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Schrodingerova rovnice

Ay (i, ga) = EV(di, Ga)

g; - symbolizuje elektronové soufadnice
go - symbolizuje jaderné soutradnice
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Born-Oppenheimerova aproximace

A

H(qi, 90) = E¥(qi, 9a)

A

(Hel + Vun) Vel = Eeithel

Hetbel = Eettbet, U = Eo + Vi

U je soulet celkové energie elektron (kinetické a potencidlni, E) a
energie mezijaderného odpuzovani (Vyn).
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Re - rovnovazna
mezijadernd vzdalenost

D, - rovnovazna
disocia¢ni energie

Dy - disociaéni energie
zakaldniho vibra¢niho
stavu

Nulbodové energie
(zero-point energy)
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Vazba, p¥. iont HJ

1+ FIGURE 13.4 Electronic
energy with (U) and without
(E,y) internuclear repulsion
for the HI ground electronic
state.

Energy/hartrees

Ribohrs

U je soutet celkové energie elektront (kinetické a potencidlni, Eq) a
energie mezijaderného odpuzovani (Vyn).
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MOs, p¥. iont HJ

Ul hartrees
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Atomy /, molekuly A

Molekuly,

Absolutni hodnota primétu
(do molekulové osy)

L N elektronového orbitalniho
N ” momentu hybnosti.

Atomy,
orbitdlni moment hybnosti /

: A= |m

Mozné hodnoty:
m=0,£1,4+2 +...

o " A 0 1 2 3
L } letter | o T 8 & ¥

Letter | 5 n d i £ i i K
I 0 1 2 3 4 5 6 7

e = const(2m)"/2eim?
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MOs o1s, p¥. iont Hy

e

Nodal plane
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MOs o2p, p¥. iont Hj
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MOs 72p, pF.
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MO pro H;, - N», pofadi a oznaeni

TABLE 13.1  Molecular-Orbital Nomenclature for

Ppy— — — 2 Homonuclear Diatomic Molecules
Separated-Atoms United-Atomn Numbering
Description Description Symmetry
o ls Lser, lerg
- auls 2 lo,
. /_',/" oils “--g___‘ » a2 2507, 2,
o Tl PN o8 3pat 20,
B 2P 2, 17,
a2p 3oy 3o
wip 3dmy larg

a'tdp 4pot 3o,
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MOs, p¥. iont HJ

0.4
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E =02 X
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MO pro O,, F,, pofadi a oznadeni
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Rad vazby =

(polet vazebnych - potet protivazebnych elektronii)

N
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Celkovy orbitdlni moment hybnosti ve sméru molekulové

osy M,

I\/IL:Zm/

Mozné hodnoty M; = 0,£1,4+2, 4. ..
A= ‘ML|

Kédovani A:
Ao |

|
Iettcr| >, | I1
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Spinovy moment hybnosti pro molekuly

Celkovy spinovy moment hybnosti molekuly s n elektrony je dan jako
vektorovy soulet spinovych momenti hybnosti jednotlivych elektroni:

n
$=>_si
i=1
ma velikost:

S| = /S(S + 1)k

Kvantové &islo celkového spinového momentu hybnosti vzniklého souétem
momentl hybnosti miZe nabyvat hodnot:

1
5$=0,-,1
7277

Spinovd multiplicita je ddna jako (25+1).
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Elektronové termy dvouatomovych molekul

Dvouatomové elektronové stavy, které maji
@ stejnou elektronovou konfiguraci
@ stejnou hodnotu A
@ stejnou hodnotu S

maji stejny elektronovy term:

25+1(/\);//u—
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Elektronové termy dvouatomovych molekul - obecné

TAELE 12.3  Electronic Terms of Diatomic Molecules

Configuration Terms
oo ]}: +, 32+

o o 1,11

. T I3 3R IET, 95, 1A%
w8, 8, mh’ 11, °11, ', b
o o

ot ot 5 Izt

o 11

ot I3+ 35~ 1y
5 &° ‘A

31 ]}: +’BE—’ ][1
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Vlastnosti homonukledrnich dvouatomovych molekul v

zakladnich stavech: elektronové termy, ¥ady vazeb

Molecule Ground Term Bond Order D./eV R./A
Hi 22g % 2.79 1.06
H, 12; 1 4.75 0.741
Hes 3 L 25 1.08
He, 12;‘ 0 0.0009 297
Li, s 1 1.07 2.67
Be, 12; 0 0.115 2.45
B, ’s, 1 3 1.59
C, 12; 2 6.3 1.24
N; 3 2! 8.85 112
N, 12; 3 9.91 1.10
o5 o, 2L 6.78 1.12
0O, 32; 2 5.21 1.21
F, ]2; 1 1.66 1.41
Ne, 12; 0 0.0036 3.1
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(N&ktera) Vyb&rova pravidla bimolekuldrnich pfechodd

O AN=0,+1

Q@ AS=0

Q@+t +,— —+¥H—
QgougsHgusu
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K¥ivky potencidlni energie v zakladnim a excitovanych

elektronovych stavech O,

70000 |
o) +o(lp 8-
60000 +
50000 + 3.
EU 6-
E 40000 4 \// 70(3P)+ o(’p)
(cm'l) 4 -
30000 +
eV
20000 +
2 -
10000 +
0 } } ¢ + + +
05 1 15 2 25 3 35 4
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Ustalena n klatura termu

@ Ptedpona pro term zakladniho stavu je X.
@ Excitované stavy se stejnou multiplicitou jakou ma stav zakladni se
oznaluji A, B, C, ...
o Excitované stavy s jinou multiplicitou nez mé stav zdkladni, se
oznaluji a, b, c, ...
Ustalena nomenklatura prechodi

@ Prvni se piSe term o vy3si energii.
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K¥ivky potencidlni energie v zakladnim a excitovanych

elektronovych stavech C,
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Vibraéni struktura elekt

Vibrational + Electronic = Vibronic

i
5
4
3
2
¢ . . y
0 @ Vibronicky
N prechod
A o Elektronovy
o 4
5 P
; @ Progrese
2 @ Sekvence
1
0
=0 ¥=1 v=2 = Av=o0 Ap=1
N H -
Progressions Sequences
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7

Zavislost na A\ je nepfima

Einsteinova rovnice

h

E, = hy = = = hci
c=\v
A=1/i
b}

a)
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Anharmonicita
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e
Internuclear Separation (r)
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Jablonského diagram

Ty

——— vibrational state
—— electronic state

1 radiative processes
(absarption or emission)

§ wne RONFadiative processes

So
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@ Absorpce

@ Vnit¥ni
preména

o
Mezisystémové
k¥izeni

o
Mezisystémové
k¥iZzeni

@ Vibraéni
relaxace

@ Fluorescence

@ Fosforescence
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Nuclear Coordinates
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Franck-Condondiv princip

n—r'lnl 0-2’! | 0~
NIAG EVVAVES

Figure 2.10  lllustration of the Franck-Condon principle. The bottom diagrams illustrate the
vibrational structure of the absomption bands
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Franck-Condondiv princip

Berzene in hexana

48 s 4z 40 a8

g

ot T T T T T T

D—r' 02| | 0.0

o2z . o | UL __

AT Y .

Figure 2.10  lllustration of the Franck-Condon principle. The bottom diagrams illustrate the
vibrational structure of the absomption bands
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Franck-Condondiv princip: absorpéni a fluorescenéni spektra

432 408 384 360 336 312 288
i i L L L L i

#/10°cm”

0.84
T// au
0.64
0.4+

0.2

ZInm

0.0+ r T ; ; ——
220 240 260 280 300 320 340
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Franck-Condondiv princip: absorpéni a fluorescenéni spektra

432 408 384 360 336 312 288
i i L L L L i

#/10°cm”

0.84
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Energy
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Solvation Coordinate
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Stokesliv posun v elektronové spektroskopii

Rozdil rozdili 0-0 energii mezi absorpci a emisi.

432 408 384 360 336 312 288
L L L L L L L

#/10°cm’

0.8
TI/au

0.6

0.4
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220 240 260 280 300 320 340
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Stokesliv posun v elektronové spektroskopii

Rozdil rozdili 0-0 energii mezi absorpci a emisi.

432 408 384 360 336 312 288
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Berzene in hexane
a8 44 42 40 2z

7 (um’)

Spektroskopicky p¥echod ze stavu, ktery je tepeln& populovan.
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n, " prechody

Energy

Ty

Nuclear Coordinates
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n, T prechody

200 250 300 A/nm-1 400
1 1 —

0

log(e /[M-! cm-1] T
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Dovolenost pfechodi

t

Fully allowed

Allowed
4

A (in nm or &) —
«— v(inem™ors™)
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