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Spin nuclear

|
-
NUmero quéntico de spin = | 2

Multiplicidade: S = 2| + 1

Hidrogénio (1H): | = 1/2



Magnetismo nuclear




O momento magnetico do nucleo interage com um
campo magnetico externo

baixa energia alta energia



RMN detecta transicoes entre estados do spin nuclear
com diferentes energias na presenca de um campo
magnetico estatico
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A frequéncia de Larmor (wo) depende do campo e
da razdo giromagnética do nicleo

1 Isotope Spin Abundaniia v/rad.s1 T
H natural/%
1H 3 ~100 267.5x10°
12¢C 0 ~98.9
13C 5 ~1.1 67.3x106
14N 1 ~99.6 19.34x10¢6
15N = ~0.37 -27.1x106
A 13C 15N
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Deslocamento quimico: a frequéncia de ressonancia
do spin nuclear depende da densidade eletronica ao

redor do nucleo More conveniently

expressed as parts per
million (ppm) by
comparison to a reference

HsCO frequency:
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Keeler (2010) Understanding NMR Spectroscopy, 22 edicao, John Wiley & Sons



Chemical shift
/ shielding constant
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Equivaléncia quimica:
ambientes quimicos idénticos
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Acoplamento escalar
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Sistema de 2 spins isolados

Wy Wc
ex. 500 MHz ex. 125 MHz



Estrutura fina devido ao acoplamento escalar
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Como RMN funciona?



Magnetizagdo macroscopica (M) ho
equilibrio térmico
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Como podemos detectar M?
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Movimento de precessdo




O sinal é detectado a medida em que M precessa ao
redor de Bo com velocidade angular wo

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
time (s)

M, (t) = Mycos (wot) exp (—Rat)

M, (t) = Mysen (wot) exp (—Rat)

Sinal



O espectro e obtido a partir da transformada de
Fourier do sinal detectado

Intensidade
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time (s) (DO (HZ)
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R2 € a velocidade de decaimento da magnetizacao
transversal (spin spin) (Ro = 1/T2)



Frequéncia de Larmor
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Dois mecanismos de relaxagdo diferentes: relaxagdo spin-
rede (T1 ou R1), e relaxagdo spin-spin (T2 ou R2)
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R2 € a velocidade de decaimento da magnetizacao
transversal (spin spin) (Ro = 1/T2)



Como retiramos M do equilibrio?

efetivo

>

B

1
Neste caso M assume um movimento de precessdo ao

r'edO r de Befe'l'ivo



B1 € modulado por uma frequéncia wf
ﬁ,,af(t) = 2B cos (wyst + @) 1,
wrt ~ Wo (condicao de ressonancia)

Q:(D()_O)I'Gf
M QJ Q =vyAB

AB =By - OyerlY

</ Oref

Referencial girante: O campo externo € menor

llustracao: Multidimensional NMR in Liquids, FJM van de Ven, VHC Publishers, Inc, 1995, UK.



Campo efetivo

B1 estd oscilando com Condicdo de ressondncia
frequéncia o,..¢ AB=0, e Beff=B1
Be1‘f AB

A

M
X<
N Q B
B, -0
Off-resonance

Beff = /B + AB
weff = \/a)12 +Q°

llustracdo: Multidimensional NMR in Liquids, FJM van de Ven, VHC Publishers, Inc, 1995, UK.




Pulsos de RF
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Equacao de Bloch
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RMN multidimensional




Encoding information

* mixing/magnetization transfer

F 777 F
M
S S

proton A proton B

spin-spin interactions

Richard Ernst e Jean Jeener



Magnetization transfer

* J-coupling interaction 'SNQ-IB
- through 3-4 bonds max. e
— chemical connectivities >
— assighment M
- also conformation dependent
HNx NB
» Magnetic dipole interaction (NOE) dipole-dipole interaction

— Nuclear Overhauser Effect “

- through space \ e
- distance dependent (1/r6)
- NOESY -> distance restraints

31



Quem acopla com quem?
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2D NMR

Encodes information between spins

* [ype of information depends on transfer mechanism

J-coupling interactions
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COSY (Correlated Spectroscopy)
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nD experiment
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3D NMR

2D | 3D

2 @4

L @3 w3

Figure 1. Illustration of the increase in resolution afforded by the increase in dimensionality. In the 2D

spectrum, four cross-peaks overlap. By correlation with a third resonance frequency, each cross-peak obtains

a different position along a line in the 3D spectrum, thus resolving the overlap problem.

( Uistey , P/ D Vdeses ) /ﬁﬁ/)



heteronuclear NMR

Z Z

b S

1H 15N

— measure frequencies of different nuclei; e.g. 'H, '’N, 13C
- no diagonal peaks
— mixing not possible using NOE, only via }



J coupling constants

13
C

1 Jchee = 35 Hz
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I>N-filter - selecting a subspectrum

side chain CH3
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1SN-HSQC: fingerprint
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1H-13N HSQC: proteln fmgerpr:nt

108.0+

| unstructured - Ri H H

| protein /Ca\ N\ ~C..
.'. w Q

- ..o. - R
113.0- " 3 [ O i+|

118.0- * o
wh B
i - - -
z " s : *
a ‘ L ]
-: . 2 .‘. .
. e ®
- ':.0 r’ 3
< ... ’
| J -.-...
123.0- i
= »
'.‘ .
. -
- D
128.04

1090 90 8O0 70



3D NMR

Peaks not resolved in 2D

* The third frequency dimension will likely resolve all peaks
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