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COVALENT FORCES - attractive force b/w nonionic molecules
METALLIC BONDS - sharing of electrons among a number of




Attractive Forces — Introduction

; short range (0.1 -0.2nm)
, very localized in the bonding region b/w atoms
Energy : 150 - 900 kJ/mol (~100 -300kT)
ol BtE0ll 2ot 2 &) =20l chemical forceZ2 2=
Ct2 0, X ofsts 2= ofhle= 22 AEolAN & A2 &2
S0 Y HI0A &2t
olet 221 0l=

no electronic transformation
can be equally strong bond as covalent bond.

lack of specific characteristics. (no fixed stoichiometry,
directionality...)

. also disturbs the electronic configurations of atoms involved.
Colloid systemWl Al = 01 SR 6tLH.




Attractive Forces — Introduction

Table 4.1. Characteristic strengths of covalent bonds.

Bond type

Etrength
(kd mol-1)

(F2)
(NHo0H)

—F
--0

~-0 (CH30H)
—C  (CgHg)

Si---0

150
200
340
360

370

Bond type

Strength
(kd mol-1)

C--H (CHg)
O-—-H (H20)
C=C (CoHy)
C=0 (HCHO)

C=N (HCN)

430
460
600
690

870




Attractive Forces — long-range physical forces

. separation of surface — increase in free energy (2& _1
523 &X) EHESS UKD =I| IH20l net force acting b/w
two surfaces — attractive

eg. biological structures - cell walls, protein 2l secondary and
tertiary structures: 28 Z& 20 21 HelWAH2 inter- 2 intra-
molecular interaction2 2 QoA Ol & & xlet HEWIo XIS CH

colloid separations, foams and emulsions: energy maximum= &4
o= 6lH 0l A=S0] HH XASHO| HelE RXNotESE ol M2
SHAAHL SXle AE YHLUL =& = UL

Interaction b/w individual atoms and moleculesO

o

= integration of those interactions 22 42}




Attractive Forces —

coulombic or electrostatic interactions (
van der Waals forces

Ol =cl

J| HI=)
1L, system 2H0ll JUS HOoll= 2

Ol=: &t BHOH Mot Ol =24t &

NIJHKl =& o] & A2t
0l= S JtXl= Coulombic interaction 1t
LI Kl StJtKl= A sk Aol 22| 0] 2HE.



Attractive Forces — Coulombic interactions

K= 0l X, W(r)2

51 S 2H2| permittivity
O permittivity &£ = dielectric constant (&

g,= AT T pIBAC
€

=

MO QLEXQ| HHl XAHE = U
& AHJFO| 1 (valency),
&0k (=1.602 X 101° coulombs, C)E L




Attractive Forces — Coulombic interactions

a2 A=20UEXIE r0ll CHiol 0|20t E 22,

2
Fo=dWw(r)ldr=-%2 = A%
At ers  ArEer

ot > w((r)dt FOt 25 &F:
ot »wrdt FOt 25 =
r; minimum (in contact) — force is maximum
eg.) NaCl r=0.276 nm. Binding energy H&t2 ?




Attractive Forces — Coulombic interactions

k: Boltzmann's constant,
T: absolute temperature (K) At room temperature (= 300K)

kT = (1.38x107%°)(300) = 4.1x10%J

Interaction Energy of NaCl = 200kT
average covalent bond energy = 220kT
Coulombic energy = covalent bond energy (25 < 200 kT)

HelJl Z0tE ©H Coulombic energylt thermal energy (kT)& € Xl =
b2

60nm (separation distance) - £ AtLt E A2 = && ol & Hel 0l




Attractive Forces — Coulombic interactions

Reference state: r = o,
Condensation in gas state: surroundings are vacuum.

£,=8.854x107C°J "m™ and £=1
Condensation in condensed liquid: e= X2 & &40|C}.
ML B e= Eat+A9 HA =2 AtOI 2] =tOlLCt.
Ot 3 R0l= Coulombic interaction0l 2t U= =2 & 0l & &5

Olelgt Ol 8 2 X2 [ = Ol Ct.

el &, Coulombic interaction S S HelAH a6l 2 4
== 21 Lol &Z0ol= &




Attractive Forces — Dipole interactions

Permanent Dipoles: which has polar nature to the molecules.
Induced Dipoles: becomes polar by interactions
w/ charged species, dipoles, or non-polar molecules

Dipoles by differences in electronegativity of the covalently bonded
atoms.

Ol) C¥=0° (found in many organic molecules)
- * NH3-COO = (amino acids ; usually zwitterions)

ls+ &
S S .
1




Attractive Forces — Dipole interactions

<— unsymmetrical distribution of electron density within a molecule.
: fomal charge separation or difference in electronegativities

H=qX*I (4.3)

| . distance b/w the two charges, +q and -g of the dipole.
For zwitterionic species, q=xe and charge separation | =0.1 nm.

where D is Debye unit = 3.336 X 103° Cm.
Ol © Chloroform, CHCI, u=1D , water y=2D




Attractive Forces — Dipole interactions

 Dipole moment

Table 4.2. Characteristic molecular and bond dipole moments, W (in
Debye units).

Molecule Bond

oxoz%o

n -Alkanes

Bezene {CEHE}

Carbon tetrachloride (CCla)
Carbon dioxide (CO5)
Chloroform (CHClg)

Hydrogen chloride (HCI)
Ammonia (NH3)

Methanol (CH50H)

Acetic acid (CH5COOH)
Water (H-0)

Ethylene oxide (CoH40)
Acetone (CH3COCHj3)

N N -Dimethyl formamide
Acetonitrile

0Z0O0OZOOO

[~ =

OZTO
QOxHT &




Attractive Forces — Dipole interactions

Deformation due to E-field. (ion or external E-field)
Polarizable: electron cloud can be distorted by external force.

o (polarizability) : the stength of the induced dipole formed when
placed under the influence of an electric field of strength E.

U =aX FE (44)

Orientation b/w induced dipole, y. , and permanent of dipole of the
molecule.

— complication in calculations.

8t3 RO GHE & F M AL &6} -e et IHE <0 UL
0|d0] 2F &d& , MDA A =0F R0llA LEHS Ols&E

o
T




Attractive Forces — Dipole interactions

Deformation due to E-field. (ion or external E-field)
ot3 RO HEAHO| /= & A &AL Mol -e 8 IHE

0|ZH0] 28 8&F ENl & = 3%,
Ho
S T

|Isolated atom

rlgure 4.2, Schematic illustration of the polarization mechanism: (a)
Isolated atom with no external field, Hing = 0; (b) with applied external

s ..I:I '




Attractive Forces — Dipole interactions

Induced dipole, u, & 8& EOl 2ot & X0l &

F_ 0l 2I5t0f ZEEIC),

F_=exXFE

ext

(4.5)

Ol 0| 8Xt2t st AFO|2] €D]= &2t 28 = 0|FH &

= (el A& R’) % .,
BEllM &= 280l 2222 F, =
Mg =ATIERE = a E
™ J| Al polarizability a,=
a, = 4R’
AU X =22 EXH 0l S &

—

= ol




Attractive Forces — Dipole interactions

l: 222 3% 0'0 / 4]7"% :1_48x10—30m3

o Z RS {2 (0.114nm)30ICt. O] 22 29| B+ (0.135nm)3& Ch
O 159% &L,

atic groupjk &
Zot0d Al &bot




Attractive Forces — Dipole interactions

Table 4.3. Electronic
= and molecular groups.
JF3J0 2

in units of ./ dne, (A3),

m; lecyes
He 0.20 NH3 2.3 GH;;:CHE 4.3
Ho 0.81 CHgy4 2.6 CoHg 4.5
HoO 1.48 HCI 2.6 Clo 4.6
Os 1.60 COs 2.6 CHClj 8.2
Ar 1.63 CH30H 3.2 CgHg 10.3
CO 1.95 Xe 4.0 CCly 10.5
Aliphatic C--- 0.48 Aliphatic C---H 0.65 C=C 1.65
Aromatic C=C 1.07 --=H 0.74 C---Ci 2.60
Molecular droups
--0---H 1.28 CHsa 1.84
--0---C 1.13

1.36




Attractive Forces — Polarization of Polar Molecules

XtLE 2 XHQ| electronic polarizability 0l 28t LHE 0| Ct.

Ot permanent dipole momentE %) U= B2, A=SH 2 M8 SHCHH
A2l CHotd B E0otH A& X0l dipole moment= 00| L.

U, E fieldJdt Z22lAH & H, 8I[E0 28t induced orientational
dipoleO| MA T/ H = Ct. 0121 0] orientational polarizability 2t & 2t & Al
= CF.

permanent dipoleO| E field0ll 62t=2 2| 2 ot®™, field LHOIl A 2
HUHXl= Gt 2.

w(r,0) = -UE(r)cosH

A2t EH 28t induced dipole moment=

th,, = °E 1 kT(cos’ 8) = (u* | 3kT)E,




Attractive Forces — Polarization of Polar Molecules

th,, = °E1KT(cos’ 0) = (1* IBkT)E, HE<<KT  (4.10)

O] AN EH,

u.,= EOl tldlotl, = &XAl polarizabilityOll RIIH22 &=
2I1E QoI 2F0] Ui 2 orientational polarizability Ol C}.

& Xl polarizability= electronic polarizability 0l orientational
polarizability2] & 0| L.

a=a,+u |3kT (4.11)

) permanent dipoleO| 1D2! & Xt2| 300K 0| Al 2| orientational polarizability=?
a . =(3.336x10)? /3(1.38x10%)300
=9x10™* C*m?*J* = (4715)8%x10* m’
=3I12| gtO|L}.

0l S0H0 =0 A= L (Li 0l=20] =0) = XAE=0l
= EO gldiotXl &=L




Attractive Forces —ion—dipole interactions

&G QJt dipole 2Z0]Jt 1 0112 momentJt pol 24 2X0UHA &2 EH A
OIC}.

w(r) = - g [ ' }

4me,€ AB AC




Attractive Forces —ion—dipole interactions

AB ={[r-@/2)x1cos0|’ +[@/2)xIsing] }*2

AC ={|r+@/2)xicosO) +[(1/2) xIsing] }*2
Dipole length 2Ct =0l & H2lWAH &S&EEN U XI= C

(Qq cosd _ (ze) ucosé
A1e e’ Arte er’

W(?') = -

(4.13)

(4.14)

of & Ch




Attractive Forces —ion—dipole interactions

HIIM, ion Q2 2Z0]|JF 00|12 momentJt u&'
£0| 4.150f QJUCt. 2Lk, point dipole=
8 4.30 M dipoleO| €2l &at1] U

11, interaction= most negatlve vaIueJP
t”EHOIDE| (6=180°) 2 HLi= &0| &HEo Dﬂ
C}.

[+] [6- —=6+] (6=0°) W = most negative

oint dlpole/\}OI_J ol&
Jl= 4= A O0|LC}.

) s2 8otgd)l= ¥

& point dipoleg2 &
g &= QUCt Ol @&t
= CH Wek S Hel ot
Ol= 2Kt SiLt.
dipolell 20| &0t = AGHS | 10 Of [H HIA
2 414150 A2 82 .
iont dipoleO| 23t
[+][8- —>56+]

HOEZ 2 AOZ HAE gt2 2XIF A22| et
2/ (a’lp0]e Zolo] FHf)l B2 & Mol 22 2
HHMH UL, dipoleQ 20[Jt0.1nm & & &

c
o




Attractive Forces —ion—dipole interactions

Gl: Lit0l =21 ==Xt
u (water) = 1.85D
r, (r of water) =0.14 nm.
r; (r of Li*) =0.068 nm.
& 4.150] HEotH

(1602x107° )(185x3336x10%)
4r(8854x10™2 )/(014+0.068)x107°

molg 2= A &HGHE (6.023 X 1023)E SHES 22123 kJ/mol0l = Ct.
142 kJ/molO|Ct.

| dielectric constantJt 10[2t22 JF8 St XOICH x| 0 & 2l

Z0| of 80tIH HE 9 XA = C}. C 20}, 3019 &2

H0l=20 M= 2 8oz M * 2= U0, 1J} O
—I 20 % QAI




Attractive Forces — ion—solvation

H,0 |
— «— '\ Replacing water
H,O @ H,0 g
+ ion
Oriented — bound Random - unbound
(4-6 water molecules)

Free energy change in approaching water to the ion
For randomly oriented water : AG =0
For bound or oriented water : AG<0
Hydrated water can be exchanged, slowly.

Orientation of water to cations : ©6=0°
Orientation of water to anions : 6=180°

Hydrated radius of an ion in water > crystal lattice radius of water

xohs =}t

small ions large hydrated radii




Attractive Forces — ion—solvation

H,0 |
— — N \ Replacing water
H,0 @ HO
+ ion
Oriented — bound Random - unbound
(4-6 water molecules)
lon0ll 215t solvation® HH2 ion 1 & =0 OF StE T X &1
HS US = = t2 SE0| SJtotLt ion 2 & exponentially 22 8t
Ct. 0] ¥ <= solvation zoneO| 2t 220},

0| & solvation &= structuring &2 ion?t, 2 Atk colloid particle 2,
HO2t0| &g A &0 &Y ol SKotLt.

slon 2 F&tC = 2 A2 BHEF0] HEH A & O, bulk 2t CHE &S 2 =
«= 0| density, dielectric constant, conductivity 0| CtZ2C}.

ﬁSI dlelectr|C|ty bt H&r=2 0| 2 =L
H ionic, dipolar, van der Waals &5 & 20 5 & & =J}
Siondl 2 M K84t bulket CIE2A &S &

Jalge %&é*# } bulk 2Ct I*JﬂEID:' (22 0| YY)

SISl BR0= (LEHEO| A LR ANHY 25 QUCH

=2 L T

oL}t A SRDHDF 4—U1|EI (neclearion, crystal growth)o
o 0led RS2 1l 2 = UL




Attractive Forces — interactions b/w ions and nonpolar molecules

=4 & ion &0l AAH &IH,

o
e
i R ey
] i =
o R L
242 4
HEER 2
i o ol
e 4
A4

Polarizing field, E
(a) (b)

Figure 4.4. Schematic illustration of the orientation of an induced
dipole of length, [ , relative to a polarizing field, E



Attractive Forces — interactions b/w ions and nonpolar molecules

0l) methane (a,=2.6 X 10-2° C?2m?2J-%) 0| &J} 0|2
A 0.4nm &0 = B3R 7Ees d=A 2UE

U, =aE =451g(26x10°%°)(9%x10°) =2.6x10°Cm=0.78 D




Attractive Forces — interactions b/w ions and nonpolar molecules

W)= 2(4mmee)rt 2




Attractive Forces — interactions b/w ions and nonpolar molecules

& = AE polarizing of=0l M QICH O] U K= S
=

12l Sa0A 20HEZ = G0 28t 0l L4 X0l Ch.
2
—O’(Ze) -10’E2

- 2(4meg)rt 2




Van der Waals Forces — Introduction

Al
|

A20= 40HK2 JI2&82 40| ULY.
=212 Coulombic forces.

] van der Waals force| Al &l StLt}.

IN=

= permanent dipolesit induced dipolesO| &t &E At
Coulombic interactiondt R AtotLt &olE &A=

P.
LI Xl etotXl= 2280|110 He 2oL U
L} van der Waals interaction(jl &%

London-van der Waals force tt=
Ct.

Pl

=
o &2 o
Ol\aﬁﬂllﬂl

O

o"lO




Van der Waals Forces — Dipole—Dipole interaction

& 206t0 dipole-dipole
O, HelJt rBt2 EH &

(a) Fixed dipoles. (b) Freely rotating dipoles.

Figure 4.5. Schematic illustration of dipole--dipole interactions.



Van der Waals Forces — Dipole—Dipole interaction

=R IEIs NN (0 =6, =0°)

& i M2 £0tote= dipolel| 22 &5 &Eole
. 0.36nm O|LHO|H, kT2 &2 gts =L,
S 0H CHOIl A
CHOFQfl st A EHZE 826t AH &S, 0.29nmO[ LHO| O OF StLCF.
condensed phase
S AEL AIIEUHEHN S22, 2L 4SHEBS ?
H= 2 OtAIA = Cf.
A 4212 2X2t2] HelDt dipolell 20/ 2Ct 36 0I5HIF &l S A Kl gt &2
QXE BHFA S 2XNE0| 2HUHZE A4S &E6t= HelJk condensed 0HE
A = A2t Hel 2t Bl=zot)| =0l = A=2l alignmentlLt binding0ll 2 &
st=2 DI gLt




(—)
L

Van der Waals Forces — Dipole—Dipole interaction

IND); DHo =d0] U
ohAl =Lk O

dipole-dipole interaction0| SR &t J|
= (O---H), Hydrogen fluoride (F----H),

oz II-EE

sdJt =2 I JrZH E206t
|5 of

71| L Ol =4a&e 2
ated liquidct £ EL}. associated liquid &
colloid 0l A /\“:* ol SRotH =0 M Of




Van der Waals Forces — Dipole—Dipole interaction

Ol kTE2CH A TIH, 2 X2l rotation0] X< &

22 dlpoIeOI DEEX =l 2= 20

, 00 & AKXIBH =A2tH 2= Qo - et 2
EIHI oz, Boltzmann weighting factorE 242

Dlpole Dipole Interaction Ol A Boltzmann angle- averaged
interaction2 CI380t €2 A Z B E 5= UL

Fa
3(4r1&€)° kTr®

Boltzmann angle-averaged interaction= Orientation &£= Keesom
Interaction Ol 2t £ ELC}.

Van der Waals interaction = 1JH2 H2l2 60| BtH| dI6t= term= otLt
O| Ct.




Van der Waals Forces — Dipole—Induced Dipole interaction

 interaction b/w polar molecule and non-polar molecule.

dipole moment=u
2t 68 H= dipolelfl 2ot M A E E field=,
5o MO 3cos’ 8 )"?
Amtger’
[(t2t A interaction Energy=

W(r,0) =+ E? = - H#1L+3C0S 6) 3025263)
2 2(41TEE)°r




Van der Waals Forces — Dipole—Induced Dipole interaction

Ol =AHE BHEE Al

CretA, Of &

ipole momentJt y,, 4, Ol 22 polarizability It oy, 12t a,, ©! /\-IE
9] BR 0l 5 dipole-induced dipole interaction energy =

Ol 218t interaction= Debye interaction0| 2t £ & L.
van der Waal interaction2 Al Il & = 2H termOE el 6s2| &
Ol gldlstCt.




Van der Waals Forces — London dispersion Force

Dipersion force= dipolar &
OS2 HZEL=g0/J]| M

Lt 20| 0] JHAl & &
. Boiling point
Surface tensions
Physical properties of condensed states
Adsorption
Adhesion
Lubrication processes
Bulk physical strength of primarily covalent materials
Aggregation and flocculation of molecular particulate systems

Structures and interactions of synthetic polymers, proteins and
other biological systems.




Van der Waals Forces — London dispersion Force

1. Long range interaction (comprd to covalent bonds) - 10 nm or more
2. can be attractive or repulsive.
Do not adhere to simple power laws (distance dependent)
3. Non-Additive. Affected by nearby atoms or molecules
Al ASsE=ES Hot)IE ol M 2 KI= 24 0] OtLICH.

‘Movement of outer valence shell electrons of an atom or molecule
. Interaction b/w rapidly fluctuating dipoles
o[}ctN Olst s H{ 2= =8O SEHU= A2 440l =&




Van der Waals Forces — London dispersion Force

KOIA & =22 8XE Y
SHOIl CHotd HIHE A2

Figure 4.6. Schematic illustration of the source of dispersion forces: (a)
isolated atom with a symmetrical electron cloud; (b) the "instantaneous"
dipole in atom A induces a dipole in neighboring atom B.




Van der Waals Forces — London dispersion Force

Figure 4.6. Schematic illustration of the source of dispersion forces: (a)
Isolated atom with a symmetrical electron cloud: {b) the “instantaneous"
dipole in atom A induces a dipole in neighboring atom B.

HICHE & X BHXIOF &=28& 01 A2 X} (instantaneous dipole)= & 4.
—— short lived E-Field & &
—— polarizing neighboing atoms or molecules
—— (inducing a dipole in the neighbor) - Fig.4.6b
—— net coulombic attraction b/w two




Van der Waals Forces — London dispersion Force

HEIIAH o HES S




Van der Waals Forces — London dispersion Force

AE Fetll Helz 0o =s=0 2

F dr = A'r(—)dr—i'——

att

6r°

: Planck's const. 0| 1]

AU E XS electronlc polarizability 0

: AKX MIAXt Ol 220l LA XIOfl o & 6t=
(CHOH K2l & F H)




Van der Waals Forces — London dispersion Force

SHe A2 U2 2XLE X8 H=R (XA 11t
A, =(3/2)|(vW,) (v, +v,)] @l

St Ael, HIH A2 Hel2re] 2

b) Born repulsion
A [T et

(a) van der Waals attraction

3
e
=
o
&
E
=
o
=
2
b
=
aQ
@
c
2
=
L

Figure 4.7. Force--distance relationships for total components
dispersion interactions between atoms and molecules,




Van der Waals Forces — London dispersion Force

Born Repulsion function2 bonding interaction0| Sl= &< repulsive
ot PEtHE HKXIH = Ch.

F._=Be™ (4.33

rep

HIIAM a2t B= &=0|Ct. HEl r0il A total interaction potential 2
AG,, =(Bla)e™ (4.34)

M O2 YN MelshH, AlS CH2 D 2¢00] BB & QUCH
AGrep :B|/r12

Ol H MelotH 08 4.72 (b)2t SA
&M AN & Ol Potential energye S& & 1t




Van der Waals Forces — London dispersion Force

Estimate the strength of dispersion forces using London equation (=
QKO HR)

3/ dahv

Wir)= -
r) (4ﬂ¢%)2r6

*lonization Potential @2 & hvE X & %ll: (typically, 2 X 1018 J)

* a _15)(1030 32 Z2AX =

O] = @At A= Eotd U= ER, W(r) =-4.6 X 102130/ D1 KTEE

Ol A AL A2 M A =22 = 0
FIHOl O &0l 2Lt =L




Van der Waals Forces — London dispersion Force

Limitations of eq. 4.37

1. neglect short range repulsion at small r (E —~ higher)

2. higher level quadrapole interactions (E ~ lower)

3. interaction w/ distant neighbors in condensed systems (E  lower)




Van der Waals Forces — Total VDW Forces b/w polar mol.

Three Interactions
1. dipole-dipole (orientational or Keesome) interactions
2. dipole-induced dipole (induced or Debye) interactions
3. dispersion interacions

van der Waals interaction2| &t

C,q, = vVan der Waals &

Cvdw = (Cd T Cind

ISp

2t A= 1/r60] A4 R 242




Van der Waals Forces — Total VDW Forces b/w polar mol.

41 4.23,4.27,4.37= 0|20t CE Ui AMlotH
= e s A2 &= =00 Uot:,

o= O

Sl A2 UE =4 2 A0l Uiotd, 88Xl A2 s 2L

A [Buhviv, [ 20, + Vo )1+ (100 * 15 00) + (15 13T}y 49
(4718)%r° |

W, (r) =




Van der Waals Forces — Total VDW Forces b/w polar mol.

HA4.40|H 29 dispersion forcell JIHEIL 01 Al A= & == UL

&) =340 2 ?5*9 = XHJF OFL &, dispersion forceJP Keesome 1}

Debye & 2t At25| ACH 012 THE ZF| 2XH0i HHHAI T 0=
()

Table 4.4. Typical values for the various partial contributions to the total
van der Waals interaction in vacuum (10-79J m®) according to egs. 4.40
and 4.41

Interacting Experimental ; € gjep:@s
units Cind Conet :Cuigg Theor. (from gas law] % total

Ne / Ne 0 4 4 4 100
CHy/CH,4 0 102 | 100
3]
4

HCI / HCI 106 : 7 86
HBr / HBr 182 96
HI / HI 2 2 : 370 7 a9
CHaCl/ CHaCl 32 282 68
NH3 / NH3 10 63 ’ 57
HoO/HO 10 33 24
Ne /CH, 0 19

HCI / HI 7 1 - 96
HpO / CHy g 58 87




Van der Waals Forces —VDW Forces H At

HoEXIE o) O & L.
AEXE B8 2 = A0A 28t & 0| & gt ALOIUl &=Mea s & = QULE.
& H&Hgtel Jlot 2 gt0| & &gtdl =Atet gt= Ml = ¢etLt.
0l) Ne and Methane
H At &/ & gt
Ne-Ne 4
Methane-methane 102

C,q, = (4 X 101)¥2 = 20

HCI-HCI 123
HI-HI 372

C,y,, = (123 X 372)12 =
= UL}




Van der Waals Forces —VDW Forces H At

2 I} methane VDWzgt H &t
H A ek

C,q, = (139 X 102)¥2 = 120

Immiscible - hydrophobicity

Al Ml systemUl A=
AN HOHE=ZE X

St I XISl ionization potential2t=2 AIE 6|
systemOlAl= X0 E 2L =50 StL.




Van der Waals Forces —VDW Forces Hl &t —medium effect

1) J&IT—OH/K-I Ol s XHE2 HF
lonization potential E; > kT (for v> 0)

— dispersion contribution > dipolar contribution (Table 4.42t 2 X|)
2) E 4, (iIn@amedium) << E_,, (in vacuum)

Ol: Sdipolar molecules: (in a medium)0| E
|_J\ L_I-El.

3) can be attractive or repulsive dipersion interaction (0H& 0l M)
At'S jonization potential0ff et Z2 & & Ch.

vdw

(in vacuum)2LC} 1

vdw vdw




Van der Waals Forces —VDW Forces H&t— medium effect

4) Entropy Dominance (for hydrophobic molecules in water)
ST : >> dispersion
entropy term:

a, : radius of the small interacting molecules.

alkanel| ZAtZE AHelot IRl XNH, =2 entropy= &It (favorable
Interaction).

=0l A alkane 0] =0t /le= 320l = entropy It HS L
A =l CF.




Van der Waals Forces —VDW Forces H&t— medium effect

5) Anisotropic Interaction

mutual direction dependent - relative orientation — dipersion force of
two mol.

In nonpolar liquids:

molecules tumble — energetically favorable orientation attains
In solids, liquid crystals, and polar media:

determine relative fixed orientation of molecules —

affecting or controlling specific conformations of polymers or
proteins in solutions

critical transition temp. of LC and membranes
repulsive forces in polar molecules —
controlling conformation and orientation




Van der Waals Forces —VDW Forces H&t— medium effect

6) VDW is nonadditive
Affected by the presence of other interacting bodies in the vicinity.

C= «t2 &0l OrLl L,
Off ol 2ot

(w2
=

Ct (normal interaction2| 2 30%).
O] &5 && H0l= S 0tCH.




Van der Waals Forces —VDW Forces H&t— medium effect

7) Retardation Effects

retardation time : & X0 o/ & &D| &
o=

retardation time o< & X2+ Hel

In vacuum: 5nm — retardation effect appears (JH2lJt &
=)

in liquids: O &2 He|l - S2¢e. 0) A £HE é>
Helot S HXIH, dispersion forces St retardatlon_J o=

induced and orientation dipolar contributionO| VDW01
=l Ct.




Van der Waals Forces — &! Xlsurface At

Multiunit system: interact mutually w/ Lennard-Jones Potential.

Total interaction = 2~ individual interaction

& ettt 3|12 EEHO

HIIA A ,= Hamakerat=0|Lt. A = A44.312 A2 H2 &L

2_2 2:A7T2n2

: 8t & (phase)W 2 &<
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+ higher terms]

I, Hla<<1Ql &A=
a

s G/ DH

A4,a
12H

(

O
O
3
=
B
<
ol
|
N
D
2
O
L
X
v
=
O
ke
«
©
=

AG att




Van der Waals Forces — & Alsurface A& =2

A4.3010 4432 HlWotH E®H EH2EO| interaction0| & IPJ
Helofl CHot O &0l EHAle AE = = ULE L
AZ0A=E 8ROt H SHE2Z 0lHst S YRt

SES A0

NG, =-

A
7"6




Van der Waals Forces — &! Xlsurface At

0l CiotH, Ha<< 1 2l

AGH = AH“)[l BT | fighertemg  (4.45)
da

br puIS|ve forcel| &2 _184.7a 2 20| AHelJt IR KNS
% = delig2 =L

b) Born repulsion at
AG™ =-

\-O

attractive
_| XI-O

—_—

AH
127 H?

(a) van der Waals attraction

Fotential energy of attraction, A G

Figure 4.7. Force--distance relationships for total components
dispersion interactions between atoms and molecules




Van der Waals Forces — & Alsurface A& =2

Retardation effect® é>
Cl. 3O Z H Al
application? 3<%

(3/4)H

+ higher termg]

J| [[H—-OH =R
FAIDIKI B practica
o2 _,_|:o|-E|-




Van der Waals Forces — &! Xlsurface At

& surface0fl X329 220l SHS82Z Ql6t(H, ¢
Two surface of component 10|

o.
jO:|_I_-

effective Hamaker constant (A ") & 2 AtXI=

i e

Of CHet AL, 2F A, S ALSt gH0I S, effective Hamaker const. J} OO0
& 2t

— attraction b/w surface reduced to zero.
— add stability to the separated system.

0l BR0UE AB2 B2 K ALSH interaction curveE 2 E=C}. effective
Hamaker const.Jt CtE S8 & shapedt value= 22t CH2LCF.
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Van der Waals Forces — &! Alsurface
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