1. Véta termodynamicka
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Termodynamicke postulaty

Prvni postulat (equilibrium theorem) :

Izolovana soustava vzdy dosahne rovnovazneho stavu a
nikdy jej spontanné neopusti.

Druhy postulate (temperature):

Kazdy rovnovazny stav je zcela uréen souborem vnéjSich
proménnych (objem, tlak, magnetickée pole, atd.) a jednou
vnitini proménnou - teplotou.

Je-li soustava mimo rovnovahu, je tfeba k jejimu popisu
neymené jeden dalsi vnitini parametr.

Rovnovazny déj je takovy, ze probiha tak, ze je soustava
stale v rovnovaze.
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Vnitrni energie
Prvni zékon termodynamiky je zédkonem o zachovani energie, ve kterém plati ekvivalence prace a tepla:

dU=dQ +dW (1. Veta termodynamicka)

Dodané teplo a prace méni vnitini energie soustavy U, ktera je funkci pouze aktualniho stavu
soustavy a nikoliv zplisobu jakym k novému stavu dojde. U je stavova funkce. Jeji absolutni
hodnota je vSak nezjistitelna, protoZze zahrnuje mnoho ptispévkil.
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Vymeéna energie (tepla a prace)

/7 Soustava

NejcCastéi:
Objemova prace

dw=-pdV

okoli soustavy



dw=-Fdz

Druhy prace

F...zobecnéna sila

dU = dQ + dW,+dWi

dz..zobecnéné

_ / premisténi

Table 2.1 Varicties of work*

Type of work dw " Comments
Expansion —Po, AV p., is the external pressure

| dV'is the change in volume
Surface expansion ydo ¥ is the surface tension -

dois the change in area
Extension fdl fis the tension

| dlis the change in length

Electrical . $dQQ ¢ is the electric potential

dQ is the change in charge




Objemova prace 1dealniho plynu

. . pex
P11 expanzi do vacua: dw=0
0
V laboratofi: s
dw= —P e:{dv ;_1‘-3

Pfemahani vnéjSiho
tlaku:

Vf
w=—| P dV

Fig. 2.7 The work done by a gas when it
expands against a constant external
pressure, p., is equal to the shaded area in
this example of an indicator diagram.



Vlastnosti vnitini energie

- Tepelna kapacita za konst. V:
Slope of U
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| Temperature versus T at
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Obecne:
Cyn=atb*t+c*T In(T)



M¢feni spalnych . "
tepel za konst. V' S S 1
AU=g,, q=CAT

Motorized stirrer

- Electrical leads for
igniting sample

Thermometer

Insulated container
0O, inlet
Bomb Kalibrace (el. prace nebo

(reaction chamben) - gnaleni standardu)
Fine wire in contact I -‘ﬁﬂb
with sample = iL

Cup holding sample q

Water




Entalpie
dU=dq+pdV=dq-p.,dV
Kona-li se pouze objemova prace, kolik

je tepla tfeba na ohfati soustavy za
konst. p?

dg=dU+p dV ...tepelny obsah soustavy

Q=AU+pAV= AH

Definice: H=U+pV

”H je U ZVétéené 0 préCi SOUStaVY Obvyklé chovani soustav (latek) pti
P Otf'ebné k Zan eti prOStOru ¢ zahtivani za labor. podminek konst. p.



Vlastnosti entalpie

Tepelna kapacita za konst. p:

cp=[@—l dH=C,dT  g,=C,AT

oT

. 4
~.~" lInternal
energy, U

Enthalpy, H

Cpl IR mol) =+ BT +/ T2,

c
(a +bT+ F] dr Temperature, T

C(s, graphite) 16.86 4,77 —8.54
CO,(g) 44.22 . 8.79 | -8.62
H,0(1) 7529 0 i o
N,(g) 28.58 877 . ..o . 050




Dalsi vlastnosti entalpie
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M¢éreni zmeén tepelneho obsahu
(entalpie) AH soustav za konst.
tlaku

TA: ¢cDSC, fDSC,DTA,...
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Termochemie

xnﬂlermlc process: AH <0 endothermic process: AH >0

Standardni stav latky za dané teploty je jeji Cista forma za Ibar.

Standardni entalpie odpaieni: 4
Ay HO(373 K) = +40.66 1 mol

Standardni entalpie tani:
H,0(s) > H,0()  Ag H*(273 K)=+6.01 k] mol™

EnthEIPYf H

Standardni entalpie sublimace:




Born- Habernuv cyklus

AH; Téani KCl spojene s disociaci

ociation of L C1,(g)
nization of K(g)

_ ron attachment to Cl(g)
ation of solid from gas

composition of compound

H;=+717kJ mol .. e

AH®/(K] mol™)

+89  [dissociation enthalpy of K(s)]

+122 {-i- X dissociation enthalpy of C1,(g)]
+418 [ionization enthalpy of K(g)]

—349 [electron gain enthalpy of Cl(g)]
~AHj /(k] mol™)

KHg) + e-{g) + Clig)

+418

~349

K*{g) + Cl-{g) |

K{g) + Cl{g}

122 .
Kig) + 3Cl,(g)

~

+89

Kis} + 3Cl{g)

+437

KCl(s)

+437 [negative of enthalpy of formation of KCl per mole.

se the sum of these enthalpy changes is equal to zero, we can infer from

89°+ 122+ 418 — 349 - AH, /(K mol™!) +437 =0

Fig. 219 The Born—Haber cycle for KCl at
298 K. Enthalpies changes are in kilojoules




Dals1 vlastnosti

Standardni reakéni entalpie: A7 >, VH, - 3, VH;,

Products Reactants

CH,(g) +20,(g) > CO,(g) +2H,0() A H*=-890kJ mol™

: A_H®/(k] mol ™)
G(g) + Hz(g) - CaHs(g) —124
{2 +50,(g) >3CO)g) +4H,0(0) 2220
(1) - Hy(g) + 5 O,(g) +286

,jf-’;_I_i;(g) +20,(g) > 3CO,(g) +3H,0(0)  —2058

Hessuv zakon:

Standardni tvorna entalpie (z prvki):

_. FE AR
ol

o Y vAHS— Y VAH® H"=0 pro prvky.
: Products Reactants
SER: 25stC, 101325Pa




Kirchhofuv zakon

'3@) =A H*(T)) + J

T.

2
C,dT

1

TZ
ACEAT
T

1

;m— 2 VCEm

Reactants

Enthalpy, H

A H{T,)

Reactants

T, T
Temperature, 7
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