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Table4.2 Selected Atomic van der Waals

Radii (inA)
Element I'vDw
Hydrogen 1.20
Carbon 1.70
Nitrogen 1.55
Oxygen 1.50
Fuorine 1.50
Phosphorus 1.85
Sulfur 1.80
Chlorine 1.70
Bromine 1.80

Vauesfrom A. Bondi, J. Phys. Chem. 68,441(1964) .

twean two atomsislessthan the sum o their
van der Waals radii. Table4.2 givessometyp-
icd radii for atomscommonly foundinorganic
molecules

23 Polarization Energy

When two molecules approach each other,
thereischargeredistribution within each mol-
ecule, leading to an additional attraction be-
twemn the molecules. The energy associated
with this charge redistribution is invariably
atractive and is called the polarization en-
agy. For example, if a molecule with polariz-
adlity ais placed in an electric fied, E, the
polarizationenergy is

1
EPO:: N 2 aEZ

If theelectricfieldiscaused by anion, then
E=qi/R? wheregistheionicchange,iisthe

~ unit vector along the ion—molecule direction,
g and R theion-molecule distance, whichisthe
| E,,= —1/2ag”R* for thision-induced dipole
interaction. The correspondingformulafor di-
poleinduced dipole interaction between two

dipolar moleculesis

_ 1 aqpd + appd
EP0~_ 2 R

where the p’s are the dipole moments o the
molecules, the as are their polarizabilities,
E and R is the distance between molecules. The
 polarizability of a molecule can be broken
B 1w into atomic contributions[atomic polar-

izabilities are additive to a good approxima
tion (8)], and it isroughly proportional to the
number of valenceel ectrons, aswel ason how
tightly these valence electrons are bound to
thenuclel. Umeyamaand Morokuma (9) have
cal culated theion-induced dipolecontribution
to the proton affinities of the simple akyl
amines. They attributed the order of gasphase
proton affinitiesin the alkyl amines [NH; <
CH,NH, < (CH;);NH < (CHg)sN] to the
greater polarizability of amethyl groupthana
hydrogen. A simple estimate using the above
empirical equation for an ion-induced dipole
interaction withq = +1, whichisthe differ-
ence in polarizabilitiesof a methyl and a hy-
drogen (Aa) ~ 4 cm®, a proton-methyl dis-
tanceof 2.0 A, and aproton-proton distance of
1.6 A, leads to an expected increase of ~20
kcal/mol of proton affinity for every methyl
group added to NH,. Thisvery qualitative es-
timateisd theright magnitude but about two
tothreetimestoo large (seebelow).

2.4 Charge Transfer Energy

When two moleculesinteract, thereisoften a
small amount of electron flow from oneto the
other. For example, in the equilibrium geom-
etry of thelinear water dimer HO—H. . .OH,,
thewater moleculethat isthe proton acceptor
hastransferred about 0.05e™ to the proton do-
nor water (9, 10). The attractive energy asso-
ciated with this charge transfer is the charge
transfer energy and can be thought of as a
mixing of an ionic resonance structure
H—O0. . H——OH, " intotheoveral wave
function. Althoughthe chargetransfer energy
isan important contributor to theinteraction
energy of most noncovalent complexes, the
presence of a "charge transfer" electronic
transition in the visible spectrum does not
mean that the charge transfer energy is the
predominant force holding the complex to-
gether in its ground state. For example, the
complex between benzene and [, earlier
thought to be a prototype " charge transfer"
complex, seems to be held together predomi-
nantly by electrostatic, polarization, and dis-
persion energiesin itsground electronic state
(11).





