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Intermolecular forces

o Intermolecular Vs. Intramolecular forces.
o Intermolecular forces: between molecules (e.g. Van der waal forces).
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Intramolecular forces: inside the molecule, 1.e., between atoms or

groups inside the same molecule (e.g., covalent, 1onic, and metallic).
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Intermolecular forces
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Repulsive and Attra

D 1(129@’1]: Cj’lqrji"‘\ When two atoms or molecules are brought closer together, the opposite

= AH'{B(J-;@YL charges and binding forces in the two molecules are closer together than the
similar charges and forces, causing the molccules to attract one another.

Similay c)nqrj e << When the molecules are brought so close that the similar charges touch, t M
=repulsion (repeleach other(like rigid elastic bodies)

/‘ At a certain equilibrium distance, (about 3—4 A), the repulsive and attractive

forces are equal. At this position, the potential energy of the
Doen@’ﬂj J) 2 5ucls two molecules is @minimuni>
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Repulsive and Attractive Forces
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Intermolecular forces

Intermolecular forces can be divided into:
 Van der Waals forces
* Jon—dipole interaction

* Jon—-induced dipole interaction
 Jon-ion interaction

* Hydrogen bonds
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One of the atom in the covalent bond has the ability to
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(}5 Lij_g attract the shared electrons to itself resulting in a polar
molecules p .

. Difference in the electronegativity +——»
» dipole is a separation of two opposing charges over d
distance r and generally described by a vector

5 , known as a dipole moment (f).
e At ol=vls £ The symmetry of the molecules affects gencrally its dipole
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Van der Waals forces

o Van der Waal interactions are weak forces that involve
the dispersion of charge across a molecule called a

dipole.
. Van der Waal interactions can be classified mto:
- A.Dipole—dipole interaction, orientation effect, or Keesom

force
{(55} ﬁ) Q_.E% _}:—:ﬂj Dipole-induced dipole interaction, induction effect, or
Debye force

C. Induced dipole—induced dipole interaction, dispersion
effect, or London force

| x Dipobe s1ick zeulh and dharges Pesitive,Negative .

Van der Waals forces

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

e Two polar molecules (two permanent dipoles)

g ¥ : ' i
o ”’f)tﬁj‘ 24— The dipole-dipole forces increases as the polarity of
-‘:’—JQFLLL the molecule |
dﬁt—gi S ecule increases.

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




Van der Waals forces

. Keesom forces occur between polar molecules in which the
permanent dipoles interact with one another (dipole-dipole

interactions) or (orientation effect). gjl e i
. Polar molecules have polar covalent bonds which are unevenly

2} 7 distributed in space due to the difference in the electronegativity of

the atoms forming the bond e.g. HCL. -
o The nucleus of the chlorine atom E‘ﬁlf;:[)he electron pair involved

in the chlorine-hydrogen bond closer to itself and creates a

permanent partial positive charge on the hydrogen’ and a
permanent partial negative charge on the chlorine” (Permanent

dipole)
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Dipole Moment has a

Magnitude and a Direction
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.; Van der Waals forces
[ Inducedgly Dipeb 1,

} » Debye forces occur between a polar and a nonpolar
molecule in which the permanent dipole in the polar

molecule dnduce an electric dipole in the non polar one
(dipole-induced dipole interactions) or (induction effect)

e.g. water and oxygen.
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Van der Waals forces

Van der Waals forces

» The oxygen molecule is nonpolar. (Vo c}warcje,)

e However, when it comes close to the oxygen atom 1n a water
molecule, the partial negative charge on the oxygen atom repels

the electrons in the oxygen molecule.

V—

» This causes (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. -

Dipole-induced dipole
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Van der Waals forces
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Van der Waals forces

+ The Gtrengthof Debye forces increases with the ease —_bilsy' & 8=

(gJ 2leh) =0 'T(dlstortlon) of the electron cloud of the nonpolar o6l € N9
molecule (1.e. polarlzablllty of the molecule). AR PSy = 05>
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» Debye forces is weaker than Keesom forces because
the dipole in the nonpolar molecule 1s temporary

(induced) and formsconly’ s-only when the two molecules
areextremely close to each othg},fwmw St o
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@pﬁﬂ(' London forces occur between two nonpolar
weakesh (neutral) molecules in which molecules can induce

polarity on each other (induced dipole-induced

dipole interactions) or (dispersion effect).e.g.(Helium)
| Nobel, s 45Weom; hydrocarbons (Benzene, hexane, etc)...
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Van der Waals forces

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

the atom or molecule, the greater its

Sl leﬁéud‘;—) The
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Dele 45T e"_c;"_t:*%' polarizability (easier to induce a momentary dipole) and the -l=r o)A
Les o= stronger the dispersion forces become. Imtetchiond) slspme €7 M oas

-7 )) ﬂ*"o‘“ * This 1s because:

L. The electrons are farther from the positive nucleus and so are held

Slgl | bouys T less strongly

J v aoups

L L . The number of |
T e 2 umb electrons is greater

o p3lely London Force is the weakest of all the Intermolecular

forces.
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Ton-dipole forces
+ These types of interactions account in part for the solubility 0 e
5 . . 0
of ionic crystalline substances in water; the
example, attracts the relatively negative oxygen atom of
water and the@w:ts the hxdrogm

dipolar water molecules.
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Ton-dipole forces

* Jon-dipole forces occur between a charged 1on and a polar
molecule (i.e. a molecule with a dipole) Cations are
attracted to the negative end of a dipolg, while anions are

attracted to the positive end of a dipole
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Ion-Induced dipole

- (I‘on-Induced dipole force}occur
between a charged ion and a

nonpolar molecule.

* These forces result when the

approach of an ion induces a dipole The dot indicates the location

In an atom in a nonpolar molecule of the nucleus.
by disturbing the arrangement of

electrons

* Jon-induced dipole forces are
presumably involved in the
formation of the iodide complex

/%ﬁf (_,é, _,9:.}\ T | 2+K+I- — (K+I 3j N d. Chqrﬁf = Upon approach of a charged ion,

electrons in the atom respond and

Spherical atom with no dipole.

(};\:f; i-f;f_u JVUYI— flef 4__1 ocifne(]: the atom develops a dipole. 4
KD 2 disis (Ton) <— Fettusion Todide (kL)
(Selikle) jo2ns

Compley™ ™

ols gdlution) =vcun ; : .
(bl eeledion) Ton-ion interactions

e A cation on one compound will interact with an
anion of another compound.

e Jon-ion interactions may be Intermolecular (e.g. a
hydrochloride salt of a drug) or intramolecular

(e.g.,.a bridge interaction between counter
ions in proteins).
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Hydrogen bond
» Hydrogen bond is a strong type of dipole-dipol interactiono

that occurs between a molecule containing a@ydrogen ato@ |
and a@trongly electronegative atom such as fluorine,

oxygen, or nitrogen
o In order to create the bond, the hydrogen atom must be
[covalently]attached to another electronegative atom.

+ A perfect example of hydrogen bond is@ater)
» Hydrogen bonds can also exist between alcohol molecules,

carboxylic acids, aldehydes, and DNA and(polypeptides}—> Prahoﬂy@t-a)

Hydrogen bond

Examples
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Bk Hydrogen bond
ovic ya) .13y * Hydrogen bonds are responsible for many unusual
physical properties of water including its abnormally

i low vapor pressure , high boiling point, and the greater
Lol o= |J <<(volume of ice water) (jce has lage Volwme than |igu 'y

VD Ty Hydrogen bonding 1s stronger than all Van der Waals
‘ intermolecular forces (they are given their owIl

classification), but are still weaker than ionic)‘ ar}d
covalent\bonds. % Pl fonic
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Importance of intermolecular forces

& Y.
s/ 493;4” I_,,:{" L These forces govern the interactions between all kinds
¢---{ of matter (e.g., atoms, molecules, bulk )

They are important to understand the properties of
cases, liquids and solids.

* Understand various physicochemical phenomenon
and processes:

IB;’S‘?"—*@ ‘-‘ufpucﬁ “ —Interfacial phenomena: are the ones that occur at the
Sl lg y= = R limit between two immiscible phases, so-called surface or

s N sockion mterface.- |
i E /—(F locculation of suspensmnﬁ . 1S a process wherein

L)

- Cr? colloids come out of suspension in the form of floc or ﬂake.c_lla": CQLY(S)

F U R - .
S Asioll (S},; — Stabilizations of emulsions, Emulsion stability refers to

the ability of an emulsion to resist change in its properties
over time. -
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§ j; &-@1 Compaction of powders in capsules. o A )]
[ - rj(__u \ e)t‘ , — Dispersions of powders or l1iquid droplets in acrosols D) | =2
e A dreplet ) (An acrosol is a colloid of fine solid particles or liquid

ey ‘ droplets, in air or another gas).
Lﬁ’j%b ugﬂ-%ﬂr}/z‘é_t_ Op e e gas)
& oSk 5 5 <ompression of granuies to form tablets.

90-; 1 aldhesive. © From a biotechnology point of view:

Slard . — Various intermolecular and intramolecular forces govern
the seconda_ry, tertiary and quaternary structures . \;.»g
of biomolecules (e.g., proteins, DNA, RNA). \“‘fﬁ

— They influence the stability, formulation and storage of
pharmaceutical product derived from such biomolecules.
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