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Objective of the chapters

* Differentiate forces:

Compare intramolecular forces (inside molecules) with intermolecular forces
(between molecules).

* Classify interaction types:

Identify Van der Waals, hydrogen bonding, and ionic interactions.

* Analyze energy curves:

Explain how attractive and repulsive forces determine bond length and stability.
* Understand molecular polarity:

See how electronegativity creates dipoles that affect interaction strength.

* Apply to pharmacy:

Relate these forces to tablet compression, emulsion stability, and drug structure.
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* Intramolecular forces: they are bonding forces inside the same molecule,
i.e., between atoms or groups (e.g., covalent, ionic, and metallic). It affect the
chemical properties of the compoundds S5l 5 e force sSI s Jie

* Intermolecular forces: between molecules (e.g. Van der waal forces).It influence
the physical properties of the substance boiling point, heat of fusion, etc ~ «le St

* Less energy is required to break intermolecular forces as compared to
intramolecular ones because the covalency 1s not established in
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Intermolecular forces

Cohesive: is the attraction of like molecules
Adhesive: is the attraction of unlike molecules
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Repulsive and Attractive Forces S tracton sy M Ll 52

* When two atoms or molecules are brought closer tovethier, the opposite charges and @b Lo paas e Baaay
binding forces in the two molecules are closer together than the similar charges and forces, repulsion ¥ attraction
causing the molecules to attract one another. s repulsion sy

* When the molecules are brought so _close that the similar charges touch, they repel each
other like rigid elastic bodies. complete repulsion guic juaia Souas Wlwe I g3 380 15

* At a certain equilibrium distance, (about 34 A), the repulsive and attractive forces are
equal.

nucleus 2 (. 4uas distance wic

repulsion and attractive forces equal s
L. oI« balancing between forces e 45
covalent bond s sharing da ye Juass

Bond length '

* At this position, the potential energy of the two molecules is a minimum and the system is
most stable.

gasJ! sa (il agie suas Lay Hydrogen atoms 2 a1l sla

material «s ¢ material «s &l ¥y sl il nucleus J» « nucleus 2 ¢ Glell gsa 90 X AXIS (e
Ui Balll ) Jalss s seas solid materialdl cpas ua o8« ¥ ¢ Overlapping wé jras S Jlao 4é Ja
proton + electron Les nucleusd! g «gaso 5l gdibs (ol



Repulsive and Attractive Forces
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Polarity

* One of the atom in the covalent bond has the ability to attract the
shared electrons to itself resulting in a polar molecules

 Difference in the electronegativity

* Dipole 1s a separation of two opposing charges over a distance r and

generally described by a vector2 8" »  known as a dipole

moment (). Al Loyl 423l © dale glay
magnitude and direction 5H /CI’(S_\CA ent bond
—_— ovalent oon
I

polar ¢ dipole ia il « dipole il ad Jud LS ¢ polarity ey il
sl vector wewis direction uie §sSia3Y

electronegative ¢ polarity dalall glay ol Gl 2l

(Cl ,F,Br,I ,N,O) electronegativity sisasis atoms e dbial

SLg SV e aaie sl 508 dana il @s electronegative s e ssall

electropositive cius G eiadl juay Lpaladl ol iKY cadi T, 498 a9 electronegative ssls gaic 13l



Benzene

Cl

non polar sa o

HC e wié b al @[ cl ortho Lss
Cl

Nonpolar
Polar

s ¥ polar i para] Meta

net result =ZeroJ! jas  ©
Nonpolar Cl

Polar

The symmetry of the molecules affects
generally its dipole moment

Van der Waals forces

e 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 into:
A. Keesom force: Dipole—dipole interaction, orientation effect
B. Debye force: Dipole-induced dipole interaction, induction effect, or

C. London force Induced dipole—-induced dipole interaction, dispersion
effect
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Van der Waals forces

* The Partial opposite charges (permanent dipoles) attract one

another (dipole-dipole interactions)

* Two polar molecules (two permanent dipoles)

* The dipole-dipole forces increases as the polarity of the

molecule increases.

* Keesom forces are much weaker than ionic bonds because the

charges involved in bonding are partial.
6_
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Van der Waals forces
Keesom forces

* They occur between polar molecules in which the
permanent dipoles interact with one another
(dipole-dipole interactions) or (orientation effect).

* Polar molecules have polar covalent bonds which
are unevenly distributed in space due to the
difference in the electronegativity of the atoms
forming the bond e.g. HCL.

* The nucleus of the chlorine atom pulls the 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
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Van der Waals forces
Debye forces

dipole-induced dipole interactions
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in negative

* Debye forces occur between a polar and
a nonpolar molecule in which the
permanent dipole in the polar molecule
induce an electric dipole in the non
polar one (dipole-induced dipole
interactions) or (induction effect) e.g.
water and oxygen.
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* The oxygen molecule i1s nonpolar. However, when it comes close to the aready zero L
oxygen atom in a water molecule, the partial negative charge on the oxygen
atom repels the electrons in the oxygen molecule.

* 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. negative us¥! oliia positive Leslsl 13l

* This induced dipole 1s temporary and forms only when the two molecules are

Dipole- induced dipole

extremely close to one another. swaction
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Van der Waals forces D P D -

He(A) He(B) H,(A) H,(B)
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Van der Waals forces

* The strength of Debye forces increases with the ease of distortion
of the electron cloud of the nonpolar molecule (i.e. polarizability
of the molecule).

* Debye forces is weaker than Keesom forces because the dipole in
the nonpolar molecule is temporary (induced) and forms only
when the two molecules are extremely close to each other.
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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 larger the atom or molecule, the greater
its polarizability (easier to induce a
momentary dipole) and the stronger the
dispersion forces become. @

* This 1s because:
ﬁg_fsﬁS;JlJ@_w 1. The electrons are farther from the positive @

nucleus and so are held less strongly
aasse S ALl les 2. The number of electrons is greater

cluz¥lsale « ,<I * London Force is the weakest of all the
lasae 6o W damall  Intermolecular forces.
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Van der Waals forces

* London forces occur between

two nonpolar (neutral) chage s

molecules in which molecules ’ ’
can induce polarity on each
other (induced dipole-induced
dipole interactions) or
(dispersion effect).e.g. Helium
, Neon, hydrocarbons ...

8 Keesom Deby L?;rigg
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Force . .
Interaction Effect Description
Type
Occurs between two permanent dipoles, _Keesom N
Keeso . . . . . inferaction ==/ 99
m Dipole—dipole |Orientation |where polar molecules align due to ¢
interaction effect |electrostatic attraction between 5 8 5 &
Force S @IIIIIIIIIII
Opposite charges. Not full charge — el
Dipole—induced . Involves a permanent dipole inducing a . Debye
Debye .p Induction g . . g - WicachoR
dipole temporary dipole in a non-polar 5 5 cla
Force |. . effect . :
interaction molecule, leading to attraction. & e
— net chae =R
Induced % &ﬁ
) ) . . |Arises from temporary dipoles caused by | = TTEST
London |dipole—induced | Dispersion P y. P . y
. electron cloud fluctuations in non-polar
Force |dipole effect . .
) , molecules, resulting in weak attraction.
/ interaction _
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. . . i . . . Uneven Instantanous Induced dipole on
resulting in weak attraction 3Gl sLs3¥L induction Jes electron o on'diciribution  dipole formation  neighbouring atom

in a helium atom
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Ion-dipole forces

* These types of interactions account in part for the solubility of ionic
crystalline substances in water; the cation, for example, attracts the
relatively negative oxygen atom of water and the anion attracts the

hydrogen atoms of the dipola{jvater molecules.

anion polar molecule
() -
caion P Saltwater

anion sl cation K <lsw full charge ;s ionJ!

Coxns WaterJ! ;e oxygend! 3 cation asasall ,Sodium chloride Lele JBs
partial negative <Y walaily
hydrogenJ! «alssls s=a ¢, chlorideJ!



Ion-dipole forces

* lon-dipole forces occur between a charged 1on and a polar molecule (i.e. a
molecule with a dlpole) Sater

* C(Cations are attracted to the negative end of a dipole, while anions are
attracted to the positive end of a dipole

BOQO cﬂ@
fa®'y /0 €@

lon - dipole bond

lon - dipole bond

Cation-dipole attractions Anion-dipole attractions

Ion-Induced dipole

* Ion-Induced dipole forces occur between SOpiSerioel St il 118 shpoté.

The dot indicates the location

a charged ion and a nonpolar molecule. of the ruscleus.

* These forces result when the approach of an Siis
1ion induces a dipole in an atom or in a @
nonpolar molecule by disturbing the Soon approsch of a charged on

arrangement of electrons i iy

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

complex ‘
s L+K+I- = K+Iy
[Ag + Lo — -
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LSl L3ld charged complex (KI3)
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Ton-ion interactions

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

* Jon-ilon  interactions may  be
intermolecular (e.g. a hydrochloride
salt of a drug) or intramolecular (e.g.,
a salt bridge interaction between
counter 10ns in proteins).

Carboxylics NH2 sy amino acids ¢ (<8 Joa¥ b proteind! ¢ proteindls molecule (. bondingd! (il
ijonization Jea~s ¢, PHY! 4k un (e ¢ acid

carboxylas interaction J«a3 ¢, protonated ¥/ oan U« +NH2J ionization s acidic calK 131 PHJ!
amino acid charge .le group ¢! guie 5 131
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Hydrogen bond

* Tthey are given their own classification)

* Hydrogen bond is a strong type of dipole-dipole

interaction that occurs between a molecule containing a ° ovatont b °
hydrogen atom and a strongly electronegative atom such X 2
as fluorine, oxygen, or nitrogen O ® ®

* In order to create the bond, the hydrogen atom must be BT - °/
covalently attached to another electronegative atom. () (%)

* A perfect example of hydrogen bond 1s water. /O\
* Hydrogen bonds can also exist between alcohol H H
molecules, carboxylic acids, aldehydes, and DNA and
polypeptides.

hydrogen bondingJ! waterJl Joas &S o<I e water ga JBs Jadl < Hydrogen bonding Jeass (s
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other molecules



Hydrogen bond- Examples

Ammonia
Hw H H
Iooordd | i
H-NTH-N.  HeNieH —0: He  OTHTO M
H H H H c—C C»-c_’\H
| H 0-H-0 i
Lone pair
..O. / Hydrogen bonding in acetic acid
7N\ Hyd bond
H3C H / yarogen n H\
- . N —H-e (@) CH3
0 ¢
7N\ N—/ N \
H CH3 / g e H—N
DNA N=" N
o) \
H/ \CH O DNA
Hyd b 3d' i h | A !
ydrogen bonding in methano Adenine Thymine

Hydrogen bond

* Hydrogen bonds are responsible
for many unusual physical

. ] . . _ . Intermolecular H-bond
properties of water including its Salicylic acid

/
v

abnormally low vapor pressure, OH - OO
high boiling point, and the greater OH
volume of ice water. ;_o

* Hydrogen bonding is stronger OH \

than all Van der Waals
intermolecular forces but argasttl) ...

weaker than ionic and covalent
bonds.

Intramolecular H-bond

dule dulan o A0 ethanol Y. ,hydrogen bondingJ! Lab oy s yuds 45 high boiling pointJ!
laa 4lle moleculed! ¢ H bonding el « 100 s (A Ly 73 5] jae

H bonding ssay « cias LS acetylsalicylic acid s laa 44as solubilityJ! salicylic acid <o !
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Bond energies

energy to break g liak oS
* Bond energy is a measure of the strength of bond.
Intramolecular forces: Ionic > covalent > metallic

Intermolecular forces:
Full charge

* Jon-dipole > 1on-induced dipole > hydrogen bond > Keesom >
Debye > London

Jals oIl bl gl 55 2 5¥ € material Y solubilization Jeaie &S ¢ Llad sa il solubilityJ! T
suic L Jsk, solventJls drugd! ¢ bonding Jess oy, waterd! gs bl Joary seass molecules!
drug and solvent ¢ new bonding Jeai »3¥ to solubilize sdLis solubilityJ ¢s<s 53 bonding

Importance of intermolecular forces

These forces govern the interactions between all kinds of matter (e.g., atoms, molecules,
bulk )

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

* Intermolecular forces influence the physical properties of the substance boiling point,
heat of fusion

* Understand various physicochemical phenomenon and processes:

— Interfacial phenomena: are the ones that occur at the limit between two immiscible

phases, so-called surface or interface. Liquid « liquid
- Solid - liquid

— Stabilizations of emulsions, Emulsion stability refers to the ability of an emulsion to
resist change in its properties over time.

Boiling from liquid to vapor
Fusion from solid to liquid

Ossaa 58 dalyinteraction s liquid Le K L K interfacial phenomena 3y jailaa
other surface ¢ interaction Jean can

oil and water y 5,Le emulsionJ!
emulsifying agent s &l 4va3 o3Y ¢ emulsion stable s Loy &S



Importance of intermolecular forces

— Flocculation of suspensions : is a process = y
Ui sediment <! l/w}/lg’eig colloids come out of suspension in the %'\%“?g
liquid <= Joss loose  form of floc or flake = g””“’f\.‘ z
— Compaction of powders in capsules. s @
— Dispersions of powders or liquid droplets Sl PRI

Deflocculated Flocculated

in aerosols (An aerosol is a colloid of fine solid
particles or liquid droplets, in air or another

gas). I
— Compression of granules to form tablets. \

I
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s sl ¢lsew emulsion s<S (Kae SUSPENSION (35S (S T L 449 cOlloid s aerosolJL s L< dispersionJ!
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Importance of intermolecular forces

— Within the cell:
— Various intermolecular and intramolecula
forces govern the secondary, tertiary and
quaternary structures of biomolecules LY &
AR |
J

(e.g., proteins, DNA, RNA).

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

« interaction Jass cpaas (ras information salu receptor o4 site of actiondle ¢ g a3Y SJaids &S gall
|gall Jaiin ¢, Lo interaction Jee Loy Jaa 131 ¢]gal

¢ aaiail] dlae YA Guyais ¢lgall aiaty Lo aas uyan IS sla molecular forcesyly interaction]! ¢ g0 il 5 <all
|94l 3asa skl groupsy! cuua (e forcesyl cua sle interaction Jdess Sl @e avuall Jako HLS (ujyaiag



