
Chemie: elektromagnetické śıly

Coulombův zákon:

F =
1

4πε0

Q1Q2

r2

• Śıla je vektor: ~F = 1
4πε0

Q1Q2
r2 · ~rr jedn. vektor

• Elektrická intenzita: ~E = 1
4πε0

Q
r2 · ~rr

• Energie U =
NA
4πε0

Q1Q2
r v kJ/mol



Kovalentńı vazba
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• Primárńı struktura

• Disulfidové můstky v extracelulárńıch proteinech

Cys–S–S–Cys︸ ︷︷ ︸
protein

+2
γGlu
γCys–SH
γGly

= Cys–SH HS–Cys︸ ︷︷ ︸
protein

+
γGlu γGlu
γCys–S–S–Cys
γGly Gly



van der Waalsovy śıly

reference energy

lower energy

IMPOSSIBLE !
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Atom· · ·atom Uopt / kJ mol−1 ropt / nm rmin / nm

He· · ·He 0.05 0.28 0.25
–H· · ·H– 0.50 0.24 0.20
–C· · ·C– 0.50 0.34 0.30
–N· · ·N– 0.85 0.31 0.27
–O· · ·O– 0.95 0.30 0.27

U = Uopt
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Disperzńı śıly
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Pauliho repulze
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Iontová vazba
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U =
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Polárńı molekuly
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Interakce ion-dipól

ve stejné molekule:

U =
r∫

rref
Fdr′ = 2

∆r∫
0
Fdr′ = −
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qQ

r

d

r
cos θ

mezi dvěma molekulami

〈U〉 = −
1

3RT

 1

4πε0

qQ

r

d

r


2



q

q

y

z

x

d

r

d

+q

1
+q

1

1

2

2

2

d
1

θ
1

x

θ2
d2

x ϕ
2 y

ϕ
1 y

z

z

d  << r d  << r1 2



Interakce dipól-dipól

ve stejné molekule:

U =
1
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q1q2
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(sin θ1 sin θ2 cos(φ1 − φ2)− 2 cos θ1 cos θ2)

mezi dvěma molekulami
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Vod́ıkové vazby

0.28 nm

0.30 nm

0.18 nm



Vod́ıkové vazby

Atom· · ·atom Uopt / kJ mol−1 ropt / nm rmin / nm

He· · ·He 0.05 0.28 0.25
–H· · ·H– 0.50 0.24 0.20
–C· · ·C– 0.50 0.34 0.30
–N· · ·N– 0.85 0.31 0.27

–NH· · ·N– 0.31
–O· · ·O– 0.95 0.30 0.27

–OH· · ·O– 0.28

U(H-bond)= 20 kJ/mol



Vliv solventu (vody)





• polarizace/orientace atomů/skupin v molekule

• orientace molekul solventu

• maximálńı energie (entalpie) elektrostatických interakćı za cenu sńı̌zeńı

entropie

• voda netvǒŕı electrostatickou ”bariéru”

• formálně snǐzuje ε

⇒ increases ε0→ εrε0

F =
1

4πεrε0

Q1Q2

r2
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H-vazby: 50 kJ/mol



H-vazby: 40 kJ/mol



∆G = 0
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• orientace molekul solventu (vody)

• maximálńı energie (entalpie) H-vazeb za cenu sńı̌zeńı entropie



6 možných orientaćı

entropický p̌ŕıspěvek −RT ln 6 = −15 kJ/mol



3 možné orientace

entropický p̌ŕıspěvek −RT ln 3 = −7,5 kJ/mol



shluknut́ı nepolárńıch postranńıch řetězc̊u snǐzuje entropii

(méně molekul vody s omezenou orientaćı)

nejd̊uležitěǰśı p̌ŕıspěvek k −∆G

Ala: 2.5 kJ/mol, Leu: 8 kJ/mol, Phe: 12 kJ/mol

nespecificiký
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Typ kJ/mol podḿınky

RT 2,5 at 300 K (27 ◦C)
kovalentńı vazba 350 C–C
ion-ion 460 vzdáleny 0,3 nm ve vakuu
ion-ion 150 vzdáleny 0,3 nm uvniťr proteinu
ion-ion 12 vzdáleny 0,3 nm na povrchu proteinu
dipol-dipol 30 vzdáleny 0,3 nm ve vakuu
dipol-dipol 10 vzdáleny 0,3 nm uvniťr proteinu
ion-dipol 41 vzdáleny 0,5 nm ve vakuu
ion-dipol 14 vzdáleny 0,5 nm uvniťr proteinu
H-vazba 20 ve vakuu (∆G ≈∆H)
H-vazba 6 ve vodě (∆G ≈ −T∆S)
hydrofobńı efekt 8 na Leu
hydrofobńı efekt 12 na Phe






































