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Van der Waals interactions between molecules

Strong bonds ionic bond covalent bond metallicbond hydrogen bond nowforces

Vaw Distance dependent interactions between molecules or atoms

Liquefactionof gas Andrew 1869

p a

µ
c

The existence of criticaltemperature

a pm y the pmcage

VDW equation of state 1813 Nobelprice 1910

PV nRT idealgas law

V nb

Tate
Pt E V nb nRT Realgaslay

a
F.t

n N N number of moles Maxwell

b volume of a mole of particles

a a measure of average attraction between particles



K theory Forces between permanent dipoles Ichapatsz

QQ NG

Potential of a charge

r t it

going
Vai Ig

Permittivity 414882

Potential of a dipole

Dipole A combination of two opposite electric charges g d g

set apart by a small l M qt is dipolarmoment en alum

EgEta Isjiji

r fit
r it fcoso I

r it coset off

refer Icons Iran Eicoso

Thefield É at point M caused by dipoleABof u



Er I Er cost

Eo tf far since

E El Eto IF Io

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

mean field ALONGOtt

case St
s

C E Im A

Dipole in an electric field

Potential energy U ii sÉp httpcosa

A IIIB Dipole Dipole interationU n k

Ma 16 15 c x at nm So 8.854 101202 m Rn1384525J k TuZook

tf u astm a 1 as r alum

Withthermalenergy both dipoles can rotate freely cos 2 o



Angle averaged potential is notZERO cause there is always
Boltzmann

Weighting faitor that gives weight to orientations that have a lowerenergy

yg.it
pea x exp UK kt Aet on z Msftcap

so that Saez054 de I do dosinad2 214cosa

U f dr peaMzCE Cosa

tie
Let see Cosa bet I fÉ'd 25in

Mama
EpÉÉ Me I 8

Hyperbolic cotangent Az Ey

ME cothZ_t
dangerin's function

coth t t t É 37ft0177 Note zed

U face z sdiff gypglint



Correction is needed to describe theinfluence oftea on the orientation

probability of dipole 1 sligtly longer

Keesom's theory gives a force law rt of the proper order ofmagnitude

However numericalvaluesfromMM andvariationwithT doNot agreewith

experiments udw is almost T independent

more negative induceddipole

In an electric field E a molecule takesan induce dipolar moment

Min LoE

by deformation of electronic cloud do Vx 476

U u Lo E xCE Lok É X E

Ed
However such induced forces are too weak

The London Theory 1930 dispersonforce Instanteous dipole
induced dipole interation



QQTransient
dipole

Attraction forces comefrom the coupling of oscillations of two neighbouring

molecules vibriating in resonance explaining the cohesionof liquid or solid

ravegases whose atoms are spherical with no permanent dipolar moment

Planckconstant Vo electronic absorption frequency

u c
É art mean

Molar weight Molecules Boiling point Electrons

38 Fr igi get

70.9 Cle is 342 ME

y

1598 Br ill Jgoc 355

Iz is 114C Jse

Eg City lb U.S CH CthCHaCH GH 58

U Ey ÉfY I for two dissimilar molecules

Tonton'constant n 15 Jmb

g g y
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AOBO A U2 dadBUAUB Watch



ou u u 81 11 it 1 57.0
In a mixture attraction between similar molecules is energetically

more favourable than betweendissimilar molecules

Nonretorted additive Ucr

Ne He 0 0 4 100

HCLHCL 6 11 106 861

HI HI 2 0.2 370 991

NH3 NH3 10 38 63 561

to to 10 96 33 24

Dispersion forces prevail over orientation inductionforces exceptforVERYpolarized molecules

Retarded raw forces Macroscopictheory byDzyaloshinski LifshitzLPitaevskii1961

j
thetimeeffect on the interaction over

longdistances

a
E r to nm

f r tooum



Lennard Jones Potential

Quantum mechanics leads to an energy of repulsion related te exploit

as r goes to 0 For mathematical convenience it iswritten as i rn

with n 10
n
Born repulsion empirical

U F f
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Van der Waals Interaction Between Solids

Vdw attractionbetween two surfaces

Assuming that uaw forces are additive non retarded deBoer11936 Hamaker 1937

v were fi for m m intention01

Interaction between a molecule and solid a

V.cz SwanCigar Atf na ItI
f ttn.cn gigjfdg

ftn.cn gl É

4,41
Vi Si not t.at i

2 Y
Interactionenergy unit area V f

Hamakerconstant



100
Interaction force unit area F In Fins

AreThinG IIIffing u 0 15
9 15205

h no 3 um Vu 30m mi F n tooMPa

Vdw attraction between two spheres Derjaguin approximation

a if

Forcearena between twosurfaces

Fcp Sf fly 2T rdx fifty 2nd Attractivefore

y ItEric

g g
try is p

RIERA EE
Or I Pt Ra t r Ri y IRI Etr

Et Er
Accurate for Kee Ri Ra
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