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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 manipulacién espines nucleares y/o electrénicos.

Why magnetic field cycling 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

PHYSIC

L REVIEW LETTERS 10 My 1983

Zero-Field Nuclear Magnetic Resonance
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Example 4: electron-nuclear double resonance
(ENDOR)

Detection of Anisotropic Hyperfine Transitions in Zero Magnetic

Field Using Field-Cycling Techniques
G, S, D. Kilimn, A Loz, and 1 Vostlinder

Destnt for Posvsibvitnohe Chemle, Uniersidit Mivcivn. Bvmsandtsrafe 313, De81277 Munick, Genwany:

Joumal of Magnetic Resonance 142, 139-144 (2000)
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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 maquina que
permita realizar todos estos experimentos?




Il Relaxometria

Relaxometria: dependencia de un
parametro de relajacion magnética nuclear
0 electronico con una o mas escala/s de
tiempo/s determinada/s

Ejemplos: Ty, T, , T3, Tip, T1g, To , T2
T, , €tc.
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También llamada “espectroscopia de relajacion en el pasado”




Escalas de tiempos:

w
10t 102 103 104 10° 106 107 108 10° rad Hz

t 10* 102 10®  10* 105 10% 107 10®  10°

S
Experimento basico: dependencia de T1 (relajacion g
espin-red) con la frecuencia de Larmor LaRTE




Fundamentos

=) Mecanismos de relajacion

- 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
termodinamico con el
campo magnético en el cual
se encuentra (Ley de Curie).

Transiciones

Modelo fenomenolégico: ecuaciones de Bloch

Transiciones

entre niveles entre niveles am, =y (M_B_+M B sinwt)- M,
de energfa del ‘ de energia del dt yTom e T,

sistema de espectro am M
espines dinamico —Y=y (M, B, coswt+M B )-—~
dt ‘ * T,

am, =y (-M, B, sinwt-M Blcoswt)-M
dt Y T
Modelo

= Formalismo

»Hamiltoniano de interacciones de
espines:

H = f & F®R ) oM
k

Donde:

fi : constantes dependientes del tipo de interaccion

gk (t) : fluctuaciones de lared (funcién)

oM : operador de espin

1%
Normalizacién:: GO = — Jw) dw=1
2p

Gt)

»Funcion de autocorrelacion reducida:

(F¥O F™E))

enserble

(i)
ensemble

Fluctuaciones estocasticas del
campo local producido por los
vecinos genera relajacion.

Gt)=

La funcién de correlacién nos
indica el grado de correlacion
que tendra la perturbacion local
en un tiermpo posterior.

¥ .
Jw) = §Gt) €™ dt

-¥

Densidad espectral:

JWw) -> R (1/sec)

10 T T
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What do we measure?
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About the magnetic field sequence
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Magnetization evolutions with same T,

Relaxation field level
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M,(1)

M, [T+ (Ang

My(B,) + [Mo(By) — Mo(B,)lexp{ — /Ty(B,)).
(A,
[(M[(An)g] — My)e™ 118 4 Mile™ + o5,

ME () = My 4 A,lﬁ‘ —

Glossary

E T, relaxation
dispersion [s]
® T, profile
E‘ : ....... 8CB+Aerosil
. * 8CB Bulk
E Relaxation rate (1/T, : =

or R,) dispersion [s]

n[kHz]
E NMRD: nuclear
magnetic relaxation
dispe rSion : gggﬁﬁ&osm

E NMRD profile

Relaxivity: relaxation rate
for a given concentration
in a solution [mMM-! s-1]

10'4




Preguntas

1. ¢Con que criterio utilizo secuencia PP o NP?

2.

¢, Qué cuidados debo tener para regular el ciclo
atil del experimento en cada caso?




IV- Cristales liquidos

Crystalline
Solid

epatune

jlEmp

Liquid
Crystal

Isotropic
Liquid




Common thermotropic mesophases

i

Nematic Smectic A Smectic C
(N) (SmA) (SmC)

4-n- penlylbenzenct]no4 -n-deccyloxybenzoate
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60°C 63°C 80°C 86°C
Temperature

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




» 5CB: 4-cyano-4'-5-alkylbiphenil

[ Cry-SmA SmAN | N-lso |
[ 21.5C 33.5C | 40.5C |

= 11CB: 4-cyano-4'-11-alkylbiphenil

[ Cry-SmA [ SmA-Iso |
| 53C | 57.5C |
"’ I/""\_I \ _.-"f .\.__
CN (L 4 A ) CirHx

Cyanobiphenyl homologous series:
transition temperatures

CN O Q CsHu1

Chain length  Abbreviation Transitions
n=>~, (5CB) N — 35°C — [
n==~6 (6CB) N s 38°C — I
n="7 (TCB) N « 42°C [
n=2=,8 (8UB) SmA « 33.3°C = N — 38°C = 1
n=9 (9CB) SmA — 48.3°C = N «—= 49.7°C =1
=10 (10CB) SmA — 50.7°C — [
n=11 (11CB) SmA — 52.7°C — [
n=12 (12CB) SmA — 56.9°C — [

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




Molecular dynamics

NMR Relaxation

Molecular order

solid State Communications,  Vel.7, pp,415-417, 1969, Porgamon Press.  Primted in Great Britain

PUCEERR REL A AHOW 1% RERINE TIOU0 GRS 1ALl

e+ Seiences, 91 Orsay, France

Lk ire de Phogique des Solides !, F

We estimate the contributions to T, and 1. in a nematic liguid
crystal arising from the fluctuations in the orientational order. This
results in relaxation times of the order of one second which is typical
of ordinary liquids. There is however an 3a syiking depen-
dence on the nuclear resonance frequenc

For a given wavevector g snd polarization a, we baldly assume that the orientationa|

one finds two relaxation modes, ane mainly and diffusive motions are uncoupled, the

hydrodynamic and the other mainly orientationa) J{w) = _| G(r) e™*=* a1, correlation function may be written
For these latter modes (of interest here) the Bz ' buT
43 [ ko 1K & 2
relaxation spectrum is Gty = <bn @ én(n> OW = (2m7 | dg| i feTHRIEL S
J e
i@ = efKag® + XM )7, (73 i 11 3
where 1) is the diffusion constant,

D = kpT/6 nary (@ is & melecular dimension)

; - we i

Orsay Liquid Crystal Group, Submitted for Publication in J. chem. Phys. o 14T, = wiit
fT o= wpite

] 2

where @, is & dipolar frequency and the
correlation time 1. is given by :

1\ i’
[<ni ."T;J[.(-::i-'- K/imym®




VOLUME 23, NUMBER 17 PHYSICAL REVIEW LETTERS 27 OcToBER 1969

SPIN RELAXATION AND SELF-DIFFUSION IN LIQUID CRYSTAIS*

R, Bline,f D. L. Hogenboom, § D. E. O'Reilly, and E. M. Peterson
Argonne National Laboratary, Argorne, Illinols 60439
(Raceived B August 1969)

The frequency and terrperature dependence of proton relaxation times kave been mea-
sured for the nematic liquid-crystal and isctropic liguid phases of p=zzoxyanisole and
p-azoxyphenetole as well as for the “neat” mesophage of sodium stearate, Self-diffusion
cocffieierts were determined by the proton-spin-echo method, The anomalous effects
found are interpretac in terms of collective long-range~-order fluctuations in the nematie
region end a rasidual order in the iactrapic Hopid,

877, Equation (9) reduces in the limit r < w, to
the result given by Pincus,?

I (wo) = we ™1, where r = AxH,'/n

From the well-known expressions’ for T, and
T,, one obtains

e

T, ™= 3T, " =mr I (wy). (10)

Frequency Dependence of Proton Spin Relaxation in Liquid
Crystalline PAA

W. Wollel, F. Noack and M. Stohrer
Physikalisches Tnstitut der Universitit Stuitgart

(Z. Naturforach. 30 n, 437—441 [1975]; repeived February 11, 1975)

of the Larmor frequency dependence of the proton spin relaxation
time T, in the nematie and isotropic phase of p-azoxyaniscle llre‘q“enc)‘f range: !.H-ki!:. < :;;Jz.:!
< 15 MHz). In both cases our results clearly support the Pincus-Cabanc me:!nqusm apla;1
relaxation Dy order fuctuations (Coy='+law™) and exclude the alternative translational dif-
fusion model (*wg*"law"), For IEH fsotropic phase it was possible to _n-a]ualu the correla-ifnn
time £ of the liquid erystalline order Auctuations from the qhum-d‘ Ty dispersion. "a'..f.“"""i'
of the deviation A#=#—d from the crilical nematic-isolropic lransitica temperature, «=(136%

.5)C, we found 1=2.71:10-7- 4005 5

We report on measurcments




Dispersion law predicted by P. Pincus in 1969
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Fig. 1. Larmor frequency dependence of the longitwdinal
proton spin relaxation time T, in the nematic phase of PAA
at a remperature *f=1235 “C. Points: Experimenta]l results
from this work {3} ; from Ref, 3a {(T]); from Ref 3 b
(An; from Ref. 3g (<) from Ref. 31 (); from Ref.
Ak (+). Full carve: Computer fit of the Pincus model,
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Ligum Trysrass, 1988, Yoo, 3, Nos. & aup 7, 907-925

Twvited Article
Itelaxation dispersion aml zevo-livld spectroseopy of thermoiropie and

Iyotropic liquid crystals by fast field-cycling N.VLR.

by F. MOACK, M. NOTTER and W. WEISS
Physikalisches Dstitat Jder Universiit Stuttgart, Phodfenwaldong 57,
T000 Stutipart 80, F.R. Gennany
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T, relaxation driven by ODF
T1=1(3,(7),3(7))

K=1,2

Jelw) = Re [G [t o™

Gy :<Y2K (O)YZK*(t )> Yo = g[q (t )"J (t )]

2

If n fluctuates around B: | Yo €Q......Y,, oCQ

Gt )=(n(r.tn(r.t+t )+(n(r,th(r,t+t)

Elastic and magnetic free energy
Gt )%Z{(nl(q,t).nj (q.t+t))(my(at)r (g t+t )>}

n,:splay+bend _ n,:twist

o~ - o—
k= %{Kn(v-n)z"' Kzz(n-V A n)2 + K33(n AV /\n)z}

Magnetic “orienting” term: |F = _EA_C(n_B)
2 m

F =%Zi K, (@), (@) ||K, =Kol + Kol +% B’

q a=1




The nematic ODF relaxation mechanism

L [(n, @)n @ )) = d - (@)
P B 1 _ha(q)
2 I n) k-
Ky =Koy =Kss a=12
4 K, ~Kq’
1

> |3, (W)ocw 2

Pincus— Blinc (1969)

Rotating-frame spin-lattice relaxation: T,
2

FID

‘ P2: LOCK PULSE




Differences between rotating and laboratory-
frame spin-lattice relaxation
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Smectic A phase

The Journal ol Chemical Physics, Vol. B3, No. 8, 15 October 1875

Proton spin-lattice relaxation in smectic TBBA
A. Blinc*
Solid State Physics Labaratory. ETH, CH-5049 Zirich, Switzerland
M. Luzar, M. Vilfan, and M. Burgar

University of Ljubljana, J. Swefar Institute. Ljubllons, Yugnslavia
(Received 28 April 1975)

Another possible relaxation mechanism is the contri-
bution of the smectic indulation waves,® when the inter-
layer distance is kept constant and the directors are
normal to the layers. The relation between the local

Using the elastic continuum theory, ® it can be easily
shown that for w<< w, the spectral density [,( pw) be-

comes /
1(pw) = fi(a) - §%+ 2T = (12)

4'K1'E.E ¥

where £ is a coherence length in the z direction, i.e.,
the z dimension of the part of the sample where the
smectic layers are parallel to each other.

10



Investigation of Molecular Motion in Smectic Phases of the
Liquid Crystal TBBA by NMR Relaxation Dispersion

Th, Mugele, V. Grafl, W. Walfel, and F. Noack

Physikalisches Institut der Univemital Stultgnrt

#. Nuturforsch, 36, B24 — 25 (1980); roceived July 7, 1950

of smectic phases. Since 1975 the pioneering works
in the field have been perfnrmnd by Blinc et al. [1],
who trassferred the basic ideas of the well-cstablish-

ed relaxation models for nematics lo smeclics and
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simulation). At first sight the model used scems

quite satisfactory;howey ¢ analysis has 1o be
rejected because it fails certainly to yield diffusion
constants in_sccordance wilh more direer medsare-

To overcome the problem with the incorrecl
value of D, we extended (1) by a third term,
T;! which for simplicity was assumed to possess
a Debye-like power spectrum (parameters: amplitude
factor 4,3 correlation time 7,) as a first approxima-
tion to any type of molecular reorientation open to
discussion, e.g. rotational motions or other order
luctuation mechanisms that are not included in (1).

J. Cham. Phys. 86 (2). 15 January 1887

Nuclear spin relaxation due to order director fluctuations in the smectic

A phase
M. Vilfan, M. Kogoj, and R. Blinc

J. Stefan Institute, E. Kardelj University of Ljubljana, 61111 Liubljana, Yugoslavia

Since 1969 a number of studies have been devoted to
nuclear spin relaxation in the smectic A phase.'* By now
strong evidence exists that collective modes, similar to ne-
matic order director fluctuations, persist in the smectic A
mesophase giving rise to a relaxation rate (7', ') ¢ propor-
tional to the inverse square root of the Larmor frequency s, .
However, at low frequencies a deviation from this behavior
has been observed.** The leveling off of the dispersion curve
was ascribed by some authors to the influerfce of the smectic
order parameter, and by others formally to the lack of the
ultralong wavelength elastic deformations which cannot ex-
ceed the dimension of a uniformly oriented domain (*low
frequency cutoff ").*

this phase. Definite conclusions about it cannot be made at
present in view of the indefinitiveness concerning the relative
importance of two competing relaxation mechanisms in the
MHz region in the smectic 4 phase of liquid crystals, i.e., of
order fluctuations on one side and molecular self-diffusion
on the other. Molecular self-diffusion gives namely—taken

Ji@) =S *Re i (Bn(r,0)8n(r,1))e“ dt .

— @

S%kTr %y

41(15’ fﬂ\ B

I + [g + (@ /20K B)?]""”
o/ (WKB)

Jilw ) =

x|

(10)

where ¢, denotes the upper limit of the component of wave
vector in the direction perpendicular to the smectic layers,
while the upper limit of g, is taken . J;(@, ) calculated
within this model would diverge for ¢, — cc. The existing

i i t with the logarithmic

frequency dispersion as predicted by Eq. (10).

11



Typical dispersion for Smectic A
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T,[s]

False dispersions
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T, as an “order sensor”
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The action of sound on a nematic

VoruMme 29, Numser 24 PHYSICAL REVIEW LETTERS 11 DEcemsER 1972
Orienting Action of Sound on Nematic Liquid Crystals

W. Helfrich
Physics Department, F, Hoffmana-La Roche & Co., Basle, Switzerland
{Received 5 July 1972)

The orienting action of ultrasound on liquid crystals related to the
theorem of minimum entropy production?
Jean-Lue Dion

Département d'Ingénierie, Université du Québec d Trofs-Riviéres, Québec, G4 SH7, Canada
(Received 22 August 1978; aceepted for publication 10 October 1978)

265 Appl.Phys. 50(¢), Apri 1879 0021-8979/79/042965-02501.10 @ 1970 American Institute of Physics 2965

30 July 20032
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PHYSICS
LETTERS

Clozusival Playsivs Loters %61 (2000) 207-244

oca teicplet

Enhancement of order fluctuations in a nematic 30 years later..
liquid crystal by sonication
F. Bonetto ™', E. Anoardo “*7, R. Kimmich °

* Faitoad de Matewsiticn. Asteomania y Fivics, Universidad Naviosal de Coedaba,
Chutad Undiesitaria, ©F. SO0 Cardoba. Argenting
* Seknon Krrmroonmzpeirafope Unmernal U, 89065, Uim, Geemay

Recewed 7 November 2001: in final form § May 2002

A second model 18 proposed on the basis that
ultrasonic waves may change the molecular on-
entation |18 4 s frame, a new term
roposed for the free e _”EPDI
energy denshy s exfiression, (kg 15 4 con- (Vi) = 03
stant independent of the wave vector § and ’

|
(k-n)~.

PHYSICAL REVIEW E 66, 051708 {2002)
Acoustic realignment of nematic liquid crystals

J. V. Sehnger, M. 8. Spector. V. A. Greanya, B. T. Weslowsky, D. K. Shenoy, and R. Shashudhar
Center for BloMolscular Science and Englagering, Neval Research Laboratory, Codsz 6900, 4555 Overloak dvemie STV
TWewhigtan, DC 20375
(Recerved 10 July 2002: published 19 November 20(2)
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Acoustic-Director fields interaction

(Vi) =5 Qn0,)°

=%Qﬂé cos’(q—a)

Bonetto-Anoardo-Kimmich (2002)
Selinger-Spector-Greanya-Weslowski-Shenoy-Shashidhar (2002)

Acoustic term: molecular reorientation

1 2 1AC 2
F ==0(n. F=-—-2"(hB

F =%Zi\na (@)l —QD

q a=1
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Experimental
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Magnetically ordered state
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Magnetization decay [ms]

Comparison with angle-dependent field-
cycling NMR relaxometry

no sound
.
. .

5CB 27C

f [kHz] 10’ f ,r“""". E
; e

Struppe - Noack (1996) s W o sowc?

1 []"‘ bissd e sl . L ud

w10 1w 1w o w1

v/ Hz

A Relevant features

Ultrasound mainly interacts with ODF

T, dispersion is sensitive to the interaction

Effects in the whole frequency window

Efficient molecular reorientation
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fﬁ.d] 0. = Th.is means that Vxn=10. Twi._n and bend elastic > ;gJDF[m] ‘S_FHT &t
deformations do not occur in a perfect smectic A crystal. 4K, &

V‘l f "W"
m%@m
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2 ] - ayd 7 . . » 1 . -
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PHYSICAL REVIEW E 68, 021703 (2003)

Spin-lattice dispersion in nematic and smectic.4 mesophases in the presence of ultrasonic waves:
A theoretical approach

F. Bonetto® and E. Anoardo’
Facuitad de Maremdtica, Asronomia y Fisica, Universidad Nacional de Cordoba — Ciudad Universitaria, X3016LAE Cordoba,

Argenting
ree 3KsTw; B 1 &
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4amVDE Dvrg ok 7 [ @t [T Al fw )l
Flf T N fod i y—+ Af| = —] [ —
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It can be observed that m the absence of ultrasound waves
(a=10). the calculated expression in Ref [20] 1s reobtained
(even though the expression obtamned here in the absence of
ultrasound seems to be different from the one obtained by
Valfan Kogof, and Blinc [20], 1t can be venfied that they are
the same). It is also important to notice that only one (w.3)
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Effects of sound in the smectic A phase
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V- Membranas lipidicas

Frequency dependence of NMR spin lattice relaxation in bilayer membranes

J. A, Marqusee
Department of Pharmaceutical Chemistry, School of Pharmacy, University of California, San Francisco,
California 94143
Mark Warner
Rutherford and Appleton Lab Chilton, Didcor, Oxfordshire, England OXII OQX
Ken A. Dill
Department af Pharmaceutical Chemistry. School of Pharmacy, University of California, San Francisco,
California 94143
8404 . Chem. Phys B1{12), PLII, 15 Dec. 1984 Talarg) = S"J“ " dte=™ (BNir, 1} + SNir, 0)),

Recently it has been suggested that the NMR spin-lat-
tice relaxation rates of nuclei in surfactant bilayer mem-
branes should have the same frequency dependence as in
nematic liquid crystals."* Bilayers are interfacial phases of
matter, however, and thus have properties more characteris-
tic of two-dimensional systems than of three-dimensional
bulk phases such as nematics.® The purpose of this note is to
show that these frequency dependences are different, but
that they cannot be distinguished by the currenily available
éxperiments which cover a relatively narrow frequency

k,T

l‘ﬂl‘lEE.
WeTiave assumed That 70 COUPTIg GCCurs between mar ] Tl =572 (1),
pling occurs between indi- 2K, wg

:> vidual membranes in the same solution. This is undoubtedly
justified for unilamellar vesicles. We expect that multilamel-

E




J. Phys. Chem. 1988, 92, 29811967

Proton Spin Relaxation Dispersion Studles of Phospholipid Membranes

Eberhard Rommel, Friedrich Noack,*
Physikalisches Instirut, Universitat Stutigart, Pfaffenwaldring 57, D-7000 Stutigart 80, West Germany

Peter Meier, and Gerd Kothe

Tastitut filr Physikalische Chemie, Universitdt Stutrgart, Pfaffenwaldring 53, D-7000 Stunigare 80,
West Germany |Received: November 3, 1987)

This paper presents measurements of the proton spin T, relaxation dispersion of phospholipid membranes of 1,2-di-
myristayl-sn-glycero-3-phosphocholing pver a very broad Larmor frequency range (100 Hz < w/2x < 300 MHz).
The results show that, in contrast to sUERestions in the literature, collective molecular reorientations (order fluctuations)
contribute to the proton relaxation process only at extremely low frequencies in the kilohertz regime, whereas the conventional
high-frequency range is dominated by reorientation of individual molecules. The order fluctuations are observed by a charactenistic
Tylw) ~ w' dispersion at low frequencies for both the liquid crystalline and intermediate phases of the model membranes,
which is completely absent lor (he “crystalline gel phase and [or sotropic liguid phases of DMPC malecules.

DMPC: 1,2-Dimyristoyl-sn-glycero-3-phosphocholine- 1:1 in D,O.

Multilamellar < |

The low-frequency relaxation dispersion in the liquid crystalline
state shows a broad interval where T,(w) is proportional to w'.

Obviously, the rich experimental details, revealed by Figures
1 and 2, cannot be interpreted quantitatively by a relaxation model
restricted to one single process, say by the T\ (w) ~ «'? or T\ (w)
~ w‘ laws favored by Brown et al.! =5 o Marqusee et al.' th A

the two concepts. However, as an alternative to Kimmich's defect
diffusion approach, we employed a less specific model for the
individual molecular reorientations.’®*? which avoids several

assumptions not appropriate for the liquid crystalline phase*

When we tried to fit such a superposition of two processes to
our T(w) and T,(7T) measurements in a self-consistent way, it

was easily recognized that a combination of only two relaxation
mechanisms did not yield satisfactory results. In particular, the




Following these arguments we present a quantitative evaluation
of the data of the liquid crystalline phase in terms of relaxation
by smccuc order fluctuations of groups of molecules (relaxation
rate 1/ 7,700,712 internal and overall molecular rotations of
individual molecules (relaxation rate 1/TW™R®)) 30-33 Jateral diffusion
of molecules in thc bilayer plane (rclaxauon rate 1/ 7T,(LP)) 4436

and
regions (relaxation rate 1/7,(TR) 47

io ind tatl

of molecules on curved bilayer

This model implies a cor-

* Order fluctuations (smectic)

« Translationally induced
rotations (diffusion on curved
surfce)

OMPC-D,0 1)
WL . .
NC.la « 3 rotational terms (Lorentzian)
oF
sy 35 « Lateral diffusion (Vilfan’s for
vF smectic)
01 L L L " il
£ e ) s L A o AN+ R 11 —
v[Hz]
NMR Study of Collective Motions and Bending Rigidity
in Multilamellar System of Lipid and Surfactant Bilayers
J. Struppe®, F. Noack®, and G. Klose®
+ Universitit Stuttgart, Physikalisches Institut Teil 4, Plaffenwaldring 57. D-70550 Stuttgart
® Universitat Leipzig, Physikalisches Institut Abteilung BIM, Linnésir. 5, D-04103 | eipag
Z. Naturforsch. §2a, 681694 (1997); received March 29, 1997
™~ MAALL i &l o {' Lhes |
. « Compares coupled/uncoupled layers
]ul " s
) s S « OF physical parameters inconsistent
e w respect other experimental techniques
E: ) ; POPC, Ry 40, #=35"C
O Tyexperiment . « Discussion focused in the low-frequency
. b et end of the dispersion (cut-off’s).
- i - Ty
saess®” rm:‘rr
A T,-model, TR, 8, ROT
|[|" " Ty-moded, LUy, 5D, ROT o
.n, .l‘ J" .IS ‘SA“"“‘" i “
W= 10" 1 10 10 10
(a) v/ [Hz]




* Interpretations based on available
Features |:> theoretical models

» Too many fitting parameters

* Model-free approach
Alternatives . . .
« Evidence-based interpretation.
Fixed parameters from other
experiments. Model refinement
when needed.

% —)  Simulation

Investigate Debug
Dynamic experimental
processes data
Get
parameter Compare data
ranges
g and simulated ‘
‘ dispersion
Correlation
function &
spectral
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BENDING ELASTICITY AND THERMAL EXCITATIONS OF LIFID Vesicle fluctuation analysis of the effects of sterols
BILAYER VESICLES: MODULATION BY SOLUTES on membrane bending rigidity
H.F. DUWE and E. SACKMANN

Phiysics Depariment, Minphusics Groap, Techuische Lniversait Mincher,
Fiefilds Garching, Fed R

Germamy

The vesicles undergo undulations in shape which can be
observed using hght microscopy and subsequently

18, 0.0=1,(1+ 2 a,,0)Y,.(0.0)).
Im

spherical harmonics expansion (Y,,(3, ¢)) of the middle surface separating the
two monolayers. The latter is determined by the radius «(f, g) () polar an

PHYSECAL REVIEW E 71 021998 (2055

Viscoelnstic dynamics of splerical camposite vesicles
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Lipid Dynamics and Domain Formation in Model Membranes

Composed of Ternary Mixtures of Unsaturated and Saturated
Phosphatidylcholines and Cholesterol

Dag Scherleid.* Nicolea Kahya,*T and Pedra Sc'wm
EMIII\HII!I Bophysks Groug, Wax Planck Iretiule tor Bioghy: m!rr Gatngen, Germany. and "Dresden Univershy ol
‘nchnology. o' Mar Planck inelute of Molscutr Cat Biokegy and rJFHV‘! Ceesden. Germany

recovery after photobleaching of a squared spot. Fluores-

fast fluorescence recovery in a bleached spot. : e it
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Theory of spin relaxation by diffusion on curved surfaces R T
Beril Halle S

Firpsical Chemtsiry 1, Universtiy of Lund, Chewioal Center, ¥, U, Box 124, §-22100 Lund. Soeden

B_lsatrapic micellar salulions 3
Ini ic systems, where the tensorial spin-lattics Jepartute fiom a Lorenteian dlapcmuu can Lx substantial

coupling s isotropically averaged by ouffciently fast mo already at p = 1.3. For a prolate micelle, this corresponds to
tions, there is only one lab-frame spectral density fanction. an increase in the aggregation number by 30%. While
According to [3.6) changes in aggregation number of this order of magnitude
Fra) = £ ﬁ‘ (=) can probahly be degcrmir-.ad by other techniques, such as
T [ T T fluorescence quenching®' and neutron scattering,” nuclear /
spin relaxation appears to be a unique method for revealing E

xL dicostatbexpl — /7., \gh i, (7.3} small deviations from spherical shape.

where the symmetric top correlation times r,, are related to
the rotarional difusion coefficients Oy and D) through 1.0
[3.5).
In the sphere limit, {3.5) and (5.14) show that (7.3)
recuess to the Lorentzian

T

Flay=—
5 1+ [w.
with the joint correlation time r, being related o the rota-
tional-diffusion correlation time 7., &nd the surface-diffu-
abou cowpelalion liwe 1 g by

J_1 1 [
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FIG. 7. Normalized freq cli of i pic longitudinal relaxa-
tion rate due to surface diﬁ'uamn on freely rotating spheres (dashed curves)
3150 J. Chem. Phys. 04 (4), 15 Fobruary 1661 and profate sphoruids of aaisl taliv g = 1.3 (solid vuoves]. The sotationel
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Fast motions

« vibrational fluctuations
e Thermally activated « librations
processes * isomerizations
« fast rotational processes
* hydrocarbon chains fluctuations

In the explored time scale: manifested as a
frequency independent offset
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Meledandri, Perlo, Farrher, Brogham, Anoardo (2009)  Similar result for DOPC _
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Interpretation of Molecular Dynamics on Different Time Scales in Unilamellar Vesicles
Using Field-Cycling NMR Relaxometry

Carla J. Meledandri,” Josefina Perlo,' Ezequiel Farrher,” Dermot F. Brougham,*' and
Esteban Anoardo®*

National Institute for Cellular Biotechnology, School of Chemical Sciences, Dublin City University, Dublin 9,
Ireland, and Larte - Famaf. Universidad Nacional de Cérdoba and Instituto de Fisica Enrigue Gaviola
({CONICET), Cirdoba, Argentina
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Temperature and Size-Dependence of Membrane Molecular
Dynamics in Unilamellar Vesicles by Fast Field-Cycling NMR
Relaxometry

Joschna Perlo," Carla I ;\{r|cd.mdri,"§'" Esteban Anoardo,*' and Dermot F. Brl:lusl‘l.l.lll.'l

'Laboratorio de Relaxometria y Técnicas Especiales, Grupo de Resonancia Magnética Nuclear, Facultad de Matemitica, Astronomia y
Fisica, Universidad Nacional de Cérdoba and IFEG (CONICET ), Cérdoba, Argentina

*National Institute for Cellular Biotechnology, School of Chemical Sciences, Dublin City University, Dublin 9, Ireland

*Department of Chemistry, University of Otago, Dunedin, New Zealand
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Como influye la dinamica de los lipidos la presencia de colestrol?

Cholesterol Fits Between Phospholipids

Phosphclipid

Cholesterol




Microscopic approach
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Parameter

model value
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Affected lipids

(I; phase) (1, phase)
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o 0 0
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0.73 0.71

a [nm]
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0 Lipid area [nm?]
K[J]

Affected lipids Aorls”]
D |m/s]

Apsydpar l-"'-ll
R,[nm]
N* of affected lipids by
cholesterol

(54+0.8)x 107
(1.0£0.3) x 10"
(1.3:0.4) x 10"
(0.7+0.2) x 10"
(1.0£0.3) x 10°
(1.140.3) x 10
(1.0£0.3) x 10°

(30£10) x 107
(3+2) x 10°
(0.5+0.2) x 10"
(1.5+0.5)x 10"
(2.1+0.9) x 10°
(4.4+0.9) x 10*
(0.8+0.1) x 10°

(5.820.6)

L6

10



Microscopic approach
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Different approaches

High detection field E Moderate detection field
Superconducting magnet |* Air-cored electromagnet
Keep spectroscopic & Low resolution, relaxation
resolution applications

Typical switching times | * Typical switching times
50ms — 500ms 0.2ms —2ms.

Movable sample & Sample at fixed position
Pneumatic or mechanic  |* Power electronics

system

—

Fast-Field-Cycling (FFC)




Block-diagram

Cooling Cooling Magnet
System | enclosure
Probe
Preamp
Sofvare [ ]
COMPUTER PULSER

|- Power network




Basic circuit
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Examples

Mosfet — GTO. Energy-storage.

G
GTO

\VA

+ Vo V(t) R +

KN
®

T

<

CONTROL N
ELECTRONICS |

[ — .

r() v(t)




Mosfet-driven network without
energy storage capacitor

+ v,
VA T v(t) S .

O [—
f CONTROL |
ELECTRONICS | M

[

r(t) v(t)

II- Magnet




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

dB (f—;)f;_f‘l_r‘n[

,..’
— |drdz.
P +2* ]

2|

G (ﬁ) L
P R s
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with y = z/ry, &= rirg, a@ = ryfry and B = lir,.




The Dvinskikh-Molchanov

approach (1985)
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Schweikert-Noack Magnet (1989)




 Inversion of the Biot-Savart law

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

MOVABLE

/ OUTER COILS

VARIABLE
GAP

;

DOUBLE MAGNET
WINDING BORE
LAYERS




Stelar 2L-0.5T system (1997-2000)
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Balanced pre-polarized sequenca (PP)

R ' By
B, || BP I, l"_".l
— \
— \
= =i
T | I =
Ag N
: |74
i Th - Ty i | b

Fig. 18. Balanced multiblock pre-polarized sequence. The aim of the sequence is to keep constant

the power dissipation & the magnet independently of the relaxation interval. The figure depicts the
segquence for both the maximum evolution ume 7y, (top) and for the mipimum value of 77l

ULF regime

E External magnetic field components:
magnetic field compensation.

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

1

32

. dB
B
dr

< yB,

Time-dependence of the field

A ol et
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Shunt Voltage [mV]
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100kHz=10mV
0ol o 5 100kHz
4 Slew Rate 14MHz/ms

1.6ms 4 5 -10 T T T T T
E 0012 0013 0014 0015 0016
e 30
1 & T T T T T
5 ]
\‘\“ 50kHz £ 20 q
MY 5 15] ]
T T T T 10
0,012 0,013 0,014 0,015 0,016 0,017 5] 100kHz
Sequence Timing [s] o] Slew Rate 12MHz/ms

T T T T T
0,012 0,013 0,014 0,015 0,016
Sequence Timing [s]

Adiabatic & non-adiabatic
switching
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Magnetic field compensation
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Local * Plateau
ﬁelds « Data scattering

DMPC - D,0 100nm

.
}/!d/é: Liposomes
! -
107

R, (8"
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