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Skupenstv 1, plyny

e 1. Skupenstvi
Plynne, kapalné, pevné.
1.1 Vlastnosti plynd. Pojem tlaku, méfeni tlaku, pojem
teploty, nulta véta termodynamiky.

1.1.1 Idealni plyn. Boylav zakon, Charlestv zakon, Guy-Lusacuav
zakon a Avogadruav princip. Funkce jedné proménné. Stavova rovnice
ide&lniho plynu, pojem funkce dvou proménnych.

1.1.2 Realné plyny. Mezimolekulove interakce, virialni stavova
rovnice, van der Waalsova rovnice realneho plynu.



Fyzikalni chemie

e Definice

[ Uk0|
e kvantitativni vztahy, modely, vyjadfit méfitelné vlastnosti

e Historie
e 1752 Lomonosov
e 60-80. léta 19 stol.
e 1876 Gibbs ,On the equilibrium of heterogeneous substances

e 1887 Zeitschrift fur phisikalische chemie

e Objekt vyzkumu (rovnovaha, pohyb, struktura)



1. Skupenstvi
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http://www.zschemie.euweb.cz
Nlatky/latky14.html



1.1 Vlastnosti plyn U

. éasticovy" pohled

Castice Interakce

m, V +, —
realny

idealni

kdy se plyn chova idealné?

typické vlastnosti plyn 0
(misitelnost, zaujimaji cely objem nadoby, stlacitelnost, hustota, tekutost,
odpareni, sublimace)

fyzikalni popis —p,V,n, T

D= sila _F _ma :
plocha A A 1 kg a=g=10 m/s?
kg m_ kg A B _ma_ 110
Pt e T me ame P= AT




1.1 Vlastnosti plyn U

look at how few &=
toms are pressing
own on the guy at

tlak mountam /| X
Pa = kg.m/s?
1 atm = 101 325 Pa
1 Torr = atm. p / 760
=101 325/760 = 133,3 Pa

1 bar = 10° Pa

lower
pressure

Toricelli Hg
Toricelliho vakuum MBI

Height h= 76 cm {or 760 mm)
at 0 c CORRESPOMDS
TO 1 ATM

Atmospheric

Paem = Pr =hpog = G
=0.75*13.6*1C°*9.81=1C°Pa

http://chem-guide.blogspot.cz/2010/03/gaseous-state.  html



1.1 Vlastnosti plyn U

mechanicka rovnovaha

When a region of high pressure is separated from a
region of low pressure by a movable wall, the wall will
be pushed into one region or the other, as in (a) and (c).

However, if the two pressures are identical,
the wall will not move (b).

The latter condition is one of mechanical equilibrium
between the two regions.

Movable
wall
High Low

pressure pressure

Motion

Equal pressures

(b)

Low High
pressure pressure

(c) &

Atkins P.W.: Physical Chemistry



1.1 Vlastnosti plyn

teplota

tepelna rovnovaha, méreni teploty, teplomérna latka
adiabaticka a diatermicka prepazka

https://share.ehs.uen.org/node/9371

Equilibrium Equilibrium

E'quilibrium

Atkins P.W.: Physical Chemistry

Thermometer, C

--

http://www.splung.com/content/sid/6/pa
ge/zerothlaw




1.1 Vlastnosti plyn U

teplota
nulta v éta termodynamiky
pokud dvé télesa maji stejnou teplotu, pak jsou v tepelné rovnovaze

pokud je téleso 1 v tepelné rovnovaze s télesem 2 a 2 s télesem 3, pak je v
teplelné rovnovaze i téleso 2 a 3

stupnice
Celsiova
Kelvinova (termodynamickd, absolutni) .
Farenheitova T[°C] = TI°F] +40—40
NH,CI+H,0 0 °F 1.8
lidské télo 98 °F T[°F] = (T[°C] + 40)* 1.8—40
ledova voda 32 °F
—40°F =-40°C
standardy
STP  standard temperature and pressure 0°C 10° Pa

SATP stand. ambient temperature and pressure 25°C  10° Pa



1.1.1 Idealni plyn
-
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Volume=05L

puvod tlaku

100 kPa

L@

Volume =1L

Boyle av-(Mariot av) zakon

Yolume in liters

o 0z W 4D
Fressure in kllngrams per square centimeter

PlinHg)  V(in3)  pv B
120 117.5 1410 120 -
16.0 87.2 1400 100
200 707 1410 T 80
24.0 588 1410 > 60 -
32,0 442 1410 40
40.0 353 1410 20 — :
480 29.1 1400 0 M. _ ]
10 20 30 40 50 60

P(inHg)

(b) Volume vs. pressure

(a) Data from Boyle's experiment

Catmpressing
the gas

vztah stav2

P1 P2
Py P2

https://reich-
chemistry.wikispaces.com/Charles+condlin+

and+Grimner

lzoterma
y=ax+b
140 —
120 — V = ai +0
100 | P
T 80 Vp=a=konst
> 60 —
40
201 a= tga'
0 0.62 0.9)4 o6 o.al)s 0.1‘0 b= l'JseknaOSey
1/P(inHg) 10

(c) Volume vs. 1/pressure



1.1.1 Idealni plyn

Charles Qv zakon

Volume in liters

200

Q]

Tetmperature in kelvins

y=ax+b
V=aT+0
V /T =a=konst

Volume (V1) Volume (V2)

\® o © /
«,” Temperature (T2)

http://ygraph.com/chart/2162

Increasing
the
temperature https://reich-
T chemistry.wikispaces.com/Charles+condlin+and+Grimne

izobara

V, /T, =konst=V, /T,

Vi

e

2

11



1.1.1 Idealni plyn

Volume (V1) Volume (V2)

Guy-Lusac v zakon /

A

[ ]
0% 0% .
{*fi ) Temperature (T2)

http://ygraph.com/chart/2162

Vie Vo< Vg 1
P T 21_}_—__
: izochora
2 k) ) T—
y=ax+b p, /T, =konst=p, /T,
p=aT+0
p/T =a=konst p_T

12



1.1.1 Idealni plyn

Avogadr av princip e VNG
stejné objemy plynt maji za stejné T (9 ) /3
a p stejny pocet ¢astic \ o il
\S \Q @ O
0°C, 1 atm V., = 22,414 |/mol |
25 °C, 105 Pa V,, = 24,798 I/mol il S s
K o {9 ?é\ SheTeL
")
\@ o

1 mol CO, at
STP=2241L 3

stavova rovnice idealniho plynu (i.g.)
pV =nRT
pV. =RT

13



1.1.1 Idealni plyn

funkce 2 prom énnych

Pressure, p
Volume, V

Extr ppolation _'E‘ﬁgpolatiﬁn

////Inéreasing " Decreasing—
/ temperature, T g pr;essurai, P

0 1V 0 Temperature, T

izotermy izobary

p:nRT V:nRT

\Y P

Pressure, p

0 & ] ;
—'-—.-\-..-...4..-.-—-.-,---:--- e

J’/ Dﬂcreaslng
va)lume "4

Extrapolath‘m

0 Temperature, T

izochory

5= NRT
V

Atkins P.W.: Physical Chemistry
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1.1.1 Idealni plyn

funkce 2 prom énnych pV =nRT

Pressure, p —=

Atkins P.W.: Physical Chemistry

p= konst - m

Guy-Lusacuv Boylelv zakon

zakon

Tlak p

V= Fkonst T Charlesuv zakon

http://hyperphysics.phy-astr.gsu.edu/hbase/Kinetic/ idegas.html 15



1.1.1 Realny plyn

? jak se liSi idealni plyn od realného

Potential energy

interakce

Com pression factor, Z

objem

kompresibilitni faktor

Z - Vim
Vo
—_ Vm
RT/p
_ PV,
RT
| T=0°C
AperfectgashasZ=1
\\_~{1.00 Hz—m?\ at all pressures.
C.H. 10 Notice that, although
0.98- A, the curves approach 1
NH; |4 96l NS as p—0, they do so
’ with different slopes.
0 200 400 600 800
platm

Obrazky: Atkins P.W.: Physical Chemistry 16



1.1.1 Realny plyn

virialni stavova rovnice

r,Z

— Compression facto

pV,, = RTL+B'p+C'p?+..)

Higher | | |
temperature

. Lower
. temperature

0 Pressure, p

Synoptic Table 1.4* Second virial
coefficients, B/(cm” mol™)

Temperature

273K 600 K
Ar —21.7 11.9
CO, —149.7 —124
N, ~10.5 21.7
Xe —153.7 —19.6

* More values are given in the Data section.

The compression factor, Z, approaches 1 at low
pressures, but does so with different slopes.

For a perfect gas, the slope is zero, but real gases may
have either positive or negative slopes, and the slope
may vary with temperature.

At the Boyle temperature _, the slope is zero and the
gas behaves perfectly over a wider range of conditions
than at other temperatures.

Obrazky: Atkins P.W.: Physical Chemistry
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1.1.1 Realny plyn

kondenzace
140 -y Boyletv zakon
Vp=a=konst
L e e S i
kriticky bod, kriticka teplota, kriticky tlak
100 =t
superkriticka kapalina
£80
T
a : »
Synoptic Table 1.5* Critical constants of gases
60 |- -
pc/atm V./(em?® mol™) T./K 2 Tp/K
Ar 48.0 753 150.7 0.292 411.5
40| Cco, 72.9 94.0 304.2 0.274 714.8
He 2.26 57.8 5.2 0.305 22.64
0, 50.14 78.0 154.8 0.308 405.9
20 o .
* More values are given in the Data section.
0 . . 4 The name comes from the Latin word for force. The coefficients are sometimes denoted B,, B, . . . .
0 0.2 0.4 0.6
V_/(dm*mol )
Atkins P.W.: Physical Chemistry 18



1.1.1 Realny plyn

kondenzace
Boyleuv zakon
Vp=a=konst

kriticky bod, kriticka teplota, kriticky tlak

superkriticka kapalina

T—+

http://168.176.60.11/cursos/ingenieria/2017279/html  /
unidad_4/u_4 cont_1.html 19



1.1.1 Realny plyn

van der Waalsova stavova rovnice

korekce objemu nRT
P V —nk

korekce na pritazlivé sily

p=c=_
Y

koeficienty vdW rovnice
* empirické
e proi.g. 20
» koreluji s veliCinami, které
souviseji s + a — silami
 Ize z nich vypocitat T, p., V.

o= nRT _a(njz
V-nb \V

Synoptic Table 1.6* van der Waals
coefficients

allatmdm® mol=)  b/(107% dm® mol™)

Ar 1.337 3.20
CO; 3610 429
He  0.0341 2.38
Xe 4137 5.16

* More values are given in the Data section.

Atkins P.W.: Physical Chemistry 20



