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The Prediction of Core Electro;! Binding 

Fncrgies \,,ith a Four-Parameter Equation . 

William L. Jolly* ar1d Albert A. Bakke 

Contribution from the Department of Chemistry, University of Califmnia, 
and the Materials and Molecular Fesearch Division; LmvTence Berkeley 
Laboratory, Berkeley, Cali fomia 94 720 . 

.Abstract: Chemical shifts in core electron hincling energies ca"1 be 

predicted by the equation t.EB = aF + Q_R, \vhere the parrunetcrs ~ and h 

are characteristic of the class of n~olecule and atom to ,.,-hidl the binding 

energies pertain, and the parameters F and R are c~aracteristic of sLilisti-

tuent groups. The F and R parameters are analogous to the S1vain and 

LUpton 'f" and cR. parameters; i.e., they measure the a and 'IT electronegati-

vities, respectively, of substituents. However, the F and R values are 

appropriate only for processes in \vhich a localized positive charge 

develops on an atom, whereas the o/ and <R. values are appropriate for 

ordinary chemical reactions (including both electrophilic and nucleophilic 

substitutions). Thus lone-pair ionization potentials and proton affinities 

can be correlated \-ii th F and R values more satisfactorily th<m with 'J and 

dt values. 



-2-

Introduction 

Chemical shifts in core electron binding energie~ can be equated to 

the energies of chemical reactions involving ground-state species. 1 For 

example, the difference between the carbon ls binding energies of gaseous 

methane and gaseous carbon dioxide is practically the sarr:e as the energy 

of the following reaction. 2 

GI4 + NO/ - 'NH4 + + C02 

It has been found that, for oxygen-containing compotmds (alcohols, ketones, 

esters, acids, etc.) and amines, shifts in the oxygen ls and nitrogen ls 

binding energies are essentially equal to the negative values of the corre-

d . h . f . ff. . . 3- 5 h 6 span 1ng s _l ts 1n proton a 1n1 t1es. It a.s also been observed that 

there is a linear correlation between the -pKa values for acids RCH2 COOH 

and the iodine 3d~2 binding energies of the corresponding iodides RI. 

The fact that there is a close correspondence between binding energy 

shifts and the energies of chemical processes suggests that it should be 

possible to prec:lict binding energy shifts using the same sorts of corre­

lations and empirical parameters that are used to predict the energies. of 

· chemical processes . 
. . 7 

Indeed, it has recently been shmffi that the carbon 

ls shifts of some substituted benzenes are linearly correlated with the 

Hammett a parameters of the substi tuents. How·ever there are limitations 

in the use of HaJTiffiett parameters, even in the correlation of ordinary 

chemical data. A given set of a values can be used to correlate data 

only for similar chemical systews. To obtain a set of substituent 

8 parameters applicable to a wide variety of systems, S1vain and Lupton 

proposed that the Hammett op flll1.ction be replaced by the stun pf'f + pr&<., 
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in which the parar.~eters p, f, .and rare characteristic of the substrates 

and reactions and the parameters ·f ancl & measure the "field" an.d "rcsoac:mce" 

capabilities of the substituents. For a given set of reactions, pis 

constant and the ftmction p.f'f + prdt.contains effectively only four parameters. 

Analogous four-parameter ftmctions have been used by other investigators 

to correlate chemical data. For example, Ec1Kards 9 '~hm,~ed.that eo.uilibrium 

constants of Lewis acid-base reactions can be reproduced by the equation 

log(K/K0 ) = + SH 

where K is the equilibrium constant for the reaction of a base ld th a 

particular acid and Ko 'is the constant for the corresponding reaction of 

a reference base. The parameters a and 13 are empirical constants charac-

'teristic of the acid, and En and H are independent parameters for the base. 

Similarly, Drago and Wayland10 used a four-parameter equation to corr.clate 

· heats of dissociation of Lewis acid-base adducts: 

The parameters EA and CA were assigned to the acids, and the parameters 

Es ·.and CB were assigned to the bases. 

in this r~searCh we show that it is possible to correlate core elec­

tron binding energy shifts by means of the relation 

(1) 
. . 

in which. the parameters a <md b are Characterl.stic of the class of mole-

cule and atoin to which the binding energies pertain, and the parameters 

F and R are characteristic of substituent groups.· The ~EB values are 

expressed in electron volts, relative to .·the binding ~nergy of the mole­

'cule with a hydrogen atom as the substituent. TI1us there are particular 

values of a &1d b which correspond to the carbon ls binding en~rgies of 
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compounds of the type CJ-I3 X, relative to me thane . 1\s an examr le , it is 

possible to predict the C ls binding energy of methyl chloride relative 

to that of methane by substituting these values of a and band the F·and 

R values for the chloro group into equation l. 

Results and Discussion 

We have considered sixteen types of binding energy shifts. Five of 

these are carbon ls shifts (for molecules of the type Gh:X:, CF3X, OCX2, 

CX 4 , and GI2 GIX), 11 two are fluorine ls shifts (for molecules of the type 

FX and F3 CX), and the remaining nine are core shifts for boron, silicon, 

gerrnahitnn, tin, phosphorus, oxygen, chlorine, bromine, and iodine in 

molecules containing these elements. We have used data for the follmving 

· ten substi tuerits -(in addition to hydrogen, the reference substituent) : 

binding energy shifts and ten substituents correspond to a total of 160 

possible 6EB values. Only 92 of these values have been e:>-:perimentally 

determined; they were used to evaluate the various ~' £, F, and R values. 

In order to obtain a unique set of these parameters, four of them (the 

F and R values for GI3 and the ~and b values for CX4 ) were arbitrarily 

fixed. Thus we obtained 92 equations with 48 parameters to be determined. 

The values of the parameters, detennined by a least -squares computer 

12 program, are given in Table I and II. The standard errors of the F 

values are between 0.032 and 0.045; those of the R values are given in 

Table I. The standard errors of the a values are bebl:een 0. 37 and 0. SO; 

the standard errors of the b values are between 0.046 and 0.049. TI1e 

• 

• 
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Table I. 
;:> 

Values of F and R 

• Std . error 
Substituent F R of R 

rn3 (0. 000) (- 2.00) 

CF3 0.486 - 3.07 0.41 

CsHs -0.286 - 0.01 .40 

Silh -0.230 - 0.02 .39 

GeH3 -0.258 - 0.70 .41 

OQh 0. 722 - 7.61 .48 

F 1. 787 -13.88 .99 

C1 0.959 - 7.68 .57 

Br 0.624 - 4.53 .44 

I 0.451 - 4.28 .39 

• 
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'fable II. 

Values of a and b G 

Class of a - b t/5};. .. 
Molecule 

BX3 7.21 0.525 0.073 

GhX 1. 97 0.037 .019 

* CF3X 3.76 0.323 .086 

* OCXz 4.58 0.221 .048 

ex~+ (8. 00) (O. 250) .031 

* rnzrnx 4.11 0.492 .120 

SiX4 8.22 0.698 .085 

GeX'+ 7.34 0.600 .082 

SnX~+ 7.62 0.651 .085 

PX3 7.21 0. 576 .080 

* OCXz 8.27 0.985 .119 

FX 6.85 0. 726 .106 

* CF3X 2.67 0.280 .105 

ClX 5.07 0.565 .111 

BrX 3.76 0.576 .153 

IX 3.46 0.402 .116 • 

• 
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experimental and calculated values of the 92 binding· energies are listed 

in Table III. The Gauss criterion for closeness of fit ,\·as usctl; that 

is, the parameters ,~-ere chosen to minimize the sLUn of the squares of the 

deviations between e:Xperimental and calculated values . 

The values. of the four fixed parameters Here chosen so that (1) 

the trend in F values qualitatively resembles that for electronegativity 

or a electron withdrawing power (e.g., the F value for the fluorine atom 

is greater than that for the methyl group) , (2) the trend- in R values 

qualitatively resembles that forTI electron 11-'ithdrctwing pm.;cr (e.g. the 

R value for a good IT donor such as the fluorine atom is more negative than 

that for a relatively poor .TI donor such as the methyl group), and (3) all 

the ~ and E._ values are positive. , The last restriction is reasonable if 

one wishes to interpret the ~ and .£ values as absolute measures of the 

se~itivity o·f the core-ionizing atoms to, respectively, a and TI inter-

actions with substituent groups. The ratio Q!~, given in Table II, may 

be taken as a measure of the TI electron sensitivity, relative to the a 

electron sensitivity, of the core-ioniZing atoms. High values of Q/a were 

found for atoms which can accept negative formal charge from substituents, 

as in the case of the oxygen atoms of ketones and the B carbon atoms of 

vinyl compounds. 

+ 
Oh-CH-X 

Core ionization of such atoms probably involves a relatively large. ammmt 

pf electronic rela'<ation in 1vhich electron density is shifted to the 
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Table III. 

Experimental and Calculated BindiP.g Energy Shifts 

Core Level Compound r LlEB, eV~ Ref 
b.:ptl Calcd , 

• 
B Is B(Cl13)3 -0.7 -1.05 29 

B(OGh) 3 1.0 1.20 29,30 

BF3 5.7 5.59 29,30 

BCl3 3.1 2.88 29,30 

BBr3 1.9 2.12 30 

BI3 0.7 '1. 00 30 

C 1s rn3rn3 -0.14 -0.07 31 
* ffi3CF3 1.11 0.84 a 
* GI3 C6 H5 -0.57 -0.57 b 

GI3SiH3 -0.40 . -0.46 31 

GisGeH3 -0.52 -0.54 31 

GI30Cli3 1.41 1.14 31 

GI3F 2.8 3.01 32 

GhCl 1.60 1.61 31 

ffi3Br 1.23 1.06 31 

rn3r 0.6 0.73 6 

* CF3Q-I3 -0.60 -0.65 a 

CF3CF3 0.61 0.84 a 
* CF3CGHs -1.00 . -1.08 c 

CF4 2. 72 2.24 a 

CF3C1 1.07 1.13 d 
I) 

CF3Br 0.19 0.89 b 

CF3I -0.24 0.31 6 • 
* OC(Gh)2 -0.50 -0.44 13 
* OC(CF3)2 1.40 1. 54 13 
* OC(CGHsh -1.3 -1.31 13 
* OC(0013)2 1. 74 1.62 13 

OCF2 5.26 5.11 13 

OCC12 '2. 37 2.69 13 

(CONI'D.) 
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Table III. (contd.) 

* C(GI3h -0.40 -0.50 31 
• 

CF4 11.05 10.83 31 

• 
CC14 5.51 5.75 31 

CBn. 3.93 3.86 31 

* GI2GICF3 0.8 0.49 a 
* GhGIOGT3 -0.7 -0.78 b 

* GI2o-rF 0.3 0.52 a 

* GI20-ICl 0.11 0.16 c 

* GhG-II 0.2 -0.25 'b 

Si 2p Si(GI3) 4 -1.32 -1.40 31 

SiF4 4.51 5.00 31 

SiCh 3.11 2.52 31 

SiBr4 2.45 1.97 31 

Ge 3p¥2 
Ge(GI3)4· -1.29 -1.20 31 

GeF4 4.42 4.78 31 

GeCh 2.79 2.43 31 

GeBr4 2.02 1. 86 31 

Geh 1.12 0.74 b 

Sn 3~2 Sn(GI3)4 -1.36 -1.30 35 

SnCh 2.18 2.31 35 

SnBr4 1.72 1.81 35 

Snl4 1.01 0.65 35 

p 2p3/2 P(rn3 )3 -1.11 -1.15 36 

" PF3 4.76 4. 90. b 
-

, PC13 2.73 2.49 36 

o ls OC(ffi3 ) 2 -1.52 -1.97 13 

OC(CF3) 2 1.08 0.99 13 

OC(C6H5 ) 2 -2.63 -2.38 13 

* OC(OGI3) 2 -1.55 -1.53 13 

OCF2 1.17 1.11 13 

OCC12 0.12 0.36 13 

( COl\l'fD. ) 
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Table III. (contd.) 

F 1s FGI3 -1.3 -1.45 32 , 
FCF3 1.30 1.10 d 

FCGHs -1.9 -1.97 f • 
F2 2.48 2.17 g 

FC1 0.32 1.00 g 

CF30~3 -0.5 -0.56 a 

CF3CF3 0.7 0.44 a 

CF3C6Hs -0.7 -0.77 c 

CF4 0.9 0.88 32 

CF3Cl 0.4 0.41 d 

CF3Br 0.15 0.40 b 

CF3I 0.0 0.00 6 

C1 2py
2 

C1GI3 -1.15 -1.13 31 

C1CF3 0.52 0.73 d 

C1C6Hs -1.28 -1.46 b 

C1Sil-b -1.17 -1.18 31 

C1GeH3 -1.72 ,-1. 70 31 

C1F 1.44 1. 22 b,g 

Ch 0.42 0.52 31 

cu -0.5 -0.14 33 

Br 3ds;2 BrGh -0.98 -1.15 31 

BrCF3 -0.23 0.06 b 

BrCGHs -1.03 -1.08 b 

BrSilh -0.93 -0.88 31 
" 

BrGeH3 -1.41 -1.37 31 

Br2 0.04 -0.26 31 ' 
Bri -1.06 -0.77 33 

I 3d:r2 rrn3 -0.90 -0.80 14 

ICF3 0.20 0.45 14 

IC1 0.6 0.23 33 

IBr -0.07 0.34 "33 

I2 -0.17 -0.16 6 

(CONTD.) 
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Table III. (contcl.) 

~. liJ. Davis; Ph.D. Thesis, University of California, Berke.lev, Ctlif., 
h . 1973. (Lawrence Berkeley Laboratory Report LBL-1900.) 11us Fork. See 

Experimental Section. cS. A. rlolmes and T. D. TI:omas, ~· Am. C!~. Soc., ~_2_, 
2337 (1975). ds. A. Holmes and T. D. Thomas, unpublished \I'OTk. ci\. Bemdt~:~on, 
E. Basilier, U. Gelius, J. Hedman, M. Klasson, R. KilSson, C. l'hrdling, ~md 

S. Svensson,~· Scr., _g, 235 (1975). fD. W. Davis, D. A. Shirley, and 

T. D. Thomas, I· .1\m. Chern. Soc., 94, 6565 (1972). gT. X. Carroll <1nd 'f. D. 

Thomas, ~· Chem. ~·, 60, 2186 (1974) . 
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core-ionizing atom from the substituents. 13 111e :-:.verage deviation between 

the experimental Md calculated binding energies in Table III is ±0.20 e\'; 

the standard deviation (calculated on the basis that all the ~' !2_, F, and 

R parameters are variables) is ±0. 37 eV. TI1ese deviations are quite Teason- ~ 

able in view of the fact that many of the experimental llFn values are llllCet'tain 

by as much as ±0.3 eV.· (!lEn values measured in a given laboratory cM have 

uncertainties of ±0.1 eV or less, but those calculated from Clhsolute values 

determined in different laboratories are much more uncertain.) Obviously 

equation 1 can be very useful for rrediting tmkno1\n core binding energies. 

As a bonus, the F and R values in Table I give us infonl'ation regarding the 

electronegativities and n donor/acceptor abilities of the suhstituents. 

The F and R values are also useful for correlating the energies of 

any general process in which a positive charge fom.s on an atom. One process 

of this type is the ionization of a lone-pair electron, such as a nonbonding 

valence electron of a halogen atom in a molecular halide. Hashmall et a1. 14 

have shmm that the iodine 3d5h (core) and iodine Sp 112 (lone pair) ionization 

potentials of a series of alkyl iodides are linearly correlated. Hm.;ever, 

they noticed that the values for hydrogen iodide do not fit the correlation. 

The corresponding ionization potentials for various other iodides are also 

not linearly correlated. The lack of general correlation may be explained 

by the fact that the core ionizations and lone pair ionizations have differ­

ent relative sensitivities to the TI and a bonding characteristics o.f the 

substituents, and hence they have different values .for the ratio b/~. 

Therefore data for various substituents (with essentially independent values 

for F and R) cannot be linearly correlated. The values for the alk-yl 

iodides are linearly correlated probably because the alk"Yl groups have very 

similar R/F values. . 15-21 l're have shmvn that ll terature values of the valence 

shell lone-pair ionization potentials of varimLs chlorides and iodides cart be 

• 

• 

• 
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correlated using equation 1 and the F and R Yalues from Table 1. 11H: 

least-squares evaluated parweters are, in the case of the 3p ionization 

potentials of chlorides,~= 4.59 and~= 0.57, and for the Spv2 ioni.::::a-

tion potentials of iodides,~= 2.50 and b = 0.36. Values of the eA1)2rir1cn-

tal and calculated binding energies, relative to the values for the hydrogen 

halides, are given in Table IV. The standard de\;iations are 0.25 ::mcJ 0.27 eV, 

and the averag~ absolute deviations· are. 0.19 ar:d 0.18 eV, respecti\rely. 

Another general process for \vhich energies can be con·elated '\':i th the 

F and R values is the addition of a proton to a lone pair of electrons. 

Several authors have shown that the proton affinities of limited sets of com-

pounds are linearly correlated with the core binding energies of tl1e protonatecl 

atorns. 3-S Again deviations from the linear correlation appear in the case 

of molecules with markedly different substituents. 5 Hmvever \ve haYe success-

fully correlated the proton affinities (PA) of amines, :>U\11-1 2 , covering the 

e:-..:"trerr:e variety of substituents of Table I, using the relation 

-~(PA) = aF + bR 

'· In this case the least-squares evaluated parameters a and b are 1.07 and 

0.07, respectively. The experimental22
,23 and calculated proton affinities, 

relative to that for anunonia, are given in Table v. The standard and 

average absolute deviations are 0.22 and 0.15 eV, respectively. 

The F and R values in Table I resemble in some respects the corre­

sponding :; and ~ values of Swain and Lupton. However, the s~,ts are 

ftmdamenta.lly different (they carmot even approximately he transfonned 

into one another) for two reasons. First, the F ~d R values apply 

only to gaseous species and thus are independent of solvent effects 

that undoubtedly . affect the :f ond tR. values. Second, the F and R 

values are strictly applicable only to processes in ,,rhich a localized 

positive charge develops. The F and R values are therefore principally 
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Table IV. 

Halogen Lone Pair Ionization Potentials 

Molecule a 
Ref IP, eV ,-- li(IP), e\' ~ 

e:x:ptl calcd 

GI3 Cl 11.33 -1.46 -1.15 15 

CF3Cl 13.10 0.31 0.47 15 

CsHsCl 11.51 b -1.28 -1.32 16 

SiH3Cl 11.61 -1.18 -1.07 17 

GeH3Cl 11.30 -1.49 -1.59 17 

FC1 12.86 0.07 o. 23 18 

Ch 12.96c 0.17 -0.01 19 

ICl 12.83 0.04 -0.39 19 

HCl 12.79 20 

Ghl 9.85 -0.87 -0.73 21 

CF3I 11.09 0.37 0.10 21 

CsHsi 10.06b. -0.66 -0.72 21 

Sil-hi 10.06 -0.66 -0.58 17 

GeH3I 9.86 -0.86 -0.90 17 

Cli 10.41 -0.31 -0.39 19 

Bri 10.12 -0.60 -0.09 19 

h 10.56c -0.16 -0.43 19 

HI 10.72 20 

~'ertical IP's. lVben spin-orbit splitting '"as observed, average 

values are used. 3p ionization potentials are reported for the chlorides, 

and Sp ionization potentials for the iodides. bThe average of the 

synunetry-split bands. 'The average of the 2rrg and 2rru states. 

• 

• 

• 
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Table V . 

• Proton Affinities of XNI-f2 ~·!olccules 

~' 

JVlolea.lle · PA, kcal/mol { 
-6 (PA), 'EN~ Ref 

e:xptl, ca1cd 

ffi 31'..1i2 211 -0.39 -0.14 23 

CF3~lh 196 0.26 0.30 a 

CsHsNH2 209, -0.30 -0.31 ?-_ _, 

SiH3NH2 204 -0.09 -0.25 a 

GeH3NH2 207 -0~22 -0.33 a 

ffi30N"H2 201 0.04 .0.24 a 

FNB2 182 0.87 0.94 a 

CL\th 190 0.52 0.49 a 

BrNrh 189 0.57 0.35 a 

IMh 188 0.61 0.18 a 

N-!; 202 23 

~ee Calculations Section 
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affected by the donor abilities of the substituents and arc relatively 

independent of the acceptor abilities. (A good donor is not necessnrily 

a poor acceptor, and vice versa.) On the other ha..r1.d, the ·:.r and d\. values 

were set up to be applicable to a wide variety of processes, including both 

nucleophilic and electrophilic reactions. Hence the :f and G\.. values reflect 

both donor and acceptor characteristics. Probably these facts can be used 

to explain the fact that the R value for the CF 3 group is negativ2, HhereJ.s 

the corresponding d<_· value is positive. In a core ionization, the 7f acceptor 

ability of a substituent is relatively unimportant compared to its 7f donor 

ability. Hence the low negative R value for CF3, indicating that ~F 3 is 

a faitly poor 7f donor, is reasonable. How·ever in many other c.l-J.emical 

processes, the strong 'IT acceptor ability of CF3 is important. The positive 

dt value reflects this ability. Obviously-~ and d<. values represent a com-

promise in the measure of donor and acceptor properties. It is significant 

that the lorte pair ionization potential data and proton affinity data of 

Tables IV and V are very poorly correlated if '"5 and at values are used 

instead ofF and R values. 24 

Calculations 

Core Binding Energies. - The B ls chemical shift between BH 3 ;.md 

BF 3 was calculated on the basis of the equivalent cores approximation1 

from the heat of the following reaction. 

The heat of formation of BH 3 (20. 5 kcal/mol) 1vas calculated from the data 

of Garabedian and Benson25 and Gunn and Green. 26 The heat of fonnation 

of CF / (99. 3 kcal/mol) was taken from :t-kJ,1ahon et al. , 27 and the heats of 

• 

• 
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+ . ?8 
· fom.'ltion of BF 3 and CH 3 l\·ere taken from the tables of Fr<mkljn et ~1.-

These data lead to LlEB = -5.7 eV. The LlFB values for the other boron 

cls 29 , 30 c· 1 · · B •.. ) dd d s 7 ,. b · · h compotm · re at1ve to t-" 3 \\'ere a e to . e· to ot<.tm t c v0.lucs . ~ 

in Table III. The C ls binding ~nergy of GI 4 (290. 71 eV) is cleri ved from 
. 31 ~? 

measurements of Perry and Jolly. The C ls binding energies of 011- 3 , .L 

33 . 34 
HzCO, and Czl-lt. are 8.30, 3.50, and -0.1 eV, respectively, relative to 

G-! 4 • The. core binding energies of SiH4 and Gelh were taken fror.i Perry 

31 .. 35 . 
and .Jolly; that of SnH~+ from Avanzino and Jolly, end th3t of PHJ fTor.1 

Perry, Schaaf &J.d Jolly. 36 'The 0 ls binding energy of IhCO has been 

determined37 to be -3.77 eV, relative to the· main peak of Oz (for which 

Ke have measured EB = 543.21 eV). From these data 1-:e calculate EB = 

539.44 eV, i.TI good agreement with the value 539.42 eV reported ~Y Carroll, 

Smith and 1bomas. 5 The F ls binding energies of HF and G:If 3 have been 

. 38 32 
reported as 694.22 eV and -0.9 eV (relative to CF~+) , respectively. 

The core binding energies of HCl and HBr were taken from Perry and Jolly. 31 

The I 3ds~z 

of CF3I is 

.· ,. . 14 
binding energy of HI is -0.20 eV (relative to CF3I) and that 

627.76 eV. 6 The latter compmmd was used as a reference for 

* most of the other CF3X compounds. 

·. Proton Mfini ties. - In the case of each of the amines except Ghr:I-h , 

C6H5NHz, and N113, we calculated the proton affinity from the sum of the 

energies of reactions 2 and 3, in which all species are gaseous. l•:e 

XNH3+ + CHt+ -- XCH3 
+ 

+ NH~+ 

XCH 3 
+ . + 

+ NH~+ - XNH2 + H + rn~+ 

XN1-I3 + XNI-h + H 
+ 

used the equivalent cores approximation1 ; that is, 1-:e assumed that the 

(2) 

(3) 
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energy of reaction 2 is equal to the· difference betheen the C ls binding 

energy of G-I 4 <IDd that of X0-! 3. · TI1e appropriate -6EB values here taken 

from Table II I. When available, the heats of fonnation of species ir. 

reaction 3 \v"ere taken from the literature. 28 ' 39 ' 40 In some cases the 

heats of formation Here estimated, as follows. The heat of fonnation of 

SiH 3 GI 3 was assumed to be the average of the heats of formation of Si 2 H6 

? 
and C2HG minus the quantity 23(t-x) ... kcal/mol, where 6x is the cU fference 

. th p ' 1 • l . . . f 'l' d b 41 1n e alulng e ectronegat1v1t1es o s1 1con an· car on. (Calcd 
0 

6Hf = -12 kcal/mol.) A similar procedure was used to calculate the 

heats of formation of GeH3GI 3 (-2), CF3.Nlh (-149), SirhNH2 (-12), 

GeH3.Nl-lz (- 2), BrNH2 (14), and If\!H2 (13). The heats of formation calculated 

by this method for Th'lh and Clt\'Hz are very close to those calculated from 
0 0 0 0 

the formula fill£ = 14 6Hf(I\!X3) + 2/3 6Hf(I'·ffi3}. We used LI.Hf(l~Jh) = -16 
0 

and t11f(Cl~Hz) = 12. The heat of formation of a methoxy compotmd is 

generally about 7 kcal/mol higher than· that of the corresponding hydroxy 
0 40 . 0. 

compound. Hence Ke added 7 to M1f(.Nfh0H) to obtain llHf(O-bOI\'Hz) = -6. 

Experimental 

Spectra were obtained with the Berkeley iron-free, double-focusing 

magnetic spectrometer. 42 ~ MagnesiliDI Ka. x-rays were used as the photoionizing 

radiation, except in. the case of Geh, for which alumimnn Ka x-rays were 

used. The spectra of C6HsCH3 , C6HsCl, CH2CHI, PF 3 and ClF were referenced 

against the Ar 2p 3/z line (248.45 eV), and the spectra of CF3Br, GI2 Q!OCH3, 

Gei4 and C6H5Br against the Nels line (870.23 eV). Binding energies were 

determined by a least-squares fit of the experimental data to Lorentzian 

linesl1apes. Our measured binding energies are believed to be accurate to 

±0. OS eV, except for Gel 4 (±0.1 eV). 

• 
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Reagent grade toluene and chloroberi.zene l•iere U.sed without further 

purification. Bromobenzene ,~·as purified "hy distillation, bromotri fluoro-

methane was obtained from PCR; Inc., methyl vinyl ether from the ~1atheson 

Co., Inc., phosphoniS trifluoride from Research Organic/Inorganic Chemical 

Corp. , and chlorine monofluorid~ from Ozark-Mahoning, Inc. Vinyl iodide 

. 43 44 was prepared by the method of Spence, and its purity checked by nmr. 

GermanilD11 tetraiodide was prepared by the method. of Foste~ and Williston45 

and was purified by vaculD11 sublimation. 
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United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liabnity 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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