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A New Method for the Estimation of Dissociation Energies
and its Application to the Correlation of CoreéElectron

Bindihg'Energies Obtained from X-ray Photoelectron Spectra

William L. Jolly

Contrlbutlon from the Department of Chemistry of
the University of California and the
Inorganic Materials Research Division
of the Lawrence Radiation Laboratory,

' Berkeley; California 94720

Abétfact. - Dissociation energy is defined here as the energy
réquired’to break all the bonds of a species so that the electrons of
each bond are divided equally between the atoms of the bond. A method

based on electronegativities is devised for estimating the differences in

the dlssoc1atlon energies of pairs of 1soelectron1c spe01es Such differences,

for, approprlately chosen 1soelectronlc pairs, are closely related to
atomlx core-electron binding energies obtalned from X-ray photoelectron
spectréf Tt is shown that carbon 1s elec#ion biﬁding energies for a
varieﬁyVOf cafbdn compounds correlate reasonaﬁiy well with the estimated
differences in dissociation energies for the carbon ¢om§ounds and the'

corresponding isoelectronic nitrogen-containing cations.



-

ale

Introduction

vit‘has been shown that, when a core electron is removed from an
atom in a melecule or ion, the valence eluctrons adjust as if the nucleur
charge:dfithe atom had ‘increased by 6ne'unit.lv Thus a core-electron
binding energy is closely related to the energy1difference_between_the
species_eontaining the atom and that of the isoeleetronic species containing
the atom of one higher atomic nuﬁbef. Unfortunatel& the energy data

required for the correlation of binding energies are not always available.

Therefore there is a need for a method for estimating the energy differences’

for pairs of isoeieetronic'species. The purpose of this research was to
devisersneh a method and to apply it fo the correlation of core-electron
binding energies.

»Diffeneneesuin_energy'between pairs of species can be expressed in'
various ways which differ in the arbitrary.choice of the energy reference
level.i For example, both dlfferences 1n the heats of formatlon from
the elements in their standard states and dlffereneces in the energies of

dlssociatlon to atoms are acceptable, although dlfferent measures of the

X

energy dlfferences. We have chosen to estlmate differences in the dlSSOClatlon

energies of pairs of 1sostructural 1soelectron1c species. For simplicity

we have restricted ourselves to gaseous species.

A Method for Estimating Differences in Dissociation EnefgieS'

A 5eneralized Deflnltlon of D155001at10n Energx - We shall be
concerned with palrs of 1soelectron1c species in whlch one species differs.

from the other only by hav1ng one of its atoms (the "transmutable atom)
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possessién atomic number that differs by i 1l from that of-the-correspdnding
transmutable atom of the other species. (Examﬁles of such pairs are
NOQ-/03' and CHA/NHA+)" In such pairs of isoéléc#rohic species, at

least one species must be an ion. - This fact immediately poses a problem
that apparéntly has not previously been resolved - i.e., how do we

define fhe'dissociation’energy of an ibn? When we break the bonds of

an ionic.speciés, there is ambiguity in the choice of products. For
example,”ébnsider tﬂe nitrosyi ion, N0+. We might dissociate this

species‘in.either-ofvthe fo}lbwing waysi
'“.'mo+v-»1v++ 0
' NO+_—>N+ o
We ha&e‘adppted_the_following arbitrary (and &et”sbmewhatvlogiCalj rﬁle

for choosing the atoms and/or monatomic ions into which a species is

dissociaﬁed: In the dissociation process, the bonding electrons of

~ each bond are divided equally between the atoms of the bond. This
procedure 1is equivalent to dissociation into atoms which bear charges

equal to the formal chargese-of the atoms in the species. Thus we dissociate

Nd+ as.follows:

=0 -x+o

It is interesting tQ note that, by following the above rule in the case
of neutral molecules, we do not always dissociate the molecules in the

traditional manner. Thus we dissociate carbon monoxide as shown:



s
C=0 -Cc +0

The main juﬂtification for this novel method of breaking bonds is the
success éf its application, to be discussed.

Because we are concerned with differences in'dissociation
energies, ye are concérned onl& with_the énergies 6f.the bonds to the
transmutable atoms. .Thus,»for the isoelectronié:pair CH3C02-/CH3N02,

it is not_necessary to be concerned;withithe“CsH-bonds; it is sufficient

to estimate the energies of the following processes

CO " »CH.+C+0+ 0
CHyCOp = CHg* €

CH_NO

. . 3 2’>:CH

+ N o+ 0+ 0

3

VEEE Derivation ggg-TeSting of the Method. - Pauling has shown that
the gnergy of a singlé bond between different atoms may be evaluated
| 3

as the sum of a covalent contribution and an ionic contribution.

The present method for estimating differences in dissociation energies

is based oﬁ the hypothesis (reéchéd by trial and error) that the covalent
contributions to the bonds in a species are equal to those in any
isoeléctrénic §pecies. Thatiis,>we-equate a»diffgfénce in dissociation-
energy‘tavthe difference in the sum of the iénic contriputions'to the
bonds. iWe’estimate-these contributioﬁs using‘Péuling'; relation,

involﬁingvthe electronegativities of'the bonded atoms:



AE(kcal/mole) = 23(xA - XB)Q' ' (1)

However; in order tb apply'equation 1, it is necessary to decide what
electroncgativities to use for formally-charged atoms. Pauling has “
suggestedy_that the eiectronegativity of an atom with a +1 formal
.chatgedéhould be increased by two-thirds of the difference in électfonegativit&u
betﬁeeh.ﬁhe atom and the next atém in the periodic table and that tﬁe
electronegativity of the atom with a -1 formalvcharge should be similarly
decreéscd. We ﬁave found that such adjusted elecfronégativities may
be épplied to bond energies, but trial has shown that a factor‘of one-
half works better than‘ﬁwoéthifds. Thé electronégativities-that we
used_ére presenﬂedviﬁ Tablé I,_~Most of the values for the neutral atoﬁs
are thése Calﬁulated by'Johnson5 from modérn thefﬁddyhamié daté. The
methodé used for evaluating the.eleétronegativities of Be, B and F+ are
disgussed in Appendix I. |

Equdtion-l Was‘derivéd forf(and the eléctronegativities were
calcﬁlated from data for).molegules with single bonds. Nevertheless we
have applied‘the équation without correctioﬁ to isoélectronic species
having double bonds, trip}e bonds, and 5elocalized x bonds._ An attémpt
to acqoﬁnt for fhe extra dissociation energy of bonds having an ofder
greater than one by introducing a multiplicaﬁive factor 1 + e¢(n - 1)
.(where ¢ is a constant and n is the bbnd order) gave no significant |
improvement in the estimated differeﬁces in.dissociatibn energy. We
. take this result as an iﬁdication that the =n bond_énergyiislapproximétely

the same in isoelectronic multiply-bonded species.
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Electronegativities Used for the Calculation

- of Dissociation Energies

~ Atom Electronegativity,
1/2
(ev)

H' | o 2.20

‘Be 1.76

| B - 1.98

B | 2.20

K - 2.33.
c 2

¢y a0
o 3.15

¥, 0 3.0

o 365

o, ¥ 3

f‘ | - : 400 .
s 195 .

P 2.20
s o ,2;1.;7 _

| Sv‘_ : o 2_.'75; N

s 3,00

@i s

" Se 2.37

Br 3.05
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We have observed that a bond energy‘is enhéncéd by 2h2 kcal/moie,
on the aVerége, when the atoms have opposite unit formal charges and that
it is diminished by that amount whep the atoms have the same unit formal
charge. Fér formal.charges separated.byvan inter&ening atom, we reduce
this energy to one-half of 2k2 kcal/ﬁole?’and for adjacent formal charges
of + 1/2, we reduce the energy to one-gquarter of 22 kcal/mole. |

'Bytapplyingfthe rulES_andrempirical observ@tions which we have
discuésed; we obtain the following équations for'ésﬁimating the difference

in dissociation energy, A, for an isoelectronic pair of species.

A(kcal_/;lgle) -3 :23(33-'»;(;) + WGy - x| + 2te 3 [y 0], (®

A o - N <l .
(e = Z[0f - ) + 2l - xA)xi] . 10.52[1/(1 . k)} c, (3)
Here x. and x_ are the electronegativities of the transmutéble atoms

A B

A and/B:(the étomiC-number'of atom A is one less than that of atom B),

X5

and;Cj is the formal charge of an atom separated by k atoms from A (or'B).

is;the électronegativity of an atom directly bonded to afom A (or B),

_Theeium 2§.is éarried out over the i atoms directly bonded to atom A
(or BB; and the sum %; is’carriéd out over all the atoms in the‘species,
except atom A (or ﬁ). i. . :

InJTébie II, experimental A values and A valves calculated from
equatiéh'é aie tabulated for 31 pairs of isoelectronic species. The data
are-piétted in Figure 1. The fact that the species'are almost entireiy
compounds of elements of the first row of the periodic table is.;imply

& consequence of the-évailability‘of relatively accuréte data for such

species. - The £ifth column of Table II gives the weights assigned to

4
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g@blé,ggg Experimental and Calculated Values of A, kcal/mole.

© Pair No.

Isoelectronic Pair

€xp

Abalc

wt.

o o ;q: o ir, o

lO

”121 
, '13
e
TR
16
ﬁ.17 
18
_119 '
'50 '

o,
CHu/NHﬁf
siHh/PHﬂ+
BFL}'--/CF,+

: +
CFM/NFA

: CH3'/NH3

: CGHSCHé /C6H5KE

NH3/OH3+'

+

3
: -+
BH3/CH3

PHS/ SH

- .t
CH3/NH3 _

Ni,, /H20'

 OH"/HF

HS™/HC1
HSe ™ /HBr

co/NO"

2y
c, /ov

CN /NQA

HCN/HCO'

o
CH_CN/CH_,CO
3 ‘/ 3

: +
BH_CO/CH..CO
3 / 3.

'cdé/Noéf o

. _38

__us}

k2

189

1oi
-110

35

290

It

- 67

~10L

'r163
.’

13

-2

S

-1
154
188

- 61
- 52

.19

- b5

- 25'

- 96

- b
-2

283

  *258

16

1125
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Table II. (continued)
Pair No. Isoelectronic Pair A , wt.
€exp cale
- . .
23 N20/1\102 | 261 _2uo 3
2k OCN"/N,0 -194 -211 1
25 . N3 /NEO' 88’ 137 1
26 No, /o3 -187 -243 1
27 QI\IF/NF; 65 -2
» 4 '
F |
28 . 3F3/c 3 347 363 3
, - + :
29 . COF2/0F3 - 88 - |
30. C032~/N03- -322 -4 1
31 _ CH3C102- /CH3N02 : -185 -210 1
32 Hco3‘/1,mo3 -132 -158 1
33 ‘. ro, /o F ’69 ‘ 113 1
3 | NoF/NOF," 253 234 3
+
35 NF,,/OF,, 202 170 3
36 CN/N2+ 130 139 2
37 [V -4 .21
38 No~/0, 60 17
39 0, 7/or 2135 -129
Lo C6H5 /CSH5N 3 - 22
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‘the experimental values of A in the empirical evaluation of the average

enefgy oflthe formal charge‘intefecfioh. ZThe average deviation between
the Ab#éaanq Abalcvvalues is t3l‘kcel/mole. ‘Iﬁ is believed that many

of the{diecrepancies can be ascribed to inaccuracies in the experimental
heate of formation. The heats of formation of most of the anions are
basea on calculated‘latfiee energies (which are notoriously inaccurate),
and the heats of formation of most of the cations are based on ionization
potenfials (wh%ch often have uncertainties of more than 1 eV). We
believe -thém, in view of the uncertainties in the experimental data, it
will be difficult to devise a more precise method for calculatiog A
valuee;"The soUrces of'the thermodynamic»dateoused:in calculating the
AERp vélues and.exemples of the methods of calculating the Abalc values

are given.in Appendices II and III, respectively.
The Correlation of Carbon 1s Binding Energies

EQUations 2 and 3 are valid for the caleulation of A only when

the,trdnsmutable-igoms'and'theiatoms to which they are directly bonded.
ror . .

have, formal chargeeAeﬁ--l, Oyop +1. Therefore Aea1¢ values can be
used tofcorrelate core-electron binding energies. ohly for atoms with
*o -

formal chargeiﬁ £ -l and, 0. The only element for which binding energies

A

are known for a reasonably wide selectlon of compounds whereln the formal

e w\..—*g& ,Q/'Al L hﬂ’“‘}ﬁ-’
chargesAoL the~atcmvemy&e&uﬂ&*0 is carbon In Flgure 2 we have plotted

_carbon 1s binding energles (taken from the data of Nordberg et al

Davis et 3&-, and Thomas ) vs. & .lc values. The points define a

straight line of unit slope.

It should be noted that A'values are, not the sane as the ET values
("thermochemlcal energles") that we have prQV1ously us:l to correlate
bindlng_energles, although, for compopnds of a given el..:unt, these

4

X
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quantities only differ by'a'constanﬁ'amount'-'viz.3 the energy
correspcnding to the different standard states of the elements. In

the case of carbon compounds, ET values are greater than A values by

277 kcal/mole, the energy of the following reaction.

1/2 Ny(8) + Ce) »> W' (g) + e™(g) + C(s).

The observed linear correlation of the carbon binding energies with

the A 1e values can be explained as follows. The binding energy of
ca :

gaseousfméthane is the energy of the following process.
x ) .
- cH), Cth + e - ()

(The asterlsk indicates a ls electron vacancy -in ‘the carbon atom )
According to the pr1n01ple that the chemical behav1or of an atomlc
core is essentlally unchanged after the capture of one of its electrons
by the nucleus,l the follow1ng reaction should have AE = O.9
+%* S+ 5+ - v

| RS S A - - (5)
).1‘
Thus the following reaction (the sum of reactions 4 and 5) should still

~ have an energy equal to the.binding energy.lo

CH), P AN NHh+ P ot s e (6)

We can write similar reactions for the binding energies of other carbon

compounds; thus for carbon dioxide we writet



co, + ¥ omo b+ ?t v (D
2 2 L
The vzlues of A for methane and carbon dioxide cor$espond to the

energies of the following processes.
. L4 4 o : -

co, + N> M0, +C . - (9)

It will:Be'noted that reaction 9 minus reaction 8 is the same as reaction

7 minus reactiohb6:__u

+ + :
002 + NHM - N02 + CHH

Therefore the difference in the A values should equal the difference in
* the binding energies. The same is true for any two carbon compounds,
and thus the straight line of unlt slope in Flgure 2 is explalned

?\The scatter of the p01nts in Figure 2 is no worse than the scatter

‘in plots of binding energy.vs. atomic charge, Which also show a linear

., . Lo 8 ll
o , correlation. ’

R I
both A and .- atomlc charge indicates thth and atomlc charge must be

!

1
%he fact that blndlng energy. . is llnearly related to

at leastfapprox1mately linearly related. vThlS can be shown by comparing
eQuatiqn_Q'or 3 with‘an'eQuation”which_has beén_uséd for calculating atomic
'chargé‘from electronegativities. In-the case of carbon cpmpéunds which

héve n0'fdrmaily—chargéd,atoms,'equation 3 reduces to

'é(,éV):_Z. [1--_9»:1.—' 5--'55]'._],.'. | ()
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For the same compounds, the atomic charge g can be calcuvlated,

3,1

: : l : .
according to a procedure due to Pauling,”’ by the equation

e I

>The sign of the quantity in brackets is determined by the sign of
the quantity Xy -.2.5.‘ Now in the practical range l.0<:xi< k.0,
the function in brackets is well a?proximafed by the lineaf functién
0.27(xi‘- 2.5); thus we write |

q zZ[O-?T(x;—?é)] '=§:-Ej.27xi - 0.67] ' (125

.From equations 10 and 12 it can easily be shown that A and q are

4

linearly related:
- &(eV) =~ 7.04q -.0.83

}t:shOuld-not be cdhcludéd’from‘this resul£ that atomic charge is as’
fundamentally significant a function as A (or ET’ the "thermochemical
xenergy"l) for correlating core-electron binding energies. It must be
remeﬁbéfed that equations 10 and 12 yield very crude gpproximations for
A and'q,'respectiVely,‘andithat:even‘if A and g could be evaluated with
highfacéﬁracy for'a series of com?ounds, théfe are theoretical réasons
-‘for doubtirg that either function would corrélate perféctly witp core- : |
eleétroﬁ binding énergies. Thus a COrreiation with A depends on the
3>validiﬁy of the approximation that atomic cores of equal charge are.

chemically equivalent--an apprbximation that needs thorough testing.
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A correlation with q depends on the approximation that the charges of

-other-atomsbin the molecule do not influence therinding energy and

that’the héﬁ'increase in q after loss of the cére électron is independent
of the'méleéular struc#ure.

"From the form of equation 10,_if is clear that we should expect
core biﬁding energies to be equal to an additive function of parameters

chdrécte?istic of the atoms diréctly.bonded towthefatom from which the

- core electron is ejected: Rather than relying on electronegativities to

evalu&ﬁe these paraﬁeters, it is possible to evaluate them empirically
by a‘leaStfsquares treétmént of the binding eﬁérgyidata. This was |
done usiﬁg”the'cérbon ;§fbinding'energies of F:‘,igure‘Q.l)4 The data’
may bé represented'by’theLéquation’ |

Byl © (13)

Thevvalues of p'fof th¢ eiementsfolloﬁ; H, ~0.15; C, 0.55; N, l;OO;
0, 2.21; F, 2.84; s, 1;oh;"01, 1.52; Br, 1.33. The binding energies
are ploﬁtéd ZEJ‘%;IE in Figure 3; it can be seen that the correlation‘is
somewhat impro#ed. PrObaEly.an empirical treatment Qf‘this type, using
Aequatiéﬂ 13, could be used to correlate the binding energies of other

elements;’ An obvious refinement of the method‘would be to use parameters

‘which are a function of the atoms not directly bonded to the atom which

loses the core electron. That'is; parameters could be evaluated for .

groups_of atoms.
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Appendix EL - The electronegativity of beryllium was calculated
from the Be-F and Be-Clvbond eneigies. From the heats of formation of
BeFe(g) (-192.1 kcal/molé),lS Be(g) (77-9 kcal/mole),l6 and F(g)

(18.3 kcal/mole),3 we caleulate E(Ee-F) = 153 kcel/mole. ‘From the heats
of formation of BeCle(g) (-84 kcai/mole)15 and Cl(g)v(29.0 kcal/mole)3'
we caleulate E(Be-C1) = 110 keal mole L. By interpolation between the
values of E(Ii-Ii) = 26_kcal/mole3 and E(B-B) g'79 kcal/molel7, we
estlmate E(Be Be) = 52 kcal/mole. By use of the'egnation E(A-B) =

1/2 +.23(x - xB) ' the above data yield the values

[E(A—A)fE(B-B)]
1.70 and l 82 for the electronegat1v1ty of beryllxum, we use the average
value,.1.76.

The eiectronegativity of boronrwas calculated from the B-H bond
energy in.BHB.V The latter molecule is ehe of the few boron compounds
not compllcated by 3-center bonding and in whlch the boron has no formal
charge. The data, whlch lead to the electronegat1v1ty value 2.20, are

the energy of dissociation of diborane into BH. groups (ca 36 kcal/mole)

6
AH [B(g)] 135 kcal/QOlé?‘:

3
AHf [B2H6(g)] =5 kcal/mole ? AHf [H(g)]

. | 17
= 52,l-kcal/mole3 and E(B-B). = 79 kcal/mole T,
The electronegativity of Ffl(h.25) was extrapolated from the elect-

ronegativity values for the o{;her firs’b—row’ elements.



: of gaseous anions were taken from'Waddington.~

18-

Aggéhdix ;2.-; The heats of formation of monatomic gases were taken

“from Brewer16 and.Pauling3. The following eléétron affinities were used:

i}

EA(B) = T kcal/moleeo,- EA(C) =29 kcal/molezl,‘.gﬁ(N) =.-8 kcal/mole22,

i33.8 kéal/molezy,_”gé(s) = 18 kcal/mo1e25,. and EA(Se) =

L)

EA(0).
' 26 . .
kcal/mole Unless otherwise stated, heats of formation of gaseous
molecules were taken from Bureau of Standards publlcatlons, er heats of
formatlon of gaseous cations were obtained by combining the former
8
heats w;thvlonization potentials from Kiser,g_ and the ‘heats of formation

29

Heats of formation

_ dbtalned from other sources are given in the followxng list (the values

ere in kcal/mole): CFM(-221)3Q, (1!+2)5 ) *ens) 3L o, (1uo)32 )33,

ov(18)3%,  mco* (225) 2830, _CH3C0 (178)30, BH3co(_28.5)19’35,

Nozf(-ub)3h, onr(-16)3°, NF:(280)37, CF3+(119)
6
)%,

23, cor(-159)%,

NOB"(-81)29, CH,C0, (-11&)36, _Hco3'(-177)36,
NoF(-19)%,  wor," (228)%7, w,(10)%°, o, (312)

o,
8 ) )
25,30 " ew(105.5)3",

or (u30) 3, BH3(20-5)18’19, CH +(é61)28’3°,' SH3+(191)33, e (3%,

+, ...38 - Lo D
iy (175)3 > Oy (8%, CetlsCHy (2w 3, CeHts (29)39,u1, 

25 30 25,27

1572002 %, mse™(-5)"2, w0 (WP, 0,7(-10)%, or(32)"3

_ . o , o .
HSN(34)5 , OH(-33) 5?39. (By convention, AHZ for the gaseous electron

is taken as zero).
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éREEEgiﬁ ITI. - For the isoelectronic pair BHM—/CHM’ A is the

energy of the reaction

I CF
_ H——-——:;}—-—_H +C - H——-~'C-—-—H + B”
H : H :

Using equation 2, we calculate

D
i

L[23(1.98° - 2.15%) + L6(2.h5 - 1.98)(2.20) ]

ft

-2 kecal/mole.
For the isoelectronic pair BF3/CF +, A is the energy of the reaction

F - K .
- 4 \ -
- B=F +C- " C=F + B
¥ s .
Fof these and all other resoﬁating speciles, we write only single

valence bond structures. Using equation 2, we calculate

D
i

3,(23)‘,"(1.982 - '2.u52)'+ 46(2.45 - 1.98) [k.25 + 2(4.00) ] + 2h2(+1)

i

363 kcal/mole.

For the isocelectronic pair CH3COQ_/CH3N02, Ais the'energy of the reaction
0 ,0
y Vat
H,C—C/ + N s HC—N +C
3N 3 \ -
0 0
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Using equation 2, we calculate

A

"

For

3(23)(2.45° - 3.4

-210 kcal/mole.

the isoelectronic

”1-;2 [
{
]
1
=i o

-By_interpolatiﬁg;in Table I for the electronegativities of N2, O 2,
P :

1.

02) + U6(3.40 - 2.45)(2.45 + 3.40 + 3.65)+ 2h2(-1)

’ | | | 4
pair WF,/OF,", A is the energy of the reaction’”

y—

FN

Ol

‘and F 2, and by using equation 2, we calculate

A= 2(_?3)(2~972 - 3-732) + 46(3.73 = 2.97) (k.12 + k.00) + 2Lho(+3)

For‘the‘isbélectronic pair BH3CO/CH

= 170 kcal/mole.

H

CO+, A is the energy of the reaction

3

- _+ ' o+ -
B—~Cz0 4+ C->HC-C=0 + B
3 T 3 .

Using equation 2, we caléulatéf,-

A

1t

= 125 keal/mole.

1;_(23)(_1.98?2 - é.hse,) + .hs(,gf.:us - 1.98) [3(2.20) '._+ 2.h5] + 21;2.(%-).(4-1)
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Figure 1.

Figureje.

34, CIF,GCCLF; 35, F,C(CO)CH

Figure 3.

20, (CH3gHo)3; 21, Og(CHS)e; 22, CH

25, OC(NH2)23 26, CHCl

oo

Figure Captions

Plét of experimental A values vs. caléulatéd'A values. Numbers
refer to the isoelectronic pairs listed in Table II. Open circleS
corfespond to anion/neutrai moleculelpairs; solid Circles
correspond to neutral molécule/cation pairs. The sfraight

iine has been drawn through the origin with a slope of unity. ' W

i .

Plot of carbon ls binding energies (relative to methane) vs.

calculated A values. Numbers refer to the following compounds:

1, 06H6; 2, "02H6; 3, CH,; L, cHl"; 55 CHys 6, CHBQHQNHQ;.
7, CH3'Br;., 8, CH,CH,Cl; 9, HC=N-CH=N-NH; 10, CH.CH,OH;

1, CHCl; 12, CH,OH; 13, CH3gH20(co)CH3; 1k, CS,5

15, CHQBQ'Q; (16, HON; 17, sd(mﬂz) o5 18, CH,F; 19,.QCH2;

2C12; 23"06065 2l, 06,365‘
33 27, CH3g00H; 28, HQ(OCH3) 33 |
29, CCly; 39, OC(OEt)Cl; 31, Qg(OCHB) o5 3% 0025 33, 012Fgccu'2;:

37, OCF,; 38, CF.

A

2~ 2 3; 36) CHF3; ‘
Data from ref. Ba except for compounds 2, 3, 5, 12, 16, 18,

32, 36, and 38 (ref. 8b), and compounds 1, 7, 11, 22, 26;‘and
i . .

29 (ref- 80)-

»

Plot of carbon 1ls binding energies (relative to methane) vs.

2:pi. Significance of numbers indicated in caption of Fig. 2.
i , v
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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. ’ v

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.




- &

TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

4G





