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. ABSTRACT

Carbon 1s 1onlzatlon potentlals, relatlve to that of methane

,(290‘8 eV), have been measured for CH.F (2. 8 eV), CHF (8 3 eV) s CFh( 11.0 ev) s

3

"3c (1.6 eV) , CH 012(3 1 ev), CHCl <u 3 eV), 001u(5 5 ev) s and CH3

together w1th fluorlne 1s 1onlzat10n potentlals for CH3F(692 o eV), CHF3

Br(l 0 eV),

(69& 1 eV), and CFM(695 0 eV), and chlorlne 2s 1onlzat10n potentlals for
CH3Cl(277.2-eV), CH Cl (277 6 eV) CHCl (277 7 eV) and CClh(278 0 eV) ”The
carbon and halogen binding energies 1n¢rease llnearly with the number of |
halogens. ddﬁbarisoﬁ of the fluorocérﬁén.feéaifé with‘bindiﬁg energies based
on use of'qugﬁahs' theorem indicates a substantial error between experiment

and theory that increases with the number of fluorines. This discrepancy

- arises because Koopmans' theorem does not allow for relaxatlon of electrons
and polarizatioh of the ligands when. the ion is formed from the neutral'mole-

‘cule. The measured binding énergies'are found to vary lineérly with the sum

of differenées‘between the electronegativities of the ligands and that of

hydrogen. A plausible reason is developed for this linear relationship.

* Supported in partbby the U. S. Atomic Energy Commission

t Permanent address



_Hartree-Fock calculations

X~Ray Photoelectron Spectroscopy of~HalomethaneS'

Inner-electron binding energies for extensive series of nitrogen,

sulfur and chlorine compounds have been determlned by x ray photoelectron

spectroscopy% - These, and other measurements show that the blndlng ener;
gies of the inner electrons increase with oxidation»number, with formal

charge on’the atom,and with increasing electronegativity of‘thenligands at=
tached to.the atom. Some success has been obtained in correleting the measured

shifts with charges assigned to atoms in various ways. The technique shows

sone promise of providing information on charge distributions in molecules

and_quantitative information on the‘electronegativity of different ligands.

Some information has been'published on the carbon ls electron bind-

ing energies in dlfferent compounds and the results are generally in agree-

5,6

ment w1th expectatlons. However, no systematlc study of carbon compounds

has yet appeared As pert of such a study, I report here the‘carbon 1s bind-~
ing energles for the compounds CHh’ CH3F CHF3? CFM; CH3Cl, CH2C12, CHCls,
CClus and CH3Br. In addltlon, I report the fluorine ls and chlorine'2s
oinding energies. These compounds provide a series‘in-which the electro-
negat1v1ty of the llgands and the number of electronegatlve ligands attached
to the central atom can be ea51ly varied without changlng the type of bond-
ing or the molecular geometry (other than the bond length). In addition,

since fluorine is the most electronegative eiement, the shift of the carbon

1s binding energy between methane and carbon tetrafluoride gives the maximum

range'of‘shifts to be expected for Organic compounds. Finally, there are

7 of the carbon 1ls binding energies for CH&’ CH3F,

pCh 52 and CHF . These measurements prov1de a useful test of whether this

2" 3
kind of calculation can correctly predict these shifts.



Experimental Method and Results

The binding energies of the various compounds were determined by
o ' : ] >
irradiating gaseous samples with magnesium Ka x rays(1253.6 eV).b The kinetic
energies of the photoelectrons were measured in an iron-free_double focusing

9

spectrometer of 50-cm radius. The kinetic energy EK of an electron is re-

_ lated to its binding energy Eb by conservation of energy:

E, = 1253.6 - E

‘ .In'order to meesure_ﬁhe shifts:aceﬁrately;-i ran two sampies to-
gether, one the sample ef interest,-fhe other either fluoroforﬁ, methase, er
benzene_takeh as a sfandard. The‘eerbon 1s and‘fluorine ls.binding energies
for these comﬁoﬁnds'are known from other measurerﬁehts.5 By this teehnique
any effects of 1nstrumental drlftbor gas pressure on 11ne p031tlon are the
_same for both ilnes. The pressures in the gas cell ranged from O Ol to

0.05 Torr.‘ Over the range 0. 005 to O lS Torr we have found that the p031t10n
of the fluorlne 1s line from fluoroform does not vary by more than 0. 2 ev. 10
Presumably any differential pressure dependence of two compounds run together
is substantially less than this.' The chlorine 2s binding energy is very
close to the carbon ls binding energy in fiuoroform end.was measured relative
to it. A spectrum showing the carbon ls line from fluoroform'togeﬁher\ﬁith
the carbon ls and chlerine 2s lines of dichloromethane_is given in Fig. 1.
A.spectrum of fhe fluorine 1l1s lines iﬁ'tetrafluoromethane and fluoromethane
is shown invFigure 2. In these figures the solid curves represent least

squares fits to the data assuming gaussian peak shapes and a constant back-

ground. The difference in width between the two fluorine peaks is striking.
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The measured binding energies for carbon ls.eleétrons are given
o that for methane(290.8 ev)5 in Table I, together with the abso-

s for the fluorine 1ls electrons and chlorine 25:electrons.

TABLE I

Binding energies for inner electrons in halomethanes

Cdmpound, ' Carbon 1s binding enérgy(eV) Haloééﬁ‘binding
Relative to o
methane :
* (290.8 EV)  Absolute
cHpr 1.0 2918 |
CClL “ 5.5 C2%6.3  278.0%
-JcHC1$ | b3 295127
CHCL, o3 ~ 293.9 - e277.6°
dHéCl--_tls 16 200k B o eme®
cF), | 110 3018 L 695.0°
vvCHF3 8.3  29.1 - .69u.1b
CHF 2.8 202.6  692.k°
 a) Chlorine 2s

b)

Flubrine 1s



Discussion

%ualitatixeltrengs.u'fhe carbon 1ls binding energies show an obvious
and expected'increase with increasing electronegativity of the ligands and
with increasing number of electronegative ligands. The fluorine 1s and
chlorine 2s binding energies increase slowly with the number of halogens[
These results are easily explained. The‘replacement of a hydrogen by a
halogen results'in uithdrawal of vealence electrons_from the central atom.
with a resulting‘inCrease:in the‘binding energy of the inner electrons
When aaditional hydrogens are replaced by halogens the positive charge and

the carbon ls binding energy increase even further. Because there is some

electron transfer from the carbon to the halogen, the fluorine ls and chlor-

ine 23 binding energies for the monohalomethanes are. presumably substantlally

less than for'the 1solated atom. As the pos1t1ve charge on the central atom
increases with the addltion of halogens, there is an’ 1ncrease in p031t1ve‘
potential at each ligand and a resulting increase 1n binding energy ‘for thev
electrons on that atom, as is observed (A 31milar discus31on has been
given by Schwarta, Coulsbn;‘and.Allenll in 1nterpret1ng the results of their
theoretical calculations on‘fluoromethanes,)

It would_be interesting to know whether each additional halogen
withdraws the same amount of charge as does the first one.' The linear in-
crease of binding energies with a numbervof fluorines tempts one to conclude
that thisvis the‘case; However, there is probably not a linear relationship
‘between charge withdrawn and the change‘in binding energy; theoretical cal-
culations indicate that the binding energy‘increases somewhat faster than |
linearly with increasing charge.le The fluorocarbon data thus suggest that

the additional fluorines are not so effective as the first in withdrawing
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cﬁarées from thé carbon} Evén more'sﬁggesﬁivé.of this Qonélusioh are thé.
chlorocarbon‘dgté;v Hefe we seé that the.first ghlorine.caﬁses a.shift in
carbon 1s binding ehergy of 1.6 éV, the seéond 1;5 ev, and the third'add_
fourth 1.2 eV‘each, (An alternaté interpretation bfvfhe‘nén-linearity of

the chlorocdrbon deta is suggested below.)

Comparison with theory ; Fhe results of Har{cre'e-F'ock cal:culatibns
of the orbital énergies fbr mefhahe, fiuoromethane, difluoromethane;.and
fluoroform hgve been reporiedrby Ha and_Allen.7 Their value df 305 éV for
the carbén is o:biﬁal energy in methané iévin gdod égréement with that ob-
tained-from'other theoretical calcuiatidns. “It'is about 14 eV gféaﬁer thah
the experimental valﬁe. This error is ébdut'as expected ahdlprobably results

15

ffom the ﬁse:bf Kbdpmﬁné"theérem.lu' Riéhards "has reViewed for‘the benefit
of ex@erimentélists the éssuﬁptiohsaof Kbopmané;chedremvénd the déngers of
using it. First; Kbopmaﬁs';theorem is applicabié‘dnly.if the méiecﬁlafvéf-
bitals of thé ion are the same as those of thé neutral ﬁoleculé. ‘This ﬁill

not in general'bé\the case; and because of failure of this aséumption, the

one-electron energies from the Hartree-Fock calculation will be;greéter than

the experimentaJ values. The difference corresponds. to a relaxation or re-

organization energy of the moiecular orbitals to the ionic orbitals. Second,

the use of Koopmans' theorem assumes that the correlation energy for the ion

is the same as that for the molecule. According to Richards this effect

tends to make the Hartree-Fock energies less than the experimental values.
Finally, it is assumed that the relativistic corrections are the same for
the ion as for the molecule. The net error, as seen above, is about 1k eV

for methane.
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For a series of compounds, such as have been studied here, it seems

7

reasonable that the relativistic and correlation corrections will be the
same for all of the éémpouﬂdé.' Then, if the relaxation ehergy is the same
for all molecules of the sefieé, the Hartfee-Fock resulés'should>givé the
Shiffs in binding'energy among ﬁhe.Various coﬁpounds, even thduéh théy db
nof égree"with the abéolute binding ‘.enérgies..i Figure 3 shoﬁs the exberi-
méntal and tﬁedreticél éarbon 1s binding energies(relative to methane) plot=-
ted against the number of fluorines. The orbital energies calculated by

7

H$§and.Allen change by an average of 4.9 eV for eaéhxadditional*fluoriné;
the éxperiﬁéntgl.values, however, shift by only 2.8 eV for each fluorine.
There is, therefore, an addﬁtional relaxation ehergy of about 2.1 eV per
fluorine. We can make a rather crude estimate. of the reiaxatién energy due
to polarisation of the ligands by considering the interaction between a
positive charge, +e, and a polarisable atom at a distance r from the charge.

Because of the pblarisation of the atom, fhe total energy of the system is

rlowered byvan amount

-’%’J"m ,
oM

where « is the polarisability of the atom, With polarisabilities16 for Fi,

17‘the

Cl-, and Br  and appropriate values for the carbon halogen distance,
above expression gives a relaxatioﬁ energyvbf 1.7 eV per fluorine and 2.2 per
chlorine and bromine. The agreement between'the"value 1.7 eV and the dis-
crepancy of 2.1 eV pei'fluorihe mgntioned above is sﬁrprising considering |
"the crudeness of the model. Actuai polariéabilities aré probabiy smaller
then those used(which were for the negativé ions)} Also one should allow

for the fact that the central ion already had somé charge(positive or nega-

tive) before‘the inner electron was ejectéd.

L3

o




Figure 4 shows an energy level diagram summarizing the different
energies involved in determining the ionization péﬁential of CHF3 (as an

exampie). The lowest horizontal line represents the energy of the unionized
+

3

electron from the.carbbn 1ls orbital removed to infinity. The right hand

molecule.‘_The‘middle line'%epreséhts the enérgy of the‘CHF iﬁn with an
 vertical line ﬁhué repfesents the difference in energy between these two
%tétes and'thﬁs ﬁhé‘ekﬁerimental ionization potential. Thé upper hofizonfal
line represenfs the energy the ion would hﬁve if thevorbitéis of the ion
were the same as those of the molecuie; The left haﬁd vefticaiAline thﬁé
représenté the iohizétion'pbtential giﬁeﬁ by'Koopmans' ﬁﬁéorem. The dis-
tance bétwéeﬁ tﬁe'ﬁW6 ﬁbpermhbfiiqntaivliﬁés.i$v£he errdr due to the effects
mentioned énd, in thé‘figure,'is divided into two.portions: about 14 ev
due t§ féarrangement of thé eleétfons assbciated with the carbon atom ahd )
to thévfelatiVist;c and correlation effects and aboﬁt 6 eV associated with
pélérization of_the fluorine-atoms. .

This relaxation efféct'brings.out one. of %he principal ﬁroblems'
assoéiatedfwith interpfétation of shifts in ionization pOtentials‘ofvinner
eiectrons from one compouﬁd to ahother, The ionization potential is the
difference between the energy of the neutral molecule and the energy of the
‘ion, and is therefore‘inflﬁénced by'thé chemistry of both. It is difficult
to. know whether.a-measured shift betﬁeeﬁ tﬁo compounds is due to differences

between the neutral molecules or differences between the ions. Other examﬁles

of this problem'are discussed elsewhere;s'

Cofrelation with electrOnegativity_; A number of attempts have

. | ., . .
been made to borrelate the shifts of 1ls binding energies with charges assigned

1-4,11,18

to the atoms. These charges are estim&ted from simple electronegativity



-8- "

consideretions or frem some kind'of molecular orbiteiiealculatiohs. This
sort of correlation ie made in the same spirit that Koopmans' theqrem is
'apﬁlied - namely,‘it is tacitlyrassumedbthat the energies are deterhined_
by the charge distribuﬁions in the molecule and that rearrangehent ehehgies
can be ignered.h In view of the substantial energies that aﬁpear.to be asso-
ciated with fearrengement, there mighf be some skepticiem ebouﬁ the physieal
 significance .of these correlations. R . |
It is possible, however, ﬁhat the relaxation eneigies vary ih
some orderiy wey. If so, then theee coireiafiens-may be of some Value in
detefhinihgvthe systemeties of the‘hinding enefgy ehifte.j The“cehbohhds I
have etudied, because they have essentially the samevgeometfyvend bonding, -
should provide a good test of fhe varioue hethodé of correleting the data.
hA very simpleiand satisfactory corfelation of the data for halo- .
methanes ie shqwn in Fig. 5. Here I have plotted the binding energ& shifts
versus fhe quantity 2 X - XH). The symbol X stands for the electronegat1v1ty

of the halogen and XH is the electronegat1v1ty of hydrogen.l9

The summatlon
is taken over dll the atoms attached to the carbon(or, effectlvely; ever the
halegens since XH - XH = 0). Since the vahious compouhds are related to

one another‘by replacemeht of hydrogens by halogens, it is reasonable thatv
thebshifts should be somehow dependent on the‘electronegativity difference
between hydrogen and ﬁhe halogen. In addition it is reasonable that the

shift should increase with the number of halogens. That the data should
fellOW'a linear relationship is not obvious. I have made an attempt to justi=-
vfy this linearity in the paragraphs that follow.

In the simple electrostatic model: discussed by Siegbahn and co-

20
workers, the shift AE in the inner electron binding energy due to the




- removal of a charge qe from the atom of-interest,toa.ligand atom is given

as _
. 2, 7.
AE = qe~(1/¥ - 1/R)
where r is the radius of a shell around the atom from which q'isaremoved

and R is the distance téa]jgand atom to which-g is removed. In a more

: séphisticated treatment'qez/r is replaced by the results of a quantum mech-

1

anical calculation, but even in this case the first term remains approxi-

- mately proportional to q. If there are several ligands then the expreséion

beéomes »
AE = qee/r v ez a;/R;
i b4

where qi is the charge on the ith ligand.

We now_muke,thé questionable,assumptionvthgt Ri,,the distance to

. the ith ligand, is independent of what the ligand is(or, that 1/Ri can be

replaced by some average value l/R). Then
AE = qge /r +(2qi )'e2/R
Since the ‘molecule is neutral q = Zqi and
v2 v -
AE = ge (1/r - 1/R)
as for the case of dnly one ligand;_ The important point is that thg shift

is approximately proportional to the charge on the central atom and approxi-

mately independent of how the balancing charge is distributed among the

~several ligahds.

The above paragraph represents the argument’ for seeking some cor-

:relation betweén’the measured‘shifts_and afomic.éhargés. Satisfactory
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correlations have been found forvnitrégen l1s, sulfur 1s and.2p, ?nd chlorine
2p binding energies.l-u To obtain atomic charges for nitrogen and sulfur,

Nordverg aﬁd co--worl;ers2 have taken the charge on an atom to be equal to the
formal charge plus the sum of the ionic characters of the bonds»attgched to
the atom. The ioniec character’i was obtained from an empirical relationship

where XA.and XB'are the>electronegativities of the atom of iptefest aﬁd of
theiatom joined to‘it. This relatidnshiplis bééed on the'dipole momenté of
HI, Hbi; aﬁa.HBr and probably’ﬁnderestimafés i. In spité of ﬁhis Nordﬁerg
92_5;.2 and Hamrin gﬁ_g;,h have found good correlations‘betﬁeén ﬁéésured
shifts for nitrogeniand sulfur compoﬁnds and the calculated charges.-

If the halomethane data are tfeatedvin thisfﬁay the results are
unsatisfactory. Although all of>the fluqrine.datg fall on a straight line
and the chlorine and bromine data fall approximately on a straight line when
plotted against such'charges, these iineé differ in slope froﬁ one anbther
by a factor of about 2. |

The prooblem seemé to lie with.the use of Pauling's relationship
for the ionic character. Gordy22 has made a more critical ahalysis of the

dipole moment data and has combined this with results of nuclear Quadrupole

resonance experimehts to conciude that
I:(XA'—XB)/Q for {xA-xB, <2
I=1 for (xA-xB(>2

For all systems considered here, the first of these expressions applies.




[

“or for methane
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- For all of the halomethaneé; the formal charge on the carbon is

_ . ‘ ‘ -2
- zero. Then combining the assumption made by Nordberg et al. with Gordy's

expression'wé-conclude that the charge'on the central carbon atom is given

as

a=z (x, - x)/2

‘wWhere Xi is the'electronégativity of the ith ligand and the sum is over all

the ligands. . Combining ﬁhis result with the idea expressed above that the
shift in energy(felative to atomic carbon) is proportional to q we have
L v ‘
BE = T (X - X))
- i=1

'AECHu « ¢ (X=X

Then the shift between methane and any of the halomethanes will be

_ b '
AE, - AE « £ (X, -X,)

which is what is plotted in Figure 5.

We can examine this relationship more quantitatively.v The pro-

portionality constant relating the energy shift to the eiectronegativity

difference(as determined from the straight line of Figure 5) is 1.48 eV per

electronegativity unit. From Gordy's relationship between electronegafiVity
and partial ionic charaéterlfhis correspoﬁds to about 3 ev fof'ﬁvchange'in
charge of 1 electronic charge. Let_us compare this Q#lue with ﬁhat we might
obtain from thé simple_ele¢trbstatic model discussed above. Acco;dingfto

this model
' AE = q-e2(1/r - 1/R)
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The Hartree-Fock'caiculations éf,Siegbahn éndvébworkefslg indicate that
removal of an sp3 hybrid electrbﬁ‘from carbon causes a shift of thevcarbon
1ls electrons by 17.1 eV. We may thué replace e2/r with.this quantity. 'The
‘radiﬁs R to whiéh the electron is femoved is not less fhén about>l E (CH
distance) and no more than 2 £ (C Br distance); as an average we might
take 1.5 X. Then AE = 7.5 q eV. This calculation assumed that the charge"
distribution in the ion is.the same as that in thevmolecule. We have seen
above that we must take into aécount the.polarisation of the ligénds by thé
vpositively chafged centrai atom, This leads to a relaxafion ehergy of aboﬁt
2 éb:per électfonic chargé; Combining this with the ﬁbove expreséion ﬁe'
conclude that AE should be abduf équalvt§ 5.5-eV perbelect;ohic chafge.
This is still-somewhaﬁ larger than thé valuelof 3 eV determined from:the
experimental data. Tﬁese could be brought into better agreement by assuminé
either a'smal1er avérage:vﬁlﬁe of R(1.2 K) of that the idnié character is
less than (XA - XB)/Z. | N - | | - |
Let us look at the firsﬁ of these; Taking ﬁhé eiectronegati#ity
. of carbon aé 2.5 and that of chlorine aé 3.0, ﬁe conclude that the charge
on the carboh atom in carbon tétrachloride is +1.0 e. As opposed to fhis,
Gordy2l has estimated from quadrupole coupling data that the charge is only
+0.48. Similarly, using 4.0 as the electronegativity of fluorine and 2.1
for hydrogen we obtain +2.05 as the carbon dharge in fluordform. Schwértz,
Coulson, and Allen,ll using empirically corrected Hartree-Fock results find
_ a»charge of only 0.53 on this atom. Furthermore, if the charge of the car-
bon is a high as +2, the assumption that the shift in energy varies linearly
with charge is #lmost certainly wrong-.12 Gordy's formula, however, applies

only to the ionic character of the o part of the bond. In carbon tetrachloride

&
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there is a partial cancellation of the charge transferred from éarbon to

chlorine in thevd,bond by a back donation of electrons in the T bond. Thus

the effective ionic character of the bond is substantially less than would

be predicted by the formula (XA - XB)/2.

Lookiﬁgvhow at the secdnd point.mentioned abové, we note that the
ele§£ronegativity22 of a methylrgréup is;é.33 %hile that of a CCl3 group is
2.58. Usiﬁg.ddfdy'é rﬁle, fhen the ioﬁic.chéracter of'élbond between one
of these groﬁps_and a chlofine would bé O.67vfor tﬁé-methyl aﬁa O;h2 for

CCLl.,. The corresponding charges on the chlorines are -0.34 for CH3Cl and

=0.21 foryCCiu. Because of the changihg'electrohegativity of the central

atom.the chdrge rémoved by thé chlorines is not-proﬁortiondl to the number
of chlorines. '(In'éarbon tétrachlofide; the chafgeé'ére efen.iess then
indiéated here, because of thé ﬂ'bénding). Siﬁiiar'céncluSiOns-are drawn
Vfr¢m thé theoretical caléﬁlaﬁbns of.Schwartz, Coulsbn, and Aileﬁ. They»show
that fér the fluorinated methanes the charge 6n.the fluorines diops from
-0.212 for gHéF to -.208 for CHFB. Tn the bi.nding‘en'e_rgvy sh.ift'g,' t'he?e 1s
some compensation for this effect: Although the éharge'increases'lessvthan
in direct proportion to the number of fiﬁorines, the binding energy probably
incréases more than in direct proportion to the charge.

Summarizing this section,'we have seen that there is a linear
correlatién between fhe binding energy shifts and the ele ctronegativity of
the ligands. _We have seen & plausible argument’; that there should be suéh
a linear correlation. However, to oﬁtain a satisfactory agreement between
thelexperimental values and theoretical estimates we must, first allowvfor

the relaxation energy in the ion, and, second, use ionic characters that

are rather smaller than those obtained from Gordy's formula. This formula



“1h-

Ppplies énly to the o bonds and we must reducé the ionic charactef'from the

predicted value to account for back bonding in the 7 bond.
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- FIGURE CAPTIONS

Spectrum of carbon 1ls and chlorine 2s electrons in fluoroform

and methylene chlordie. The solid line represents a least squarés
fit to the data. Exciting radiation is magnesium K X rays.

Spectrum of fluorine ls electrons in carbon tetrafluorlde and
methyl fluorlde The solid line represents a least squares fit
to the data. The. splitting and. Lline widths indicated were de=-
termined by this least squares procedure. The exciting radiation
is magresium Ka X rays.

Experimental(points) and théoretical(solid'line) variation of
carbon ls binding energies with number of fluorines attached to .

- & single carbon. Both. the experimental and theoretical values

are plotted relative to that of methane. The theoretical values
were obtained from Hartree-Fock calculatlons by use of Koopmans

~ theorem (see ref.T7).

A COmparison of the one electron energy as determined by Koopmans'
theorem with the experimental values. The picture is meant to be
schematic; however the numbers chosen are for the carbon ls elec~
trons of fluoroform See text.

The carbon 1s binding energies (relative to that of methane) for
halomethanes are plotted versus the sum of electronegativity dif-
ferences. The difference is taken between the electronegativity
of the ligand and that of hydrogen. The sum is taken over all
the ligands. ‘
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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