Symetrie — Platonovska télesa
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Virus obrny

Virus slintavky a kulhavky
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Symetrie molekul

Jak jsou atomy v molekule usporadany = ekvivalentni atomy
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Prvky a operace symetrie

ZnacCk | Prvek Operace Pozn.

a
E |dentita |dentita Bezezmény, (= 1)
i Stfed symetrie Inverze Prevraceni pres

(inverze) BOD

stred

C, |Rotacniosa Prava (vlastni) OtocCeni o uhel
PRIMKA rotace 360/n

o Rovina symetrie, Zrcadleni, reflexe Zrcadleni pres
zrcadlova ROVINA rovinu

S Zrcadlové-rotacni Neprava (nevlastni) | OtoCeni o uhel

osa PRIMKA

rotace

360/n
nasledované

zrcadlenim




Stred symetrie

Inverze

Stred symetrie

.m




Stred symetrie

= stfed symetrie Nema stted symetrie



Orbitaly

s a d maji I (stied symetrie)

p a f nemaji I (stfed symetrie)




Rotacni osa C,

Rotace o thel 360/n. Vznikla situace je nerozlisSitelna od vychozi.

B D C
—_—
D B A
B A
—_—
D C
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chi osa

Rota

Rotace o uhel 360/n

oy,
e
)

ms,.///,"/.,,u///%/

Vznikla situace je

nerozlisitelna od vychozi




Rotacni osa C,

Rotace o uhel 360/4.
Vznikla situace je nerozlisitelna od
vychozi.

2®

NH3

C,,>Cs2oCl2>CHA=E
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Rotacni osa C,

Linearni molekuly
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Rovina symetrie G

CHs;

CH,
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Roviny symetrie G

Kazda planarni molekula ma rovinu symetrie ve které lezi

i Glj

G}, = kolma k hlavni rotacni ose
O, = protina nejvice atomu

9) d= kolma k hlavni rotani ose
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*

C,

.
Mirror

plane

Roviny symetrie G

Gv .
Reflection

Reflection
e
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Zrcadlove-rotacni osa S

Postupné provedeni dvou operaci — rotace a zrcadleni

S, =C,x0=0 S,=C,x G =1

(a) S, (b) S,

(1) Rotate _—|——(1) Rotate
—_— ___""--.._H\ e H‘HI
(2) Reflect Q\_ ,x“ o,
~N N\ (2) Reflect
- 5]

:' 1
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S,

1 4

cnil O0Ssa

A4

Zrcadlove-rota
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Prvky symetrie v molekule

S 226G

Otz

Oyiny

Oyiz)

Ekvivalentni atomy = jsou zaménovany operacemi symetrie
F,=F; F,=F,=F;
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Chiralita

Figure 2. The Founding Fathers. K. M. Barrer {1910—
1996) (right) and K. M. Milton (1920-2000) photographed
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Chiralita

Podminka chirality: v molekule neni ptitomna S
S, =0 .
S, =i

@
[\
v
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Dipolovy moment

n=qL vektor [Cm]

1 D debye =3.33564 103 Cm

100 pm (10-2 m
g, 100 pm (10w

proton a elektron, vzdaleny 1 A
w=qL=(1.60 10-C)(1.00 10-1° m)
=1.6010°Cm =

dipolovy moment
je referencni hodnota, Ciste +1 a —1
naboje vzdalené100 pm, vazba mezi nimi

Je 100% 1ontova Zahtivani v MW
20



Dipolovy moment molekuly

Dipolovy moment molekuly = vektorovy soucet dipolovych
momentl vazeb a volnych elektronovych part
Mira nerovnomeérnosti rozloZeni naboje v molekule

Bond dipoles

Bond dipoles H O /\
CO, 2

/\ . 3
_x'f; O \."\. §

s

H H

Overall dipole moment =0 Overall

dipole
moment
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Dipolové momenty diatomickych molekul

AH u (Debye) R(A)
LiH —6.002 1.595
BeH —(0.282 1.343
BH 1.733 1.236
CH 1.570 1.124
NH 1.627 1.038
OH 1.780 0.9705
FH 1.942 09171

negativni nebo pozitivni znameénko pro p = H je negativni

nebo pozitivni konec dipolu.

22






Dipolovy moment vazeb

Enlace yA-xB (D) Enlace yA-xB n(D) Enlace yA-yB (D)
CH 0.30 0.4 N=C 0.9 Br-P 0.68 0.36
N-H 0.87 1.31 N=C 3.5 |-P 0.15 0
N-D 1.30 O-C 1.00 0.74 O=As 4.2
H-P 0.14 0.36 0=C 2.3 F-As 1.90 2.03
H-As O 0.10 C-S 0.06 0.9 Cl-As 063 1.64
H-Sb 0.38 0.08 C=S 2.6 Br-As 054 1.27
O-H 1.30 1.51 C-Se 0.02 0.8 I-As 0.01 0.78
O-D 1.50 C-Te 049 0.6 Clsb 101 0.78
S-H 0.24 0.68 F-C 1.60 1.41 Br-Sb 092 1.9
F-H 1.90 1.94 Cl-C 033 1.46 I-Sb 0.39 0.8
ClH 063 1.08 Br-C 0.24 1.38 0=S 28
Cl-D 1.09 C-l 0.29 1.19 Cl-S 0.39 0.7
Br-H 054 0.78 O-N 0.43 0.3 O-Cl 0.67 0.7
I-H 0.01 0.38 O=N 2.0 F-Cl 1.27 0.88
cC 0 0 F-N 1.03 0.17 F-Br 1.36 1.3
E= 0 O=P AT ClBr 009 0.57
C=C 0 S=P 3.1 Br-l 053 1.2
N-C 0.57 0.22 Cl-P 0.77 0.81




Dipolovy moment a polarita molekul

Poldrni molekula = celkovy dipol musi leZet ve vSech prvcich
symetrie

nepolarni nepolarni polarni

25



Polarni H,O CH;Cl (CH,),CO NH,

5- O - {acetone)
0 C1 3- o
. 0 N
H5+H | /[\
Vs HH H
H H H puCs+cH, sy
Nepolarni ©©2 CCly PClg SF
o-cco ¢ Cl F



.-

Grupo
Puntual

Molekula

ABo B 0 CO5, BeCla(g), ZnX>
ABs BT 0 BX3, Gals, In(CH5)5
ABoE Coy finito SnXy, PbXa

ABy Ty 0 CXy, SiXy, ThXy
AB3E Cav finito NH3, NX3, PX3
AB2E3 Cov finito H;0, SeX;, TeX;
ABs5 D3n 0 PFs5. PCl5(g), NbCls(g)
AB4E Coy finito SF4, SeFy

AB3Ez Cay finito CiF3, BrF3

AB2E3 Deph 0 XeFz

ABg Oh 0 SFg. SeFg, MoFg
ABsE Cay finito CIFg, BrFs, IFg
ABaE? Dan §] XeFy

AB7 Dsh 0 IF7
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Teorie Molekulovych Orbitalt (MO)

Kombinace atomovych orbitalu na
vSech atomech v molekule

* Vhodna symetrie
* Vhodna (podobnd) energie

Z n AO vytvorime n MO

Pro zaCatek dvouatomove molekuly:
H2, F2, CO,....

Vazebny MO v molekule H,
Stejné€ 1 pro viceatomové: BF;, CH,,....

28



Konstruktivni

Destruktivni

Interference

29



LCAO = Linearni kombinace atomovych

orbitalu
+ N 4 Kombinace dvou vlnovych
Pt funkci (orbitali) se
® o i . ’ r
S AN stejnym znaménkem

VY=c ¥, +c, ¥y

Kombinace dvou vlnovych
funkci (orbitali) s
opaénym znaménkem

Distance

30



LCAO = Linearni

kombinace atomovych

orbitalu

Y=c ¥, +c, ¥y

A

Potential energy

Atomove orbitaly

Vs Protivazebny MO
Node

ls ls

0 O

Isolated H atoms

Subtract " . o
(1s—1s)

Energy of isolated H atoms

Pocet

o s
(1s+ 15) i

Y Vazebny MO

31

MO = pocet AO



LCAO = Linearni kombinace atomovych
orbitalu

2710
2

hea) 1.5°10

('ﬂlsBjj

I{‘i’ﬂj 110

(yoa) + (g

2

0 100 a0 00 400 A00
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In-phase

| | | 1

H, Hp H, H
b
Reinforcement of the waves from two hydrogen 1s orbitals on adjacent atoms (the ‘in-phase’ combination).

Out-of-phase

33

Destructive interference of the waves from two hydrogen 1s orbitals on adjacent atoms (the ‘out-of-phase’
combination).



Rozdil mezi VB a MO

MO

Lokalizované vazby Delokalizované vazby

34



Y= Protivazebny MO .Q
Energeticka

??‘J"'{F 12
——fi— y
.. A ',I
| destabilizace
153 IV U [11s
H atom - H atom stabilizace
II"-______ qkk (T |}- \ 4
Hz Molecule ve srovnani s

volnymi atomy

Y Vazebny MO ©
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n MO vzniklé kombinaci p AO

—— 3 8 Protivazebny ™ MO
aut of phase

—_

Vazebny T MO

in phase
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H;"

Vzrista energie, klesa stabilita

@

A

Protivazebny MO

@ " . Nevazebny MO

Vzrusta pocet uzlovych rovin

Vazebny MO
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H;"

 Vzrusta energle, Protivazebné MO
klesa stabilita

«o
&

Vzrusta pocet uzlovych rovin

Vazebny MO
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LCAO = Linearni kombinace AO
O

O

LCAO
obecné pro n atomu a m orbitalt

O
ce O@

O
O
80

O 0 e

° zadnou uzlovou rovinu, nejvice
vazebny, kombimace po jednom
AQO z kazdeho atomu, vSechny se
stejnym znaménkem

O

AN 4

@ ©

O
O
O

O

39



Zaplnovani MO elektrony

Autbau
Hund Pravidla pro zaplnovani MO elektrony
Pauli . ,
Protivazebny MO
;Zﬂzl Molecule

00

Antibonding
& A tom r;"_ _'1.“ Atn_m
. G ls '*r' "".,
1 s ,'; .\“ 1 s

.
% i
* .
% F)
(1 #
¥
Y i
u.‘ /
* &
1“ 'f

Bonding
O

1s

Vazebny MO 40



Rad vazby

Molecule
A *
()'1 s
Atom P T, Atom
= ,"' ‘\.‘
o 1s 1s
m 'l'" ‘\-
c r
‘1“ J.l s E 't‘
“1“ T + ":'
— i

Rad vazby = % (pocet vazebnych e — poéet protivazebnych e)
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Is

Is

Rad vazby

t 1s

te

H," kation

t 1s

He," kation

1s |1 1.0 1| 1s

ot
H, molekula
Is
cSls*
ot
1s Qff 00 [If 1s
ot
He, molekula



Rad vazby

Molekula | Vazebné | Protivaz. Rad | Délka vazby, | Vazebna energie,
elektron | elektrony | vazby A kJ mol-’
y
H,* 1 0 0.5 1.06 255
H, 2 0 1 0.74 432
He,* 2 1 0.5 1.08 230
He, 2 2 0 0

1 elektronova vazba: 1 vazebny e- tvori si1ln€jSi vazbu nez 2

vazebn¢ a 1 protivazebny e-
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Vazebny MO o,
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Protivazebny MO ,.*
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Energy

A Lio bond order = 1

—

AQ
of Li

\x,'
o

O2s
¢ " ‘\\k
O1s ™,
1
O1s
MO AQ
of Liz of Li

Energy

AQ
of Be

B Bes band order =0

T1s

MO
of Bes

AQ
of Be
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Vazebny MO o, ,,
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Protivazebny MO o, ,*
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Vazebny MO m,
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Protivazebny MO 7, . *
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Pi vazba v ethenu pomoci MO

¢

ST LUMD

LUMO = nejnizsi neobsazeny MO

b

v
.
’
! .
’ .
£ L
! L
i L
! y
£ |
F : § F 1
. :
. .
: i
" :
" ’
b i
)
h ]

HOMO = nejvyssi obsazeny MO —H— T HOMO
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Typy molekulovych orbitalu

— &)
C. o ant bonding

i
¢ -

-
-
P
:
- "
._'- — N .b .
K % m antihonding
-
l'.- "-. .\..\.'\- .\--\.
- .--' ‘-.' "
K . .. ¥ I L e
: . : .. g anti-bonding
- g - - - Bt -

- -
; r - - - -
- - -~
. - - - )
-" = - e - -
& = e — - - 5
: i : o1l
- - -
" - - -
- -
- Sn -
- -
-
= - - -
- - -
- - - s
- —— - -
N : m-Dol1l
b -
= -
& -
o] -

[ - - A honding

Lepsi prekryv snizuje energii vazebného MO a
zvySuje energii protivazebného MO: ¢ > 1t > o
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COee
Tvorba MO z d orbitala % % % X

22) d(z d(xz) d(xz) d(x?-y?) d(x?—y?)
A=) dz) d(yz) d(yz) dxy) d(xy) ™




Miseni s-p orbitalu

Energeticky blizke orbitaly na stejném atomu se mohou smichat

Energy (kJ mol™)

Miseni s-p

maly rozdil s-p \ 2s

velky rozdil s-p

Li Be B C N

O F Ne

95



Energie

A

Energy

Bez miseni s-p

- b %
.-': ; e o S

£ ":' .‘\*

* S
# '

[TTK 11

L o

W

2p R P 2p
L o

O2s
AC MO AD

A MO energy levels for Os, Fp, and Nes

Pro O, az Ne,

Miseni s-p
i

4
f
£
]
o
i
s
oo
L
El

.rII L TrEP ""' "'u.

. .
e o
. Y
S EY Y
I:D" E':l
% ¥

- F
2p WTeel 2P 2p

s - -
- = -
w
b
=
b #

1
IE

-
-~
’
-

AD MO AD
B MO energy levels for Bz, Cp, and Np

Pro H,az N,
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Diatomické molekuly

Pro O, az Ne, Pro H,az N,
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Interakcni diagram pro Li,az N,

7 %k N\
A // O 2p \\
7 AN
// - T . N
- sk * > D
‘///// TC 2p TC 2p \\\\\
) ?
~ >
2P, 2py 2P, N~ .-, 2px 2py 2p,
\\ \\ // /
\ N~—7 //
\ /
\ O2p /
\ /
| S —
/// * \\\

_< >—
2S5 < .7 28
N 7
N 7
N 7
N 7/

SN~—

G2s
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Energy (eV)

s A B % S & & S AP
Lo T 5 [ o R 0 o N A

L
S N S o B S

i I 1
aa [ F-
L i -

-35
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Energy

configurations

With 2s-20 mixing

Without 2520

Bz

G2

Nz

g
T2p

Ton

(kN mal}

o Bond enarogy

ﬂ i
Bond order

o
Tzp
Fap
T2z

Fog

— 150

] ]
th -
[ _r
I
B Bond length {pmi)

)

Magnetic
proparies

YValence
elecimn

Fammagnnliz

Cramaprsdic

Ciamagnetic

Fammagnetic

Ciamaprediz I

==

g g 2
i

[ﬁ:-__;:lz ['3 1:}5] ¢
[rt:l'gll-t

o o5
[rt:l'g] + ':':r?lp-llz

0¥ i 52
io E.-.lllq ) 4
{5l

i agl® iaat® | gl ® iona®

|:':'-'_._:',-_|'|2 ["_2.__']#
i

|:|:‘-',._:',-_|'|ﬂ [,-,-_2'_-']4
(7 3t (5507
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Diatomické molekuly v plynné fazi

Délka (pm) E_ , (kJ mol?)

Li-Li o, 267 110
Be..Be o,’c*,° ? ?

B-B C,,> %) Ty, 159 290
C=C o,’c* m,’ 124 602
N=N o¢,’0c%2m, 0,7’ 110 942
0=0 o,’0c*’0, n, ' n*,7> 121 494
F-F O, 0%, Gy > Tt ¥, 142 155
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Diatomicke molekuly

Li

Be,
S*(2p) i Cy
2 X T*(2p) o . Fy
G*I:ES,EP) o i J
~ H =1==_Lq 4| 4|
EKH(ZP) FI H"—xh ‘
=11—1—*4H#h
o(25,2p) | H=H=
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... H *:f.:'%

1 Mitrogen Mitrogen
Atorrie Oital - Molecular Crbital

N, trojna vazba

1 Mitrooen
Atorrie Oihital

=
-
=
-
-
= -
- -
- -
- .
- -
. =
) %

1= Cyoen Chenrorety 1= Creyen
Atorrie Ofbial  Molecular Crbital Atorrie Oibital

O, paramagneticka molekula
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Izoelektronové slouceniny

Pocet val. Priklady diatomickych castic
elektr.

9 BO, CN, CP, CO*

10 N,, CO, CN-, BF, NO*, TiO, SiO

11 O,*, -NO, SO*

12 O,, SO

13 O, Cl,*, -CIO

14 F,, O,%, CIO-
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Kyslik a jeho molekulové ionty

02+ 02 02_ 022_
e [ [ 2 |1 |4
Obsazeni HOMO | 4 T T NI T I NN
man’
Rad vazby 25 20 1.5 1.0
Délka vazby, pm 112 121 126 149

65




Multiplicita

M=2S+1

S = soucet neparovych spint (¥2) v atomu nebo molekule

M nazev S

singlet 0 ™
dublet 1 T
triplet 1 ™~

kvartet 1 ™1

kvintet 2 ™1
sextet 2> | TTTTT

OO B~ WOIN| =




Singletovy kyslik 'A
Tripletovy kyslik 3%

—2q vy
I... _I. y '_‘.:H‘ :__"’r-.l
.-;.*”1 =" | L H =" H 5y
e i .__% _I-'I

F— —VF

4y ——

rIflr' .
Al g 95 kJ mol _H‘I%

5 tx 5
s i
5 ) T 5
. P 1% Cheyzen Cheyret 1 x Chygen
Tl ‘ | e Atomge Otifal - Molecular Crbatal Atorrie Otbital
- 1%
1% Cheyzen Cheyret 1 x Chygen

Atorrde Obital  Molecular Cribatal Atorrde Oibital
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MO v polarnich molekulach

VYe=c,¥Y,—¢c, ¥ : ,
37A 4 7B v(A) << x(B) 1ontova vazba
Atam A Malecular Orbitals Atom B

] c,—> 0 vazebny MO = ¥,
c, = 0 protivazebny MO =¥,

s F v(A) <y(B) polarni vazba

c,<c, vazebny MO ma vétsi
prispévek od B

o c;> ¢, protivazebny MO ma veEtsi
2 — prispévek od A

v(A) =y(B) nepolarni vazba
C;=C, C3=C,4
VY=c, ¥V, +c, V5 stejny prispévek od obou atomi 68
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MO v polarnich molekulach, HF

HF

Protivazebny MO

Nevazebny MO

Slab¢ vazebny MO

Vazebny MO
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Volny e parna C
HOMO

(O =0

Volny e parna O — "
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Molekulové orbitaly CH,

MO methanu
i Energy
AQ uhliku }
. 2ty
e = R P P
TR
I g
g - T

- —H—i&}

1= Catbon Methane 4 » Hydrogen

Atorrae Cibifal Molecular Chrbital

Atorrie Orbifals

73



PES methanu souhlasi s modelem MO

—t—

«—1—
—t—

«—1—
«—1—

Electrons emitted
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H Benzen
612
SRaE
543

.
H te— — L1

Oddéleny pohled na sigma a p1 systém
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Vazebné MO v benzenu




C3H3+

C4H42+

—
—_

—a
-
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CsH;
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CeHy
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Molekulove ionty

._~_2q
4 $ ¥
% 1T
e
N Y T
I e

1% Cheyzen
Atorrde Obital

-
=
-
=
-
-
- -
- -
- -
- -
- =
- =
) %

Cheyret
Molecular Crital

1 x Chygen
Atorrde Obital

IE
O, > O0,” +e

OdtrZeni nejslabéji vazaného e
v HOMO
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-8
-
P—.

Molekulové ionty

—1q

a
o
a?

CN+e — CN-
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Excitace molekul

E..x = E(elektronova) + E(vibra¢ni) + E(rotacni) + E_,

Jednotlivé slozky E__;, jsou nezavislé — velmi rozdilné velikosti
(Bornova-Oppenheimmerova aproximace)

E(elektron) 100 kJ mol~! UV a viditelna
E(vibra¢ni) 1.5 - 50 kJ mol~! InfraCervena

E(rota¢ni) 0.1 —1.5kJmol”! = Mikrovlnna a dalek4 IC
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RotacCni energie

Kvantovani rotacni energie o A _rotational states (1=0,1.2...)

v 7 £ — d
E(rotacni) = (h?/2I) J(J +1) g §/ EEEDHE
J = rota¢ni kvantové ¢&islo s state

I = moment setrva¢nosti (U r?) potential

well of
molecule

Vybérove pravidlo AJ = +1 =0

Za normalni teploty jsou molekuly v mnoha
excitovanych rotaCnich stavech, rotacni energie
srovnatelna s tepelnou energii pohybu molekul
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Mikrovinna spektroskopie

Rotacni spektra jen pro latky v plynné fazi

Lze ziskat velmi piesna data o vazebnych delkach a thlech
I = moment setrva¢nosti = i r?

Vazebna délkav H, 0.74116 A
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Vibracni energie

Kvantovani vibracni energie
A , rotational states (J=0.1,2...)

E(vibra¢ni) = k h2 (v + %) 0
— Thradnd X7 £ — ground
v = vibrac¢ni kvantove Cislo o g/ 1 .
z electromc
= == state
Vybérové pravidlo Av = +1 = 7V3  potential
— 1”?:12 well of
o , —— F
Energie nulového bodu: . R:——t / molecule

Pro v=0 E(vibra¢ni)=%kh? —
H, E(disoc) =432 kJ mol™!
E(v=0)=25 kJ mol~!

Za normalni teploty jsou molekuly v zakladnim vibrac¢nim
stavu v =0 87



Vibracni energie

Molekula

Vibragni energie, cm™

H, 4159.2
D, 2990.3
H,* 2173

Energy -

A

, rotational states (J=0.1,2...)

—/ ground
glectromc

% state
= potential
_g_ V=2 well of
— v=1 molecule

¥ = 1/21 (k /m)”
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Rotacne — vibracni spektrum HCI

IC oblast Av = =1
v,= 2886 cm™! AJ =+1

Intensity
——

\4

[~ [
8.00 820 840 860 880 900 9.20
Frequency (10'3 Hz)
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Typy vibraci

Stretching vibrations

ValenCni
Symmetric Asymmetric
Bending vibrations
Deformacni Near  MNear Near
% Y Y Fi\}{
In-plane rocking In-plane =scissoring Out-of-plane wagging  Out-of-plane twisting
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Vibracni spektroskopie

Oblast A (um) vinocet (cm™1)
Blizka IC 0.78 - 2.5 12800 - 4000
Stredni IC 2.5-50 4000 - 200
Daleka IC 50 -1000 200 - 10

Nejuzite¢néjsi oblast 4000 — 400 cm~! obsahuje vibrace
veétSiny molekul

91



Infracervena a Ramanova spektroskopie

InfraCervena spektroskopie
Vibrace musi ménit dipolovy moment molekuly (HCI, H,O)
Pruchod IC zareni pies vzorek, méfime absorbované mnozstvi

Ramanova spektroskopie

Vibrace musi ménit polarizaci molekuly (H,)

Pruchod viditelného zareni (laser) pres vzorek, méfime
rozptylen¢ mnozstvi

92



Infrared and Raman Spectra of Polyamide {Nylon 66)
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Elektronova energie

Vybérové pravidlo AS =0 Excitovany
A I stav
% req e
4% T, | S Fog =T
A 1
; -
— | LUMO
S0 4]
¥ HOMO

povoleny zakézany
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Molekula H,

Excitovany (*)

r* +
r,( =074A ! Leq stav Hy
™ ( A 0 S
-
E (S,) =432 kJ mol™! o
E (S)=255kImol"! =

Edis oc( O) / ' HZ

IE( =1490 kJ mol!

Teq < ¥ E (S)>E (S) 95



Energy

Elektronové prechody

Prazdné

T —r Antibonding o
n—a oo x
-~ o Antibonding 1
37*“ /L T 1T
€ (&) Mon-honding 1
(€ Eonding
(&) Bonding o

Zaplnéno elektrony
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Elektronové prechody
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Elektronové prechody
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Excitace - deexcitace

eXcited vibrational states

A = photon absorption
F = fluorescence {emission)
P = phosphorescence
S = singlet state

T = triplet state

IC = internal conversion

8 / {excited rotational states not shown)
N

ISC = intersystem crossing

Energy ———p=
w»

S, -

electronic ground state
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Excitace - deexcitace

A = absorpce fotonu
vr = vibra¢ni relaxace, uvolnéni tepla

IC = vnitini pfemeéna, nezafiva, mezi stavy se stejnou multiplicitou,
spinove povolena

ISC = mezisystemovy piechod, nezafiva, mezi stavy se rtiznou
multiplicitou, spinové zakazany

F = fluorescence, spinove povolena emise S, — S, rychla, vyzareni
fotonu

P = fosforescence, spinove zakazana emise T, — S,, pomala, vyzareni
fotonu
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Lambert-Beeruv zakon

&(A) = molarni extink¢ni koeficient
l, | ¢ = molarni koncentrace (M)
d = délka kyvety

Plati pro uréitou A =1, exp[-&(A) c d]

% Transmitance = (I /1)) 100
Absorbance = —log(I/[)) =¢e(A) cd

Johann H. Lambert (1728-1777)
August Beer (1825-1863) 102



LUMO Oxyluciferins. Absorption Maxima
LUMO

HOMO

T 11t

keto-s-trans keto-s-cis(-1) enol-s-trans{-1)  enol-s-trans(-1)’
enol-s-trans keto-s-trans(-1) unui-a-transs}z,‘s
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Mechanismy pretrzeni chemickeé vazby

Termalni excitace

dodana tepelna energie je napumpovana do vibra¢nich modu
(valenCnich vibraci), vazba se prodluzuje, zeslabuje, az se
prerusi

relativné pomale,

Elektronicka excitace
energie dopadajiciho zareni (fotony, elektrony) je pouZita na

excitaci vazebneho elektronu do protivazebného orbitalu
okamzité,
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Mechanismy pretrzeni chemickeé vazby

SmiSena vibracné elektronicka excitace
energie (tepelnd) nékolika vibraci (fononu) je spojena a

napumpovana do elektronickeho prechodu valen¢niho
elektronu do protivazebneho orbitalu
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