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1) Auvdpels EVOOUOPIAKES & AIGUORIAKES

8§ & . s- § &
H=Cl. & & H=Cl
\
wermaecuar "erateedor
attraction
Interaction Example Energy
ion- ion Na+t CI- 400 - 4000 kJ
Covalent Bonds H-H 150-1100 kJ
ion-dipole (I-D) Na* HCI 40-600 kJ
dipole - dipole (D-D) HC1 HCI 525 kJ
dipole - induce dipole (D-1D) HCl O, 2-10 kJ
London Dispersion (LD) N, N, 0.05-40 kJ

EPQTHXH: Aeouds ubpoyovou TTERIEXETAI OTOV TTARATTAVW TTIVaKaG?

d) Evéopoplakés Avvdpels - Intramolecular Force

Evbopoplakés SUVAKEIS OVOUGzoVIal EKEIVES TTOU CUYKRATOUV Ta dtopa o€ éva Yoplo A éva

OUPMAEYYA 16VTWV. YTIARXOUV TREIS BATIKES KATNYORIES:
> lovtikds 6eapds (lonic)
» OpoI101T0AIKGS 6eapds (Covalent)
» MetaAAikés eopds (Metallic)*

Intramolecular force
(strong)

H LA N R NN N N

(weak)

Intermolecular force



https://www.youtube.com/watch?v=08kGgrqaZXA&t=14s

b) Aiapopiakés Auvdyeis - Intermolecular Force

AlGPoRIAKES GUVANEIS OVOUAZOVTAl EKEIVES PETAEU TTOAIKWV PORTwWV, TTOAIKWV Kal PN TTOAIKWV
HopiwV Kal ol otypiaies €AEels petali popiwv Kal atdpwv.

AlaAvTnGg H, O =(aqueous)= (aq)

(Na'-CH) g NG ,0) + CHii.0) i Na(ag) + Cl(ag)

O1 Siapopiakés duvapels diapépouv aro tis eVOOUORIAKES SI10TI:
» Eupavizovtal avGpeoa o€ TOAIKG YopIa (U6VIPO (PORTio), o€ TTOAIKG Kal €TTaywYIKA
TTOAIKG YORIG YUOVIPG A OTIYUIAia (ORTIOUEVA
> Eival onpavtikd ac0evETTERES, OTTWS (PAiVETAl 0TO TTAPAKATW TTARGOEIYYa:

2H;0 —> 2H. + 02 E ~ 940kJ evw avtiotoixa H20(l) —— H:0(g) E =~ 40kJ

Van der Waals covalent

1 T 10 100 keal/mol
H bond

» 01 6lapoplakés buvdapels tagivoyouvtal o€ TREIS YEYAAES KATNYORIES:

¢ Auvdpels AiméAou - AiméAou (Van der Waals)
MPOKEITal yia nAektpoatatikés duvdpels (Coulomb) petalu:
» ToOAIKQV popiwv Kal e€aptwvial aro:
» MEéyedos tou popiou
» METRO s SITTOAIKAS POTTAS
» TIOAIKQV popiwv Kal 1I6VIwV Kal e€aptwvial aro:
» MEyedos Kal YETRO tns SITTOAIKAS POTTAS TWV YOPIwV
» MEyedos Kal TO (OPTIo TWV I6VIwV
% Auvdpeis Aiaattopds (London)
% Aegpds Yopoyovou

hydrogen bond

O 117 pm

O"!/”O/ O,

- O—H bond

899 pm
O

EVEpyela opolommoAikol 6eapol O-H ato H.0 E = 492 k].mol’
Evépyela 6eapou Yépoybvou O...H avdyeaa g€ pépia H,O E = 23 kj.mol-T




HYDROGEN BOND

6+

5t NH4

& &

Y

Hydrogen Bond

E 10vtikds > E opoiorroAikos B8 E vbpoyovou BB E SiroAov > E Siaoriopds

2) AIToAIKA PoTTA

AITTOAIKA POTTH OVOUGZETAI TO PETRO TNS TTOAIKOTNTAs (61avuopatiko)

» Eival n ouviotapévn twv SIMOAIKWV POTTWV

> Xta b1atopikd n TTOAIKGTNTa Tou popiou e€aptdtal aré to €i60s twv atépwV:
» 0uoia dtopa = pn MoAIKG YopIo (Clz, Oz, Hz, N, ...)
» AlAOPETIKG dtopa = TTOAIKG péplo (HCl, HBr, Hi...)

» Z€ TPI-, LETRA-, ... N TTOAIKOTNTA Tou popiou eéaptdtal armo:
» MOAwoN twv Seapwv (NAEKTRARVNTIKOTNTA, PEYEDOS...)
» TEWWYETRIa & OUPMETRIa popiou (€udUyRAPUN, TETRAESRIKA,...)




3) Zuvérneles Siapopiakwv duvapewv

> TROKEITAl YIa OXETIKA Ado0eVels SUVAUELS - A0FEVETTENES 10VIIKOU & OUOIOTTOAIKOU, aAAG
ETTNPEGZOUV ONUAVTIKA TS (QUOIKES 1610TNTES TWV EVOOEWV
> Ol OUVETTEIES €lval ouvaptnon tns €Viaor Kal ts EKTaons twv SIapopIaK v

d) AlgAvtdtnta
Aiapoplakés (61aAutn - ouaias) > Alapoplakés (AiaAdtn - AiaAdtn) & (ouaias - ouaias)
AlGAuon - emblaAitwon popiwv (TT.X. H.0 eubdtwaon)

b) Inueio Bpaopol & anpeio thHéns

AUE¢non Siapoplak@v buvapewv = Tt & Trlt (MapamAicio Mr)
» H20 - Th=373K, ye 6eapd vbpoyovou - Th~175K, Xwpis 6eoud udpoyovou
» TpH20 = 373K >> TpCH4 = 112K (MrH20=18 & MrCH4+=16)
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1.4. MetaBoAr Kataotdoewv tns UAns
1.  AMay# Katdotaons
2. 1610TNLES TV UYPWV
» 1€wb6es ovopdzetal n 6uoKoAia otn PoA
» ETTIpaveIakr tdon
» Taon atpwv

TNV €MIQAVEIA TOU UYPOU KATTola YORIA UTTEQVIKOUV TIS EVOOUORIAKES SuvApels A0y w... Kal
aAAdzouv katdotaon - eéatpyizovial



Intermolecular forces, often abbreviated to IMF, are the attractive and repulsive forces that
arise between the molecules of a substance. These forces mediate the interactions between
individual molecules of a substance.

Intermolecular forces are responsible for most of the physical and chemical properties of

matter

o+ &- o+ &-
H—Cl----- H—ClI
Types of Intermolecular Forces
Ho+ : /H o+
O----- H—O,
/6 5+
H = = = |[ntermolecular force
6+ Interatomic force (bonds)

G ‘? " MOLECULAR SHAPE AND POLARITY

Example: CO,
#‘ Polar

Polar d

=
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j_ B - The above arrows are vectors
LB \ﬁ. - Adding these vectors together cancels them out
= = - .: CO, is non-polar
Nonpolar y Polar

Nonpalar

]

| electronegativities |

35-2.1=(14)

° electronegativity
difference
gives the magnitude
\ of the bond polarity

H shown by the arrow

Molecule is POLAR

Molecule has
HYDROGEN
BONDING

(O-H bond present)

Ethanol (C,H;OH)







1.3. Alapopiakés duvapels — Kataotdoeis tns UAns

Dipole-dipole interactions

Dipole-dipole interactions, also called Keesom interactions or Keesom forces after Willem
Hendrik Keesom, who produced the first mathematical description in 1921, are the forces
that occur between two molecules with permanent dipoles. They result from the dipole-dipole
interaction between two molecules. An example of this can be seen in hydrochloric acid:

& & H b
H—Cl-----H—Cl

The molecules are depicted here as two point dipoles. A point dipole is an idealization similar
to a point charge (a finite charge in an infinitely small volume). A point dipole consists of two
equal charges of opposite sign 6* and &, which are a distance d apart. This distance d is so
small that at any distance R from the point dipole it can be assumed that d/R >> (d/R). In
this idealization the electrostatic field outside the charge distribution consists of one (R?3)
term only, see this article. The electrostatic interaction between two point dipoles is given by
the single term [,= 1 and Iz = 1 in the expansion above.

Obviously, no molecule is an ideal point dipole, and in the case of the HCl dimer, for instance,
dipole-quadrupole, quadrupole-quadrupole, etc. interactions are by no means negligible (and
neither are induction or dispersion interactions).

Note that almost always the dipole-dipole interaction between two atoms is zero, because
atoms rarely carry a permanent dipole, see atomic dipoles.

Hydrogen bonding

Main article: Hydrogen bond

Hydrogen bonding is an intermolecular interaction with a hydrogen atom being present
in the intermolecular bond. This hydrogen is covalently (chemically) bound in one
molecule, which acts as the proton donor. The other molecule acts as the proton
acceptor. In the following important example of the water dimer, the water molecule on
the right is the proton donor, while the one on the left is the proton acceptor:

& H&+
umm|-|—é
4 B
$-

The hydrogen atom participating in the hydrogen bond is often covalently bound in the
donor to an electronegative atom. Examples of such atoms are nitrogen, oxygen, or
fluorine. The electronegative atom is negatively charged (carries a charge 6°) and the
hydrogen atom bound to it is positively charged. Consequently the proton donor is a
polar molecule with a relatively large dipole moment. Often the positively charged
hydrogen atom points towards an electron rich region in the acceptor molecule. The fact
that an electron rich region exists in the acceptor molecule, implies already that the
acceptor has a relatively large dipole moment as well. The result is a dimer that to a
large extent is bound by the dipole-dipole force.



http://en.wikipedia.org/wiki/Willem_Hendrik_Keesom
http://en.wikipedia.org/wiki/Willem_Hendrik_Keesom
http://en.wikipedia.org/wiki/Dipole
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Hydrochloric_acid
http://en.wikipedia.org/wiki/Dipole#Field_from_an_electric_dipole
http://en.wikipedia.org/wiki/Dipole#Atomic_dipoles
http://en.wikipedia.org/wiki/Hydrogen_bond
http://en.wikipedia.org/wiki/Hydrogen_bonding
http://en.wikipedia.org/wiki/Hydrogen_atom
http://en.wikipedia.org/wiki/Water_(molecule)
http://en.wikipedia.org/wiki/Electronegativity
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Fluorine
http://en.wikipedia.org/wiki/Image:Dipole-dipole-interaction-in-HCl-2D.png
http://en.wikipedia.org/wiki/Image:Hydrogen-bonding-in-water-2D.png

For quite some time it was believed that hydrogen bonding required an explanation that
was different from the other intermolecular interactions. However, reliable computer
calculations that became possible during the 1980s have shown that only the four effects
listed above play a role, with the dipole-dipole interaction being particularly important.
Since the four effects account completely for the bonding in small dimers like the water
dimer, for which highly accurate calculations are feasible, it is now generally believed
that no other bonding effects are operative.

Hydrogen bonds are found throughout nature. In water the dynamics of these bonds
produce unique properties essential to all known lifeforms. Hydrogen bonds, between
hydrogen atoms and nitrogen atoms, of adjacent DNA base pairs generate intermolecular
forces that improve binding between the strands of the molecule. Hydrophobic effects
between the double-stranded DNA and the solute nucleoplasm prevail in sustaining the
double-helix structure of DNA.

[edit] London dispersion forces

Also called London forces, instantaneous dipole (or multipole) effects (spatially variable
6%) or Van der Waals forces, these involve the attraction between temporarily induced
dipoles in nonpolar molecules (often disappear within an instant). This polarization can be
induced either by a polar molecule or by the repulsion of negatively charged electron
clouds in nonpolar molecules. An example of the former is chlorine dissolving in water:

(+)E)) () (+)

)
[Permanent Dipole] H-O-H-----CI-Cl [Induced Dipole]

Note added by other author: Sketched is an interaction between the permanent dipole on
water and an induced dipole on chlorine. The latter dipole is induced by the electric field
offered by the permanent dipole of water (see field from an electric dipole).

This permanent dipole-induced dipole interaction is referred to as induction (or
polarization) interaction and is to be distinguished from the London dispersion
interaction. The latter is sometimes described as an interaction between two
instantaneous dipoles, see molecular dipole. The Cl,—Cl; interaction that now follows is an
example of a proper London dispersion interaction.

(+) () () ()

[instantaneous dipole] Cl-Cl------ Cl-Cl [instantaneous dipole]

Note added by other author: It must be pointed out that the London interaction is not the
only interaction between two chlorine molecules in the region where the overlap between
the respective charge distributions may be neglected. Each chlorine molecule carries
permanent multipole moments of even order, the first one being a permanent quadrupole
moment (order 2). The interaction between two permanent multipole moments also
contributes to the intermolecular force and the first term (quadrupole-quadrupole) is as
important as the London dispersion force.

London dispersion forces exist between all atoms. London forces are the only reason for
rare-gas atoms to condense at low temperature.


http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/Hydrophobic_effect
http://en.wikipedia.org/w/index.php?title=Intermolecular_force&action=edit&section=9
http://en.wikipedia.org/wiki/Van_der_Waals_force
http://en.wikipedia.org/wiki/Dipole#Field_from_an_electric_dipole
http://en.wikipedia.org/wiki/Dipole#Molecular_dipoles
http://en.wikipedia.org/wiki/Multipole_moment
http://en.wikipedia.org/wiki/Quadrupole

A hydrogen bond results from a dipole-dipole force between an electronegative atom and a
hydrogen atom bonded to nitrogen, oxygen or fluorine (thus the name "hydrogen bond",
which must not be confused with a covalent bond to hydrogen). The energy of a hydrogen
bond (typically 5 to 30 kj/mole) is comparable to that of weak covalent bonds (155 kj/mol),
and a typical covalent bond is only 20 times stronger than an intermolecular hydrogen bond.
These bonds can occur between molecules (intermolecularly), or within different parts of a
single molecule (intramolecularly).l2 The hydrogen bond is a very strong fixed dipole-dipole
van der Waals-Keesom force, but weaker than covalent, ionic and metallic bonds. The
hydrogen bond is somewhere between a covalent bond and an electrostatic intermolecular
attraction. This type of bond occurs in both inorganic molecules (water) and organic
molecules (DNA).

Intermolecular hydrogen bonding is responsible for the high boiling point of water (100 °C).
This is because of the strong hydrogen bond, as opposed to other group 16 hydrides.
Intramolecular hydrogen bonding is partly responsible for the secondary, tertiary, and
quaternary structures of proteins and nucleic acids.
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BIBAIOI'PA<PIA

1) MaupomouAos, M.; «Xnueia Avopyavn Opyaviki» A. MauportouAos Copyright Adrva 1986
2) Ai0bdkns, X.; Takns, A.; ©€0bwpOTTOUADS, A.; O€06WRBTTOUAOS, M.; KAAANS A.; «Xnpeiay I’
Eviaiou Aukeiou, Teuxos B, OEAB - Adiva, ISBN 978-960-06-5117-1
3) ZaAtephs K.; «Xnupeia 12 Aukeiou A’ Teuxos» Adrva, Copyright 2007, Ek66oeis TafRdAas ISBN
970-960-449-764-5
4) TaAtepns K.; «Xnueia I Aukeiou O€tikis Kateuduvans, Teoxos B'» Adrva, Copyright 2008,
Exboaoels Zaﬁﬁd)\as ISBN 978-960-449-764-5
5) Brady |.; Humiston G.; “General Chemistry - Principles & structure”,Publishers Wiley &
sons, Edition 5, Copyright 1990 ISBN-13: 978-0471621317
6) MauporTouAos, M.; «Aibdokw Xnueia» AdAva, Copyright 1997, Ek660€ls ZafRdAas ISBN 960-
460-261-6
7) https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Introduction_to_General_C
hemistry_(Malik)/03%3A_Compounds/3.09%3A_Intramolecular_forces_and_intermolecular_f
orces
8) https://en.wikipedia.org/wiki/Intermolecular_force#Dipole-dipole_interactions
9) https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Map
s/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Physical_Properties_of _Mat
ter/Atomic_and_Molecular_Properties/intermolecular_Forces/Specific_lnteractions/Dipole-
Dipole_Interactions
10) https://www.chemistrysteps.com/dipole-dipole-london-dispersion-and-hydrogen-bonding-
interactions/
11) https://chemed.chem.purdue.edu/genchem/topicreview/bp/ch22/rate.php
12) https://genchem.chem.umass.edu/chem112/Fall_2020/112_Experiment_3_Text.pdf
13) https://chem.libretexts.org/Courses/California_Polytechnic_State_University_San_Luis_Obis
po/Survey_of_Biochemistry_and_Biotechnology/01%3A_Chemical_and_Biological_Foundatio
ns/1.03%3A_Intermolecular_Forces
14) https://chem.libretexts.org/Bookshelves/Organic_Chemistry/ Map%3A_Organic_Chemistry_(
Wade) _Complete_and_Semesters_|_and_IlI/ Map%3A_Orqganic_Chemistry_(Wade)/02%3A_St
ructure_and_Properties_of _Organic_Molecules/2.11%3A_Intermolecular_Forces_and_Relati
ve_Boiling_Points_(bp)
15) https://www.youtube.com/watch?v=08kGgrqazXA&t=14s
16)



https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Introduction_to_General_Chemistry_(Malik)/03%3A_Compounds/3.09%3A_Intramolecular_forces_and_intermolecular_forces
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Introduction_to_General_Chemistry_(Malik)/03%3A_Compounds/3.09%3A_Intramolecular_forces_and_intermolecular_forces
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Introduction_to_General_Chemistry_(Malik)/03%3A_Compounds/3.09%3A_Intramolecular_forces_and_intermolecular_forces
https://en.wikipedia.org/wiki/Intermolecular_force#Dipole-dipole_interactions
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Intermolecular_Forces/Specific_Interactions/Dipole-Dipole_Interactions
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Intermolecular_Forces/Specific_Interactions/Dipole-Dipole_Interactions
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Intermolecular_Forces/Specific_Interactions/Dipole-Dipole_Interactions
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Intermolecular_Forces/Specific_Interactions/Dipole-Dipole_Interactions
https://www.chemistrysteps.com/dipole-dipole-london-dispersion-and-hydrogen-bonding-interactions/
https://www.chemistrysteps.com/dipole-dipole-london-dispersion-and-hydrogen-bonding-interactions/
https://chemed.chem.purdue.edu/genchem/topicreview/bp/ch22/rate.php
https://genchem.chem.umass.edu/chem112/Fall_2020/112_Experiment_3_Text.pdf
https://chem.libretexts.org/Courses/California_Polytechnic_State_University_San_Luis_Obispo/Survey_of_Biochemistry_and_Biotechnology/01%3A_Chemical_and_Biological_Foundations/1.03%3A_Intermolecular_Forces
https://chem.libretexts.org/Courses/California_Polytechnic_State_University_San_Luis_Obispo/Survey_of_Biochemistry_and_Biotechnology/01%3A_Chemical_and_Biological_Foundations/1.03%3A_Intermolecular_Forces
https://chem.libretexts.org/Courses/California_Polytechnic_State_University_San_Luis_Obispo/Survey_of_Biochemistry_and_Biotechnology/01%3A_Chemical_and_Biological_Foundations/1.03%3A_Intermolecular_Forces
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry_(Wade)_Complete_and_Semesters_I_and_II/Map%3A_Organic_Chemistry_(Wade)/02%3A_Structure_and_Properties_of_Organic_Molecules/2.11%3A_Intermolecular_Forces_and_Relative_Boiling_Points_(bp)
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry_(Wade)_Complete_and_Semesters_I_and_II/Map%3A_Organic_Chemistry_(Wade)/02%3A_Structure_and_Properties_of_Organic_Molecules/2.11%3A_Intermolecular_Forces_and_Relative_Boiling_Points_(bp)
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry_(Wade)_Complete_and_Semesters_I_and_II/Map%3A_Organic_Chemistry_(Wade)/02%3A_Structure_and_Properties_of_Organic_Molecules/2.11%3A_Intermolecular_Forces_and_Relative_Boiling_Points_(bp)
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry_(Wade)_Complete_and_Semesters_I_and_II/Map%3A_Organic_Chemistry_(Wade)/02%3A_Structure_and_Properties_of_Organic_Molecules/2.11%3A_Intermolecular_Forces_and_Relative_Boiling_Points_(bp)
https://www.youtube.com/watch?v=08kGgrqaZXA&t=14s

