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AU - vnitrni energie :

l

pohyb elektronti
a molekul

AU =

AU =

symbolika: H = heat [hi:t] teplo
p = pressure [preSor] tlak
V = volume [volju:m]
W= work [wa:k] préace

= soucet kinetickych a potencialnich energii Castic (které vytvareji system)

l

chemicke vazby
mezi atomy

A? +A\17V

cast energie cast energie

preménitelna pfeménitelna
na teplo na praci
AH + p ¢ A ~ + cooeo
objemova prace dalsi druhy
prace
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AG = AH - Te*AS



AG = AH - T AS

AG = G,—G, = AH - Te*AS
|

pocatecni
stav

konecCny
stav
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volna energie (Gibbsova)

|

AG = AH - Te*AS

energie, ktera muze konat praci
(vyuzitelna energie za konstantniho tlaku a teploty)

ergon = prace
+ endergonicka reakce
- exergonicka reakce
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AG = AH - Te*AS

vnitini energie systému (AU )

v

neobjemova prace (AW),
vyuzitelna energie .

AW = AU - AQ

tepelné ztraty (AQ)
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Exergonicka reakce
(AG<0, AG zaporng)
= ,,spontanni* reakce,
termodynamicky prizniva reakce
(nemusi, ale miuze probéhnout !)
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volna energie (Gibbsova)

AG = AH - Te*AS

maximalni energie, kterou muze soustava
(na zakladé chemického déje) vyuzit
k vykonani neobjemové prace
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entropie
en = do
trepein = zméenit

AG = AH - T AS

—-

mlinimélni cast energie,
ktera nemiiZze byt vyuzita na praci (Jako chemicka
nebo elektricka energie),
je to ¢ast energie pfemeénéna na teplo.
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Spontanni procesy se zvvSenim entropie :
Spontaneous processes in which the entropy increases :

S

All systems tend to approach 2 state of equilibrium. Sintements oT the Sooond T4 6f
Entropy is time's arrow.”

Thermodynamics
The state of maximum entropy is the most stable state [or an isolated system.

Every system which is left to itsell will, on the average, change toward a condition of maximum
probability.
Tt is impossible in any way to diminish the entropy ol a system of bodies without thereby leaving
behind changes in other bodies.?
Div Energie der Welt ist constant; die Entropie der Welt strebt einem Maxinum zu.®
Things are getting more screwed up every day.?
You can't break even.

° Sir Arthur Eddington.  ® Enrico Fermi.  © G. N. Lewis.

4 Max Planck. This and three preceding statements are quoted from J. Arthur Campbell, Chemical 8‘1 stems:
Energetics, Dynamics, Structure (San Francisco: W. H. Freeman, 1970).

¢ R. J. E. Clausius, quoted by J. W. Gibbs to head his classic memoir, The Equilibrivm of Ileterogencous
Substances.

7 Anonymous; with thanks to A. Truman Schwarz, Chemistry: Imagination and Implication (New York:
Academic Press, 1973).

, Left to themselves,
aII thmgs g0

from bad to worse

E'(pmdlm.. gases W}]Qtever can 30 Wrﬂng'l F.llhn-v o
I\IJN‘\’({"\\\(\(‘Q. will go wron )
,(, W /', w\

SR and“at the worst
X“*"é@ ‘ possible time ™

Spontaneous Natural Processes in
Which the Entrom of thc Universe

Increases
UArthur Bloch ——
o WThe complete Murphy's Law™

Clu. mical reactions

Formation of solutiens

entropy [entropi:]
spontaneous [spon‘teinias]
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enthalpie (en=do, v
thalpein = zahftivat)

AG = AH - Te*AS

|

teplo

heat, therme Oepun [thérmi]
+ endothermicka reakce
- exothemicka reakce
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AG = AG® + RTem 11D

[A] - [B]



[C]- [D]
[A] - [B]

Mozné vvznamy zlomku

1/ aktualni koncentrace (napf. na zacatku reakce),
— obvykl¢ oznaceni hodnoty zlomku = Q

2/ standardni koncentrace (=,,jednotkové koncentrace = 1 mol/I)

hodnota zlomku = 1,
tj. 10 - jeholn = 0
3/ rovnovazné koncentrace - hodnota zlomku = K

€q
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AG = AGY + RTem 151D

[A] - [B]
celkovy
stav. = standardni stav + odchylka od
standardniho

stavu
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van't

A+E

Hoffova rovnice reakéni jgotermy

[tep/aéa + ¢lak

stay

= 0 +D konstantn ]}
. (el - [D]
ce/k;vy’ _— .s‘tar;::(ardm’ _l_ odcb;/ka od
stav standareniho
stavu

g J‘panfa'nm;'rf pra?be"ha reakce rosheoduje

A@/MAW)} wikelry a&°7

aé < 0 rovmovasna poloha vpravo

= 0 ideane vm’tnq' reakce
> 0 rovnovdina poloha je vlevo

/)
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standardn’

=vldstn” Lor'//:ad

o e A A% S S S S .

stav

ednotiova Ilconcentrace"

[A] = [2] = [c] = [2] = A mol/£

) oclchylka. od std stave’
fe]-[p] _
[A]" [B]

RT -4 4 = &

;

RT - M = Fxm

XE

a6’

ﬂ’,-

/ e /!
;ovhovazny stav

[c] [D] _
16’& [A]-[B] —J,
_ZS? =AB+ RT-tmwK

aBe=—RT - 4wk

. [e] [2]
Nezaménovat v [A] [3]
koncentrace vychom! a

rovnevaene V

- - e e am e om e Em e E -

Vychou koncentrace P/atl Jen
v okamziku startu reakce !

V prwbdm reakece se koncen'bmaa

memt .r»renem k ravnoratnym keowe,
- v keivkw!)
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Rovnovazny stav :

[C]- [D]

AG = AG" + RTem
[A] - [B]

0 =aG® + RT » mK,,

AGY = - RT'lnI(eq
AGY = - 5,7 log Keq

pro 25 °C
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AL = - RT 4w X'

-2/303-727"{03»/(

\

h
= - 2,303-8344 . 298 -lg«/(

/

ol 4

AG°' = = ,‘2,303-,?7"{7«/4(‘

= gy ~ACT (4@ RT)

.y -A 6"/ _/2,303 -4;,344 -298)

-a6/57

A0

R= 8 314 J K mot™
T=298 K (=25°C)
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AC
A B° gmena yone’ e;;ez;[a ga rrandardmith podmrek
- l/'edﬂatkare’ kencentrece Al /L
' | Ly pH=K
MKV, 232 K (25 °C)
5 C°  smena volwe’ eneryle ,ar"z' o=~
a8°" pelle —> mmol)<,  pll =5 kia
PO = 20 kTa
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Reak¢éni
isotherma

27



A+B==C+D]

p°
Q |
+ |
Q
¥
q
+
<C
9 w
< .
¢+ ;
N :
< :
-< :
Q
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A+B<=C+D

Gw’cnoaf i
INICIAL
G romeéné "=
FINAL
—. [ FINAL , INICIAL
a6 © wonecnE G VYCHOE!
!/ ’
low value — high value mole, —— wekkal
(- - v J J hodnota heoelnota
the negative 2aporny roedd!
gd’#ere”ee ‘II'PDUOOQVJDYM

: r
reakee probehne v danewm sméru

the reaction will proceed /n the given
directicn
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AG = G ML, _ o ivciaL

MONECNE VYCHOE!
. / ’
low value — /rzgh value mole, ~—— welkd
L v J hodnota hodnota
the pegative adporny roedi!

diference

\Q reakee probéhne v danem smérw

the reaction will proceed /n the given
directicn

CJ‘ -p_? ’ &£
:L——[—w e eieen ... vychozi koncentrace
[A]-[B] "N INICIAL CONCENTRATION
aG
Fe f
Q=K ................ .. rovrovasna kowcentrace
| EQUILIBRIUM CONCENTRATION
AaG°
| ’
Q=A4......... ... _ standerdw’ stav

STANBARD STATE
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G A A*.B"C“'D

the process
only with
supply of

rabEh j'en

<& dedanim
ene rg’ie )
( pr dﬂd? AM}

§

[+]-[B]
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[c]-[D]
. [A]-[=]

Q < Ke q (srovnavame pouze hodnotu zlomku, kterd v grafu vzristd smérem vpravo

po vodorovné ose. Srovnani se zde netyka velikosti Gibbsovy energie na
ose svislé 1)

reakce probihd zleva doprava (smérem k C + D)
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o K

VZTAH E° eg

Flektricka /:rra'ce Je vumérna,
/7(.‘060/! \l, a r’osdf/u /oo?‘encm/u,
aB° = = /ﬂf E ’
e! /oo*encm,/ /Valty)
el. fmbv/ ( coulomby )

#a rovnovihy . 8 = 2 C°F :QT"‘&'/H%‘.

- R7
ECfANK(.(-" ~E ’é”/(t_g_

0.059
” ."03/%902,
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Makroergni
slouceniny
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Anhvdridové vazby :

OH £ OH
- 2
| NS
HO—P—OWH HO—»P—0H
" '-”2_0 J
0 0
| E
OH \j,
Va4
HO—P—OH HO oy
4,0 u
0 0
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. é \ 4 ®
Makroergicke slouceniny
 obsahufi”  navic® energit, mtmou k prekonan’

@ elektrostatického adpatomsn'

ehodne” pa b/é/?:/v atemi

O (0 0

! ! P
R == FP=0r P~ P~

| | !

O AnvAD © AP ©

36



“ ¢ “
rezonancnich stava

1y

|

0"
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@ keto - enol +tautomerse

CH, o |
I I CH o CHy
f——om'b—-o“—)- %-ou‘—_g c=0 |
- coo°- coo~

coo =

0 ® 5

i _

~ 64,9 k)-mol™t — — HO=R-0
Lostoenol pyruvat [+ D

(> energic LATP!!)
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Vyuziti energie : -

1/ aktivni transport * [/
Y ) T hmetpost
- 2
/4 y e r1e. + _*55";”'(’"4 ?{‘/ ’”,3
2/ zesileni signalu ™) sy 1

/ = £nd 40 )
My e = 597,42,

3/ mechanicka prace

4/ syntézy

) aktivni transport = nejvétsi spotieba energie !'! (v klidovém stavu)
predevsSim udrzovani homeostazy vnitfniho prostredi, napr.
ECT X*2,.ICT (Na*/K* ATPasa), ...
snizeni gradientu — sn. nervosvalove drazdivosti — zastava srdce,
poruchy CNS, ...

*) napf. na jediny podnét mnohonasobna tvorba cAMP (z ATP, adenylatcyklasa), ...
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cAMP :

i X I enzymova kondenzace 0 Adenin
90—P—0—P—0—P—0 ~ (adenylatcyklasa)
(l)e (I)(9 IOe 0. Adenin .
\
- difosfat OZFl"O OH
OH OH o
ATP cAMP

cyklicky diester
kys. fosforecné
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