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RMN con campo magnético ciclado
I Introducción
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¿De qué se trata?
Experimentos de RMN a los cuales se suma la posibilidad de utilizar
diferentes valores de campo magnético, en sincronismo con otros
eventos  destinados a la manipulación espines nucleares y/o electrónicos.

Why magnetic field cycling in NMR
experiments?
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Signal to noise ratio in
NMR experiments
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Example 1: field-cycling NMR relaxometry
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Example 2: nuclear quadrupole double
resonance (NQDOR)
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Example 3: zero field NMR
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Example 4: electron-nuclear double resonance
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Example 5: field-cycling MRI
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Data acknowledged to David Lurie  (Aberdeen)

Pregunta: ¿es posible pensar en una sola máquina que
permita realizar todos estos experimentos?
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III Relaxometría

Relaxometría: dependencia de un
parámetro de relajación magnética nuclear

o electrónico con una o más escala/s de
tiempo/s determinada/s

Ejemplos: T1, T2 ,T1r, T1D,T1Q, TD ,T2r,
T2e , etc.

n0 =g.B/2p
También llamada “espectroscopía de relajación en el pasado”



2

Escalas de tiempos:

diffusometry,
transverse relaxation,

residual spin couplings

field cycling relaxometry
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conv. relaxometryrot. frame relax.

Experimento básico: dependencia de T1 (relajación
espín-red) con la frecuencia de Larmor
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Fundamentos

Mecanismos de relajación

Otros
...

Tiempo de
relajación

longitudinal
T1

 Existencia de un acople
entre el sistema de espines
y el medio que lo rodea
(red).

 El sistema de espines es
perturbado (ej.: pulso de RF)
y éste regresa al equilibrio
termodinámico con el
campo magnético en el cual
se encuentra (Ley de Curie).

Transiciones
entre niveles

de energía del
sistema de

espines

Modelo fenomenológico: ecuaciones de Bloch
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What do we measure?
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Zero field level

Relaxation field level

Magnetization evolutions with same T1
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Defines de Larmor frequency!
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PP sequence

NP sequence
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Switching times
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1. ¿Con que criterio utilizo secuencia PP o NP?

2. ¿Qué cuidados debo tener para regular el ciclo
útil del experimento en cada caso?

Preguntas
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IV- Cristales líquidos
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Common thermotropic mesophases

Source: Liquid Crystals: frontiers in biomedical applications. G. P. Crawford and F. J. Woltman
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Cyanobiphenyl homologous series:
transition temperatures

Source: Liquid Crystals: frontiers in biomedical applications. G. P. Crawford and F. J. Woltman

C5H11CN
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NMR Relaxation

Molecular dynamics

Molecular order



5



6

Dispersion law predicted by P. Pincus in 1969
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T1 relaxation driven by ODF
T1

-1=f(J1(w),J2(w))
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The nematic ODF relaxation mechanism

      2

´
* qq´q   nnn qq1

2

3

4

     q
q

q 


 
nn

t

1



    

 q
q

q








K


332211 KKK 
2KqK 

  2

1

1


J

2,1

Pincus – Blinc (1969)

Rotating-frame spin-lattice relaxation: T1ρ
p/2

P2: LOCK PULSE

FID

M

H1

M
H1



9

0.1 1 10 100 1000 10000

10

100

10

100

10 15 20 25 30 35

1 [kHz]

T
1

[m
s]

Bulk 8CB

1/2

 ISOTROPIC 323K
 NEMATIC 309K

T 1[m
s]

0 [kHz]

Differences between rotating and laboratory-
frame spin-lattice relaxation

Small angle fluctuations

      deGJ i
KK





 Re

   *
22 0 KKK YYG 



10

Smectic A phase
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ISOTROPIC

NEMATIC

SMECTIC A

T1 as an “order sensor”
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The action of sound on a nematic

30 years later..
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Acoustic-Director fields interaction
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Experimental
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Magnetically ordered state
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Comparison with angle-dependent field-
cycling NMR relaxometry
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Relevant features

• Ultrasound mainly interacts with ODF

• T1 dispersion is sensitive to the interaction

• Effects in the whole frequency window

• Efficient molecular reorientation
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Effects of sound in the smectic A phase
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V- Membranas lipídicas
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DMPC: 1,2-Dimyristoyl-sn-glycero-3-phosphocholine- 1:1 in D2O.
Multilamellar
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• Order fluctuations (smectic)

• Translationally induced
rotations (diffusion on curved
surfce)

• 3 rotational terms (Lorentzian)

• Lateral diffusion (Vilfan’s for
smectic)

• Compares coupled/uncoupled layers

• OF physical parameters inconsistent
respect  other experimental techniques

• Discussion focused in the low-frequency
end of the dispersion (cut-off’s).
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Features
• Interpretations based on available
theoretical  models

• Too many fitting parameters

Alternatives
• Model-free approach

• Evidence-based interpretation.
Fixed parameters from other
experiments. Model refinement
when needed.

Fitting Simulation

Investigate
Dynamic
processes

Debug
experimental

data

Correlation
function &

spectral
density

Compare data
and simulated

dispersion

Get
parameter

ranges
OK

Fail
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Confocal fluorescence microscopy

FRAP

DOPC LC
5mm

DPPC gel

FCS

GUVs
D~7E-12m2/s

i: chemical specimen
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Fast motions

• Thermally activated
processes

In the explored time scale: manifested as a
frequency independent offset

• vibrational fluctuations
• librations
• isomerizations
• fast rotational processes
• hydrocarbon chains fluctuations
• etc……
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Similar result for DOPCMeledandri, Perlo, Farrher, Brogham, Anoardo (2009)
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Cómo influye la dinámica de los lípidos la presencia de colestrol?
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Microscopic approach
(two lipid populations)
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80nm 298K
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Affected lipids
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Microscopic approach
DOPC/25%
68nm 298K

90%
Affected lipids

per

3FFC
Edholm (1992) >3
Chiu (2002) 8-9

Jedlovsky (2003) 9
Alwarawrah (2010) Supports

Edholm



12



1

Different approaches
High detection field
Superconducting magnet
Keep spectroscopic
resolution
Typical switching times
50ms – 500ms
Movable sample
Pneumatic or mechanic
system

Moderate detection field
Air-cored electromagnet
Low resolution, relaxation
applications
Typical switching times
0.2ms – 2ms.
Sample at fixed position
Power electronics

Fast-Field-Cycling (FFC)
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Block-diagram
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RF unit
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I- Power network
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Examples

CONTROL
ELECTRONICS
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+ +
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Mosfet – GTO. Energy-storage.



5

CONTROL
ELECTRONICS

v(t)r(t)

-

+ M

SV1
v(t) -

+
V2

Mosfet-driven network without
energy storage capacitor

II- Magnet



6

Premises of design

Low inductance and resistance.
Good magnetic field to power ratio (G-factor).
NMR homogeneity.
Efficient cooling.
Simple mechanical assembly.

Field-cycling magnets

dr

dz

z

r0

r1

dB

2l
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The Dvinskikh-Molchanov
approach (1985)

COOLANT IN

PROBE

WINDING

COOLANT
OUT

y

x

Schweikert-Noack Magnet (1989)
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• Inversion of the Biot-Savart law

• Lagrange minimization procedure:
field to power ratio, homogeneity and volume

Notch-coil
Rommel - Seitter -

Kimmich

(1993-1995)

VARIABLE
GAP

MAGNET
BORE

DOUBLE
WINDING
LAYERS

MOVABLE
OUTER COILS
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Stelar 2L-0.5T system (1997-2000)

Helical Notch (Larte – 2014)
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ULF regime

External magnetic field components:
magnetic field compensation.

Internal magnetic field components: local
fields.
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Switching the Zeeman Field
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Local
fields

• Plateau

• Data scattering

Liposomes
DMPC – D2O 100nm

Basic literature
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