)

Total disorder; much
empty space; particles
have complete
freedom of motion;
particles far apart.

Skupenské stavy

Cool or _
COMmpress

—
Heat or
reduce
pressure

Disorder; particles
or clusters of
particles are free

to move relative to
each other; particles
close together.

Crystalline solid

Ordered arrangement;
particles are essentially
in fixed positions;
particles close together.



Skupenské stavy

Skupenstvi vody

Teplota, °C
(tlak 1 bar)

Hustota, g cm™!

pevné

0

0.9168

kapalné

25

0.9971

plynné

3.26 10

Kapalina Molekulovy krystal




Rozdil mezi kovalentni vazbou a
mezimolekulovymi silami

A

H,02>2H+0O AH=+920kJ mol-!

AL

H,0() 2 H,0(g) pri 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)

Intermolecular
attraction (weak)




Typy mezimolekulovych vazeb
(van der Waalsovych interakci)

1on — 1on Coulombické interakce
ion — dipol

J. D. van der Waals

dipol — dipol — orientacni, Keesom (1837-1923)
NP za chemi1 1910

dipol — indukovany dipol — induk¢ni, Debye
ion — indukovany dipol

indukovany dipol — indukovany dipol — disperzni, London

van der Waalsova repulze (odpuzovani)




9 )
P 0@ €

R (CH,OH) :
Chlorolarm
29

lon-dipole Dipole -dipole

Hexans
(CeHy )

%* ) %*
Acelone
GﬁHM

(C,HO)

(CgHyg)

lon-induced dipole Dipole-induced dipole Dispersion




Interakce ion - ion

Coulombuv zakon




Interakce ion - dipol

2 2
'E = —konst 1~ y
| KTr




Dipolovy moment -

proton a elektron, vzdaleny 1 A

nw=qL=(1.60 1012 C)(1.00 1010 m)

=1.60 10°Cm=4.80 D

dipolovy moment 4.80 D

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




Interakce ion - dipol




Hydratace/solvatace iontu
Interakce klesa s rostouci velikosti 1ontu

[Li(H,0)y"

[Na(H,0),]"

K slaba Interakce klesa
Rb nulova

Cs negativni

Interakce roste s rostoucim nabojem iontu

[Na(H,0),]"  [Mg(H,0)¢]** [AI(H,0)6 PP
Ion-dipol Poldrni koord. vazba
Interakce roste




Solvatace elektronu

Na rozpustény v kapalném amoniaku

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

Modry elektricky vodivy roztok

Silné redukcni ¢inidlo




Interakce dipole - dipole

Keesom




Interakce dipol - dipol

Slouc¢enina

M

r

Teplota varu, °C

Dipolovy
moment, C m




Interakce ion — indukovany dipol
a dipol — indukovany dipol

| ———

~

u(indukovany) = a E &
o = polarizovatelnost

1on — indukovany dipol




Polarizovatelnost, o, m3

Polarizovatelnost

cm?3 1024

v.d.W polomér
A

0.63

1.5

1.80

2.0

3.00

1.8




Molekula Polarizovatelnost Dipolovy moment

(A%) (D)
0.20 0
0.39 0
1.62 0
2.46 0




Interakce indukovany dipol
— indukovany dipol

Odpudivé sily  Pritazlivé sily




Londonovy disperzni sily

(a) Electrostatic
attraction

R

Helium atom 1 Helium atom 2

Repulsive forces

Aftractive forces

IE = 10nizacni energie
o. = polarizovatelnost
r = vzdalenost




Vliv polarizovatelnosti molekuly na velikost
Londonovych sil

teplota varu, K

Vliv Londonovych sil na o
skupenstvi halogent a
vzacnych plynu

S velikosti molekul roste
polarizovatelnost

40 60

Atomic Number

teplota varu, K teplota varu, K
85.1 4.6

238.6 27.3
332.0 87.5
457.6 120.9




Vliv velikosti molekuly na velikost Londonovych
sil

teplota varu, K

O
O CgH12
CaHyo
O
C3Hg
CoHe U jednoduchych uhlovodiki
nachazime jen Londonovy

disperzni sily

100
Molecular Weight




Vliv tvaru molekuly na velikost Londonovych sil

Y

frh
M

g

f"

L
Yy ke

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

V¢étsi plocha dotyku




Londonovy disperzni sily a dipol-dipolove
interakce

HCI: bv=189.5K HBr: bv=206.2 K
Dipolovy moment = 1.03 D Dipolovy moment = 0.79 D




Vodikova vazba

O (Donorovy atom)

N .
~ ’
,
\\ .
N .
.. ,
N ’
~ ,
.. .

O-H.....O




Vodikova vazba

Intramolekularni vodikova vazba

o-nitrofenol
Ka=10"

Snizena kyselost OH skupiny
v dusledku tvorby vodikové vazby




Vodikova vazba

Intermolekularni




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
Rozmezi (A)
2.88-3.38

Vzdalenost (A)
3.10

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




Vodikova vazba

r—
o
2
=
—
o
o
=
=
@

l—

50 100
Molecular mass




Vodikova vazba

Teploty varu, K,
hydridi 14., 15. a 16. skupiny

100

Molekulova hmotnost




HF,"

Velmi silna vazba
Symetrické rozlozeni

vazebnych délek

F (Donorovy atom)




Vodikova vazba

Krystalove inZenyrstvi




1D. HF

Ortorrémbico: B mmb
a (A) 3.42

b (A) 432

c (A) 5.41

V (A3) 79.9

z 4

Dx (gem?)  1.66

F-H (&)
F-F (A)
H--F (A)
F-H--F (°)

Struktura HF




Kyselina borita

Copyright 1858 John Wiley and Sons, Inc, All rights resenved




Struktura proteinu

E1 394 Encyclopaedia Britannica, Inc.




CH,
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Adenine-thymine base pair

C-1"of

g & deoxyribose

dieaxyrinose
Thymine

i ‘
:
:
5
5
3

Guanine-cytosing base pair

wAGCUEl s
Ay s ieng

B0

uednaphy

C-1" of

Sl Lh— deoxyribose

deoxyribose

Guanine Cytosine
Hydrogen bomd




3D. H,0

Hexagonal: P&/mmc
a(A) 4.5227
c (A) 7.3671
V (A3) 121.9
Z 3

Dx (gem)  0.74

~g=P

@

Struktura ledu

O-H (A)
00 (A)
H-O (A)
O-H -0 (°)

|

5

b

0.82, 0.86
2.765, 2.773
1.91; 1.95
180°




\

Rovnovaha pritazlivych a odpudivych sil

!
|
l

v\
\ Iire

Odpudive sily
v.d. Waalsova repulze
E=1/r!?

Pritazlive sily
E=1/1°

Lennard-Jones

|- )

Ne Ar Kr Xe
€(10713 erg) 0.050 0.167 0.225 0.320
e(eV) 0.0031 0.0104 0.0140 0.0200
a(A) 2.74 3.40 3.65 3.98




Skupina

C atom

- alifat

- aromat
O atom

- karbonyl
- alkohol
N atom

- amid

- amin

-
y—
£
E
=
e
g
-
el

_vdW Radius (x2) - ammonium
F atom

Cl atom
5.0 6.0

Distance (A) Br atom

I atom

S atom




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




