Fyzikalne-chemicke zaklady
nuklearni magneticke rezonance

James Keeler: Understanding NMR Spectroscopy
University of Cambridge, Department of Chemistry
2002



NMR a elektromagneticke spektrum
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Figure 1.2

Spectral regions of the electromagnetic spectrum of interest in biological investigations
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Chemicky posun
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Rotacni frekvence a energie
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Nuklearni spin a spinove stavy

I =k*1:, kjecelédisloQ, 1, 2 .... spinove kvantoveé cislo

m = -I, -I+1, -I+2 ...... I-2,I-1, 1 magnetické kvantové Cislo

2 o stav
-2 B stav

prol =1 m =
m =

Pro 2 spiny s I= V2 existuji 4 mozné kombinace stavll o, af, Bo. a Bp
Pro 3 spiny s I= > existuje 8 moznosti kombinace stav(l

aaa, aaf, apa, Bao, afif, Pap, Bpa, a BRP
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E,=m*v,;« v, - Larmorova frekvence

poradové Cislo spinu

E, =+ * Vo1 Eg=-"2 * Vo
]
V0. 1 =—2—)/1(1 + 01) By wo = —y (1 +0)Bo
TT

v - magnetogyricka konstanta (pomer) [rad. s1.T1]

pro 'H y= +2,67 x 108 rad. s1.T-1 = 42 494 369 s.T-

PriB0=4.7T
v, = -200 x 106 Hz a o, = -1,225 x 10° rad.s™!



Zemskeé magnetické pole B, = 40 mT, v, =-1.7 MHz
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Spektrum
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Dva spiny
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Dva spiny
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Vybérové pravidlo AM = £+ 1
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Dva spiny

vig = Ey — E;
= +3v0.1 — 3v0.2 — 3J12 — (3vo.1 + 3v02 + 7/12)

—vo,2 — 3712
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Dva spiny — jedno-kvantove prechody
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Dva spiny — vice-kvantove prechody
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Tri spiny

Eymymy = Myvo 1 + mavg 2 + m3vo 3 +mymad i +mymsJys + momsJo

J13 J12
number spin states M energy / \
1 oo 3 H+3voa+ v+ vz + 1S+ 33+ 103
2 afc 3 +3vo1 —3vo2+ 3v03 — 112 + 113 — 1723 @* o F@
3 P 5 —3vo.1+ 3vo2+ 3vo3 — 112 — 113 + 123
4 PP -3 —3vo,1 — 302+ 3vo3 + 1J12 — 3J13 — 1723
< J12—I:=-
5 o f 5 +3vor+ svo2 — 303 + 112 — 3J13 — 1723 Jys Jiq
0 app —%  +3vo. — 3v0.2 — sv03 — $J12 — 313 + 1723 = e
7 Bap —5 —4vo1+ o2 — %03 — 312+ 13 — /23
8 BBp —3 —3Vo.1 — Vo2 — $Vo.3 + 112 + $J13 + /23
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Tri spiny

transition  state of spin 2 state of spin 3 frequency
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Tri spiny - subspektra
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TR spiny — vice-kvariigggiprechiody
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Dva spiny — silna interakce

transition frequency intensity
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Dva spiny — silna interakce
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Dva spiny — silna interakce
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Tri spiny — ABX systém - subspektra
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