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 Shifts in 1s electron binding energies can yield valuable information
aboﬁt electronic charge'distribufions in molecules. 'The‘origins of core-level
binding—energy shifts are well understood; and the éhifts have been interpretéd
with various degreeé of sophistication,l’2-from valence-bond models to ab injtio
3

calculations on hole states. GbOd correlations between measured shifﬁs and

“other parameters have been obtained in nearly every case. Until now, however,

é hiatus has existed between experiment and theory thét has,_in‘most cases,
rendered a completely satisfactory interpretation impractical. Only ab initio
calcuiations have yielded quantitative predicted shifts that were both iﬁ agree-
meﬁt wifh experiment and free of empirical paramefers. vAlthough it is adequate
to.use ground-state orbitai energies from gb initio results togethef with
Koopmans' theorem to predict shifts, the expense of thesé calculations hampers
their<ﬁgérin investigations in&olving 1afée numbers of sizable moleculesf It

would be desirable to be able to predict core-level binding-energy shifts from
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one of the simpler "intermediate—level" moleeular orbital approaches,bsuCh as
the CNbé.model.ht. S | -
In this letter we report a possible solution.to'the above‘problem.' For "
.four fluorlnated nethanes and six fluorlnated benzenes goed agreement was ebtalned 5
w1th1n each group between observed shlfts in the ‘carbon and fluorrne 1s blndlng—'
energles and;shlfts ln the electrostatlc potent1als at the carbon and fluorlne
nuelei;kas?ealculatedxfrom CNDO wave functions. ‘To'abgeod approxinatlon, shifts
in the Cqulemb petentials.exPerienced by the nuclei and by the 1s electrons are
equiValent;“'Sinee-both CNDC calculations and the integratiens required for
‘evaluating:the'potentialsrrequlre very little compnter‘time; itlappears feasible.
- to predlct core—level blndlng-energy shlfts by thls method for essentlally any
case of 1nterest
The measurements were made as descrlbed prev1ously > ThevcalCulatlons
were dene as fellows u(l) For each molecule a CNDO calculatlon was carrled out
-ylelding moleeularvorbitals wi expressed in tenns of atdmic-erbitals ¢i; |

Wj = §'C.i ¢.. (2) The contribution of the occupied valence orbitals of -

i J+ 1 _
the molecule.to.the electrostatic potential energy, V, at each carbon and
flnorine nucleus was evaluated. The portion of this energy arising from occu-
pied valence orbitals on the parént atom was; in each case, evaluated directly
by calculatlng matrlx elements of r ;. The portion arising from the‘other . ‘ .

atoms in each molecule was evaluated in two dlfferent ways,'each based on’ CNDO

'populatlons: a point charge calculatiOn,'and evaluation'of r -1 integrals by'

' Vreta1n1ng only the d1agonal matrlx elements between atomic orbltals and : o SV;‘

off—dlagonal matrlx elements between 1nequ1valent P ‘orbitals’ at

the same center.- The reason for choosing theseﬁgpproaches will be discussed




4

1P

o3 ‘ . IBL-216

in a later publication._:The numerical results of the two celeulatiOns are -quite

“close. (3) ‘The difference.between’the binding:energies of electrons in 1ls

orbitals of a given element initwo differeht sifes was taken as (minus) the
differehce between the potentiai energies 'V calculatea for the two sites,
AE = -AV. Besch6 has diScussed.the validity of this approach:

:'Theor& and experiment are compared in Table.I;. Agreement within each
group (methahe derivatives and benzene derivatives). seems. to be comparable to
that obtained from ground-state ab iﬁitie_calculations.vl’s’7 This is‘nofltoo

surprising, as we have calculated the quantity of interest (AEB) directly,

rather than as a small difference between'two large‘energies;' Therefhes been

other evidence that the CNDO approximation give orbital populations'eonsiStent

with observed bindiﬁg;energy shifts. For exaﬁple, a plot of binding energies
Xg.eCNDO "atomic charges" showe about the right slope.'2 A peint—chafge analysis
basea on CNDO populations also shows a good correlation with experiment after
suitable empiricel parameters were determined by least-squares fitting.l The

CNDO-potential model described here has not been used previously to predict

shifts. Schwertz8 used the same approach with extended-Huckel wave functions,

.obtaining shifts that were much larger than experiment, in agreemeht with the

well-known fact that the Huckel model exaggerates polarization effects.
A detailed study of the application of the CNDO potential model to a

wider range of molecules will be reported later.
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Table I. Carbon and fluorine ls electron binding-energy shifts.

. AE(cafbon'lé), in ev® 7 -_:‘ L | | AE(flgdrine 1s), 1nveVb
Compound ‘Calculated, Calculated, e “érimenﬁalc ~ Calculated ~ Calculated, Exzeriﬁeﬁéaic
. p‘ . (point charge) diagonal plus pr,., .. (point charge) diagonal plus’ pers S
p-p' elements ' ' ‘ : ~  p-p' elements
fluo;obenzene, ch' . 2.30 | 2.8k 2.43(L) - 0.07 ,' . 0.16 ~0.04(23)
e e . | R
Cy 0.33 0.36 10.39(3)
o~difluocrobenzene, CF - 2.49 _ 2,93 2.87(6) . 0.08 0.15 .~ 0.33(153)
' ' - I ' * . ' ‘
cy o 0.72° 0.64 S 0.72(h)
m-difluorobenzene, Cp 2.68 3.26 2.92(6) - 0.48 0.55 0.26(11)
% % '
Cy 0.29 . , 0.k7 0.70(5) .
p-difluorobenzene, Cy 2.38 ' 2.88 ° C2.TH(6) - 0.29 0.35 ~  0.26(15)
Cy 0.63 0.65 0. 76(4)
©1,3,5-trifluorobenzene, C, 3.21 3.85 . 3.02(9) o0 S0.91 T 0.k7(13)
’~cH 0.50 o8 0.56(13)

_ Hexafiuorqbenzéne R ' 3,75 . b.s 3.57(9) ‘ 1.75 . 1.82 0 1.34(10)
methyl fluoride - ' 2.58 2.97 2.8 (2) == ' - -
difluoromethane - = - L9 . . 558 - . 5,555) o.LooT o 0820 - 0.73(5)

fluoroform . - T2 854 - 8.3 (2) 2.09 1.60 1.7 (2)
carbon'tetrqfluoridé ' '9.52 ’ 11.1% 11.0 (2) 2.11 2.37 2.6 (2)

“(continued)
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- asterisk denotes weighted average dverjinequivalent carbons. Experimentally'only one;C

Table I. (continued)

aCarbon shifts‘in“fluofinated meﬁhénes and benzenés aré‘refefréd”fq mefhéhé éﬁa béhzené,Zrespeétiveiy...Thé:x
two scales aisagree by'0.9;éV. |

bAll_flﬁorihe:Shifts.are'referred to methyl fluoride.
cﬁrror in last place.giVen‘paféntheficaliy. |

dHer'e CF and CH’are cérbbns directly bondea to fluorine and hydrogen, reépectively,

., and one C

F peak

H

-was seen in each case.
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