C4660 Zaklady fyzikalni chemie — 4. Interakce molekul s fotony

4. Interakce molekul s fotony

Fadio ""vice jako 30 cm | 10° radio, V. spinjadra
‘__-‘radar, mikrovinna trouba‘
URFECEVEREN 750 nm az 3 mm | 10* horkeé objekty |
ViditSInaNN 400 nm az 750 nm|  velmi horké objekty
UlEFafialovaii 20-400 nm | 10%° slunce; black lights
XEPAPISKYANN3 pm az 20 nm | 10*° katodova trubice

GAMAIPABISKY mené neZ 3 pm | 10 vesmimé objekty

E=hv
C=vA

h =6.626069%x10 " Js

C = 299792458 ms
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barevné latky

Violet: 400 - 420 nm
Indigo: 420 - 440 nm

Blue: 440 - 490 nm
Green: 490 - 570 nm
570 - 585 nm
585 - 620 nm

Red: 620 - 780 nm
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D¢leni spektralnich metod:

» mikrovlnnd, infraCervena, viditelna, ultrafialova, rentgenova
= rotacni, vibracni, elektronova
" absorpCni, emisni

» rezonanc¢ni, NMR, EPR, NQR, Raman, Mdssbauer...

Pavel Kubacek, Brno, MU, 2011 04/4/29
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Podminky spektralniho pfechodu

nutna podminka:

postacujici podminka: vybérova pravidla
,povolené* a ,,zakdzané* prechody

Intenzita oc pravdépodobnosti spektralniho prechodu

Pavel Kubacek, Brno, MU, 2011 04/5/29
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Charakteristiky spektralni linie

POLOHA

l POLOHA - energie
vlnova dé¢lka, frekvence, vinocet...

kvalitativni charakteristika

INTENZITA - koncentrace
Integralni (plocha)

SIRKA — (dynamika pfechodu)
polosifka
chemicka kinetika
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Rotacni spektra molekul

= v mikrovinne oblasti (plynna faze)

" jen specidlni laboratore

= geometricka struktura (malych molekul)

= energie rotace je kvantovana (tuhy rotor — Schrodingerova rovnice)

= 0 energii rotace rozhoduje moment setrvacnosti
(je dan znamymi hmotnostmi jader a jejich vzdalenostmi...)

ch@u

absorpce

[ | | | I I I I | [ |
20 22 24 26 28 30 32 34 36 38 40
frekvence / GHz
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MOMENT OF INERTIA FOR VARIOUS BODIES OF MASS
The mass of the body is indicated by m

Body Axis Moment Body AXis Moment
of inertia of inertia
Uniform thin rod Normal to the length, at m% Spherical shell, very thin, | Any diameter m%r‘?
one end mean radius, v
. . 2 . . . " : 2
Uniform thin rod Normal to the length, at mi—i Right circular cylinder of | The longiwdinal axis of | m 5
the center radius r. length { the solid
, . , , 2 2
The rectangular sheet, | Through the center par- | m35 Right circular cylinder of | Transverse diameter m (’"T + ’12)
sides a and b allel to b radius r. length [
: 2442 . ) — e 24r2
Thin rectangular sheet, | Through the center per- | me5 b Hollow circular cylinder, | The longitudinal axis of m(—r]#
sides a and b pendicular to the sheet length [, radii r1 and r2 the figure
Thin circular sheet of ra- | Normal to the plate | m5- Thin  cylindrical shell, | The longitudinal axis of mr?
dius r through the center length [, mean radius, r the figure
. , 2 . . , . 2
Thin circular sheet of ra- Along any diameter mi- Hollow circular cylinder, Transverse diameter I [r ?1-73 + i_i]
dius r length [, radii 1 and r2

Thin circular ring. Radii
rq and ro

Through center normal
to plane of ring

24,2

Hollow circular cylinder,
length I, very thin, mean
radius

Transverse diameter

2,2
N . .. . ri+r - . N . 2 4p
Thin circular ring. Radii Any diameter m—|4—2— Elliptic eylinder, length I, Longitudinal axis m (“ 4+b
rq and ro transverse semiaxes a and
b
a2 b2 _ : . . 3 2
Rectangular paral- | Through center perpen- m-=—g Right cone, altitude A, ra- | Axis of the figure myG "
lelepiped. edges a. b, | dicular to face ab, (par- dius of base »
and ¢ allel to edge )
. . . . . . 2
Sphere, radius » Any diameter m% r? Spheroid  of  revolution, Polar axis m 2;
equatorial radius r
WO D 2, .2
5 s ¥ ¥ ; . . b
Spherical shell, extemal Any diameter m2 —3—2—( 1-72) Ellipsoid, axes 2a, 2b, 2¢ Axis 2a miter)
g [ {Tl R, ) ]

radius, 1, mtemal ra-
dius ro

Pavel Kubacek, Brno, MU, 2011
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Vibra¢ni spektra molekul

= infradervena spektra (IC | IR)
= Ramanova spektra

= 3N — 6 normalnich vibraci (vnitini soutadnice)
= 3N — 5 normalnich vibraci pro linearni molekuly (jen dvé rotace)

= klasifikace vibraci podle typu pohybu
(valen¢ni, deformacéni, nuUzkova, kyvava, kolébava,...
valen¢ni — zména mezijaderné vzdalenosti, deformacni — zména uhlu)

vibraCni spektra experimentalné prokazuji symetrit molekul

04/9/29
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= ,otisk palce*
= ¢asti molekul (C-H, NH,, CH3, NO,, CO, fenyl...) se projevuji
typickymi vibracemi — strukturni analyza

INFRACERVENE SPEKTRUM ATROPINU

"] I )
o

_(‘l;ﬂ'f:-

02 E i i i . 1 i i i i | i : i i I

-_—_“w/f T fﬂﬂmﬂ WM\% |

- . 2000, 1000,
vinoéet / em™’
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Vybérova pravidla vibracni spektroskopie
vibraci odpovida spektralni linie s nenulovou intenzitou,
t]. prisluSny spektralni prechod je povolen (neni zakazan),
¢ili vibrace je aktivni, je-1i spojena se zménou
= dipolového momentu — v IR

= polarizovatelnosti molekuly — v Ramanov¢ spektroskopii

= priklad: DF vypocet pro -

X
FIIII")P\ / )
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1400

Pavel Kubacek, Brno, MU, 2011
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nelinearni molekula ... 3N —6 normalnich vibraci

3x12-6=30

0 zmené
dipdloveho momentu | polarizovatelnosti
rozhoduje symetrie

15 vibracnich pfechodi je povolenych
(z toho 7 mé& intenzitu < 1 % nejintenzivnéjsi linie
a5 je,,dobre vidét™)

04/14/29



C4660 Zaklady fyzikalni chemie — 4. Interakce molekul s fotony

cesty k upfesnéni:

= normalni vibrace — v harmonickém pfiblizeni (parabolicky potencial)
= anharmonicita
= kombinacni pasy

= vysSi harmonické frekvence

rotacni struktura (rozsifeni) vibracnich linii

Pavel Kubacek, Brno, MU, 2011 04/15/29



C4660 Zaklady fyzikalni chemie — 4. Interakce molekul s fotony

Excitace valenCnich molekulovych elektronu (UV & VIS)

- - - o*(antivazebny)
A
. . _ m*(antivazebny)
n—+—ag*
L *
— n —1 1T *
O I L o+ G*
g N (nevazebny)
L G— *
T (vazebny)
o (vazebny)

Pavel Kubacek, Brno, MU, 2011 04/16/29
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UV - spektra alkylbenzenii:
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UV — spektra bifenyla:
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Pavel Kubacek, Brno, MU, 2011 04/18/29
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Franckuv-Condonuv princip:

asova §kala pohybu elektronu: 107 s

casova Skala pohybu jadra: 1075 s ;
muZe dojit k fotodisociaci S
| 12\
x |
! \
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N

Pavel Kubacek, Brno, MU, 2011 04/19/29
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fluorescence & fosforescence
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Pavel Kubacek, Brno, MU, 2011

04/20/29



C4660 Zaklady fyzikalni chemie — 4. Interakce molekul s fotony

Jaderna magneticka rezonance

Priklady magnetickych jader
ve sloupci ,spin" je kvantové &islo velikosti spinu |;

v je frekvence, pfi niz jadro absorbuje v magnetickém poli o indukci 1 T;
ul 1y je relativni velikost magnetického momentu, ktera urcuje g-faktor jadra gy

: IMHz
SpINn I éozl T IgN — IU/IUN

vyskyt

Z 1sotop %

1 'H 999850 1/2 425775 +2.792847337
6 “C 1.07 1/2 10.7084 +0.7024118
7 N 99632 1 3.0777 +0.4037610
9 F 100 1/2 40.0776 +2.628868
11 *Na 100 3/2 11.2688 +2.217522

15 3P 100 1/2 17.2515 +1.13160

04/21/29
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multiplicita spinu: 21 +1
izolovany proton: hv = AE = g, 4, B,
(9, = 5.585694674 pro proton)
7N :i ... jaderny magneton

2m_
stinéni:
B =B,+B,=B,-0B,=(1-0)B,
hv = AE = g, u, (1- o) B,
chemicky posun ... J-stupnice:

_ (VV o Vs) . L.
0, = V PPM (relativni, bezrozmérnd jednotka)
VS

04/22/29
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NMR spektrum bezvodého etanolu oue

I i I i I [

CH, + zvétigno

- JII SRl

| =" i

4.78 ppm 3.57 ppm .11 ppm

Pavel Kubacek, Brno, MU, 2011 04/23/29
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parametry NMR-spektra:

= poloha linie (signalu, multipletu)
chemicky posun / ppm
kvalitativni charakteristika jadra

= intenzita linie (relativni, integralni)

umeérna poctu jader
kvantitativni charakteristika jadra
= interak¢ni konstanta (vzdalenost sousednich linii v multipletu) / Hz

spin — spinova interakce (blizka jadra)
strukturni charakteristika (konformace...)

04/24/29
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spin — spinova interakce

relativni intenzity slozek multipletd
pro N ekvivalentnich jader se

S=1/2
N N
0 1 0]
1 1 . 1 1
2 1 2 1 2
3 1 3 . 3 1 3
4 1 4 6 . 4 1 4
5 1 5 10 . 10 5 1 5
6 1 6 15 . 20 15 6 1 6
7 1 Ve 21 35 . 35 21 7 1 7
8 .1 . 8 . 28 . 56 . 70O . 56 . 28 . 8 . 1 . 8
9 i . 9 . 36 . 84 . 126 . 126 . 84 . 36 . 9 . 1 . 9
10 1 10 45 120 . 210 . 252 . 210 . 120 . 45 . 10 . 1 10

11 .1 .11 .55 . 165 . 330 . 462 . 462 . 330 . 165 . 55 . 11 . 1. 11
12 1.12 . 66 . 220 . 495 . 792 . 924 . 792 . 495 . 220 . 66 . 12.1 12

Pavel Kubacek, Brno, MU, 2011 04/25/29
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Elektronova paramagneticka rezonance

radikalové Castice
nesparované elektrony (dublet, triplet,...)

priklad: EPR radikaloveho aniontu nitrobenzenu

04/26/29
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Difrakce X-paprski
(monokrystal,
ohyb pusobi elektronova hustota)

prgagl
Sty




Pavel Kubacek, Brno, MU, 2011
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polohy jader jsou zndzornény termalnimi elipsoidy
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Schematic picture of a photosyn-
thetic reaction center from the bac-
terium Rhodopseudomonas virdis,
The polypeptide chains are drawn
as ribbons of different colors for
the four different protein sub-
units.
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