‘ | 4.0 Jana)

The Hashemite University
Faculty of Pharmaccutical Science

Physical Pharmacy I

Intermolecular forces

Credits: Dr. Nizar Al-Zoubi

g\.

—

1

N\

Felos S8 ool LIS 3 2 Las, i ool

8, 2.8 Rt ..)_ .—-L.___.

'y

-

et Py

Scanned with CamScanner


https://v3.camscanner.com/user/download

1

T,LWIALQLRL os < \[LLL\.:\ VERY_L_VVJL.DC_; '\w\..h@\_Q&kam\.w_%

Bl
oo Wiy r:\c 44/ b ds 4 .s_sk.\;_.,n_?.z.\ég L —

S LA ke s g (N
A\Z/o/mnefmr\l N 55 i)D ,\_LINI MW\T\,MM\.N INoQFth\Cbmt.f\sp:

—lﬁ\CthL «
m\\\v K Intermolecular forces) - )85 Nadl le g —
( * Intermolecular Vs. Intramolecular forces. \s bl ¢ umc 4. 3
~3 — pcgdi L@~ v Tl
Lbu ) HS{L,# « (Inférmolecular forces{between) molecules rT N rm - -
(e.g.Van der waal forces). Mrsd o7 ¥ Q‘.W(.L.W\«. e
$50g Tnborte Aa=ndl=
r.rl nQ:@Q \\.\\., es:(inside/ the molecule, i.e., between atoms or \S»* cl”
as _Jr FL — ﬁ_\ groups inside the Same molec o7 J..Mk\
(e.g., oo<w_o3 ionic, and metallic)—® €

HJle— Hcl
~1'S N
W,_ _P\F“:NQ -2 « The key &mm\mwm_HS between the two types is that the covalency is e Sz L
C\\&« s l—ﬁ not established in intermolecular interactions = ._Fm:o\mmkl_m c\.m: _— _\\L
required to break intermolecular forces as compared to [¥2

intramolecular ones. P Las 2] 5

m\.ﬁc\\m%d P\wnr@w f_C.u\t\f?n L&Lﬁr@f@%( 2y=4) [Q) PN m_\k
. »emr{(\\. 7

. Ox; m\ppﬂ\wgr\/&%{\v@\,tg \rEEctcc.n (curv

{ Py 1Y P A v e G SMehalic 1 =
A&“m.’ nFV.\\O\O Je QIV..NI\(\.. —
% m)co\frrt\\c _Q\E&\&\.L\.._\\WQ\Q\\\{ N

I

Scanned with CamScanner


https://v3.camscanner.com/user/download

| X lead 3:3..:5_2:_2. ?..n%

¥
TP ST ok g n\m\ . o%%:&
Co\nes, v - F.Lb/\.Up ST ey
Attraction . ey
Intermolecular ) YRR F L | >&5mm<o
T D R oS okl

AIEC

Adhesive ?

%of}w‘hl 256 Ho Ldiny, BBl o WA 52 o)y 1L L
\o%vnh\ﬁ\ : F & P o\?ybLb»tv\vrom L I B2 G 50 7))
cbxf 25 2l p ezl A i o5 electvoshdidls L

Brm\.E\ﬁt.Pl

e Crasile \vf%é?&ﬁ%rﬁ»& Q:hln@
e Ln\mb\. &w pulsive and Attractive Forces

|

« When two atoms or molecules are brought closer together,
the opposite charges and binding forces in the two
molecules are closer together than the similar charoes and
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« When two atoms or molecules are brought closer together,| cs i< o)
the opposite charges and binding Eno.mm in the Z\M i ernols,
molecules are closer together than the similar charges and} . - . .,
forces, causing the molecules to attract one another. il 3

« When the molecules are brought so close that the mmB.:E. 4
charges touch, they repel each other like rigid elastic bodies. JelJ 1,

* At a certain equilibrium distance, (about 3—4 A), the| |, =
repulsive and attractive forces are equal. At this position, the 2. ._
potential energy of the o
two molecules is a minimum wlalle
and the system is most stable. 4 \%n L,
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» Intermolecular forces

Intermolecular forces can be divided into:
(y» Van der Waals forces
@. Jon—dipole interaction
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\Q e 7%. ol ® dipole is a separation of two opposing charges
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) e J\s 2= vector & =4 known as a dipole moment ().
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Van der Waals forces *°
Pe|foidlas U
* Van a.o_. im.m_ interactions are weak forces that involve Ne=
the dispersion of charge across a molecule called a| N p
dipole. P
* Van der Waal interactions can be classified into: he b\\MtV
A.Dipole-dipole interaction, orientation effect, or Keesom ol
force o)
B.Dipole-induced dipole _interaction, induction effect, or F
Debye force /\,khm
C.Induced dipole-induced. dipole interaction, dispersion| . /
effect, or Condon force ¢\
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Van der Waals forces )}
)

e |

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

* Two polar molecules (two permanent dipoles) [

* The dipole-dipole forces increases as the polarity
of the molecule increases.
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Van der Waals forces

* Keesom forces occur between polar molecules in which the
permanent dipoles interact with one another (dipole-dipole
interactions) or (orientation %Et

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

* The nucleus of the chlorine atom pulls the electron pair involved
in the chlonne-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), H—C1
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Van der Waals forces*>-1 @

anothey YyPe B

+ 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

OE dipele-induced dipole interactions
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Van der Waals forces Difele

- o\e
« The oxygen molecule is nonpolar. However, when it o (o )
comes close to the oxygen atom in a water molecule, the | )i pole - jndue
partial negative charge on the oxygen atom repels the i
electrons in the oxygen molecule. This causes (induces) | - ") Lol Y

a temporary partial positive charge in the end closest to J!

the water molecule and a buildup of  partial negative |~ ,\\ o)
charge in the end furthest away. This induced dipole is 4 s.rv ¥
temporary and forms only when the two molecules are.

extremely close 1o one anothgr,
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Van der Waals forces

w@;a strength of Debye forces increases with the
case of distortion of the electron cloud of the
nonpolar _molecule (i.e. polarizability of the
ﬂ\o_aoc_ov

 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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C\»: der Waals forces

- ﬂ!c_:_o: .,o..aau occur between two nonpolar
(neutral) molecules in which molecules can
induce polarity on each other (induced dipole-
induced _dipole _interactions) or (dispersion)
efech).e.g. Helium Neon, hydrocarbons...
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Van der Waals forces

. E.m!o: force§ occur between all atoms and molecules
(between polar/polar and polar/nonpolar molecules as well) | ¢ | Lk

o The larger the atom or molecule, the greater its :
polarizability (easier to induce a momentary dipole) and the| ban J10])

stronger the dispersion forces become. Pharig )~ r
e " . Pk
This is because: S s
1. The electrons are farther from the positive nucleus and so are held| _
less strongly | JisPexs e
2, The number of electrons is greater 0 \\\h s) >
+ London Force is the [weakest) of all the intermolecular| -, <o L/ !
forces, .
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«lon-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
dipolar water molecules.
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S * Ion-dipole forces occur between a charged ion and a polar
diPele - JiPo\le molecule (ie. a molecule with a_dipole) OE_Ion\Ed
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+lon-Induced dip

lon-Induced dipole forces occur
between a charged ion and a
nonpolar molecule.

et e

These forces result when the
approach of an ion induces a dipole
in an atom or in a nonpolar molecule
by disturbing the arrangement of
electrons

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

LKA = K+ )

ole

Spherical atom with no dipole.

The dot Indicates the location
of the nucleus.

‘@

Upon approach of a charged lon,
electrons in the atom respond and
the atom develops a dipole.
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Hydrogen bond 7

* Hydrogen bond is a strong type of dipole-dipole interaction
that occurs between a molecule containing a hydrogen atom
and a strongly electronegative atom such as fluorine,
oXxygen, or nitrogen

* In order to create the bond, the hydrogen atom must be
covalently attached to another electronegative atom.
* A perfect example of hydrogen bond is water.

C o
a/ * Hydrogen bonds can also exist between alcohol molecules,
™,

_| “carboxylic acids, aldehydes, and DNA and po lypeptides.
NoP e | \r\v?:.m \KIP\\M\L{I\\%&@
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Hydrogen bond

* Hydrogen bonds are responsible for many unusual

e ———— e e

\, 07| physical propertics of water including its abnormally

/.
o\ K-low vapor pressure . high boiling point) and the greater
4/\/\ .Q volume of ice Water. %J

o’ Hydrogen bonding is stronger than all Van der Waals_

intermolecular  forces (they are given their_own

—— " ———-———

classification), but are still weaker than ionic and
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| . Intermolecular H-bond
i Salicylic acid | /
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ya SV * Bond energy is a measure of the strength of
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Intramolecular forees: lonic>covalent>metallic
Intermolecular forces: v

S——

. _oz.a.vo_nv_oz-.sacnaa a.vo_ov:vd..omn:
bond>keesom>Debye>London

,.
—

Scanned with CamScanner



https://v3.camscanner.com/user/download

x-Importance of intermolecular forces

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

n\o \ n\vk_yv & | ?&d\o»l,_,r@ are important to understand the properties of

d solids.

) ar/
hb\r\ ok Gﬁaoammsa various physicochemical phenomenon
and processes:
&l ,L\.x n\.\L ) lloJ 4— Interfacial phenomena: are the ones that occur at the
W limit between two immiscible phases, so-called surface or
?0 S/ \\« "\ interface.
0 ¢ \lLL) — Flocculation of suspensions : is a process wherein
@.\&k o colloids come out of suspension in the form of floc or flake.
QQC Pa— S Eﬂ?mm — Stabilizations of emulsions, Emulsion stability refers to
TerSilooa the ability of"an emulsion to resist change in its properties
over time., S
Selil A ot &\E\ C\f}@:\x\\ L) lc 3\*
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- = Compaction of powders in capsules.

l—v—.}gg%@_m
(An agrosol s 8 colloid of fine solid particies of liquid

droplets, in air o another gas).
~ Compression of gragules to form tablets.

* Froma §‘t.&<tl

« Various intermolecular and intramolecular forces govern

the secondary, tertiary and quaternary structures
c..?%??\ﬂxna.cz?nzz

ion and storage of
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