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Programa

Revisao sobre fundamentos de RMN.
Interacoes de spin nuclear.
Técnicas de alta resolucao em solidos.

Descricao teorica de experimentos de RMN em

solidos.

Praticas experimentais e computacionais em RMN em

solidos.
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Equipe
Departamento de Fisica - UFES

Dr. Jair C. C. Freitas: fundamentos teoricos e aplicacdes
de RMN de sdlidos.

Dr. Wanderla L. Scopel: métodos computacionais para

calculos de parametros espectrais em RMN.

MSc. Daniel F. Cipriano: praticas experimentais em RMN

de solidos.

MSc. Thierry R. Lopes: processamento e simulacdes de

espectros de RMN de solidos.
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Agenda 1 29 e 30/08/2016

Segunda-feira, 08:30-12:30: Fundamentos de RMN, interacfes de spin

nuclear, técnicas de alta resolucao em solidos.

Segunda-feira, 14:00-15:30: Descricao tedrica de experimentos de RMN
(Parte expositiva; responsavel - Jair)

em solidos.

Segunda-feira, 15:30-18:00: Praticas experimentais em RMN de solidos.
(Parte pratica; responsavel - Daniel)

Terca-feira, 08:30-10:30: Métodos teoricos e estratégias computacionais

para calculos de parametros espectrais em RMN de solidos.
(Parte expositiva; responsavel - Wanderla)

Terca-feira, 10:30-12:30: Processamento e simulacdes de espectros de
. Parte pratica; responsavel - Thierr
RMN de solidos. ( g P 2
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Fundamentos teodricos e
aplicacoes de RMN de

solidos

Jair C. C. Freitas
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Fundamentos de RMN

Precessao de Larmor:

A 7
T
ll ..... “+________4 Frequéncia de Larmor:
magnetic |
moment Bo 7
w, = g30 (=107 rad/s)
f,=8,/2 (~MHz)
spinning l
nucleus ’ . n
Radiofrequéncia (RF)
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Fundamentos de RMN

Nuclide Natural abundance Nuclear spin Larmor frequency Sensitivity?

(%) (MHz)

1H 99.99 1/2 100.000 1.000

13C 1.07 1/2 25.145 1.701 104
14N 99.632 1 7.226 1.001 103
170 0.038 5/2 13.556 1.111 105
23Na 100 3/2 26.452 9.271 102
277 100 5/2 26.057 0.207

295 4.683 1/2 19.867 3.681 104
31p 100 1/2 40.481 6.651 102
33 0.76 3/2 7.676 1.721 105
39K 93.258 3/2 4.666 4.761 104
43Ca 0.135 712 6.730 8.681 10°¢
129 e 26.44 1/2 27.810 5.721 103

& Corresponding to the magnetic field of 2.35 T of a 100 MHz NMR spectrometer.
b Relative to 1H.
Harris et al., Pure Appl. Chem. 2001;73(11):1795-1818

RMN de Solidos: Teoria, Experimentos e Simulacbes Computacionais



Fundamentos de RMN
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http://www.grandinetti.org/Research/NMR
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Generalidades sobre RMN

Paramagnetismouclear:
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Generalidades sobre RMN

¢ f, ~ 43 MHz (H
By~ 1T Y : tH)
f, ~ 28 GHz (eletron)
Magnet
N S Campo de RAB,; ~ 10G = 16T
Egneratnr .Sarnple
N Campo da TerréB; ~ 10°T
u o u -
B, =B,k B, = (2B, coswt) X
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Pulsos de RF
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Deteccao do sinal de RMN

Bobina posicionada ao longo do eixo x (Lab.):

df &

(0 = v

oM MgCos | t

. mNg 1 (I A)r*By°
3KT

Snax = S0)

Hoult & Bhakar (1997)
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Deteccao do sinal de RMN

FID = decaimeno livre de inducéo

Current Induced signal
in coil (FID)
WL z }.\ Dieca
(i DT
i e, _
e N
x M, Coil H‘Omﬂﬂﬁnn
fL
f
Transformada de f. le
Fourier (FT) [ WWWIN|IWMW&.UWH.
FID Espectro
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Método da transformada de Fourier
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http://grandinetti.org/Teaching/Chem824/Notes
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‘ Um experimento simples de RMN (1D)

Experimento de excitacdo com pulso unico ou decaimento de Bloch:

Sinaldetectad@womfrequéncia
of =f T f5 (audio)

Sinal em ressonancigd =0

r Jk
| TF
| —

Ty ,
‘ u V |L|| ||,P|J Lln'Jnl.r'ur'unur e

FID Espectro
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Relaxacao do sistema de spins
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Relaxacao do sistema de spins

U Relaxagao longitudinal (T,):
A Trocasdeenergiaent r e gquédons e

A Existéncia de campos flutuantes com freqiiéncias ~ w, .
A Restauracéo do equilibrio térmico.

U Relaxagao transversal (T,):

A Perda de coeréncia entre os spins no plano transversal.
A Distribuicdes de freqiiéncias de precessao.
A InteracBes entre os spins.

} Magnetization FIG.24
Mg [
Longitudinal relaxation
M, =Mg(1-e "Y1,
063Mg |-
7 = \
quL“dOS Tl 0 T2 037M o 1 Transverse relaxation
2 My =Mge UT
- T2 T |
Solidos: T, >>T, ol 7T t
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Relaxacao transversal

U Inomogeneidade do campo magneético:

e

90° Pulse

wi(r) =Byr) Wr) = wr) -re

90° Pulse Stota.l{ﬂ ://‘/p{r}ﬁiﬂir}lf ~E_f".-"'T2dI""_

Ty =2/T
1* _ 1 v &
T2 T2

http://grandinetti.org/Teaching/Chem824/Notes
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Relaxacao transversal

U Relaxacao transversal em solidos:

1.0 RMN de °F em CaF,
F(t)
0.8
T, ~ 208
0.61
0.4
0.2+
0 : e
40 60 80 100
024 time in microseconds
Figure 4.2 FID of calcium fluoride.
ANMR and relaxationo, Cowan. Camb
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Relaxacao transversal
U Relaxacao transversal em liquidos:

1.0 - 1 .
Fo RMN de *H em glicerol

0.8 -

{

T2 - st
0.6 1

04 1

02 +

0.0 4 | : ] |
0 20 40 60 R0 100
time in milliseconds

Figure 4.3 Proton transverse relaxation in glycerol.

ANMR and rel axationo, Cowan. Camb
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Medida de T,: sequéncia spin-eco

[\D\ Amplitudes dos ecos de spin:
.[\__J_J\ Sem difusao:

e A2t) A0)e? ™

\ ‘ e Com difusao:

| L AN 1 éal'lB 2_{
\ A2t) A0)e2Me ¢ = 3
soe oe ——

NALAL A

o0 wer 1don ot wor e Carr & Purcell (1954)
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Sequéncia CPMG

Sequéncia CPMG:

Amplitude

Time {ms)

Amplitude

200
Time (ms)

Carr & Purcell (1954); Meiboom & Gill (1958)

RMN de Solidos: Teoria, Experimentos e Simulacbes Computacionais



Sequéncia CPMG

90° pulse  180° pulse 180° pulse 180° pulse
M) [|yaxis [ ]xaxis [ | x axis ] xaxis
7 e— t/T2 " "-.bq\ 7 e_ ‘t/-l_2
\ S -1 echo decay, having
S~ time constant T,
N S N
free induction ¢
decay

Figure 4.13 Carr-Purcell-Meiboom-Gill sequence.

A N M&hd relaxationd Cowan. Cambridge University Press, 1997.
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Sequéncia CPMG

(a)

A B C
M
T) T T3 T4

X al Y |- . A Y |, "

?, P, 13312 P ‘Ca r,j
Ta T

Tl | T2 T | Ta Ta| | T4 Ty [ Ta

i f—t —l |[— — [— —| =

Figure 1. Quadrupolar CPMG (QCPMG) pulse sequence for sensitiv-
ity-enhanced quadrupolar-ccho (QE) solid-state NMR of half-integer
quadrupolar nuclei: (a) timing scheme of the pulse sequence; (b)
relation between the pulse sequence timing 7 and the timing £ of the
frec induction decay (sce text). Shaded and open bars correspond to
sclective (central transition) /7/2 and 7t pulses, respectively. The phases
¢1, @2, ¢3, and the receiver reference phase ¢... are cycled (see Table
2) to select the p = 0 — £1 — +1 — =1 etc. coherence transfer
pathways.

Larsen et al., J. Phys. Chem. A 101 (1997) 8597

RMN de?Mg i Mg(OAc), G+H,0

0 2 4 6 8 10 12 14 16 18 20 msec

el d v “ll.

14 10 8 6 4 2 -2 -6 -10 kHz
Ellis et al., J. Magn. Reson. 151 (2001) 48
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Probl emas com nNtemp

Experimento de pulso simples: Magnet

Non S

RF gRociD

Generator E;ﬂ;ﬂ'ﬁ sample

- Coil

s N

Regi «o nNncorrc

Decaimento livre de inducdé&ID )

e

p/2 pulse
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Probl emas com nNtemp

Experimento de spin-eco: Magnet
Ny S

FF o

Generator E;ﬂ;ﬂ'ﬁ Sample

- Coil

s N

Echo

/'

p/2 pulse t p pulse t
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‘ Probl emas com fntemp
Comparacéao i registro d elinhias largaso

Experimentos de RMN d&V i VO :

Single pulse Single pulse

-

Spin echo
Spin echo
MMWWr
et ! | ! | ! |
o.lo 0.|2 0?4 0?6 0?8 1.|0 20|00 15|00 10|00 5(|30 cIJ -560 -1000  -1500 2000
Time (ms) Shift (ppm)
Dominio do tempo Espectros
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‘ Relaxacao longitudinal

Processos
As priend e O
RE Absorcao Relaxacao . | fransicoes
estimuladas
S W WO — S W W —
W, i > 0. 0.06.0
Equilibrio Saturacao Equilibrio
B :e(,;tmn;i$netic B Net moment Ef Net magnetic
5 é R ﬁ B moment
% % A o> 4 _— ﬁ $ A o>
P % Tema x v i K BN mema
ASpin dynamicso, M. H. Levitt. John Wiley & Sons, 20
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Medida de T,: sequéncia inversao-recuperacao

T /2
equilibration tl t2
time
100% Meq
50%
Mz(t1) 0% - v . : ,
2T, 4T, 6T, 8T, 10T,
-50%
1 A —t1/T

-100% M. () = Meq(1 — 2e / )

http://grandinetti.org/Teaching/Chem824/Notes
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Interacoes de spin nuclear

f
MWWuW [ snnnnnan P Jk f,=8B,/2

ANucleo atébmico isolado: medida de f, fornece B, ou o.

ANucleo atdmico na matéria: espectros de RMN (contendo varios
valores ou distribuicdes de f,) fornecem informagdes sobre a
estrutura da matéria.
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Interacoes de spin nuclear

Materiais isolantes e diamagnéticos:

U Deslocamento quimico: Termo isotropico + parte anisotropica
U Interacao dipolar direta: Homonuclear ou heteronuclear.
0 Acoplamento escalar (J): Termo isotropico.

U Interacao quadrupolar: | > 1/2.
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Interacoes de spin nuclear

Materiais isolantes e diamagnéticos:

U Hamiltoniano contendo diferentes interacoes:

Hsp‘n:Ho 'IHRF HDQ HH; HJ+ HQ

dip

so il
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Desl ocament o gqgu2mico

nuclear

Y
electrons

flow of ]
induce
Em liquidos: slections  fiela
*=8, = 9 (JIB
- fobs_ fref Set T o
o U= — S -
u\ o -fr(af\ Ve Fret 1- s @S o
ppm TMS iSpin dynamicso, M. H. Levit
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