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Plyn

Z.cela neusporadané
Hodné volného prostoru
Zcela volny pohyb cCastic
Castice daleko od sebe

Skupenskeé stavy

Liquid

Kapalina

Caste¢né neuspoiadané
Volny pohyb ¢astic nebo
skupin Castic

Castice bliZe u sebe

Crystalline solid

Pevna latka

Pravidelné uspoiadané
Castice na stalych pozicich
Castice blizko u sebe



Plyn

Kapalina

Skupenskeé stavy

Skupenstvi Teplota, °C | Hustota, g cm1
vody (tlak 1 bar)
pevné 0 0.9168
kapalné 25 0.9971
plynné 400 3.26 10 4

Molekulovy krystal 2




Rozdil mezi kovalentni vazbou a
mezimolekulovymi silami

H,0 > 2H+O0 AH=+920kJ mol!

H,0(l) > H,0(g) p¥i 100 °C AH = + 41.2 kJ mol!



Typ vazby Energie, kJ mol-'
Kovalentni 200 — 1000
Vodikova 10 — 50 (100)
Dipol-dipolova 2-10
Londonova disperzni >5
Covalent bond
(strong)
H Cl YEEREEE H Cl

Intermolecular

attraction (weak)




Typy mezimolekulovych vazeb | /
(van der Waalsovych interakci)

1ion — 1on Coulombické interakce

ion — dipol

J. D. van der Waals

dipol — dipol — orienta¢ni, Keesom (1837-1923)

NP za chemii 1910
dipol — indukovany dipol — induk¢ni, Debye
ion — indukovany dipol

indukovany dipol — indukovany dipol — disperzni, London

van der Waalsova repulze (odpuzovani)



Typy mezimolekulovych vazeb

0@
29

lon-dipole

Hexane
(CgH, )

lon-induced dipole

H,0
Methanﬂ o g “*
(CH,OH) CH,OH

Chlorofarm
(CHCLy)
H bond Dipole -dipole
‘%h
Acelone
C.H.O C.H
(CHe0) Octane &
(CgHg)
Dipole-induced dipole Dispersion



Interakce ion - ion

Coulombuv zakon







Dipolovy moment -

+(
proton a elektron, vzdaleny 1 A
H.
w=qL=(1.60 10-C)(1.00 10-1 m)
—

=1.60 107 Cm =

dipolovy moment
je referencni hodnota, Cisté +1 a —1 naboje vzdalene100
pm, vazba mezi nimi je 100% 1ontova



Hydratace/solvatace iontu
Interakce klesa s rostouci velikosti 1ontu

[Li(H,0),]"
[Na(H2O)X]+
K* slaba Interakce klesa
Rb" nulova

Cs™  negativni

Interakce roste s rostoucim nabojem 1ontu

[Na(H,0),]"  [Mg(H,0)¢]*" [AI(H,O)¢ "
Ton-dipol » Polarni koord. vazba
Interakce roste

10



Solvatace elektront

Sodik rozpustény v kapalném amoniaku

Na(NH;)," + e (NH;),~

Modry elektricky vodivy roztok

Silné redukcni ¢inidlo

11



Interakce dipol - dipol

Keesom
2 2
E = —konst 224 =
KTr

12



Interakce dipol - dipol

Sloucenina Butan Aceton
M. 58 58
Teplota varu, - 0.5 57
°C
Dipolovy 0 9.310 30

moment, C m

13



Interakce ion — indukovany dipol

a dipol — indukovany dipol

u(indukovany) = a E

o = polarizovatelnost
E = intenzita elektr. po\
1on — indukovany dipol
2

g o

r.4

E = —konst

dipol — indukovany dipol, Debye

1o
r6

E = —konst

< D




Polarizovatelnost, a, m?®

Skupina Polarizovatelnost, | v.d.W polomér, Atomovy
cm3 1024 A polomér, A
O 0.63 1.5 0.66
CH, 1.80 2.0 -
S 3.00 1.8 1.04

15




Molekula Polarizovatelnost T,..(K) Dipolovy moment

(A3) (D)
He 0.20 4216 0
Ne 0.39 27.3 0
Ar 1.62 87.3 0
Kr 2.46 119.9 0
H,0 1.48 373.15 1.85
H,S 3.64 212.82 1.10
Ccl, 10.5 349.85 0
CH, 25.1 353.25 0
CH,OH 3.0 338 1.71
CH,F 3.84 195 1.81

CHCI, 8.50 334.85 1.01 16



Interakce indukovany dipol
— indukovany dipol

Odpudive sily

17



Londonovy disperzni sily

Electrostatic
attraction

" - e

Helium atom 1 Helium atom 2

Repulsive forces

Aftractive forces

|IEg”>  IE = ioniza¢ni energie
E =—konst < o= polarizovatelnost
r r = vzdalenost

O

18



Vliiv polarizovatelnosti molekuly
na velikost Londonovych sil

Vliv Londonovych sil na
skupenstvi halogent a
vzacnych plynu

S velikosti molekul roste
polarizovatelnost

Cl,
Br,

teplota varu, K
85.1
238.6
332.0
457.6

200

150

100

50

He
Ne
Ar
Kr

| | | | |
20 40 50

Atomic Number

teplota varu, K
4.6
27.3
87.5
120.9

|
80

19



350

300 4

250

200+

150 -

100

50 -

400

Vliiv velikosti molekuly
na velikost Londonovych sil

CgH1g
O
0 Lghz
CaHyo
O
C3Hg
CoHg U jednoduchych uhlovodikt
. nachazime jen Londonovy
CHy disperzni sily
50 100 150

Molecular Weight

20



Vliiv tvaru molekuly

na velikost Londonovych sil

Yy L
Yy T-

n-Pentane Neopentane
(bp =309.4 K) (bp = 282.7 K)

V¢étsi plocha dotyku

Stejna M,

21



Vodikova vazba

H s elektronegativnimi atomy (F, O, N, C,...)

O

O

L Hydrogen
) bond

O Q,‘?H )

J

LAJ
RS
. N
. ~
. N
. N
~

N
N
.
~
N
.
N
~
N
. i
.
.
.

O (Donorovy atom)

22



Vodikova vazba

Intramolekularni vodikova vazba

H
/
H. 0
T
N—_ —
+ O
p-nitrofenol
Ka=10"
NG
o-nitrofenol 0/ \O
Ka=10"

Snizena kyselost OH skupiny
v dusledku tvorby vodikove vazby

23



Intermolekularni

2 o

(a)

Vodikova vazba

6+

oF O

24



Vazba
N-H...N
N-H...O

- Amid NH
- Amino NH
N-H...F
N-H...Cl

O-H...N
O-H...0

- Alkohol OH
- Voda OH
O-H...Cl

Vodikova vazba

Vzdalenost (A)
3.10

2.93
3.04
2.78
3.21

2.80
2.74

2.80
3.07

Rozmezi (A)

2.88-3.38

2.55-3.04
2.57-3.22
2.62-3.01
2.91-3.52

2.62-2.93

2.55-2.96

2.65-2.93
2.86-3.21

25



400

3504

300 -

250 -

200

160

100

50 -

O
C

Vodikova vazba

H50
®

H2Te
H.S H%S_ee///—/.
R e SbH
® AsHz :
P f-.//”/sm—: e
L e g -
/sn-l4

Hy

50 100

Molekulova hmotnost

150
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HF,~ hydrogendifluorid

Nejsilnéjsi znama H-vazba

MO
v TrFicenterni
-1 $ \.
155 kJ mol . 4elektronova vazba
. r \% /4 —I\\
Symetrické rozlozeni
vazebnych délek H-F 114 pm
Vazebny tthel P s
F-H-F = 180° E J F~ (Donorovy atom)
Autodisociace HF F-H i
2 HF & H,F™ + HF
[F-H-F|

2/(



Vodikova vazba

O—H----0
R—C dimer C—R
O----- H—0
(o) - LR U -D\ 0—H DH.‘ ;D—H (
r;—c/ c—q{ 1D —c\
H—O 0---H—0 o ---H—0 0--- H—

Krystalove inzenyrstvi

28



1D. HF
Ortorrémbico: B mmb
a(A) 3.42
b (A) 432
c (A) 5.41
V (A3) 79.9
Z 4

Dx (gcm™) 1.66

F-H (A)
F-F(A) 249
H-F (A)

F-H--F(°) 180°

Struktura HF

29



Kyselina borita
' H

5 o
3 HHQ\\B.-"' P

(c)

H™ T H

Copyright 188% John Wiley and Sons, Inc. All ights reserved



Struktura proteinu

1994 Encyclopaedia Britannica, Ine.

31



Struktura DNA




paonafl snjew

wanauil sujus

== LW LT R ) —————

Sucdyoen
oyeydamd. efing

Adenine-thymine base pair

C1' el

o deoxyribose

C-1"of
deoxyribose

Adenine Thymine

Guanine-cytosine base pair

C-1' of
deoxyribose

C-1"of Cit—

deoxyribose

- Guanine Cytosine
Hydrogen boned

33



Struktura ledu

O-H (&) 0.82, 0.86
3D. HZO 00 (A) 2.765, 2.773

Hexagonal: P&/mmc H O (A) 1.91, 1.95
a (A) 4.5227 O-H-O(°) 180°
c(A) 7.3671

V (A3) 121.9

Z 3

Dx (genr®)  0.74

r—— trc"b\a / .“\‘h _
P 2
s

«

;y




{1

Rovnovaha pritazlivych a odpudivych sil

‘, Odpudivé sily
\ v.d. Waalsova repulze
\‘a 1/p12 / E=1/ r12
\
i Pritazlivé sily
“.\ E=1/1°

. r Lennard-Jones
T 12 T &
‘,.-"" Vg = 4 — — | —
/ r r
f‘f
;f Ne Ar Kr Xe
]
g ur (10713 erg) 0.050 0.167 0.225 0.320
p e(eV) 0.0031 0.0104 0.0140 0.0200

a(A) 2.74 3.40 3.65 398




1.00 _

~ 050

=

£

.

E i

g

> vdW Radius (x2)
0.00 | | |

4.0 5.0 6.0
Distance {(A)

g )

Skupina
C atom

- alifat

- aromat
O atom

- karbonyl
- alkohol
N atom

- amid

- amin

- ammonium
F atom

Cl atom
Br atom

I atom

S atom

vdW

1.7A
1.7A

1.4 A
1.5A

1.52 A
1.65 A
1.50 A
1.35A
1.80 A
1.95 A
2.15A
1.85 A

0.5 Rm

2.0 A

1.9A

1.80 A
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Ag 1.72
Br 1.85
Cu 1.40
He 1.40
K 2.75
N 1.55
O 1.52
Pt 1.72
Sn 2.17
Xe 2.16

Ar 1.88
C 1.70
F 147
Hg 1.55
Kr 2.02
Na 2.27
P 1.80
S 1.80
Te 2.06
Zn 1.39

As 1.85

Cd 1.58
Ga 1.87
I 1.98

Li 1.82
Ne 1.54
Pb 2.02
Se 1.90
Tl 1.96

Van der Waalsovy poloméry, A

Au 1.66
Cl 1.75
H 1.20
In 1.93
Mg 1.73
Ni 1.63
Pd 1.63
Si 2.10

U 1.86

37
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