


Soubory (atomu) molekul

H,O

M. = 18,015

M, = 18,015 g/mol
V=p.m, p,c.c =0,99710 g/cm?3 <
1 mol: m=18,015¢g,V=17,963 cm3

N =n.N,, N,= 6,02214129(27)x1023 mol-!
1 mol: N = 6,022x10%° molekul vody

— pro predstavu — to je fakt hodné ©



Atkins F3

Skupenstvi hmoty

* pevné, kapalné, plynné

* plazma, kvark-gluonové plazma (kvagma), Bose-Einstein(iv kondenzadt
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Plyny

 Atomarni (He, Ne ...)
— Jaderné stavy (pfi chemické zméné se neméni)

— Elektronické stavy (za norm. podminek v zakladnim
stavu)

— Jen translacni pohyb

* Molekularni
— Translacni, rotacni a vibracni stavy

 Ridka faze
— Nizké hustoty (0.1-5.7 kg/m3)



Tlak, p

* Tlak plynu je dan narazy na sténu nadoby

140 140 —

90 —

H
120 120 &0 -
~ 70 -
100 100 3 |
g 60 2
T 80 T80 g 50|
= - S
> 60 — > 60 3 40
40 -| 40 - g7 =
3 2
20 5 20 = ..
P 2P 07z
0 T T f T 1 0 T T T T l 0 &2 |
102 30 40 50 60 002 004 006 008 010 27315 —200C  —100°C ¥C  100°C
P(inHg) 1/P (inHg) 0K 73K 173K 273K 373K
(b) Volume vs. pressure (c) Volume vs. 1/pressure Temperature

Temperature

Pressure

S i im———— |y |\ 1 1\
S —————— )3} )y

@ o O
o (@}
(e

(a) Pvs. V (Boyle's law): At constant
temperature and amount of gas, pressure
decreases as volume increases (and vice
versa).
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(b) Vvs. T (Charles’ law): At constant
pressure and amount of gas, volume
increases as temperature increases (and
vice versa).
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(c) Vvs. n (Avogadro’s law): At constant
pressure and temperature, volume

increases as amount of gas increases (and
vice versa).

http://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0/s14-03-relationships-among-pressure-t.html
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Atkins 20.1

ldealni plyn

* |dealizace - nekonecné stlacCitelny (zadny objem),
* bez interakci mezi ¢asticemi plynu

pV =nRT

stavova rovnice id. plynu

 Kazda castice plynu ma svou rychlost/kin. energii E,
(lisi se, ridi se rozdélenim ...)

f(v)=47r( M ) VzeXp(_

2aRT
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Maxowe lI-Boltzmann Molecular Speed Distribution for Noble Gases
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Fraction of molecules

Souvislost s reaktivitou

Lower temperature

" Minimum energy
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Kinetic energy

Energy

Reaction path  —»



Atkins 1.2

Realny plyn

* Konecné stlacitelny (castice plynu maji objem)
* Mezi ¢asticemi pusobi mezimolekulové
interakce

Van der Waalsova rovnice
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J:L korekce objemu — odecitame

konecny objem molekul

veviy s CH, HCI H,O Cu(NH,)2*
korekce tlaku — pficitame H, CH,F HF Cu(H,0)2*
kohézni tlak v dasledku glz“s gzag:CHa Llih
. . , 2 3
existence mez. mol. interakci
a (m®Pa/mol?) b (dm3/mol) S
Aceton 1.409 0.0994

Helium 0.00345 0.02237



Atkins 17.2

Mezimolekulové interakce

* Vlyrazne slabsi nez kovalentni interakce
(~10 ki/mol)

* Puvod neni v kovalentnich vazbach "™ SpARTAN Electrostatic

Potential Map

(nekovaletni interakce)

— Interakce permamentnich elektrostatickych
poli (Coulombicka interakce)

— Interakce permanentniho el. stat. pole s
indukovanym polem (indukcni, polarizacni
interakce)

— Interakce fluktuujicich elektronovych hustot
(disperzni interakce, Londonovy sily)

— Repulze — v disledku prekryvu el. oball




vdW molekula 3H, vs. H,

charakter. | H, ("Z,*) [ °H, (°Z,*)
D (pm) 74.09 4154

Ep kd/mol |432.0 0.0514
Multipl. sp. | singlet |triplet

1000 +

E
(kJ/mol }

500

-500
C

;
4003' r pm )
rolHy) = 415




Projevy nekovalentnich interakci

... Skoro vsude okolo nas

Jouletv-Thomsonuv efekt, existence kapalin,
existence molekulovych krystalu

Vodikové mustky, stabilizace a uréovani tvaru
biomolekul, rozpoznavani substratu

Mezifazové jevy — adsorpce -
Membrany
Prani — micelarni solubilizace

Hydrogen bond

H H
N N-H-----0 ¢ g RN
Y . / &
72 \ N Ny === N
N I oRceeiens H_N R N= >7N
R N=" W N
O/ 2 Nebreess O R

Adenine Thymine Guanine Cytosine



Kapaliny

Nemaji pevny tvar

Jsou témer nestlacitelné

Hovorime o kondenzované fazi

Jednotlivé entity (napr. molekuly) se

premistuji - difuze
Nemaji pravidelnou vnitrni strukturu
~1000krat vétsi hustotu nez plyny

Atkins F4, 17.3



Substance
Acetylene
Air, dry
Alcohol
Aluminum
Cadmium
Chromium
Copper
Carbon dioxide
Hydrogen
Lead
Mercury
Nickel
Nitrogen
Oxygen
Paraffin
Steel

Tin

Zinc

Water (4 °C)

Relative density
0.0017
0.0013
0.82
2.72
8.57
7.03
8.79
0.00198
0.00009
11.35
13.59
8.73
0.00125
0.00143
0.80
7.82
7.28
7.12
1.00

Hustota

Density (glcm3)

| | | | | |
Maximum density at 4°C __|

1.0000—

0.9996 —

0.9992 —

Melting
09988~ or
Freezing|

0.9984 —

0.9174

Ice
0.9170) | | | I

Temperature (°C)

Density of water (and ice) as a function of temperature. Note
maximum density of vrater at 4%5C. (Data from Pauling 1953
and Hutchinson 1957: 204.)



Struktura kapalin
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RDF

24

o
2 4 6 8 10 12 A

Figure 1. Shape of the radial distribution function g(r) for liquid sodium (in arbitrary units): (a)
particle distribution as a function of the distance r, (b) number of particles in a thin spherical
layer as a function of the distance r. The dotted line indicates the distribution of molecules in
the absence of order in their arrangement (a gas). The vertical line segments are the positions of
atoms in crystalline sodium; the numbers on them are the number of atoms in the
corresponding coordination spheres (the so-called coordination numbers).



Atkins 20.1.4

Transportni vlastnosti

* Tok — veliCina popisujici prutok néjaké vlastnosti
latky danou plochou, béhem daného cas. intervalu
déleny obsahem této plochy a cas. intervalem
— Priklady linearnich fenomenologickych zakonu
— Difuze — prenos hmoty v dusledku konc. gradientu
— Vedeni tepla — prenos energie v dusl. gradientu teplot
— Viskozita — prenos hybnosti v dusl. gradientu rychlosti

J, =Y L)X,
J

tok i-té fyz. veliCiny

fenomenologické koeficienty
j-ta termodynamicka sila (gradient term. velicin)



e 1. Ficktv zakon,
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Difuze

o -p%
dx

Viskozita

* n je koeficient viskozity - viskozita

boundary plate )

(2D, moving)

y dimension

velocity, u

—

fluid

shear stress,

gradient, 2%
= dy

boundary plate (2D, stationary)

D je difuzni koeficient
\

g,

b

Diffusion

Atkins 20.1.4




n o o EaIRT

R=N, k,
R = 8,3144621(75) J/mol.K

Dynamic Viscosity (Pa s)

1.80E-03

1.60E-03 —-
1.40E-03 —-
1.20E-03 --
1.00E-03 --
8.00E-04 +
6.00E-04 —-
4.00E-04 —-

2.00E-04 +

0.00E+00

Atkins 20.2.1

Viskozita

* Viskozita zavisi na teplote, E, aktivacni energie
viskozniho toku, R univerzalni plyn. konstanta

Dynamic Viscosity of Water at 1 atm as a Function of Temperature

n=0891-10" kg-m' s

Dynamic Viscosity of Water at STP

/ 8.91 x 107 Pa sec
r———""~""~"=7 |
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Atkins 18.3.2.4

Meéreni viskozity

* Viskozimetry, rheometry
— vice cviceni z FCh, seminar

Ubbelohdeho Hopplerdv



Atkins 19

Pevne latky

* Maji staly tvar
e Amorfni

— Hranice kapalina/amorfni latka neni ostrd
e sklo, asfalt

* Krystalické
— Maji periodickou vnitrni strukturu N
i $$0e® (O, Ogee o *ages,
— pozor na kvazikrystaly A RR s R0k

'- ;'%%‘%?%55@7:;;} % °
* Usporadand struktura ale ne periodickd ALt LS i
1 - y Sotaa et ety St
* Postrada translacni symetrii S " Oge guOuge

o"eie "5 06 0"

Q‘ @1. 4_"_“\): ) '®
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lattice and unit cell

Basis Lattice



Atkins 19.1.3

Difrakce RTG zareni na monokrystalu

3-dimensiongl diffraction
structu-e pattern

]

Molecular structure is
fitted to the EDM.

el
diffraction maxima

(reflection)

th__.

’ Max von Laue
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Elektronova struktura pevnych latek

levels)

2s

} band
(102

levels)

le™ 2¢— 3¢ 25~ 10%%—



Atkins 19.2.2

Elektronova struktura pevnych latek

Energy

1s

Isolated
Na atoms

L —— T T DT T T T ]

Na atoms in
Na metal

| 3s band

half full

2p band
full
2s band
full

1s band
full

Na atoms come together



Electron energy

Pasova struktura

overlap

Fermi level

metal semiconductor insulator

Band gap do 2-3 eV

Atkins 19.2.2

Bandgap



Kvantové tecky

&l Bl

Conduction Antibonding
hand orbatals
Band gap Band gap
Valence Bonding
band orbatals
Ernergy L
h
5 4
mm - O . mnim
.:J‘ R W
o ":I
Macroscop Quantum dois ) > )

crystal Size (hanometers
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