Lecture #3: London Dispersion & Van der Waals Constants

I 3 contributions to r® attractive term of LJ potential
. Analytical intermolecular potentials: Hard Sphere & Square Well
[Il. van der Waals Congtants in terms of Molecular Constants

3 contributionsto r® attractive term of LJ potential
LJ6-12 potential: r'*? term ~ repulsion, r'*® term ~ attraction (well understood).
3 contributions to r'® attractive term of LJ potential

(2) dipole-dipole orientation

head-to-tail lower energy - HE )

head-to-head higher energy (- +) (+ -)

average interaction energy of dipoles accounting for energy of orientation is:
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Example:Given n{NHz)=5.00" 103° Cm, what isugqfor NHzatr =5 A, a
T=298.15 K
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Note we had to partition the calculation since (5* 10°%)* is too small for most
calculators, hence partitioned as5° 103% [(5" 103 denominator]

(2) dipole-induced dipole

polarizability allows dipole to be induced by an electric field (or by another
permanent dipole).

Mo =@ E a=polarizability, E = electric fidld strength (V mi') v=JC*

So what are the units of a?

a-~ (4peo )m3

= polarizability vol has units of nt
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polarlzabllltyg 4p T u size and # of electrons (see Table 16.8: note rxe>rk>rar.Rne>rhe

Fo<)
and same trend for g

e, g 1% term = permanent dipole of
molecule #1 & induced dipole of
2 molecule #2,
Uindue ed(r) =- ma. - mzz 3.21 @ 2" term = permanent dipole of
(4pe ) ® (4peo) re molecule #2 & induced dipole of
molecule #1

(3) London dispersion attraction
Quantum mechanical term — electrons of one molecule attracts the nucleus of the other
viadistortion of electron cloud due to polarizability.

366 11, aia? This is the dominant term moreso than
udlsp( ) = x (3) Unducd aNd Ugg tO r®of LJ. 1y and I, arethe
2 I, +1, ;a(4pe ) ionization energies of molecules 1 & 2.

Note Wiisp ISH to product of polarizability

volumesof 1 & 2.
prove that udisp has dimensions of energy?
Note the sum of the equations #1, #2 and #3 are the 3 contributions to Cs or — Cg/rs

. Analytical intermolecular potentials: Hard Sphere & Square Well
Analytical intermolecular potentials are easier to use than LJ to estimate gas
properties.

Hard-Sphere potential: u(n)=¥ forr<s & u(r)=0forr>s 4

r = distance between centers, s = hard sphere diameter ® =r,whichis
r'2 term isinfinitely steep, no r® term. %

equal to s here.

| s

At hi T (T>> elkg) attractive forces negligible, so insert Eq. 4 abowe into Eq.

16.25 of text B, (T)=-2pN, gexp§ u(% 0. 1ur2dr
(integral partitioned into 2 parts 0-s, and s-¥: yields:
2ps °N
By (T)==—— )

Square-well potential:
u(r)=¥ forr<s, u(r)=-e s<r<ls, ur)=0 r>Is (6)
well depth= e, well width=(l -1) s
Substitute Eq. 6 into Eq. 16.25 of text & partition integra into 3 parts. 0-s, s-I s,



| s-¥ toyield:

B, (1)=23Na g (15 e

Pretty good fit via 3 adjustable parameterse, | , & s
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[11. van Der Waals Constants expressed as Molecular Parameters
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Applying geometric series Eq. 10to Eq. 9
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Utilitizing a hyrbrid Lennard-Jones/Hard Sphere modd in which u(r) =¥ forr<s
and u(r)=-cs/f°r>s

Inserting thisinto B, (T )= - 2pN Ad‘ gexp § U(%BT g- 1ar 2dr (16.25

text) and integrating from0to s, and s to ¥, making use of € Taylor expansion:
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Show that comparison of Eq. 15 to Eq. 14 yields:
2pN , ¢, 2ps °N
3K Ts® 3 (16)

Prove to yoursdlf that b = 4° volume of molecules



