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ABSTRACT

Chemical shlfts in core b1nd1ng energles have been determlned for '
analogous gaseous compounds of carbon, silicon and germanium. These data,
;1n conjunctlon w1th the atomic charge potential model and both CNDO/2 and
'electronegativ1ty parameter charges, 1ndicate that the silicon and ger-
v'manlum atoms ‘in these compounds, except for SlH4 and GeH4, have unexpect;
v'edly negative charges - The results are con51etent with the ex1stence of

51gn1f1cant pn—dn bondlng in these comp0unds._
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We have determined core electron binding energies for some analogous

gaseous compounds of carbon, silicon and germanium with the hope that the

data could be used to determine the relative importance of p -d bonding Y

A

in these compounds. "Argon ﬁas introduced as a standard refgrence with
each sample; the spectra.were obtained with tﬁe Berkeiey magnetic-focussing
spectrometer [1,2].- The cérbon, silicén and ge:manium biﬁding energies,
preseﬁted‘in T;ble_i, were calculated from the 6bserved chémiCalishifts
from the ';a__rg@ 2p, /'2 péak (248.457 ev).

it is feaéonable‘td assume thét thg particip#tion of d‘orﬁitals_in
the_bonding'of thé‘cOmpéﬁnds not containing silicon ér germanium is
negligible.  We Qould expect that, if the valence shell d orbitals of
silicon or gefmanium-weré significantly occupied in a compound of eifhef
of theselelements, bofh the effective charge and the core binding energy
of the silicon dr‘geréanium atom would be smaller (more negativé) than
predictedAon thé basiéibf the nonparticipation Qf these orbitalé.' To "
correlate binding energiés and atomic charges, we shall use the following"

relation,;basedion-the electrostatic potential model [3],

E, = kQ+ V+ & - . (1)
In this equation, EBvis the relative core binding energy in eV, Q is the
charge of the ionizing atom, V is the coulomb potential energy of an
electron at the hypothetical vacated site of that atom in the midst of

the other atoms of the molecule, k is a constant which can be evaluated

either empirically or theoretically, and % is an empirical constant
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_M(CH3)4 :5

. Table 1

. M=C-

- 290.58

290.74

291.95.

1292.14

292.31

296.23

©301.68

-

o M=Si

""3290.32-» -~ 105.83

©107.09

":'107;96
' 167.68'
107.98
| 116;25_}'

111.54

”'fcore’Bihdihg~EnergieS»for Compounds of Carbon, Silicon and Germaniuh_-‘

Binding energy, eV

=Ge

~Grgyp)

120.55
122.64
123.69

123.38
123.78
| 124.17

128.91



whose value depends on the choice of reference compound. The energy V

is calculated from the'reiation vV = Z(q/r), in which q is the charge on
an atom,'r-is.its distance from.the ionizing atom, and the sum is carried
out over all thei§tqmsLex¢ept the ionizing afom. We have chosen the hy-

drides CH “as the reference compounds; i.e., E,-= 0 for

SiH,, and GeH B

4 4 4
these coﬁpoUnds. We have'qsed two methods  for estiﬁating atomic charges: 
the CNDO/Ziﬁoleculaf orbitai methédv[4] aﬁd'a relatively simplé method
based on éiectrdnegétivity parameters [S]a. In_neither of these methods
did we makévény pfo?ision for the use of d orbita1s.

Plots of E, = V Vé. Q for the carbon'compounds; using the CNDO/2 and

B .

electronegativity'parameter methods, gave straight lines with standard
deviaﬁibns of 0.67 and 0.35 eV, respectively, énd k values of 24.6 and
24.8, respectivélyi "A ‘theoretical value of k (i.e., dEB/dQ) for carbon

can be calculated from the first and second ionization potentials of car-

bon and nitrogen, using_the_principle of equivalent cores [6]. By repre-

senting the energies'of the jons by the quadratic expressions EC = aCQ2 +
bCQ and EN = aNQ? +-bﬁQ,,we find that the value of k for carbon, kc, can .
be répfesented byjthe foliowing'expression

kc =.2aN.+ bN - bC | . ‘ R (2)‘“

By evaluating this expression and the corresponding expressions for sili-

con and germanium, we obtain kC =.1S.79, kSi = 10.35, and kGe = 9.555

Although the absolute values of these k's are probably of littlé signifi-

cance when applied to atoms in compounds because of the arbitrariness.
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Vinvolved in apportioning charges among the atoms, we neverthelcss bclieve‘

that the relative values are fairly reliable. It is significant that the

‘ ratio of these k values, l:. -0 66 0-60 :is very similar to the ratio of

the corresponding reclprocals of the covalent radii 1 .-0 66 : 0.63.
This proportionality of k and 1/r cov is expected on the basis of a 'simple

valence shell model [7] " By use of the calculated ratlos k /k and k /k

~and the emplrical k values obtained from ‘the CNDO/Z and electronegat1v1tyvv

parameter plots, we can calculate effective values of k and kGe f

use with these methods of estimating atomic-charges. ‘For the silicon

compounds, we have usedzboth'methods of charge estimation}'for the german-
ium compOunds we have used only the electronegativ1ty parameter method.
The correspondlng EB values were- calculated from equation l. In ‘Table 2

we have 1isted the dev1at10ns between the calculated ‘and experimental EB

| values, E (calcd) - E (exptl)

The part1c1pat10n of d orbitals would be expected to-be mlnlmal 1n'
the cases of the reference compounds SlHa and GeH4 1nasmuch as hydrogen-

atOms have nOvvalence T orbitals. However, appreclable pﬂ -dm bonding is

';concelvable in all the. othervcompounds of 5111con and germanium. The
‘.'_:d:lffercncco E (ca]cd) - E (exptl) would be expocted to be proportlonal
lto the extent of such bondlng. From Table 2 we see that all the E (calcd)_
'_ h (exptl) values are posltive except for those of the reference com—
'pounds, SiH4 and CeH4, and for three anomolous.negative values obtained
by the clcctroncgativity parameter method, We havo no good explanation‘
:for'the.negutlve'values;’they are probably due to deficioncics of thc

charge estination method,' (Only,the negative,value fOr_SiﬂsBr is of



Table 2
Experimental and calculated relative binding energies

EB(caléd) - EB(exptl),.eY_

Molecule
CNDO/2 E.-P. Method
si(eay), - 2.33 - 0.80
siH, ~ 0.00 - 0.00
(siHy) 0 L 0.98 - -0.29
SiHBr | L ee— -0.59
siH,cl - 0.91 - 0.01
sicl, 2.95 10.35
SiF, 5.22 069
Ge(CHy) , R ‘ - 2.18
| GeH3CH3 o . 0.82 —
CGeH, | 10.00
Gell,CL o - . 0.74
cec14', | | 2.20
GeF S . -0.17
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'sufficient magnitude'to'he worrisome-'the other Vaiues‘are;'within_the

uncertainty of the method equal to zero.) -

- The data 1nd1cate relatively strong pﬂ—dw bonding in the tetramethyl
compounds (hyperconJugatlon) and the tettachlorldes of both silicon and
germanium It is noteworthy that although strong pw-dﬂ bonding is indi-

cated for 81F4, essentially no such bonding is indlcated for GeF Per—

4°
haps the 1ack of such bonding in GeF4 is evidence of poor orbital overlap

,. between the Ge4d and F2p orbltals. .
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