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" Electron Repu;siqns in ‘Compounds of Nitrogen, Oxygen end Fluorine

By William L. Jolly

Departmén‘b of Chemistry, and Inorganic Materials Research Division
of the Lewrence Rediation Leboratory, University of California,
Berkeley, Californie °

By comparisons of bond emergies and bbﬁd lengths, it is shown that
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single bonds of the tsr'pe N-X, 0-X, and F-X (where X is a very electronegative

" element) are ebnormally weak, and that thié weakening increases with
increasing électronegativity 6f the atom X. It is po:f.nted 6ut that ﬁhis

bond wéakeniz;g may be a’ctributﬁed 4o repulsions ‘beib:ween the bonding vélectrons

and lone?pair electrons.
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Introduction

The ébnonnalxy low N-N;'O-O, and F-F bond energies in the molecules

NéHh’ Héoé, and'F2 are usually expleined in terms of the repulsions between -

1,2 It has recently

- the non-bonding valehée elections onladjacent atoms.
been shown 'thz;t; in compoxinds of the type H3M-X (where M = C, Si, or Ge),
thg M-H bgnding‘electrons are repelledvby the X atoms; ahd this repulsion
increases as the X gtoms are madé more electronegative.3 It therefore
seemed reasonable that ip single bonds of the type N-X, 0-X, and F-X, the
lrepulsions beiween'the X atomssand the lone-pair electrons on the‘adjacent
atoms should becoﬁe very important for highly électrbnegative X atoms. We

1

cgntend that.N>X,\94X, and F—X bonds <where X is wvery électronegative),are
wegker than one would predict from g comparison.with other bonds and that
this Weakening inéreases with increasing ?lectronegativity of the X atom. -
Injthis paper we shall show that two methods,for measuring bond weakening
bear out this contention. One method involves a comparison of the usual
thermochemical bond energies; the other in&olveé a comparison of bond lengths.

We shall also discuss the possibility that an important'cause of bond

weakening 1s the repulsion between lone pair electrons and the bonding electrons.
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. Comparison of Bond Energies

If we exclude bonds between electronegative atoms and fluorine,

oxygen, end nitrogen, it is usually found that, if E(M-A) > E(M-B), then

B(N-A) > E(N-B). (Here E refers to the bond energyh —— a quantity not -

necessarily equal to the bond dissociation energy.) Consequently a plct of

. M-X bond energies against the corresponding N-X bond energies ylelds a fairly.

smooth curve, in some cases & straight line. . We show two plots o§ this type
in Figure 1, in which both H-X and C1-X bond energies are plotted ageimst

C-X bond energies. We believe the points for X = Si fall off the curves -

because of fhe tendenéy fbr silicon to form double bonds to electronegétive

elements and because of hyperconjugation.ih the case of the Si-CH3 bond. The
H-H bond is weak because of poor overlap of the 1ls orbitals.s

When F-X, 0-X and N-X bond energies are plotted against C-X bond

energies (Figures 2-l), the points corresponding to very electronegative X

‘atons fali below the expected curve. In accordance with our contention thsat

’»

- bond weakening‘incfeases with increasing electronegativity of the X atom,

the points for X = F show the greatest discrepancies, the points for X = O
show the next greatest discrepancies, and the points for X = Cl and N show

relatively smell discrepancies.
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Comparison of Bond Lengths

J
¥

Huggins5 hasgshown that abnormally'Weak bonds are abnornally long.
Therefore, we expect to f£ind that bomds of the type F-X, 0-X, and N-X
(where X is a very electronegative element) are abnormelly long (when

. 7
- compared with the sums of the appropriate covalent radii as determined from

. other bond lengths), and that this bond lengthening increases with increasing

e;ectronegativity of X. Schomaker and Stevenson6 have in effect shown that

. this is true by showing that the lengths of bonds of this type may be

calculated by using ebnormally’long covalent radii for F, O and N and by

subtracting a term proportional to the»différence in electronegativity of

the bonded atoms. However, theif method predicts much too short bond lengths
N | |

for the C-Cl and C-Br bonds.

We find that if we use the normal single bond covalent radii as

tabulated by Pauling7 (except we take 0.59 A as the radius for fluorine, so

as to obtain the correct C-F distance), and add a correction term to the F-X,

0-X and N-X bond lengths in order to account for electron repulsions, we can

predict bond lengths as well as by means of the Schomaker-Stevenson eguation.
\

Cur correction, in Angstrom units, is + O,O?(Xx - 2.5), where X, is the

AP o o
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electronegativity of X. Two corrections are added when X = F, O, or N.
, ,

No correction is to be applied when Xx < 2.5{ In TablevI we have tabulate%
'twenty'boﬁd ;engthSB together with the.differences between»tbe actual bondlﬁi
lengths and‘those‘calculateg usingvthe Pauling’radii; the Schomsker-Stevenson
equation, and our method.

It wili ?g noted that, exéept for £he Schomaker-Stevenson method, an
enormous discrepancy occurs for the case of the H-H bond. (In the Schomaker-
.vStevenson method, the radius for hydrogen is taken as halfl the Hé bond length. )
It wé exclude this bond (which there is good reason to‘copsider is anomalously

long)g, the average deviation for our method becomes T.015A as compared with

~ +,016A for the Schomaker-Stevenson method. None of the methods yields good

\,
.

AN

results for bonds to second- and third-row elements such as Si, P and As
without special corrections to account for double-bonding between these

elexents and electronegative elements.
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Table I.

Experimental and Calculated Bond Lengths

obs

1.k
7 l.k2
S 1.8

1.36
1.4k
1.46

1.63
1.70

1.75

1.76
1.36
1.77
1.94
N

1.1;3

1.47
..92
1.27

1.01

Th

I‘o'bs-'r;p
0.2k

L7

.16

07
.08
.06
.05
.05
.06
.02
.00
0L
.03
.00
.00
.03
-.02
+.0L
.00
R

+.060

r -7
obs " ss

0.00
- LoL
.00
.01
.01
.00
.02
0L
.03’
.02
.02

.05

0L
0L

.01

(‘m

+.016
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obs “calc

0.03

.oo

-.07
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-.01
+,0L
.01
.02 -
.00
.00

.01

L0
.00
.03

-.02
+.0L
.00

L1k

t,022
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Discussion

Tﬁe ?esults, although confirming oﬁr expectations regardipg the
repulsive effects of highly electronegative atoms, dornot tell us the .
principal cguse of these fepulsive gffects. The repulsivg effect of a bondéd
atom is generéily attributed to the valence electrons of the atonm otﬁer then
those iﬁ the weakened bond itself. We wish to suggest that an appreciable
fraction of the repulsive effect of & bonded atom arises from the electrons
.in'the bond. The shorter the bond, the higher the density of bonding electrons
andlthe stronger the repulsion. In the following paragraphs, we show that

and F. may be qualitatively discussed from this point of

the bonding in 012 o

view, and thus, it is hoped, we point up a significant problem for theoreticians.

N

Consider the'Cl2 molecule, wﬁose_bond energy is normal. Here the atoms
are large enough that there is littie repulsion between the non-bonding electrons
and the bopdiﬁg electrons. The bond is probebly formed by the overlap of
essentially pure p atomic orbitals,lo and the non-bonding electrons may be
thought of as existing in sp2 hyorid orbitals lying in a plane perpendicular

to the molecular axis. Very little hybridization of the bonding atcmic orbital

occurs because the promotional energy required would not be compensated for
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by the improved overlap of the orbitals.

In F?, the bonding would be completely analogous to that in 012

wexre it not for the fact tha.t. the atoms are .so small ‘that'there is str_ong
repulsion between the non-bonding and bonding electrons. The non-bonding .
electrons benfi back away from the bond (with a consequent shift of 8 character
fco the bondirg orbital). C;onsidex_'able energy is required to accomélish this
'rehybridization'of the atomié orbitals, and conséquenﬁly the bond energ,y@s A

o

_much less than 1t would be in the absence of electron repulsions.
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