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Theoretical models
Translational self-diffusion

In the case of isotropic liquids or isotropic phases of liquid crystal compounds the contribution
of translational self-diffusion (SD) to the relaxation can be expressed by the Torrey’s model!

with a
nTp

(Ti)s = Cogg [T{wm) + 4T (2mp)]. W

where w = 27, Cy = (1/2)(3pey*h/(87))? is the strength of the dipolar interaction and

T (wtp) is a dimensionless analytical function that depends on the average time between



diffusion jumps 7p, the mean-square jump distance (r?), and the molecular width d. 7p is
related with the self-diffusion constant D by the relation (r?) = 67pD. n is the density of

'H spins.

Rotations/reorientations

Molecular rotations/reorientations (Rot) may be characterized by one or more correlation
times according to the number of independent rotational axis considered to describe this
motion. Usually, rotations along the molecular long axis and rotations/reorientations along
a molecular transverse axis have different correlations times and the most simple model
used to describe this relaxation process is given a Rot;+Rot,; where Rot; is given by the

Bloemberger, Purcel and Pound (BPP) model:
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with Ager, = 9udy*h? /(128728 ,,) where 7;_ is an effective inter-spin distance.”

Cross-relaxation

%(Cl has nuclear spin 3/2 and cross-relaxation (CR) between the proton spins and °Cl
nuclear spins can occur. Cross-relaxation has indeed been observed between proton spins
and nitrogen and also between proton spins and 3°Cl spins.®® Cross-relaxation may be-
come significant when the proton’s Larmor frequency is close to each one of the quadrupole

frequencies of the other nucleus. The relaxation rate can be expressed by?

1 TCRi
- = Acri 3
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where w;, with ¢ = 1,2, ..., are the frequencies that correspond to the 3*Cl spin energy levels

and Acg; are parameters related with the strength of the interaction.



Paramagnetic relaxation induced by superparamagnetic particles

Proton spin-lattice relaxation can be affected by the presence of magnetic ions in two ways:
i) the so-called inner-sphere relaxation, which occurs when relaxing protons bind temporarily
to ions or ion complexes, and the ii) outer-sphere applies to protons that do not bind but
move or diffuse close to magnetic ions or particles.® In a recent study of molecular dynamics
in magnetic ionic liquid systems by proton spin-lattice relaxometry,” it was shown that the
paramagnetic relaxation observed was better described considering an effective superparam-

agnetic outer-sphere contribution given by equation:
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where S is the electronic spin along the applied magnetic field, ¢ is a quantity proportional
to the molar concentration of magnetized particles, [M]. r is the distance of closest approach
between the anion and the protonated cation, 74 = (r?) /D, D is the diffusion time constant,
Ts is the longitudinal electronic relaxation time and w is the proton Larmor frequency. S, is

given by

25 +1 1
S, = ; tanh ™ ((25 + 1)%) b tanh ™! (%) (5)
where w, = 2vkT/(hvs) and s is the electron’s gyromagnetic ratio. The corresponding

spectral density for outer-sphere relaxation is®
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where Q = (iw + 1/75)74.



Relaxivity Dispersion
In the case of the magnetic ionic liquid/DMSO solutions presented in this work we considered

the inner-sphere relaxivity contribution expressed by:®

1 ¢ 1
1000 14.04 T

(7)

1S A~
7’1 ~

being ¢* the number of DMSO molecules temporarily bind to the iron particles and TE > 7,

where 7, is the DMSO residence binding time to the FeCl; (or FeCls).

12 ohPd
T = T T Sy DB o i) + 7 s, )] (8)
SQTd' (1 — Sz)Td'
T(w, 7a1) = 2 i 9
(w0, 7ai) L+w?ry, 1+ wiry, )
11
b 10
Td TmH - ES ( )
11
= 11
dig g ES ( )
| | 4

— =9C 12
T~ i Y iraee? (12)

1 5 2
— = 3 13
T~ v P iraee P (13)

with
1 2

C = Lo AP [4S,(S, +1) 3] (14)

The outer-sphere relaxivity contribution is given by:
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with 7y = R*/D

Jor — Re{ L+ } (16)

1424 522+ 32°
being, z = iwTy + % is a complex and j = 1,2
DMSO/F8C13 and DMSO/[P66614] [FGCI4]

It is presented the relaxivity results and fitting curves obtained for DMSO /hexahydrated
FeCl; for comparison with the DMSO/[Pgg614][FeCly] solution.
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Subject Plots-Paper-P66614, CH3_final
Date Wednesday 5" November, 2014, 18:11
. carla.daniel@dq.fct.unl.pt
Affiliation 194.210.232.202
Fit report produced with the fit results of function:
y=((T<2) 7 iT1ISpara(f, 300.0, taud1/(1 + pow(2*pi*f*tauv, p)), taus, M, r, S) : 1e-9 ) +
Abstract BPP(f, Arot, tau) + BPP(f, Arotl, taul) + (T<2) ? CROSSRELAX({, adip, tdip, fdip)
: le-10 + (T<2) ? CROSSRELAX(f, adipl, tdipl, fdipl) : le-10 4+ (T<2) ? Torreyl(f,
d, r*1e10, n, taud/(6.0%(1 + pow(2*pi*f*tauv, p)))) : Torreyl(f, d, r*1el0, n, tauD)
to the 55 experimental points, considering 10 free parameters.
taudl = 6.3465 x 1079 £ 5.9527 x 10710 n="7x 10122 (fixed)
taus =1 x 10711 +£6.431 x 10713 tauD =1.4574 x 107 £ 6.9147 x 1010
taud = 7.3387 x 10798 4 3.4833 x 10799 adip = 2.5352 x 10107 4 1.108 x 10707
Arot =1.85 x 1018 (fixed) tdip="5 x 107°7 £ 3.2912 x 10797
tau=1.18 x 107% (fixed) fdip=3.4 x 1077 (fixed)
Arotl =2.81 x 10199 (fixed) tauv = 3.85 x 10719 (fixed)
taul = 4.8 x 10710 (fixed) p=1.1303 (fixed)
M =0.014 (fixed) adipl = 2.518 x 10797 4 9.2404 x 10+06
r=2.5314 x 10710 £ 1.3679 x 10712 | tdipl =5 x 10797 (fixed)
S =400 (fixed) fdipl =2 x 10197 £ 3.1437 x 1079
d=8+0.017602
x2[2] = 13.727 x2[1] = 132.281
X7 = 146.008
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tau =1.0009 x 107% (fixed) fdip =3.3206 x 101°7 £ 1.6025 x 10106
Arotl = 3.03 x 10199 (fixed) tauv = 3.85 x 10719 (fixed)
taul =5.16 x 10710 (fixed) p=1.1303 (fixed)
M =0.014 (fixed) adipl = 1.479 x 10708 4 3.2848 x 10107
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Subject P66614-FeCl4-DMSO, Fit-10mM-r1-final
Date Friday 24" July, 2015, 15:02
Affiliation carla.daniel@dgq.fct.unl.pt

84.90.100.162

Fit report produced with the fit results of function:

y=x/14040*iTlinnerSmallS(f, 295.0, tmg, tmH, tv, ZFS, r, S0*n, S) + iTlouterSmallS(f,
295.0, D, tv, ZFS, R, S0*n)

to the 23 experimental points, considering 5 free parameters.

Abstract
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tmH =1.1197 x 1072 £ 6.5915 x 10~14 tv=2.5882 x 1072 £2.5312 x 10713
r=35x10"1422172 x 1011 ZFS =2.8787 x 10119 £ 2.1614 x 10109
S0 =3 (fixed) R=7.9588 x 10710 £ 2.9725 x 101!
n =1.0001 (fixed) x =8 (fixed)
S =0 (fixed)
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y=x/14040*iTlinnerSmallS(f, 295.0, tmg, tmH, tv, ZFS, r, S0*n, S) + iTlouterSmallS(f,
295.0, D, tv, ZFS, R, S0*n)

to the 23 experimental points, considering 6 free parameters.
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