



































































































































Van der Waals interactions

Strong bonds ionic bond covalent bond metallicbond hydrogen bond rawforces

Vdw Distance dependent interactions between molecules or atoms

Liquefactionof gas Andrew 1869

pa
212 The existence of criticaltemperature

LX

and can penne on thepanchange

VDW equation of state 1813 Nobelprize 1910

PV NRT idealgas law target
nb

p f r n npyepyg.se

Iiin number of moles

V
b volume of a mole of particles

a measure of average attraction between particles



Keeson Theory 1921 Forces between permanent dipoles 248482

NQ

Potential of a charge

q

4T r.int

Permittivity 4184882

Potential of a dipole

Dipole A combination of two opposite electric charges g d g

set apart by a small 1 It gi is dipolarmoment en 0.1 nm

v If

off rap R exroso

r I f coso

rI Wso 0145

V LET ño Iso coso

Thefield É at point M caused by dipoleABof µ is TM

Er r cost Eo 4 Far sino



E LEI JEFE IF Fo

If the dipole is free to rotate with equal probability thereis a mean field

ALONG OTA

Stay ficoso sinodo E
EIE

Dipole in an electric field

LET

Potential energy 4 ÑsÉp yepcosα

Dipole Dipole interation InÉIB

Mar16 15 C at nm Son8.854 10 C Jm Rut3815255 k Tu300k

7m ohne at as ratum

Withthermalenergy bothdipoles can rotate freely cos α o

Angle averaged potential is notZERO cause there is always Boltzmann

weightingfantor that gives weight to orientations that have a lowerenergy

pas α exp f Uk kt Aetna z differ
so that She2052 dr 1 dr dosinada 2T cosa



47 f de pasMSE cosα

IÉÉÉIÉ
Let cosa bet I e dx 251k

YEP Men If
Hyperbolic cotangent 27 47

MEET 0tht
m angevin's function

coth 5 5 0177 Note 2 1

Us IME.az 5s 5 to

Correction is needed to describe theinfluence ofthe on the orientation probability

of dipole 1 slightly longer

Keeson's theory gives a force law r of the proper order of magnitude However

numericalvaluesfromµ µ andvariationwithT doNOTagreewith experiments showing

that vow is almost T independent



The Debye Theory 1920 Dipole induceddipole interaction

more negative induceddipole

In an electric field E a molecule takes an induceddipolarmoment

Min αoE

by deformation of electronic cloud do VX 4Th

Uu 20SEP CEM LOKE CE

MI

However such induced forces are too weak

The London Theory 1930 dispersonforce Instanteous dipole
induced dipole interation

OHOH
Transientdipole t t

Attraction forces come from the coupling of oscillations of two neighbouring molecules

vibriating in resonance explaining the cohesionof linguid solid or rare gases whose

atoms are spherical with no permanent dipolar moment

Polarizability
Planckconstant no electronic absorption frequency

U for two molecules



Molar weight Molecules Boiling point Electrons

38 Fr 191 188C 9é

70.9 12151 342 175

1598 Br let 59 C 355

253.8 Iz s 114C Jse

Eg CH4 16 us CHSCHCHCH GH o 58

U f to for two dissimilar molecules

Toadon constant 1079Jmb

U VA LIU

OB U2 αAαBVAUB NATUR

ou u u.at fIl I 1 57

In a mixture attraction between similar molecules is energetically more

favourable than betweendissimilar molecules The reason why the separation

of two liquids by an interface into twophases can often be observed

Dispersion forces prevail over orientation inductionforces exceptforVERY

polarized molecules



Nonrestarted additive Ucr unit 1076Jmb

Debye Keeson Dispersion London DispContribition

Ne He 0 0 4

HCLHCL 6 11 106

HI HI 2 0.2 370 99

NH NH 10 38 63 56

to to 10 96 33 24

Retarded raw forces macroscopictheroy by Byaloshinski Lifshitz Pitaerskii1961

A correction of to account for

thetimeeffect on the interaction over

longdistances

4
raton

r tooum

Lennard Jones Potential

Quantum mechanics leads to an energy of repulsion related te exp rat as

r goes to 0 For mathematical convenience it iswritten as I r with n 710

FA

fifty

Born repulsion empirical

U FEE 44



Vdw attractionbetween two surfaces

Assuming that raw forces are additive non retarded deBoer11936 Hamaker 1937

war fi for m m interaction

Interaction between a molecule and solid 1

V.CZ wars du re legit y

III n fit
artisans

Ethic agi
521

ftn.cn pl

V 5 made 541 I
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kno um Vu 30m m Fu 100MPa

Vdw attraction between two spheres Derjaguin approximation

Ir Ein f

Force area between twosurfaces

FCD fly 2trdx If the de Attractiveforce

what are ya ya R.FI Riltt 2
Etr t x R y IRIE Etr

Or My 14 Y I

9 It Ñ

Accurate for KCC Ri R

Breakdown when an R R2 Ancorrectionexpected siding as For R AR

Yix Dttl x dy ftp.tklkdx



Therefore FCD S at fifty

WIDE CREER

Note that 0 Fsphere wall Wsphee nail

Retarded interaction between a sphere and a wall

F CDs α
Non retarded small p

3 retarded large D

3 substances by Lifshitz 1956 Dayaloshinski Lifshitz Pilarski 196

Fip
64 snap

1and2 cross 3

1 Large D

a w̅ sit ittii.fi i as
Dielectric permittivi

Bisa f 1 1 41 0 En en

T.INT A o Liquiddoesnotwet

I 4132 20 Liquid completelywet
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