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We present in this paper some general remarks conceming proton Nuclear Magnetic Resonance stud-
ies carried out in particular phases of calamitic, polycatenar and discotic molecules and we show how
these studies can be used to understand the molecular dynamics in different types of mesophases. We
also illustrate how these studies can contribute, in some cases, to test the validity of molecular organ-
isation models proposed in the literature to describe particular structures detected by X-ray diffrac-
tion.

Keywords: liquid crystals; NMR relaxation; molecular dynamics; structural models

INTRODUCTION

The discovery of the first thermotropic calamitic liquid crystal was reported by
Reinitzer in 188811, Following this discovery, nematic, cholesteric and different
types of monolayered smectic phases were identified and described in the litera-
wrel?), In addition, new types of smectic A phases with layer thickness varying
from one to two molecular lengths were detected for the first time in cyanobiphe-
nyl mesogens'>*1. In this kind of systems the reentrance phenomenal®! were also
discovered for both nematic and smectic mesophasesm. The presence of a strong
polar terminal group in these molecules is clearly associated with their thermo-
tropic behaviour. Besides, particular calamitic molecules with lateral dipoles,
associated with chiral features, may exhibit particular lamellar phases such as

* Author for correspondence.
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ferrol”3! anti-ferro!®10] and ferri-electricl!¥] phases and also the TGB, mes-
ophasel1'12] _ the liquid crystal phase analogous to the Abrikosov flux lattice
phase of superconductors!!],

In 1977, the discovery of a columnar mesophase formed by disc-like mole-
cules{!4] considerably increased the knowledge of the variety of possible forms
of liquid crystalline molecular organisation. With this kind of molecules it is pos-
sible to observe different types of columnar organisation[”'ls] and also
nematic!'®, cholesteric!”! and, in very particular cases, smectic mesophasesm].

In general, it is possible to say that lamellar and columnar structures are char-
acteristic of mesophases detected with calamitic and discotic molecules, respec-
tively. The intermediate situation between these two types of systems is filled by
polycatenar mesogens described for the first time in the literature in 19851191,
These compounds present very interesting polymorphisms!19-20:21:22.23] jnclyd-
ing columnar mesophases (¢ phases) where the transverse section of a column is
formed by a group of molecules arranged side by sidel2#25:26] The average
number of molecules, k, in the transverse section of one column depends on the
number of chains in each molecule, being k=3 in the case of the phasmidic (hex-
acatenar) mesogens and k=4.5 in the case of the biforked (tetracatenar) com-
pounds. In addition, some terms of biforked mesogens homologous series
present a rather peculiar polymorphism in which transitions between lamellar

and columnar mesophases may be observed as a function of the tempera-
ture[26'27'28].

The identification of the structure of all the referred mesophases generally
results from a combination of experimental techniques in which X-ray diffrac-
tion plays a determinant role(?%), In complex cases, dilatometric measurements
are very useful to a better understanding of the local molecular organisationm].
On the other hand, studies of molecular order and dynamics, which are also of
major interest for the characterisation of the liquid crystal phases, may be subse-
quently performed using different techniques including nuclear magnetic relaxa-
tion[31-32], among others!?31, Generally, the molecular dynamics studies follow
the identification of the structure of the mesophase, since the molecular dynam-
ics properties of a phase are strongly conditioned by the molecular organisation.
However, in particular cases, the set of techniques usually applied to the struc-
tural study of the mesophases reveals some limitations in determining univocally
the form of molecular organisation under investigation. In these cases, different
models, compatible with the available structural data, are discussed and comple-
mentary experimental techniques are required in order to test their validity. In
particular, NMR techniques can be successfully used[26:34.35:36.37] o5 we will see
hereafter.
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In this paper, we present general comments concerning some proton NMR
relaxation results obtained with different compounds of calamitic, discotic and
polycatenar molecules and we show how NMR spin-lattice relaxation studies
performed in large frequency domains are useful to study the molecular dynam-
ics in liquid crystals. We will illustrate here that some specific details of particu-
lar but well characterised mesophases, like the TGB, phase, can show a clear
signature in the relaxation proﬁlesm]. We will also show how the proton NMR
relaxation results can contribute, in some cases, to the test of the validity of
molecular organisation models proposed in literature to describe some particular
structures determined by X-ray diffraction. These complementary approaches
have proved to be very useful for the study of structural details of some of the
mesophases considered herein, in particular the partial bilayer smectic A phase,
S Ad[35], and also the columnar mesophases formed by polycatenar molecules!36],

2 - NUCLEAR MAGNETIC RELAXATION IN LIQUID CRYSTALS

2.1 - A general view

Nuclear magnetic resonance can be considered as an important tool for the study
of the molecular order and dynamics in liquid crystal phases. In particular, proton
and deuteron NMR relaxation studies have been used in the past to identify dif-
ferent molecular motions in different types of mesophasesm].

Proton spin-lattice relaxation studies are important because general informa-
tions concerning different types of molecular motions can be obtained especially
when classical and fast field-cycling NMR techniques are combined®139]. 1t
should be remarked that, in general, different molecular motions with different
time scales can show their characteristic signatures in the proton relaxation pro-
files, when a broad enough domain of Larmor frequencies is explored. In fact, in
the past twenty years many significant proton relaxation studies have been per-
formed using both techniques in different types of mesophases exhibited by cala-
mitic33-38:40411 gisc-likel*?! and polycatenar molecules!36],

Deuteron NMR studies are, in general, site specific and consequently very use-
ful to clarify, in a precise way, the molecular movements associated with
intra-molecular relaxation mechanisms(3243], This is the case of the fast local
molecular rotational reorientation movements. Nevertheless, although very use-
ful, these H relaxation studies are insensitive to the intermolecular relaxation
mechanisms like translational self-diffusion. In this case, using the techniques
described above, non-selective proton nuclear relaxation can be important in
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order to have an insight concerning these motions. In addition, we must remark
that 2H relaxation measurements are usually performed in the MHz domain and
some molecular motions, such as director fluctuations in most cases, don' give a
significant contribution for the relaxation rate (1/T) in this frequency range[‘“].
Therefore, proton NMR relaxation can be very important for the characterisation
of collective motions, especially when the relaxation measurements are per-
formed in large frequency domains, combining standard and fast field-cycling
techniques. 2H and 'H relaxation measurements are complementary and it is very
important to combine, if possible, the information obtained from both kind of
measurements; but it is also clear that both techniques are limited in scope.

We must remark that several theoretical studies describe how the relaxation
profiles associated with the different types of movements depend on the struc-
tural details of the mesophasem]. For instance, the contribution of the director
fluctuations mechanism for the relaxation rate is quite different in nematic, smec-
tic A or columnar mesophases(*>46]. Also, some specific molecular movements,
typical of the structural characteristics of particular mesophases, result in a signa-
ture detectable in the nuclear magnetic relaxation proﬁles[35‘38].

Usually, the relaxation dispersion profile may be analysed considering the sum
of different contributions (1/T); to the overall relaxation rate (1/T1)[47].

1/T1 = 2 (1/Th)s (v

In the case of liquid crystals, molecular rotational reorientations, translational
self-diffusion and collective movements, if present, are the most important
movements which contribute to the relaxation rate. However, as pointed out
before, other relaxation mechanisms, associated with the nature of particular
mesophases can also be detected by NMR relaxation!3338},

2.2 - NMR relaxation results obtained in different types
of mesophases

Along with a description of some specific structures and models of particular
mesophases, we will present in this section a detailed analysis of nuclear mag-
netic relaxation results obtained with systems constituted of:

¢ Calamitic molecules with a strong terminal dipole exhibiting nematic and
partial bilayered smectic A mesophases and showing the double reentrance
phenomenon.

¢ Calamitic molecules with a chiral centre showing the TGB 5 mesophase;

¢ Biforked molecules showing smectic C and columnar ®;, mesophases. These
results are compared with those obtained in a columnar Dy, mesophase.
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As an example and in order to illustrate the influence of the phase structures on
the proton spin-lattice relaxation we present in figure 1 some T, dispersion pro-
files obtained in the nematic, smectic Ay, smectic C and columnar hexagonal @y,
phases of two liquid crystalline compounds considered hereafter (see molecular
structures and phase sequences in sections 2.2.1 and 2.2.3).
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FIGURE 1 T, dispersion in the nematic (T = 195°C) and S, (T = 165°C) phases of DBSCN Sym
and in the smectic C (T = 119°C) and ¢y, (T = 153°C) phases of the biforked compound presented in
the text

It is clear that the observed T, dispersion depends on the type of mesophase.
The range of T, values can vary from 40—400 ms to 100-1500 ms depending on
the material. This variation is associated with a large number of physical param-
eters, including molecular mass and dimensions, viscosity coefficients, elastic
constants, etc.!32]. On the other hand, there are also very clear differences in the
overall T; frequency dependence that reflect the particular structure of each mes-
ophase. These differences, as we will see hereafter, result from the influence of
the structural characteristics of the mesophase on the different molecular motions
detected by NMR relaxation.

From the observation of figure 1 it is possible to conclude that above 10 MHz a
similar behaviour (regular monotonic increase) of Ty(v) is detected in all phases.
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This means that in this domain a “similar” relaxation mechanism is observable in
all the mesophases considered. On the other hand, in all the other frequency
ranges the T, dispersion profiles are different from phase to phase. The differ-
ences between the T dispersion curves presented in figure 1 reveal the influence
of the molecular organisation of the mesophases on the observed molecular
motions. In particular, translational self-diffusion and collective motions depend
on the constraints imposed by the phase structure.

In cases where different molecular organisation models are compatible with
the available structural data, NMR relaxation results may be of great help in the
confirmation of each of the models considered. Actually, different structural
models will lead to different theoretical predictions for the T, dispersion associ-
ated with the allowed molecular motions, permitting to identify those compatible
with the experimental NMR relaxation data. From the presented results, we will
comment on similarities and differences associated with the various relaxation
frequency T, dispersions. Some specific relaxation mechanisms will also be dis-
cussed.

2.2.1 - Molecules with strong terminal dipoles. The Nematic
and Smectic mesophases

The detection of the partial-bilayer smectic A (S54) phase in a compound with a
strong polar terminal group!®! can be considered as the first important mark for
the chemical and physical research concerning these systems, where the ten-
dency of the molecules to form pairs, due to the interaction between the terminal
dipoles, plays an important role3-648], The detection of the reentrance phenom-
enal®! for both nematic and smectic phases and the existence of different types of
smectic phases'>~®! in this kind of systems constituted a very important problem,
which remained an open question during a considerable period and was the sub-
ject of different theoretical approaches 84950511 One of them considers the
competition between the classical smectic A order parameter and an antiferroe-
lectric order parameter associated to the formation of pairs due to the dipolar
interaction(*8]. However, this phenomenological approach is unable to describe
the details of some of the mesophases at the molecular scale, as pointed out in
[52]. Nevertheless, at the molecular scale, these systems can be described by tak-
ing into account the interactions between neighbouring molecules and the conse-
quent possible types of local molecular organisation.

Two interesting models of this kind, introduced by Guillon and Skoulios(*0]
and Indekeu and Berkerl>1], respectively, successfully describe(34] the polymor-
phisms observed in this kind of systems. For instance, according to the Guillon
and Skoulios model’® in the partial bilayer smectic A phase the layers are com-
posed by a mixture of monomers and head-to-head molecular pairs (dimers)
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resulting from the coupling between the terminal dipoles. This model assumes a
dynamic process where the dimers are constantly being formed and dissociated.
The intermediate layer thickness between one and two molecular lengths is a
function of the relative number of monomers and dimers. This process explains
the variation of the layer thickness with temperature as an evolution of the pro-
portion between single molecules and pairs. A qualitative description of the tran-
sitions between different types of smectic phases as well as the reentrance
phenomenon can also be understood through this model.

The model of Indekeu and BerkerP!l considers correlations between three
neighbouring molecules taking into account dipolar interactions and excluded
volume type repulsion forces between molecular chains. This approach allows
for the description of the mechanism of frustration resulting from a dynamical
process associated to the existence of unpaired molecules in the presence of
occasional neighbouring dimers. It explains the reentrance of nematic and smec-
tic phases and the different layer thicknesses observed in this kind of systems.

The dynamical process associated with the creation/dissociation of molecular
aggregates proposed by both models described abovel3%31] was detected by a
study of proton NMR relaxation!33] performed with the compound
DB8CNSym[? exhibiting the double reentrance phenomenon.

NsC@— COO-@—OOC—@— CaH17

186°C 238°C

:1579C:SM: > N e——— |

re

125°C 1425C

Cr > SA1 < N

The T, dispersion profiles presented in figure 1, concerning the nematic and
S o4 mesophases, correspond to the higher temperature mesophases exhibited by
this compound. As pointed out before, the only frequency region where T;(v) is
identical, in both types of mesophases, is the high frequency range (v 2 10 MHz),
where reorientational motions give the most important contribution for the relax-
ation. In the nematic mesophase there is a plateau in the T, dispersion in the low
frequency range, which is less evident in smectic Ad phase. For intermediate fre-
quencies (10 kHz = v > 10 MHz) T strongly increases in the nematic phase till
the MHz range, while in the S,4 mesophase a clear increasing of T, is only
detected in the kHz domain, followed by a kind of plateaun detected till the MHz
range. These behaviours observed in the T, dispersion at low and intermediate
frequencies are essentially due to the differences on the type and relative impor-
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tance of collective and translational self-diffusion movements detected in
nematic and smectic A mesophases. The collective motions in the S, mes-
ophases are essentially due to layer undulations and the frequency range where
this kind of motions are predominant is clearly shorter in the S, mesophases than
in the nematic phases. This is essentially due to the smaller number of degrees of
freedom for director fluctuations in the S, phases and to the fact that only splay
and layer compression have non-divergent elastic constants. The low frequency
plateau is caused, in both cases, either by a low cut-off on the long wavelengths
of the collective fluctuation modes or by a local field limit imposed on the relax-
ation. The plateau detected at intermediate frequencies in the S 4 mesophase is
associated to the dominance of the translational self-diffusion relaxation!>3., It is
important to point out that the contributions of self-diffusion movements for the
relaxation in smectic and nematic mesophases are quite similar’®>¥]. They are less
evident in the intermediate frequency range of the nematic phase because they
are masked by the stronger contribution of the collective motions in this
phase[35].

No major differences between the reentrant and non-reentrant nematic and
smectic phases is observed in the spin-lattice relaxation dispersion!>>), However,
a joint interpretation of the T; results for all the mesophases of DBSCN Sym
studied, revealed that it is necessary to consider an additional relaxation mecha-
nism clearly present in S,4 mesophase but also detected in the nematic higher
temperature mesophase, where at a local scale some reminiscence of S, is
detected!>). This additional relaxation mechanism was associated to the dissoci-
ation/recombination of the molecular aggregates whose existence is proposed in
the models described in literature to explain the S 54 phase structure’>%>1), The
NMR relaxation study predicts a characteristic time for the dissociation/recombi-
nation process of the order of 1078 51351, This quantitative result is in agreement
with a previous prediction resulting from an NMR study of molecular ordert34!
based on the analysis of proton and deuterium NMR spectra performed in a chain
deuterated cyano compound, exhibiting S 4 and reentrant nematic mesophases.
In fact, in this study, it was estimated that the mean lifetime of the molecular
aggregates predicted by the two described modelst3%311 must be shorter than the
NMR observation time (of the order of the microseconds).

We must remark that without the introduction of the additional relaxation
mechanism associated to the dynamical process predicted by Guil-
lon-Skoulios!>% and Indekeu-Berkerl>!! it would not be possible to obtain a com-
plete and correct interpretation of all the relaxation results concerning all the
studied mesophases[”] . The signature of this mechanism is clearly evident in the
S g mesophase where the existence of dynamical aggregates could explain the
observed layer thickness.
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2.2.2 - The Twist grain boundary smectic A (TGB,)

The particular structure of the TGB, mesophase, where there are smectic A
blocks of dimension 1y, arranged in a helical way!!], is clearly reflected in the T,
relaxation results obtained with a compound (18FBTCO;M5) exhibiting SC* and
TGB, mesophases(*8:

F.
c,ano@m@czc@m_gH_c,Hw
H,

In fact, in the TGB 4 mesophases, between two adjacent smectic blocks, rotated
of an angle Aq, there is a grain boundary region[”] which clearly affects the
nuclear magnetic relaxation as described in [38]. The Ty(v) profiles obtained in
the Sc” and TGB, mesophases are similar to those represented in figure 1 for the
Saq and S¢ mesophases. This means that apparently similar relaxation mecha-
nisms are present in the mentioned mesophases.

Usually, at the S,-S¢~ transition, the T;(T) profiles obtained at different Lar-
mor frequencies show the same type of behaviour namely a continuous decreas-
ing of T with decreasing temperature(*!], However, in the case of the TGB A-SC*
transition, different T(T) behaviours were detected for different Larmor fre-
quencies®®]. For frequencies larger than 9 MHz, the usual behaviour detected at
the S5-Sc'*!! transition was observed. For frequencies equal or smaller than
1 MHz a completely different behaviour was observed. In fact, in the TGB,
mesophase T, increases with decreasing temperature for the low frequencies,
while in the SC* phase the usual behaviour of decreasing of T with decreasing
temperature was observed. This result means that an additional relaxation mech-
anism must be considered in order to explain the detected behaviour. Actually,
considering only the usual mechanisms contributing to the T, relaxation profiles
in the S, mesophases, it was not possible to explain the relaxation results in the
TGB, mesophase, a kind of frustrated S, mesophase. As explained in [38], the
additional relaxation mechanism detected in the TGB 4 mesophase in the low fre-
quency domain is associated with the molecular self-diffusion through the grain
boundaries. Translational molecular motions between adjacent blocks are clearly
affected by the existence of such a kind of barriers. In fact, it is possible for a
molecule to cross the grain boundary region from one smectic block to an adja-
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cent one by a kind of self-diffusion movement. When the molecules cross this
region along a direction parallel to the helical axis, they need to rotate of an angle
Aa (the angle between adjacent blocks). The movement from one smectic block
to the next one is a kind of reorientational motion mediated by translational dis-
placements. These molecular rotations inside the grain boundaries are in princi-
ple executed by steps.

We should remark that without the introduction of this particular mechanism,
clearly associated with the structure of the TGB, mesophase, it would not be
possible to obtain a correct interpretation of the relaxation data in the low fre-
quency domain. This significant result reflects the structure of the TGB 4 mes-
ophase and could be considered as an additional proof concerning the real
importance of the Nuclear Magnetic Relaxation studies. Dielectric relaxation
studies performed in a TGB, mesophase were used to detect a new relaxation
mechanism associated to the molecular movements in the grain boundary
regions®®9), in agreement with the NMR results described in [38].

2.2.3 - Biforked Mesogens showing S¢ and ¢, mesophases

The polymorphisms exhibited by polycatenar mesogens depend on several char-
acteristics of the molecular architecture, namely the length and flexibility or
rigidity of the core and naturally on the number, position and length of the end
chains®®!, As stated before, some biforked compounds of appropriate chains’
length, such as the one with the following molecular structure and phase
sequence!28:

m12H25

curo-(O-o00-O) 000 Y-co0<0)-000-(P-co,

CuHO

o UFC , g JAEC, o L IBEC,

present lamellar-to-columnar phase transitions!?’). In these cases, the detailed
study of the structure and molecular dynamics in both the lamellar and columnar
phases, near the phase transition, can be very important to elucidate the structure
of the special columnar phase (¢) characteristic of this type of mesogens.

In this case, DSC experiments show that the lamellar-to-columnar transition
enthalpy is fairly low(?8], which is compatible with a structural change between
the Sc and ¢y, phase, where some similarity, at least at a local scale, is main-
tained[?®), This experimental result favours the model presented in [24] suggest-
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ing the possibility that the Sc-¢y, transition corresponds to the segmentation of
the smectic layers in parallel stripes, which give rise to the columns in the ¢y,
phase[26].

As previously mentioned, T, dispersion curves, corresponding to the S and ¢y,
phases of this compound[36] are presented in figure 1. From a global analysis of
the obtained NMR relaxation results!>6], it was possible to identify the character-
istic frequency ranges associated to the different types of molecular movements
present in both the lamellar and columnar phases: as in other liquid crystal
phases, collective movements, molecular translational self-diffusion and rota-
tional reorientations are dominant at low, medium and high frequencies, respec-
tively. The contribution of this study to the identification of the structural
characteristics of the ¢, phase results from the comparison between the T, dis-
persion results in the S¢- and ¢y, phases. The molecular dynamics behaviour in the
Sc phase of biforked molecules is quite similar to that of equivalent phases of
calamitic molecules, apart a slightly more complex description of the rotational
reorientation movements due to the extra terminal aliphatic chains. We can also
find a similar behaviour in the S, 4 phase described herein, except for the exist-
ence of the dimer formation/dissociation mechanism{®3 that is obviously absent
in the case of the biforked molecules. Actually, if we compare the T, dispersion
curves corresponding to the S,4 phase of the DB8CN Sym and the S¢ phase of
the biforked compound presented in figure 1, we will notice a roughly similar
frequency dependence behaviour (even if the order of magnitude of T is differ-
ent due to, among other factors, the difference in molecular mass and size): an
increasing of T, in the low frequency region (which may be attributed, through a
detailed analysis, to a law of T(v) associated with smectic layer undulations); a
plateau in the medium frequency region, from ~2x10* Hz to ~1 MHz, in both
curves, and finally a region of monotonic increase above the MHz range. For the
¢y, phase, we find at high frequency a dynamical behaviour completely similar to
that of the S¢ phase[36], which is expected as the rotational reorientations move-
ments are not strongly influenced by the structure of the phase. This can be
observed in figure 1 noticing that the T evolution above 10 MHz is almost per-
fectly parallel for the Sc and ¢y, phase. The shift between the two curves is due to
the temperature’s difference between the two phases and it can be easily
explained by the expected Arrenhius dependence. On the other hand, in the low
frequency range we see that there is a clear difference between the results
obtained in the two phases. As the collective movements are dominant in this fre-
quency range, we conclude that this difference is due to the different collective
movements observed, resulting from distinct long range molecular order in the
columnar and lamellar phases[361.
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The most relevant contribution of the referred NMR study[36] to the elucidation
of the structure of the ¢;, phase results from the analysis of the molecular transla-
tional self-diffusion movements. This kind of motion in liquid crystal phases is
generally described as a random jump process of the molecules between neigh-
bouring positions, which modulates the relaxation. Necessarily, this depends on
the phase structure at a local scale, which determines the possible positions for
the diffusive jumps to occur. Therefore, different phase structures will lead to dif-
ferent relaxation dispersion curves in the intermediate Larmor frequency range
where, in most cases, the translational self-diffusion mechanism dominates the
relaxation process. The important result in this case is that the same model,
which describes the relaxation due to the translational self-diffusion process in
smectics with liquid-like layers, successfully fits the T, dispersion in both the
smectic C and the ¢y, phase of biforked molecules. The similarity between the
relaxation results in these two phases becomes evident from the observation of
the curves in figure 1, where we may verify the coincidence of T, results in the
intermediate frequency range. This is in agreement with the structural model pro-
posed by Guillon, Skoulios and Malthéte®*! and with the description of the
lamellar-to-columnar phase transition proposed in [26] where a similar structure
at a local scale is assumed for both phases, as it can be observed in figure 2. This
conclusion is reinforced by the comparison of the T, dispersion results in the ¢y,
phase with those obtained for the columnar hexagonal phase, Dy, of discotic
molecules of the compound-CSI-{ET[37’42].

In spite of presenting the same global structural characteristics — columnar
hexagonal — (which justifies the similar behaviour in the low frequency range,
where collective movements dominate the relaxation process) the frequency dis-
persion in the intermediate frequency range is very different in the two colum-
nar-hexagonal phases. In fact, Zumer and Vilfan[*®! previously described the
translational self-diffusion process in the Dy, phase as an inter-columnar jump
permeation process. The analysis of NMR results rules out this description in the
case of the ¢y, phase. This is, indeed, expected because there is no plausible physi-
cal mechanism for the groups of biforked molecules, which correspond to the discs
of the D;,, phase, to diffuse together from column to column (see figure 2b). Actu-
ally, according to the description of the ¢y, phase and the lamellar-to-columnar
phase transition presented before, the local “environment” of a biforked molecule
in the ¢y, phase, includes the neighbouring molecules in the same column and the
nearby molecules in adjacent columns, being all these molecules on average paral-
lel to each other as in the precursor lamellar phase. Comparing figures 2a and 2b
we may assume that the inter-layer self-diffusion movements characterised by the
coefficient Dy in the smectic phase, as described in [36], correspond necessarily in
the ¢;, phase to inter-columnar diffuse movements. The smectic intra-layer self-dif-
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FIGURE 2 Schematic view of the molecular organisation in the mesophases of the biforked com-
pound referred in the text. a) smectic C phase, b) ¢, phase

fusion movements, characterised by the coefficient D l[36] correspond most proba-
bly to intra-columnar diffusive movements.

CONCLUSION

As a conclusion, it is possible to say that, in general, the molecular motions
present in different types of mesophases, with different characteristic time scales,
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can show their particular signature in the T{(v) proton relaxation profiles when
classical and fast field-cycling NMR techniques are combined. From these stud-
ies it is possible to understand how molecular motions are influenced by the local
structure of the different mesophases. This is particularly clear in the case of the
TGB, phase.

It was also described how these relaxation studies can contribute, in some
cases, to test the validity of molecular organisation models proposed in literature
to describe some specific structures determined by X-ray diffraction, namely the
partial bilayer smectic S, 4 and the columnar phases formed by polycatenar mol-
ecules.
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