Nem-kovalens kolcsOnhatasok

Intermolekularis
Intermolekularis

Fizikai tulajdonsagok, pl. forraspont, oldhatosag, stb.
Biologia: makromolekulédk alakja; kolcsonhatasok,
gyogyszerhatas, stb.
Tipusai:
1) diszperzi0s kolcsonhatas
11) allando dipolusok kozotti (dipolaris) kolecsonhatas
111) hidrogén-hid
1v) 10nos kolcsonhatas
v) hidrofob kolcsonhatas
I-1v: elektrosztatikus jellegii



A comparison of the typical energies of a range of physical interactions

| nteraction type Typical energy (kJ mol-?)
Covalent bond 150-1000

lonic bond 250

Dispersion force 2

Dipole-dipole interaction 2

Hydrogen bond 20



elektrosztatikus kolcsonhatas:
Coulomb potencial Charges close together: }

large force attraction

Charges further  apart:
smaller force of attraction

Energy (force of attraction)

Distance between charges

The force of attraction that exists between two opposite charges varies as the distance
between the charges increases. The force of attraction decreases rapidly as the distance

between the charges increases.



Kotés polarizacio: polaris kotés, permanens dipdlus

Partial negative
charge

Partial positive
charge

A

Therelaive distribution of electrons in a molecule of hydrogen chloride, HCI.
The distribution of electronsis skewed towards the highly electronegative chlorine atom.
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Nem-polaris kovalens kotés

Polaris kotés nem-polaris molekulaban



Nem polaris kovalens kotés

Both atoms pull electrons
towards themselves with
equal strength
— the électrons are
evenly distributed
k — the molecule is neural j

When two atoms of the same element are joined by covalent bond, electrons are shged
equally between the two atoms. The resulting molecule is non-polar.



Nem-polaris molekula
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Equal pulls
cancel each
other out

A molecule of carbon dioxide features two polarized bonds. However, the two bonds
exert equal ‘pulls’ in opposite directions and cancel each other out. So carbon dioxideis

a non-polar molcule. .



Polaris molekula

A water molecule features two polarized bonds. Water is a non-symmetrical molecule:
the dipole moments do not ‘pull’ in equal and opposite directions, so they do not cancel

each other out. Therefore, water is a polar molecule.
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Diszperzios kolcsonhatasok
1) atmenetileg 1épnek fel (10-1° 9)
I1) nagyon gyenge kolcsonhatasok
ll)nagyon rovid a hatétavolsaguk

- a molekulaalak és méret befolyasolja

- kiilonosen fontosak biologiai rendszerekben



The mechanism by which adipoleisinduced. (The high density of electrons

/ in an area of negative charge
@ \\\ repel other electrons ...
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Attraction
[AS aresults, tﬁ ... while this area is
relatively negative... S relatively positive.
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A force of attraction exist
between the areas of
opposite charge.




Planar

TR TR TR T } Many points of close association
Frx F F F K F J — stronger dispersion forces

Irregular

Few points of close association
— weaker dispersion forces

Planar molecules are able to associate closely with one another, allowing extensive
dispersion forces to occur. By contrast, irregularly shaped molecules cannot associate so
closdly, so less extensive dispersion forces can occur. 11



o O, Small molecules
A ©
- © © J — few electrons
4 ) — limited opportunities
@ for induced dipoles
- J
4 © ® h L arger molecules
(o Qo™ ©
L = o) o y — more electrons
- ~ — more opportunities
@ @ for induced dipoles
\ J

Large molecules, with alarge number of electrons and more opportunities for induced dipoles
to arise, experience greater dispersion forces than smaller molecules, which possess 11‘2(=.Wer
electrons and experience fewer induced dipoles.



Hidrofob €s diszperzios kolcsonhatdasok
biologial rendszerekben
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Hydrophobic J\o Hydrqphi lic
region : o—i d.\o O\./O /reglon 'é)
go i O% Thismoleculeis
Water relative un stable
molecule O/.\O o Jﬂ XO

of the moleculeis exposed

Only the hydrophilic portion
to the agueous surroundings

<
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The packing of the hydrophobic J

Thismoleculeis

old away from aqueous more stable

surroundings

[ Hydrophobic regions )
f

b
T
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regionsis stabilized by
dispersion forces

The folding of a polypeptide possessing hydrophobic and hydrophilic portions. The darker
hydrophobic portions fold away from the aqueous surroundings; this arrangement is stabidized
by dispersion forces which operate between the tightly packed hydrophobic portions.




Miért hidrofob jellegliek a nem-polaris molekulak?

15



Chloromethane: polar
5+ H §- O+
85— H
H—(|3—CI““---O\H8+
H

Dipolar interaction

O—
Ethanol: polar St s, O s
5~ 8+ 5-H HOHOT
CH3CH,——O—H - - O 5.
" or 5- o+
Hydrogen CH3CH,——O——H
bond

Dipolar interaction
Ethane: non-polar

H H 5 S+
| o_/
H—C—0—H SR

H H
No intercation

Can only participate in dispersion forces,
Inadequate for interaction with water

For a molecule to be water-solube it must be able to participate in dipolar interactions or hydrogen bonds
with water. Polar molecules can participate in dipolar interactions (and, in some cases, hydrogen bonds) and
so are water-soluble: they are hydrophilic. By contrast, non-polar molecules cannot participate in'8ipolar
interactions or hydrogen bonds, and so are not water-soluble; they are hydrophobic.
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When hydrophilic molecules are added, the
hydrogen bond network is not disrupted; the
mixture of moleculesis stable one.

Hydrophobic molecules disrupt the network of hydrogen bonds that exist in water. Consequently hydrophobic
molecules partition to form a separate layer (just like oil forms a separate layer which floats onlWater).
Hydrophilic molecules can integrate into a network of hydrogen bonds, and so can mix fully with water.




A dipolaris kolcsonhatdsok allando dipdlusok kozott
hosszu ¢lettartamuak!
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Hidrogén kotés

akceptor: oxigén, fluor, nitrogén maganos elektronpar
donor: H-fluor, H-oxigén, H-nitrogén

JelentOsége:

bioldgiai rendszerekben (pl. fehérjeszerkezet; nukletid bazisparok)
oldhatosag

sth.
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Induced partial positive charge

O—

__ Electron distribution

Attraction between 6- on X and 6+ on H }

X must beO, N, or F

The formation of a hydrogen bond. A hydrogen bond forms between an electronegative atom

(O, N, or F), and a hydrogen atom which isitself bonded to an atom of O, N, or F. 2
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Adenine Thymine Thymine Cytosine

Two pyrimidines together are too small to enable
complementary strands to form a double helix
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Adenine IL Guanine Guanine ,L Cytosine

Two purinestogether are too bulky to enable
complementary strands to form a double helix

Hydrogen bonds only exist between two specific pairs of nucleotide bases: Aand T, a&d C
and G. Other base pairings are not possible.
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Folding
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amino hydrogen from different points along

Hydrogen bond joins carbonyl oxygen and
the peptide backbone

A polypeptide contains both the components necessary for hydrogen bond formation.
Consequently, hydrogen bonds can form between different regions of a polypeptigde
chain, or between different polypeptide chains.
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Two possible ways in which hydrogen bonds form between the side chains of
the amino acids serine and glutamine.

23



Solute molecules dissolvein
(mix completely with) the solvent.

solvent molecules ..

[ Hydrogen bonds exist betweengg O’g (}3
O

O A" O s
[ ... and between solvent o—g o/.\o o/.\o O f_o

and solute molecules.
O e g
O

Molecules of a water-soluble compound and molecules of water mingle
freely with each other: the two types of molecule are able to mix completely.
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I nsoluble molecul es aggregate and
form a separate layer ...

also aggregate.

[ while the solvent molecules

No hydrogen bonds form between
the solvent and insoluble molecule.

If a compound is insoluble in water, its molecules cannot mix freely with molecules of water.
Instead, the two types of molecule remain completely separate. Occasionally, a small amount of
the solute dissolves, while the majority floats on top of the solution. 25



Dipolar interaction attracts Dipolar interaction attracts
0- on the water’s oxygen o+ on the water’s hydrogen
atom to the positive cation atoms to the negative anion

The hydration of ions by water molecules. The interaction of ions and water molecules is
stabilized by dipolar interactions, which exist between the charge on the ion and the partia
charge on the polar water molecule. The partial negative charge on a water molecule’s oxygen
atom is attracted to a cation’s positive charge, while the partial positive charge on a Jyater
molecule’s hydrogen atom is attracted to an anion’s negative charge.



A nem-kovalens intermolekularis kolcsonhatasok:

van der Waals erok:
vonzo (pl. hidrogén-hid, hidrofob)
taszitd (pl. betoltott orbitalok kozott)
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van der Waals erdk: taszitod is lehet

es- e

A Full atomic orbita

P

Overlap violates Pauli
exclusion principle

Repulsion between
positively charged nuclei

(8

Two full atomic orbitals cannot overlap, as this would violate the Pauli exclusion principle
(which states that an atomic orbital can contain a maximum of just two electrons). This limits
how closely two atoms can interact. The nuclei of neighbouring atoms repel each other

because they both carry like positive charges. This repulsion also limits how closel)é two
atoms can interact. 8



Szilard — folyadék - gaz
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Solid Gas
Many non-covalent Fewer non-covalent Virtually no non-covalent
interactions interactions interactions

Molecular solids, liquids, and gases are characterized by the number of non-covalent
forces that exist between their composite molecules.
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Biologial példak
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in water N

NH, L NH;
-H*
wwwN | N | Lysine gains a proton when
| 0 | dissolved in water, to form a
positively charged side chain
Lysine
CO,H inwater COO
-Ht
o\ | +H* o\ Aspartic acid loses a proton when
Ill a |L | dissolved in water, to a negatively
charged side chain
Aspartic acid

@)
A
N
LY\ \QWN lonic forces operate between the

positively charged side chain of

~00C
lysine and the negatively charged
I side chain of aspartic acid
"HaN
3 0 |O
\\Tr/N\\,/lL\N N\\,/J'u, Polypeptide chain
O O

lonic forces can operate between a positively charged side chain of one amino acid and a
negatively charged side chain of adifferent amino acid located elsewhere in a polypeptide chain
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The various non-covalent forcesthat can operate in a biological molecule, such as a polypeptide.
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