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States of Matter
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Binding forces between molecules

« For molecules to exist as regates) in

(@, liquids, and@@@, intermolecular
forces must exist.
» These intermolecylar forces involve both
(V attractive and repulsive forces.
e These forces must be @ in an
energetically favored arrangement for the

molecules to interact. ..
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Repulsive and Attractive Forces

- oblww |+ When two atoms or molecules are brought closer together,
LS aslles,a the opposite charges and binding forces in the two
; D 5 | moleculesare closer together than the similar charges and
forces, causing the molecules to attract one another.

Cls.; e
bt il When the molecules are brought so close that the similar
B Con 0555 charges touch, they repel each other like rigid elastic bodies.
- 922l |, Ata certain equilibrium distance, (about 34 A), the
REYATAS repulsive and attractive forces are equal. At this position,

&2 2C ), 55) the potential energy of the'
<GB o <an ) two molecules'is@ minimum>
P J}:‘Z“::) and the system isqqiost stable)
(/J/Lz E.552)
@Lu,é) 34 G V58 e ols
Go a2 Sluny
S SsaN ST &8

Repulsive and Attractive Forces

In ternuclear distance, r &pm)
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Intermolecular forces

Intermolecular forces can be divided into:

 Van der Waals forces =
g

Ion—dipole interaction

Ion—induced dipole interaction

Ion-ion interaction —

Hydrogen bonds

WG_,)

@Van der Waals forces

 Van der Waal interactions are weak forces that
; 35T N ~— ~
involve the dispersion of charge across amolecule
called a \0—“5"‘

 Van der Waal interactions can be classified into:

S50\ @Dlpole—dlpole interaction, orientation effect, or

(Keesow force)

@Dlpole-mduced dipole interaction, induction effect, or
Debye force)

;._;JA@Induced dipole-induced dipole interaction, dispersion

effect, or(London force)
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@ Van der Waals forces

+ Keesom forces occur between golar molecules)in which the

(/(;mr_rnanent dipole} interact with one another (dipele-dipole
interactions) or (orientation effect).
* Polar_molecules have pol nds which arc unevenly
@gﬂ:?d in space duc to the differcnce in the electronegativity
of the atoms forming the bond e.g. HCI.
alomms 100
The nucleus of the chlorine atom pulls the electron pair involved

in the chlorine-hydrogen bond closer to i and _crcates a
pcrmanent partial positive charge on(_the bydroger’ and a
pgrmanent partial negative charge on ¢fic_chloring>(Permanent

7

(&

dipole), 5H &
— ) —
eyt o & Cl
7o +——
Dipole Moment has a
Magnitude and a Direction
==

Tl tf S )
Loda) 852 53856 ame=2 C
L aI (2 partidly ey oG lls

o+ 5— 37 o+ o—
H—ClI- %~ -H—Cl
oo o)

Van der Waals forces

The Partial opposite charges (permanent dipoles)
- attract one another (dipole-dipole interactions)

—

The dipole-dipole forceg increasesas the polarity
of the molecule‘

Keesom forces are much weaker than ionic
bonds because the charges involved in bonding
are partial.

Jipole—diple ¢ ToRFASD
c oidub «— O*c—»b .)-p
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v
\£ Van der Waals forces
« Example of Keesom forces
ov
1
« Acetone &7 gCH
3L 3
iash. / Os
ag” Il -
5 Hie” O cH
¥ gats
Il
ce
HsC~ “CHa
Van der Waals forces
* Debye forces occur between a polar and a
Sl nonpolar molecule.in which the permanent dipole
":";:: =| in the polar molecule induce an electric dipole in
=84 B the non polar one (dipole-induced dipole
c;'\ Qe Gl interactions) or (induction effect) e.g. water and &
I A
‘-Q,QQ “ws SRy EYa: “J"Ltf";\ Ripslainducedipole " A\
— = 3 » i 2, b)
@VW (200 Q’:\ Sals
Sensh bl |2
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Van der Waals forces

« The oxygen molecule is nonpolar. However, when it
comes close to the oxygen atom in a water molecule, the
partial negative charge on the oxygen atom repels the
electrons in the oxygen molecu]em (induces)
a temporary partial positive charge in the end closest to
the water molecule and a buildup of a partial negative

charge in the end furthest away. This induced dipole is

temporary and forms only when the two molecules are
extremely close to one another.

e @
dipele 31 e I
; : aL 2572 [ B o S
g5V 060 L e anp §ude2)
% 2_‘;”"&)\ (;AJu‘-‘) e LS LS
Q9 R QST «%&g Va5 o2 e 2)
Van der Waals forces
w1+ The strength of DebgLe_fo.rcesuh the LdS wad
Nsp— ease of distottion of the electron cloud of the T
O] ggngolar molecule (i.e. polarizability of. the et
: = R e EL54 v
b /gu\ S=” molecule).
(t\ok(’ \‘9‘(/ e {’ola/é)
sale) T )
No) \/" /\nz\/o s/ . Debye forces is \@r than Keesom forces 0 (r(/“
= because the dipole in the nonpolar molecule is | “®@=Y¢0
Ao ~temporary (induced) and fm?lmMT]hei the SRS
two_molecules are extremely close to each other. NW
/—___—.’
6
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(©Van der Waals forces

SRS
Vi at * London forces occur between/two nonpolar
(neutral) molecules in which molecules can

polarity on each other (induced dipole-

induced _dipole _ipteractions) or (dispersion
effect).e.g.Helium , Neon, h Ws. i

Ta———’ :
(> zkloe\s

Van der Waals forces
TR ) \) Wiz H\_H b
; " |» This . attraction is He(A)  He(8) P
X @")_;g—u ‘ pro du ce d by rﬂg&lalﬁgt@ C No polarization
Grf> ) Q=2 | emnonary
YAV 222 | asymmetry in  the 3) M=K}
e ) distribution of the HelA)  He(B) Hy(B)
< electrons around the dipoe onatom A {;‘,,“,i%.i.%ﬁfe“:"“’ "
nucleus.
te 5= 6" 6 6% 5 B Bl
g dotadeed o QD Q €9 €D
dipdle He(A)  He(B) H,(A) H,(B)
A;Pk-$ \__S,?M \?_}-‘\ RS onatom B moIeB 5
4o (a) (h)

induced, S T Jdw
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Van der Waals forces

Van der Waals forces

« London forces occur between all atoms and molecules
(between polar/polar and polar/nonpolar molecules as well)

’J\ : o6
SV ué e The larger the atom or molecgigh the greater its

JSQ‘ RAef ‘ﬁaﬁ\fb\ polarizability (easier-to-induce a momentary dipole) and the
) stronger the dispersion forces become.

il This is because:
. )
< ol @The electrons are fatifier from the positive nucleus and so are held

v (less stropgly?
@ The numberof electrons is greater >0\ JS LA
e London Force is the weakest of all the intermolecular
forces s

"
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(2> lon-dipole forces )

* lon-dipole forces occur between a ch_argcd_mn angéa polar

_molecule. (i.e. a molecule with a @ipole) Cations are

attracted to the negative eund of a dipole, while anio anions are

attracted to thm&%i%;di ole

L Tue™ b ° q
s\Z) o (&‘ 93
Mac 9 @9 ‘
. \ b
C—;)‘:"‘—P—_)_ - Cation-dipole attractions Anion-dipole attractions
+ _ e — — o —
Ma ;, a

dipele 550 —5 4 ~de GGV
- Z

—f-pb» )‘5@,{@.‘.‘5) - =

Ion-dipole forces

« These types of interactions account in part for the solubility
of ionic crystalline_suhstances in_water; the cation, for
example, attracts the relatively negative oxygen atom of]
water and the anion attracts the hydrogen atoms of the
dipolar water molecules.
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(®1on-Induced dipole

* Ion-Induced dipole forces occur

between a charged-ionand a

nonpolar molecule.

» These forces result when the
approach of an ion induces a Spherical atom with(no dipols.

dipole in an or in anonpelar of the nuc,,us

molecnle by disturbing the
arrangement of electrons

* Ion-induced dipole forces are @
presumably involved in the

formation of the iodide complex

Upon approach of a charged ion,
° m - = K.|.13- ;Ifgtmns inthe atom ri_e_s_%gnd and
e atom develops a dipole.
3 4’) pole.
g I = o Qﬁvw 35 W\Ju@é' d‘g‘ ( D
. 3 JS\F:‘) T L‘)}j 6\ Q e -
.rs\ "\S_)? 60 =t _ - \v\e O\;—‘*’
‘:3 Qoo

N, )JA\&\ 2o @

(D Ion-ion interactions

« A cation on one compound will interact
with an anion of another compond. 5 .. ovc

* Jon-ion intera '[IOIIS may be_intermolecular>
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® Hydrogen bond

Hydrogen bond is‘a strong type of dipele<dipole interaction

that occurs between a molecule containing a hydrogen atom|®
and L8 strongly electronegative Caton¥ such as _.ﬂmir;mﬁ

oxyegen, or mu_Qg?en e
» In order to create the bond, the hydrogen atom must be

covalently attached to another electronegative atom.
A perfect example of hydrogen bond is Sater)

Hydrogen s can also exist bet eenm
rboxylic acidsyaldeh ) and @nd\ polﬁeétidesk
P 3o

£X
¢ ve & O
s
o 2 W NN AN Y

—
—
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Examples
H H H
! i i
H—N:-—H--N: H~-N:---H —0: H S ¥ oS
i o e N L
E H H H c—C c—C
e VAR /- iH
s H O0~~H—0 H
Lone pair Hydrogen bonding in acetic acid
/
7N\ Hydrogen bond H
HC  H./ N LN Q. CHs
'.O..
AN NS N Lo H=N )
CH; DNAN = "
lol.. O \ V
/ \ Dl A
H  CH; A T
Hydrogen bonding in methanol
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Hydrogen bond

 Hydrogen bonds are responsible for many unusual

~ physical properties of water including its @bhormally
P~ _ [ [V low vapor pressure , high boiling point, and the_greater
hydiocen bordSss volume of ice water.

« Hydrogen bonding is stfongep than all Van der Waals
intermolecular_ forces (they are_given their own
RWAW - classiﬁga}ion), but are still (weaken than ionic and
G W) covalent bonds.

MO
&..\bg VAR
(A2) =’
Ay 2l)

Ge) K
A TS (PP

~<=* Bond energies

« ;Bond energy is a measure of the strength of
bond.:

Intramolecular forces:
Ionic>covalent>metallic

Intemolecular forces:

» lon-dipole>ion-induced dipole>hydrogen
hond>keesom>Debye>London
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