Zakladni principy NMR
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NMR a vlastnosti jader
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Spin

Spin is a mysterious beast, and yet its practical effect
prevails over the whole of science. The existence of spin,
and the statistics associated with it, are the most subtle
and ingenious design of Nature - without it the whole
universe would collapse.

Sin-itiro Tomonaga, “The Story of Spin”
Nobelova cena za fyziku 1965.




Jaderny spin a magneticky moment

I=I,1I,1.)

jaderny moment hybnosti

pramét do libovolné osy je kvantovan
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magneticky moment
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Energie magnetického momentu v magnetickém poli
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Energie a obsazeni hladin

A I m=-1/2 B Boltzmanovo rozdéleni
E N, AF
tEA4tt m=412 g Ny kT
| =1/2

Pro 1H pfi teploté 300K v magnetickém poli 9.4 T

Na
— = 1.000064
Ng

Magnetizace - makroskopicka veliCina umérna rozdilu obsazenosti hladin,
udava intenzitu NMR signalu

NMR je principialn é malo citlivA metoda



Energie a obsazeni hladin

Je-li stav B obsazen 106 spinu, stav a. obsahuje108+piebytek.

21,14 T
900 MHz
p
9,40 T
400 MHz
235T RN
BCI

16 opind | HHHHHHH

135 spinu




Electromagnetic

Spectrum
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Energie a spektroskopie
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Energie a spektroskopie

UV zareni s A=254 nm
AE = 113 kcal/mol chemicka vazba

IR — karbonylova skupina 1700 cm-?
AE = 4.87 kcal/mol

NMR — 500 MHz
AE = 0.0477 cal/mol



NMR jadra a |

ejich parametry

Jadro Spin Vyskyt |y NMR frek. | Citlivost
[107radT1s1] | (11,74 T)

1H Y5 99,99 26,75 500,0 100

2H 1 0,01 4,11 76,8 0,0001

12C 0 98,93 - - -

13C Yo 1,07 6,73 125,7 0,02

14N 1 99,63 1,93 36,1 0,1

15N Y2 0,37 -2,71 50,7 0,0004

160 0 99,96 - - -

19F Yo 100 25,18 470,4 83

sip Yo 100 10,84 202,4 6,6




NMR frekvence

15\ 2H 13C 31p 19F  1H
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NMR frekvence
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NMR frekvence
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Chemicky posun

A A A A A A
By - .y
| lokalni magnetické pole
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Stinéni jadra elektrony

Pozménena rezonancni podminka

A
E AFE = hvBy(l1—0o) = hv

Y

rezonan ¢éni
,holé* jadro jadro v molekule frekvence



Chemicky posun

vV — Vref
6 = 10° m arts per milion
Vres PP P P
Priklad pro 1H
TMS 500 000 000 Hz 0 ppm
MeOH 500 001 650 Hz 3,3 ppm

Benzen 500 003 635 Hz 7.27 ppm



Chemicky posun

13C chemické posuny
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Symetrie a chemicky posun
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