/2

&

where Q¢ and V¢ correspond to the values of Q and V fgt the core—ionizéd

mqlecule.v The atdmic_charges of the latter specieé are calculated by

assuming that the ionized core is chemically equivalent to the core

of the next;elemeﬁt in the periodic table. 1In effé¢t, the procedure

correlates binding energies with atomic charges which are midway between

those of.the ground-state molecule and those of the ionized ﬁolecule.
The calculation of the atomic charges of a molecule by the CHELEQ

method requires that one first write a single valence bond structure

for the molecule; Such a structure is easily written for a simplg

»




molecule such.as SiH3C1 or COZ. In the case of a molécule for which
~there is ﬁofe than one satisfactory vaience bond structure; a suitable
resonance ﬁybrid_structure must be writﬁen. This pchédure is straight4
forward for a symmetric molecu;e suéﬁvas SO,. Equal weighting'of'the

two equivalent resonance structurgs

: S
4?’ - . and- - §§§‘

yields the following resonancé‘hybrid.4v

+
A S 2z,
o.&-0>/fff\\<i00.5—

However, forvan asymmetric molecule with nonequivalent resonance
structures, it‘is'impossible a priori to predict the relative weights -
6f the resonance structures. Thus in the case of Nzo,_it is not

obvious hbw one should weight the structures Né;;o" aﬁdi_N=;;0.
Nonequiyé}ént-\;esonance structures areAalso.involved-in molecules which
are engaged iﬁ hyperconjugation or "no—bqnd? resonaﬁéé.. For example,

the structure of ONF3 can be written in the completely single-bonded form,

as fdllows,



4
or in hyperconjugated forms in which the N-O bond order has increased

at thé expense.of the N-F bond ordér;

F ' F | - F
' _
0—N—TF =—> O0==K F —— O=SN—0F
|
F F F

If we admit the possible par;icipationAof valenceQShell'd orbitals in
nonmetallic elements beyond the first row of the peribdié table,
résonancg structures involving pm>dm bonding must,be included and
appropriately weighted. For example, in the case'of}POFa, we not only'
can write structures analogous'to those written for ONFj3, but, in

principle, we can also write the structure
F

- 0=—=P ——F
F

There is'no difficulty in calgqlating the CHELEQ_éharges of atoms
in molecules such as SiH3Cl, COz,’aﬁd S0,, forrwhiéh uﬁambiguous valepCe
bond»structures'can be written. In the case of a molecule with non- v,:
equivalent resonance structures, at least two of<tﬁe atoms have hnce#tain
formél éhargesé.because of the uncertain weighting of the structures;
Therefore, because the calculated atomic chargeé are strongly dependent
on the assumed formal charges, it is impossible a priori to_célcﬁlate

charges for such atoms. However charges can be fairly confidentiy
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calcéulated fér the remaining Atbms,'whose formal.charges are ‘independent
of the relative weighting of the resoﬂance structures. The data for
N,0, in Table:I,.illustrate the éffe;t.' The’calcuiéted-chargesbfor the
terminal'atoms_are quite different in the two fesoﬂaﬁée structures,

whereas the calculated charges for the middle atom are similar.
, {

Table I. CHELEQ Atomic Charges for Two Resonance Structures of Nitrous Oxide

Resonance : - '
Structure ——— Calculated Chgrge_f——————\
End N - - Middle N - 0 Atom
+ v
NEN-0 | 0.352  0.331 -0.684
-+ ' - '
.~ N=N=0 . ' -0.416 0.266 , 0.150

The core binding energies of atoms for which charges can be
unambiguo;sly, or relatively unambiguously, calculated, have Eeen used
to evaluate empirically the k and £ vaiues of equation 1 for various
elements, Theée k and % values may bé combined with core binding
energiés of atoms whose ché:ges are ambiguous to determine the relative _
weightings of resonance structures which give exact agfeemenf between
the experimental and calculated binding energies. .Thé purpose of this
paper is to discuss the significance of the resonance structure weight—

ings determined by this method for various types of molecules.

Method
ANV
Since the calculation of core binding energies involves core-

ionized molecules as well as ground-state molecules, changes in the
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weighting of the resonance structures in the core ionized molecules must

be considered. For example, the weights assigned to the resonance struc- -

tures of core-ionized N,0 are expedted to_differ déﬁending on which atom

is core-ionized. If an oxygen 1ls electron is ejected, the resonance

5,6

+ % +
structure N=N-0 (or the equivalent-core analog, N=N-F) would be

-
'

expected to contribute more than it does in the ground state. Conversely,.

if the terminal nitrogen atom is core-ionized, the ﬁeight assigned to
* + . . 5,6 * : : -
N=N=0O (or the equivalent-core analog,”’ O0=N=0) would be expected to in-
creaée relative to the ground state. Core.ionization of the central
nitrogen atom would not be expééted to‘strongly favor either resoﬁaﬁce
structure. Théréfore it is reasonable to assume tha;_there is no change
in weighting.during core jonization of the central atom.

-The change in weighting of resonance structures upon core ionization
alwa&s correponds to a shift of negative formal charge toward the core-

ionized atom; and this process contributes to the electronic relaxation.

‘W call this change in weighting of resonance structures resonance

relaxation and the core binding energy change associated with it resonance

-

, 7 / - .
relaxation energy. Resonance relaxation and resonance relaxation energy

are artifacts due to the use of simple valence bond theory in the descrip-
tion of the ground-state and core-ionized molecules.. However these con-
cepts will be valuable as long as chemists continue to describe molecules

by valence bond structures. Resonance relaxation must be accounted for

if the contribution of different resonance structures to the'ground state

is to be determined by fitting core binding energies.

Binding.energy data for molecules for which the'ground—state valence



bond structures are unambiguous and for which the core-ionized states
are hybrids of nonequivalent structures allow one to estimate the
magnitude. of resonance relaxation. Carbon dioxide can be used as an

example.5’6_

—-e (0 ]
0=C=0 .—E-(-—lf.lb +F=C=O<-.~> F—CEO+

3 4
"N "

After Epre ionization of one of the'oﬁygen atoms,,tﬁo resonance forms
are'ﬁeeded té-deécribe the molecule. :(We assume th#t the form
2-{'FEC—O_ is of'negligible-importance;) On the bésié bfvelectronegativity
considerations, we would expect form i to make:the‘major cbntribution
to the valenCe bond structure of the-core—ionized'mblécule in its equili-
brium state. 'ﬁowever photoionizatidn is fast rélativé to nuclear;motion,
and the core-ionized molecule will not have its equiliﬁrigm geometry,'but-
will have the same geometry as that of the érouﬁd-state molecule, Thus we
expect resonance form 3 to beiaf considerable importance bécause the
bond lengtﬁé afe almost optimal for this resonance fs;m.

| .'The valencé bond description of the éqre-ionized.molecule can be
determined‘by the following procedure. Using thé k:and 2 values for
oxygen8 the calculated O 1s binding energy is madé to:agree with fhe
experimental value by varying the weights aésigned.to'the resonance forms
of the core—ioﬁized molecule. In.thé‘case ofvcdz this procedure ieads 

to the following wvalence bond structure of the ion,4

81+ ' 19+
. 1.81 218 .
C 0




. s
corresponding to 81 percent of resonance férm 2 and 19 percenf or
~resonance fofm é. | |
Table I1 lists molecules which have unambiguous'ground—state
structures and which are expected to show resonance :gla#ation.j The
hybrid structure of the core-ionized.molecule which yields a éalculated
binding energy equal to the experimentai value, the initial formal cha:ge
on the core-ionizing atom, thé.change in the order of the boﬁdvto the
core—ioniziﬁg atom, and the resonance relaxation eﬁéfgy are tabulated. The
resonance relaxation energy is the experimental binding energy less
the binding energy calculated assuming that the bond orders in the core-
ionized molecﬁle are the same as those in the ground'étate molecule.
The data in Table II show that the resonance relaxation energy and tﬁe
chaﬂge in the order of the bond to the core-ionizing atbm'.afe approximately
proportional to one another. Both. of these quantitiesvshow a rough
correlation with the 'initial fofmal charge on the core-ionizing atqu
In generél, the more négative the initial formallchargé, fhe lower the
absolute magnitude of the resonance relaxation enefgy. In the case of
the oxygen 1s jonization of 803, the absolute magnitﬁdé of the fesonance_
relaxation eﬁeréy is quite large in spite of a very negative initial -
formal charge, pfobably because of the presence of two other oxygen aﬁoms
which can donate negative formal charge to the core ionized atoﬁ. Only SO2
appears to Be somewhat irregular; the resonance relaxation energy of this
molecule would ﬁave been‘expected to be-about ~0.3 ev rather than 0.0'ev;‘
In the case of compounds with ambiguous ground'states,.resonance
~ relaxation complicates the determination of the weightings of the resonance

structures of both the ground—state and core-ionized molecules.. To put



Table II1. Resonance Relaxation in Compounds with Unambiguous Ground States

’

Compounda Core ionized ‘ Initial formai_chargé Change in order Resonance Binding energy
: hybrid for which on core ionizing atom of bond to core relaxation .  ref. o
Eg(calcd) = Eg(exp) : . _ .';onizing.atom, ~ energy, eV ‘ .
. . _ , o o
.81+ - <19+, ‘ e B : , e
¢, FRciPo - 60 B I =0.75 e &
' ' 66+ o5+ Jd6- : v : _ _ - : e : e
N0, p o8\ 18 _ : .25 | ~.09 ~0.56 . Wiﬁ
% . ‘ o : , "
. o F'hs-’- £
us-
o : . . I fEﬁ
273+ 2+ 6375~ , S : P s
: 1,27 .3 ¥
sos F=2lgl:itg, -.67 N -.06 -0.50 e
n o . o o
- St oas s oS- - | ' '
ng o F S 0 _ . =50 0.0 - . 0.0 - _ e O
- B0+ v 20+ ' '
- cs, a=cx2gs 0.0 -.20 -0.63 e
n, . : . N .

"~ ®Core-ionized atom in bold facé type.
quuivalentfcores analogs given. ' , : : - _
°k. Siegbahn et al., "ESCA Applied to Free Molecules,', North-Holland Publishing Co., Amsterdam, 1969.

dD. W. Davis, Ph.D. Thesis; University of California, Berkeley; Lawrence Berkeley'Laboratory Report _ |
LBL-1900, May 1973." ‘

®This work. See Experimental section.
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limits on the wéightings of ﬁhé'grouhd—state struéfures;.we.hévé used
the folloving pi@cedure. For-eacﬁ core ionization; the.coﬁtributioné

of the resonance s;rucfures are first assumed to be identical'in the

_ ground—state'ahd;core—ionized moleculés; i.e., resonance rela#ation is.
igﬁored.- The resonance structures are.Yeighted such that the calculated
and experiﬁéﬁtal binding energies agree. .The weighting thus détermined
for the structure favored by core ionization must bé‘éh upper limit to
the weighting Ofbthat étructure in tﬁe ground sfate;. By making calcula-
tions of this sort for tﬁo appropriately chosen atoms in a molecule it is
possible to establish limiting values for the contriButions of different
~ resonance structures in the ground state. Let us COnsider the case of
N,0. The calcﬁlated core binding energy of the ferminal nitrogen agrees
with the e#perimental value whén it is assumed that the structure -N=§;O
(+b=§?0) contributes 68 percent to both the ground- and excited-state
reSonanéé hybrids. The aqtual contribﬁtion of'this resonance structure
to the ground state of the molecule must be less than 68 percent. The
‘oxygen core binding energy agrees with the calculatedlvalue when thé
structure NEﬁ—Ou (NEﬁ;F) is assumed to contribute”42'per§eﬁt in both the
grouﬁd-sfate and core-ionized molécules. This resﬁlt correspoﬁds to a

. -+ : v
contribution of more than 58 percent by the N=N=0 structure to the ground

state. Thus nitrous oxide can be described by the resonance
- % +
N=N=0 <—> N=N-0
58-687% 42-32%

Such resonance is reasonable in light of the equilibrium bondrdistanceé

in Nzo.9 The NfN distance is 1.126 K, between the distance correspbnding
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to a triéle boﬁd (1.098 R) and that typical of a doublé bond (1.25 R).
The N—Q_distance is 1.186 K, between the distancésmtypical of a double
bénd‘(1.15 K) and a single: bond (:1.4 X).‘ The estimated bond orders also
agree'fairly’well with the theoretical values of BoYdlq (B.O.y_g = 2.66,

and BOOCN-O = 1057).

Results and Discussion
ANV VUL

vBonds betweeﬁ atoms of opposite formal charge, in which the positive
atom is bonded to two or more ligand atoms, a;e abnorméliyvshort and
have large strétching force constants.ll Exahples.are.tﬁe P-0 bond in
POC1;, the S-0 bond in SOF, and the S-N bond in SNFs. This strengthening
"of the bond between the two charged ‘atoms has been ascribed to hypercon-
Ijuéation;vto pr>dm bonding, and fo-é combination of’tﬁése. Because these
two types of bonding cause different charge distributioné, it is.possible .

to investigate théir relative importance by the study'ofvcorevbinding

energies.

d-Orbital participation. Thiazyltrifluoride is a compound in which

p>dm bonding-@ight be expected to be significaﬁt;lz 'Méking the reasonable
assumptioﬁ th;t tﬁe nitrogen atom is a stronger T dénor than the fluorine"
étoms, we‘cén déscri?e fhe ground;state molecule as.é ﬁybrid pf the resonénce

structures ' F
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The double bond implies the use of sulfur 3d orbitals in the bondiﬁg.
By adjusting the weighting of these two structures to obtain agreement
between the caiéulatéd and-ekperimental'nitrogen ls‘bindihg.enérgigs
(assuﬁing_tﬁe.same weighting in the ground-state ana éore-ionizedvmolecules),
we obtain the‘minimum contributions of thé'doub1e4bond¢d structure.l3
Core ionizaﬁioﬁ of the sulfur atom favo;s an iﬁcreasevin pm>dnm bonding.
Thus adjustment to fit the éulfur Zp binding energy gives the maiimum
contribution of the_dogble-bonded étructure. The resﬁlts of these cal-
culaﬁions for SNF3 and of anafggous calculétions fof POF3 and SO(CHQ)Z
are given in Tabie ITI.  The data for eaéh compound afe internally in-
consistent: the minimum contributions calculated from the nitrogen and
oxygen daté'are much largér than the maximum contributions calculated from
the central atom data. Becéuse of these results_and{the fact that the data
for the compoundé can be fit weli by assuming hyperccnjugation, we con-—
c¢lude that d orbital participation is nof important in determiping the -
cﬁarge distribution in such compounds. The:same conclusion has been

drawvn from other binding energy data,LUSing.differént arguments.la’;5

' Ezgsgggg%%%%S%SE.’ The results presented in Table IIirimply that the

central atoms in these molecules h;vé quite positive fbrmal charges aﬁd :
that a significant amount of negative formal charge is located on all

the ligand atoms. Such a distribution of formal charge is consistent

with importanfkcontributions from hyperconjugated or "no-bond" resénance
forms. _Other experimental evidence, including fhe short N-O bond distances
and large N-O force comstants in NOF316_and trimethylamine oxide17 (where d

orbital effects can be ignored) also imply hyperconjugation in compounds
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Table III. ’Attgmpt to Fit Bihding'Enefgies with pm>dm Bonding

Compound

NSF3

.

OPF 3

0S(CH3) 2

Atom for which
Ep(calc) = Eg(exp)

pT+dm bond order

> 1.50
< 0.04

< 1.68

> 0.70
< 0.20

< 0.78

> 0.60
< 0.00

< 1.50
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of this type.'.The hyperconjugated ONFQImolecule mayhbe représented as

a hybrid of résonanée §tructurg % and the three eq@i&alent canonical
structures %g,,%k, and_%g. Core ibnization of theigxygeﬁ'atqm unld‘

be expected to reduce hyperconjugation, and core ionization of the fluorine
atoms would be expectgd to increase hyperconjugétion in'the’cdre-ioniﬁed
molecule., By assuming no resonance relaxation aﬁd by bringing the calcu-
lated oxygen core binding energy into agreemeht ﬁith'the.experimental
value by adjﬁsting the assumed &egree of hyperconjugation we.éan eStaﬁlish.
"a lower 1imit to the amount of hyperconjuéation; In'afsimilar manner an
upper limit to the amount of hypércbnjuggtion can be,detgrmined'by fitting
the fluorine'corg b}nding_energy. The minimﬁm and ﬁaiimuﬁ N-O bond or&ers'
determined by this method are 1.54 and 1.60. Analogous data, calculated
for 23 compounds, ére listed in TaBle IV. For egch ;ompound, the ﬁpper
and lower limits of the order of thé bond between thé positive formalQ
charged centtallétom and the T-donor atom are given. These limits can be °
taken as‘measures.qf the upper and 10wér limits to thé hyperponjugation

in the ground-state molecules. |

.Invthe case of the'fluorine compounds, the uppegiénd.lowef limits

are very closé; in fact, in éeveral cases the calCulaﬁed uppef limit is
slightly below the lower limit ("impossible" results of this type

probably represent failures of the CHELEQ method),'-We conc1ude tﬁat,

in the fluorine compounds, there is very little resohancevfelaxatidﬁ

during core ionization of either the fluorine atoms or the m-donor atoms.

Thus either the upper or lower limits to the bond orders (or their average.

values) may be taken as fair approximations to the ground state of the

fluorine compounds.



Table IV.

Molecule

N,0

ONF 3. .
ON(CH3) 3
H3BN(CH3) 3
OPF3
OPCl s
OP(OCH3) 3~
c;P (CH3) 3
HNP(CH3) 3

H,CP(CH3) 3

H3BP(CH3) 3

SP(CH3) 3
SPCL,
_szer'
'025912X

0,S(0CH,),

contd.
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Minimum and Maximum Degrees of Hyperconjugation Determlned
from Core Binding Energies :

Order of Bond Between Central .

Lower limit

1.58
1.5
1.47
1.488
1.46
1.38
1.44
1.4
140
1.39
1.48
1.30
1.28

1.289
1.21

Upper limit

1.68
1.60°
1.96
1.51
1.468
1.63
1.84
1.99
1.87 _>
1.864
1.57
1.84
1.66
1.38
1.42

1. 51
1. 42k

Binding
Energy Ref.



Table IV, contd.

ozs(cna)2 | | 1.25 ' 1.46 h, i
OSF, o C o 1.498 | 1.488 '.,"» h
0sCl, | 1.48 ' 1.60 - l' h
0S(OCH3) 2 _' 1.39 x 1.62‘ , | h
OS(CH3)2 B 1.38 1.62 : - h
NsFs L 1698 1.878 |
03C1F : 1.12 : 1.16 | Ci

-0 bond order.

bP. Finn,'R;*K: Pearson, J. M. Hollander, and W. L. Jolly, Inorg. Chen. ,
10, 378 (1971). '

k. Siegbahn et al., "ESCA Applied to Free Mblecules," North-Holland Publ.
Co., Amsterdam, 1969. '

dD. W. Davis, J. M. Hollander, D. A. Shirley, and T. D. Thomas,

~J. Chem. Phys., 52, 3295 (1970).
®Ref. 14.

fLower~limit could not be established because reliable k and 2 values ére

not available for boron.

gInconsistencies in the calculated limlts can be attributed to inadequacy :

of the CHELEQ calculations.

hThis work; see'Experimentél section.

is. c. Avanzino, W. L. Jolly, M. S. Lazarus, W. B. Perry, and R. R, Rietz

.and T. F. Schaaf, Inorg. Chem., 14 0000 (1975)
Jrower binding energy O 1ls line assigned to methoxy oxygen atom.
kHigher binding energy O ls line assigned to methoxyycxygen atom,

lRef. 12b.
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For mést of the non—fluorine coﬁpounds, the calculaiéd limits are
more widel& separated, and in such césés:it is not immediately oﬁvious"A
what degree of hyperconjugation should be assigned go the ground-state
molecules. However Qe pfeéent the following argument -for assigning the
lowef limits tq‘the ground—Stateimolecdlfs in all cases. In each group
of simiiar mdiegules (for example, the four—coo;dinéte phosphorus com-
poundS), the lowef limit is fairly constant. Thus the lower limit to»
the order of the bond between the phosphérué atomvand the 7-donor atom
rangeé from 1.38 in OP(OCH3)3 to 1;48,in OPF3 and SPClz. In the same
group of mblééuleé, the upper limit has é much wider rangé of wvalues.

Thus the upper limit of the bond order ranges from 1.46 in OPF; to 1.99

in OP(CH3)3. In general, the upper limit is gregtef-the lowervthe
eleCtronegativity of the non-T-bonded atoms. Now,iit seems unreasonable.
to assume that hyperconjugation is more important in a moiecule with
relatively electropositive ligand atoms, such as OP(CH3)3, than in a
molecule with very electyoneg&tive ligand atdms, suéh as OPF3. We believe.
it is more reasonable to assume that, within a group of similar molecules,
the degree of hyperconjugation is essentially éons;éﬁt -~ that is; equal
to the lower,limit indicated in Table IV. Thus we conclude that the order
of the bond between the central atomvénd‘the ﬂ—donof_atom is about 1.50

in four-coordinate nitrogen compounds, about 1.43-in four-coordinate
phosphorus compounds, about l.28vin sulfuryl compounds, aﬁd about 1.44

in thionyl compounds.

The assumption that the degree of Hyperconjugation within a group
of similar moleculesvis constant doeé not imply that.the.actual’charges

" on the ligand atoms are constant. For example, although we conclude
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that‘the oxygen-étoms.in 0,SF, and 0,S(CH;), both have formal charges of
about -0.72, wevcéiculafe signifiéantly differeﬁt CHELEQ chargés (-0.33“

and -0.40, respéétively) for these atoms. Similarly;“cpnstanqy of | |
hyperconjugétion.does.not require that analogous bond distances be equal.
Thus, although the S-0 bdﬂd ordef is assumed to be'about-1.28 in both

0,SF, and 0,S(CH;),, the bond distances are 1.405 A and'1.446 K, respectively.
The shorter boﬁd distance in OZSFz_is probabl;!due to fhe grééter chﬁrge

on the sulfur atom?in OéSEé'(+0;??>-than that in QZS(CH;)z‘(+0°§8)’ Oﬁe
would expect that, 6tﬁer‘things being equal, a bond Between atoﬁs dfv.

opposite charge would be shorter the greater the charge difference.

Experimental
ANV

The data in Tablés II and IV ascribed to this work were obtained
using the Berkeley iron-free spectrometer using tgchniqués previously

~described.;4’20

Comﬁerqial samples were usgd. Purity was checked by NMR.
Oor vapor pressure ﬁeasurements. The observed binding_gnergies, in eV,

are as'follows; (Repr@ducibilitiés were generally 1.0;05 eV except as
indicated). Trimethyl phdsphate C 1s 292.58, 0 1s mé;hdxy 538.95, terminal‘
536.56, P 2py, 139.72; dimethyl sulfate C 1s 293.03, 0 1s 538.42, 539.86
(assignment uncertain), S 2p34 176.26; dimethyl sulfite C 1s 292,38, 0 1s
methoxy 538.89, terminal 537.76, S 2py, 173.42;’dimethyl.sulfoxideAC ls.
291.07, 0 1s 536.50 * 0,10, S 2P§§ 171.64;'dimgthy1 éuifone C 1s 291.58,

0 1s 537.67 + 0.10, S 2py, 173.63; thionyl thoride Cl Zp%é 206.38, 0 1s
538.83 % 0.15, S‘2p§@ 174.36 0.10; sulfur dioxide 0 ls:539.70, S 2py,

174.64; phosphorus(V) oxytrifluoride P 2py, 142.9 + 0.1.:

18,19
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Addendum
ANV

%M%%%ﬂ%ﬁ%%%%%ﬁ' New k and £ valueé differing slightly from those pre-
viously pu.blished2 have been aetermined by rigorduéiy exluding core
binding energies which could be affectéd Ey resonancevfelaxation and

by the incluéibn.of new core binding eng?giés which have become avaiiable.

The new k and % values are listed in Table V. For completeness, we have

included vélues for all elements for which we have sufficient data.
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Table V. Réviééd k andAl Values

Number of : : " Correl.

Element Compounds k ) 2 ' Coeff.
Ccls e 20.89  8.06  ,0:981
N1ls o 18 30.23 §.22 0.987
0 1s BT 26.61  2.61 0.955
F ls 31 28.68  697.98 0.938
Si 2p 11 17.29 ~  110.07 0.964
P2py, _' 13 19.28  139.37 0.953
'S 2pgy), 13 18.58  172.33 0.979,
Cl 2ps 18 18.27 208.3  0.988
' ZPg&. 6 22,98 514.30 0.992
Ge 3py, 8 15.87 130.89  0.984
Br 3dy, 12 13. 40 76.96 0.990
w3y, 12 1477 . 493,57 0.943

*

8Ref. 20.

Std. dev.
- eV

0.58
0.61
0.49
0.34
0.47

' 0.89
0.72
0.43
0.46
0.33
0.36

0‘. 44

bS. Avanzino and W. L. Jolly, J. Electron Spectr. §_Re1.IPhen., __, 000

(1975).
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