Termodynamika |

e 2. Termodynamika

2.1 Zakladni koncepty. Teplo, prace a energie. Pojem vnitfni
energie a priklad vypoctu pro jednoatomovy plyn. Pojem
stavoveé a nestavove veli€iny.

2.2 Prvni zakon termodynamiky. Expanzni prace, pojem
prirustku (diferencialu) drahy, objemu a prace, pojem
urcitého integralu. Pojem vratné zmény.

2.3 Entalpie a jeji zména, vztah ke zméné vnitfni energie.

2.4 Predavani tepla: kalorimetrie, tepelna kapacita a molarni
tepelna kapacita. Zména entalpie a vnitfni energie s teplotou.
Entalpie a vnitfni energie transformace.

2.5 Termochemie. Standardni zmény entalpie, Hessuv
zakon, standardni tvorné entalpie. Kirchhoffova rovnice.



2.1 Zakladni koncepty termodynamiky

Chemicka a jaderna
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Obr. 10.2: Diagram transformaci energii
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2.1 Zakladni koncepty termodynamiky

molekulova interpretace
rotace

o %

1¢astice...20sy.. 2*2

H,O

1¢astice...30sy ... 3* ; KT

1molastic...30sy ... :ngTNA = :23 RT

u. =u?’ +(3RTJ +(2RTnebc£RTj
2 translace 2 rotace



2.1 Zakladni koncepty termodynamiky

molekulova interpretace
vibrace - zanedbame

céastice

translace rotace celkem
i.g. (He) 3/2 KT - 3/2 KT
N,, CO, 3/2 kT 2/2 KT 5/2 KT
H,O 3/2 KT 3/2 KT 6/2 KT
intenzivni a extenzivni veli  ¢iny
systém, okoli, p fepazka
Surroundings Matter Matter
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System N | - Energy -
< > N2 JENergy  atkins P.W.: Physical Chemistry
] L <
Energy
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vym éna = hmoty
otevieny systém A A adiabaticky - nevymériuje s okolim teplo
uzavieny systém A N
izolovany systém N N



2.1 Zakladni koncepty termodynamiky

vyuziti enerqgie
teplo, mechanicka prace, elektricka prace, chemicka prace
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2.2 Prvni zakon termodynamiky

1. zdkon termodynamiky
a) vnitfni energie izolovaneho systemu je konstantni
b) nelze sestavit perpetuum mobile 1. druhu
(stroj konajici praci bez dodani energie)

AU =U, -U, =0 | izolovanysystem

vlastnosti U

stavova veli€ina ’ . — _
AU =qg+w.. 4+ W

A Wobjemova ™ Wada otevieny systém vliv zmény podtu &astic
W4 =0 zatim nefeSime
AU =q+ W,piemové uzavfeny systém AU = g+w
izolovany systém AU =0

znaménkova konvence AU pro infinitezimalni zmény

dU =dqg+dw, A AW,y

bjemova
dw,, =0
dU =dq+dw,

bjemova



2.2 Prvni zakon termodynamiky

objemova prace

External
pressure, p,,

Area, A Pressure, p
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‘dw=—F.dz p:F - F=pA
e A )

|
dw=-F.dz= p.Adz=-pdV

Idw=j—pdv
w:j—pdv




2.2 Prvni zakon termodynamiky

pojem pfirtstku (diferencialu) drahy, objemu a prace, pojem urcitého integralu

b

g

© T

Aw

obsah obdélnika
S=ab

nemusim zacinat od nulové hodnoty

NAa Ab AS
S=ab
AS = AaAb = (a,—a,)(b,-b,)

analogicky feSim praci

Aw = -pAV =-p(V V,)

minus pochazi z termodynamicke
znaminkové konvence 8



2.2 Prvni zakon termodynamiky

pojem pfirtstku (diferencialu) drahy, objemu a prace, pojem urcitého integralu

y=f(x) A | .
=P  f@)ydz <Y f(n)
p]_ 1 =1

P2 D)
f(2)
_| Aw, [Aw, f(5) | f(6)
1 2 3 4 5 6
AV, AV X
AX

Pressure, p

Atkins P.W.:
dw Physical

Chemistry

V' Voiume, V 'M

. P
u

infinitezimalni zmény

V2
Aw = — pAV _[ dw= j— pdV _[ ml'stojv
dw=-pdV 1

Wz—w1=j— pdV w, =0
W, :w:j— pdV



2.2 Prvni v eta termodynamiky

objemova prace

vliv podminek

External

DFSSBUTS; « volna expanze |dw=-pdV=-0dV =0
» expanze proti konstantnimu tlaku
dw=-pdV

V V
w= [-pdV=-p[dV=-pV]
v v

=-p(V; V)| —pAV

 izotermicka expanze reverzibilni

Area, A Pressure, p

Atkins P.W.: Physical Chemistry dw= —pdV
= T UUnRT R
\dw=—F.dz p=", - F:p_A; W_vji_pdv_vji_VdV__nRijinv_
dw= —F dz= |Yo.Adz: _pdv =-nRTInV], =-nrT(InV, =InV}) =
V
[dw= [~ pdv =—nRT|nVif

w= - pdv u



2.2 Prvni zakon termodynamiky

objemova prace (w)

e expanze proti konstantnimu tlaku e expanze reverzibilni
ireverzibilni
pext - konSt pext = pint
— Vf
w=-p,AV w=-nRTIn—
Vi
Pex -
s g
¢ | E
3 | 2
8 Area = p,AV E
3
V! Voiume, V |V; v Voiume. V lV,
. P. - - —
|| B 5_ | -
\ljpex - P
| B <

Atkins P.W.: Physical Chemistry 12



2.2 Prvni zakon termodynamiky

teplo (q)

AU =q+w, T Wogg

bjemova
W, = 0w =0(proV =konst.)

objemova
AU =q,

e pro infinitezimalni zmény
dU =dg+dw, AW,y

bjemova
dw,, = O,dw, = 0(prodV = konst.)

objemova

dU =dq,

Atkins P.W.: Physical Chemistry
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2.3 Entalpie

definice
H=U+pV

? co se stane, pokud systemu dodam teplo a umoznim mu zménu V ?

Energy
as work

> Atkins P.W.: Physical Chemistry

Energy > AU<q

as heat

? ¢emu se rovna g, kdyz ne 4U ?



2.3 Entalpie

definice
H=U+pV

* pro infinitezimalni zmeény
H+dH=U+dU+(p+dp)(V +dV) = /roznasobim ()()

=U +dU + pV + pdV +Vdp+dVdp= /zanedbam dvdp

/ definice entalpie

=H +dU + pdV +Vdp /-H
dH =dU + pdV +Vdp= / dU = dg-+dw

=dq+dw+ pdV +Vdp= / dw = -pdV

=dqg- pdV + pdV +Vdp=

=dq+Vdp= / p = konst.

=da,

dH =dq, p = konst pro infinitezimalni zmény

AH =q, p = konst pro kone€né zmeény




2.4 Predavani tepla: kalorimetrie

adiabaticka kalorimetrickd bomba, V = konst.

zména U s teplotou

Resistance
thermometer
Oxygen Firing
inlet \ leads
O -

)

.
/

Water

Sample
Heater
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adiabaticky bomba
pritapime lazen
T o7 Qv ~ AT,
K Qv =AU q, _ AU
ATk = AT| — AT C\/ — A T A
Qv = GAT, AT AT
g =1Vt
musime znat tepelnou
kapacitu a zménu T
-oU _U, =Y, CV—dU Cv—au
AT T,-T u dT oT ),
U, techa =
du
g C ==
snernice= at
tga=C, U,
T, T, T T, T, T
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2.4 Predavani tepla: kalorimetrie

kalorimetrie za p = konst.
zména H s teplotou

bomba
Okp ~ ATIO

Go =8 | g, oM
Ok, = C,AT, P AT AT

musime znat tepelnou

Stirrer Thermometer } N
1 kapacitu a zménu T
: Lu Insulated C = AH — H,—-H, C = dH C = (aH j
= stopper p _ = o -
H AT T,-T H PodTr | P \aT ),
: I
o e F | l | — Nested A2 1,
mixture I eriltad techa =
cups
— H, H; 9 Co = ((jjl'_ll'
- smernice=
tga=C,
T T T T T T
2 1 2



2.4 Predavani tepla: kalorimetrie

meéreni AU nebo AH v kalorimetru

AT, =AT,

_ UG,

QV,K = / qy =AU
Qe _ O _ It , oV
= = / dosadim ze vzorce
Cv K Cv L Cv L pro tep. kapacitu + — | I/tC\/,K
’ ' ' ohtev AU =
Cui
vztah C a C, (jedna faze
=] M(I g) C:(al—lj >C\/:(6LJJ
» T ), oT ),
/ g
- s C,-C =nR
2
£ 2
c C.-C, = a TV
Internal P l[ir
energy, U
Temperature, T | a objemova tepelna roztaznost

Atkins P.W.: Physical Chemistry

B izotermicka objemova stlacitelnost
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2.4 Predavani tepla: kalorimetrie

H a U dvou fazi, AU a AH premeény

H (9)

H(l)

H,(1)

H, (9)

ro U analogické
H, (1) P J
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2.4 Predavani tepla: kalorimetrie

H a U dvou fazi, AU a AH premeény

Hg(9) viz odvozeni dH

/ roznasobim ()()

/ zanedbam dvdp
/ definice entalpie
/-H

BHEER@ERE0 4y = du + pdv +Vvdp
dH =dU + pdV /p=konst

s Ug(l) dH>dU p=konst

AH =AU + pAV

Enthalpy, H

Internal
energy, U i

Temperature, T
g 20



adiabaticka expanze

dU =dg+dw adiabaticly
dU =dw=-pdV

— &%)

dw=-pdV=C,dT

ireverzibilné
w=-pAV =C, AT

reverzibilné

- pdV=C,dT
—nVRTdV:Q,dT

P

decrease of
pressure

increase of
vohune

decrease of
temperature

adiabaticka prepazka
nelze dodat teplo

= / NT

S— dw = -pdV

—_—

Isotherm, p e« 1/V
Adiabat, p = 1/V’ /

Pressure, p 5

(a)
A}
%
; \\§\ Isotherm
é ; \\‘\\\\ Adiabat
@ S
& \\‘R 3 -
b 4 Vi
(b] Volume, V

21



2.5 Termochemie

endotermicky déj, exotermicky déj
standardni entalpie pfemény p=10° Pa, T=298,15°C
a) fyzikalni pfeména (tani, tuhnuti, vyparovani, kondenzace, sublimace, desubl.)

Lavoisiertv zakon Hesslv zakon
__ B g
AN £ A0
) = T
::E: o i - ‘ﬁvapH&
3 1 2
Tﬁ <'J: m © ﬂ‘:’.ul:n"_".l‘Er
= g v =
= I I c
i <] <] L
] I
PN
A H®
‘\’/7 L A | fus - 5
Atkins P.W.: Physical Chemistry Atkins P.W.: Physical Chemistry
b) chemicka preména A H°(prvek) =0

standardni sluCovaci entalpie A HO(H*,aq)=0
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2.5 Termochemie

standardni reakcni entalpie

AH®= Y H) - > H)

produkty reaktanty
0 — 0 _ 0
AH®= Y VAH) - > vAH)
produkty reaktanty

urCete standardni reakcni entalpii reakce
2 HN, (1) + 2NO(g) — H,0,(1) + 4 N,(g)

A H®={AH®*(H,0,,]) + 4A;H*(N,,g)} — {2A(H®(HN,,]) + 2AH*(NO,g)}
{—187.78 + 4(0)} k] mol! — {2(264.0) + 2(90.25)} k] mol™*
— —896.3 k] mol™!
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2.5 Termochemie

urCete standardni spalovaci entalpii propenu,

CiHg(g) +2 0,(g) — 3 CO4(g) + 3 H,0(1)

pokud zname nasledujici standardni reak¢ni tepla

1. hydrogenace propenu

2.

spalovani propanu
rozkladu vody

v

?

A, H®/(k] mol™)
C,H.(g) + H,(g) — C;H,(g) —124
C;Hy(g) +50,(g) = 3CO,(g) +4H,0()  —2220
H,O(l) — H,(g) + 5 O,(g) +286

—2058

C.H (g) +3 O,(g) — 3 CO,(g) + 3 H,0(1)

musim jednu H,O pricist, aby byly v bilanci

pouze 3 molekuly, jako je tomu v reakci, kterou

analyzuji

24



2.5 Termochemie

urCete entalpii desublimace pevného KCI z ionizovaného plynu

K'(g) + e(g) + Cl(g)

M
-349| 4.
418 K'(g) + Cl'(g) §,
K(g) + Cl{g)
>
1122
K(g) + 7 Cl,(g)
-AH, || 5
-89
T K(s) + +Cl,(g)
437
KCl(s) &

Atkins P.W.: Physical Chemistry

R

o W

.O“\.

Sublimation of K(s)
Dissociation of% Cl,(g)
Tonization of K(g)

Electron attachment to Cl(g)
Formation of solid from gas

Decomposition of compound

AH/(kJ] mol™)

+89  [dissociation enthalpy of K(s)]
+122 [ x dissociation enthalpy of Cl,(g)]
+418 [ionization enthalpy of K(g)]

—349 [electron gain enthalpy of Cl(g)]
—AH,/(kJ mol™")

+437 [negative of enthalpy of formation
of KCI(s)]

89+ 122+ 418 — 349 — AH,/(k] mol™) +437=0

AH, = +717 k] mol™!
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Enthalpy, H

2.5 Termochemie

teplotni zavislost AH

Products

Temperature, T

Atkins P.W.: Physical Chemistry

pro jednu latku
c, = (GH)
aT ),

dH = deT / integruiji

T, T,
[dH = [cC.dT

T T
T2

H, -H, =[c,dT
T
T2

H. =H, +[C,dT
T

pro reakci

T
AH;, =AHy +[A,CdT
T,

- o Ve 1
Kirchhoffuv zakon
ArHT2 = ZVHm,Tz B ZVH mT,
prod reakt
ArHTl = ZVHm,Tl B ZVH m,Ty
prod reakt

AC,=>vC - > VC,

prod reakt

pokud je A,
nezavislé

TfAGCdT =,

T

C, teplotné

T
C,[dT=AC,[TI}
T

= AGC(TZ _Tl) = AGC(AT)

AH, =AH,

+A,C (AT)

jinak musim A C | vyjadrit
jako fci T a integrovat 26




