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Liquid crystalline compounds containing a cyano terminal group often exhibit peculiar molecular 
organizations of their mesophases. In this work we present proton N M R relaxation studies, per-
formed by means of standard N M R and fast field-cycling NMR techniques, in the nematic (N) and 
bilayered smectic-,4 phase (S^2) of 4-pentyl-phenyl 4'-cyanobenzoyloxy-benzoate. The field-cycling 
measurements were used to clarify the relaxation behaviour in the low Larmor frequency range, 
where conventional techniques are not applicable. 

Self-diffusion and rotational reorientations are found to be the essential relaxation mechanisms 
at MHz frequencies in the smectic mesophase, while the contribution of collective modes appears 
only at lower frequencies in the kHz range. In the nematic mesophase the order director fluctuations 
mechanism dominates the relaxation dispersion up to 10 MHz, where the rotational reorientations 
become important, with minor corrections from the self-diffusion process. The agreement between 
the experimental findings and model fits could be improved by an additional relaxation mechanism 
in the kHz regime, ascribed to the interaction between protons and fast relaxing quadrupolar 
nitrogen 1 4 N nuclei. Though all four processes are present in the nematic and smectic-/l2 phases, the 
overall 7\ frequency dependence is quite different in the two cases. This behaviour is discussed in 
terms of available theoretical calculations of the proton relaxation dispersion in liquid crystals, and 
it is also compared with data known from other cyano compounds. 
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1. Introduction 

P r o t o n a n d d e u t e r o n N M R re l axa t i on m e a s u r e -
m e n t s h a v e o f t en been used t o s t u d y m o l e c u l a r m o -
t ions in l iqu id crys ta l l ine m e s o p h a s e s [e.g. 1, 2]. H o w -
ever, sys t ema t i c L a r m o r f r e q u e n c y d e p e n d e n t s tudies , 
wh ich a l low t o s e p a r a t e t he u n d e r l y i n g m o t i o n a l m o d -
els m o r e re l iably t h a n p r o c e d u r e s a t c o n s t a n t fre-
quency , h a v e on ly been p e r f o r m e d fo r s o m e s imple 
n e m a t i c a n d smect ic-A p h a s e s [3 ,4] , b u t n o t yet fo r 
sys tems w i th m o r e special k i n d s of p o l y m o r p h i s m s 
[5, 6] such as e.g. comple te ly b i l ayered smect ic p h a s e s 
a n d smect ic a n t i p h a s e s o r i n c o m m e n s u r a t e phases . 

F o l l o w i n g p rev ious p r e l i m i n a r y w o r k [ 7 - 9 ] o n 
c y a n o l iquid c rys ta l c o m p o u n d s w i th a s t r o n g p o l a r 
e n d g r o u p , we p resen t he re L a r m o r f r e q u e n c y depen -
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den t m e a s u r e m e n t s of t he l o n g i t u d i n a l p r o t o n spin 
r e l axa t ion t ime 7 \ ( " re l axa t ion d i spe r s ion" ) in the 
crysta l l ine (C r), n e m a t i c (N) a n d b i l ayered smect ic -A 
(S^ 2 ) phases of the l iqu id c rys ta l 4 - p e n t y l - p h e n y l 4 '-
c y a n o b e n z o y l o x y - b e n z o a t e 

N C — — C O O —<X> — C O O — $ — C s H ^ , 

which will be d e n o t e d by D B 5 C N . T h i s m a t e r i a l h a s 
a n S^2 m e s o p h a s e b e t w e e n 1 2 7 ° C a n d 141 ° C a n d a 
h i g h - t e m p e r a t u r e N p h a s e u p t o t he c l ea r ing p o i n t a t 
256 °C [10]. T h e layer spac ing in t h e b i l aye red smec t i c 
r a n g e is a p p r o x i m a t e l y twice t he m o l e c u l a r l e n g t h in 
the s t re tched c o n f o r m a t i o n . H a r d o u i n et al. [10] sug-
gested a m o d e l ba sed o n t he c o n c e p t t h a t mo lecu l e s 
wi th s t r o n g p o l a r h e a d s a r r a n g e in h e a d - t o - h e a d c o n -
f igura t ion , a n d t h u s enta i l b i layers wi th an t i f e r roe lec -
t r ic o rde r . 

I t is genera l ly accep ted t h a t t he p r o t o n sp in re lax-
a t i on of n e m a t i c a n d smect ic l iqu id c rys ta l s ref lects 
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bo th individual molecular reorientat ions (self-diffu-
sion, rotat ions) an d collective molecular f luctuations 
(order director f luctuations) [ 1 - 4 , 7]. But the impor-
tance and separa t ion of the three mechanisms is still 
heavily disputed in the li terature, and as a conse-
quence also mos t characterist ic details of the models 
suggested for such super imposed relaxation rates have 
no t been conf i rmed experimentally. F o r example, 
theoretically the t ranslat ional self-diffusion process 
[ 11 - 1 3 ] , the aniso t ropic ro ta t ional j umping [9 ,14 -17 ] 
and the collective m o d e spectrum [18-20] differ signif-
icantly between a nematic and smectic mesophase. 
However , the predicted distinctions have scarcely 
been observed so far by p r o t o n relaxation dispersion 
profiles of nemat ic and smect ic-^ liquid crystals [3, 4, 
21, 22]. This ra ther surprising fact essentially initiated 
the present work on a c o m p o u n d exhibiting a nematic 
and bilayer smectic polymorphism, a system not yet 
studied in l i terature by N M R relaxation and where 
the expected changes could be more pronounced. 

2. Experimental Techniques and Results 

The longi tudinal p ro ton (spin-lattice) relaxation 
t ime Tl of D B 5 C N was measured as a funct ion of 
t empera ture (T) and L a r m o r frequency (2 n v), by 
means of two different N M R techniques: F o r frequen-
cies above 8 M H z , a commercial pulse spectrometer 
Bruker SXP-4/100 M H z and a Bruker C X P / 3 0 0 M H z , 
with the s t andard Ti pulse sequence {n — x — n/2), were 
used; between 100 H z and 8 M H z the relaxation times 
were obtained by home-buil t fast field-cycling devices 
[3, 4, 23] and suitable pulse programs. All Tx da t a were 
determined on cooling the sample f rom the nematic 
phase very slowly. In this way it was possible to orient 
the director field in the nemat ic phase. The tempera-
ture could be control led within abou t ± 0.3 °C. Fur -
the rmore it was checked tha t the systematic devia-
t ions between the Ti values obta ined by the SXP and 
home-bui ld spectrometers did not exceed the experi-
mental error limits of + 1 0 % . 

Figure 1 il lustrates the tempera ture dependence of 
the p ro ton Ty in the crystalline, nematic and smectic-
A2 phases of D B 5 C N , at some selected frequencies v. 
In any case Tx increases with increasing temperature , 
as is well k n o w n f rom studies of familiar liquid crys-
tals [1, 3, 4], The Ti (T) slope in the phase is almost 
identical to the one in the N phase, but it slightly 
decreases for smaller frequencies. At high v's in the 

megahertz range, TX(T) is con t inuous for bo th the 
Cr — S ^ and the S^2 — N transit ions, whereas at low 
v's in the kilohertz range there exists a significant dis-
continuity between the smectic and nematic state. 
(The Ti behaviour of the Cr — S^2 t ransi t ion could not 
be measured with the available field-cycling appa ra tus 
because of the poor signal quali ty for the solid.) 

Related effects can be seen by the frequency depen-
dence of Ti, which is presented in Fig. 2 for two tem-
peratures, one in the nematic s tate (150°C) and the 
other in the smectic-/ l2 state (136°C). Both dispersion 
plots show the (v) characteristics known from previ-
ous relaxation studies on liquid crystals, namely: (i) a 
low-frequency plateau, (ii) a s t rong increase above the 
kHz range followed by (iii) an intermediate frequency 
range where the Ti increase slows down, becoming 
frequency independent in the smectic-/! phase, and 
finally (iv) the development of a second strong disper-
sion step in the convent ional high-frequency N M R 
regime. But the two plots also indicate ra ther different 
details which have not been observed previously with 
comparable clarity. In part icular , range (ii) is m u c h 
broader and range (iii) is much smaller for the nematic 
than for the smectic-/l2 mesophase. As a consequence, 
one finds a crossing point where Ti [SA2] > Tx [N] 
changes to Tx [SA2] < Tx [N]. This means that the pro-
cess responsible for the range (ii) is better seen in the 
nematic state, and the process responsible for the 
range (iii) is more significant in the smectic state! An-
other, yet minor, distinction is observed at v ~ 104 Hz, 
where Tx [N] reveals a "dip", i.e. a slight decrease by 
about 20% which is not or less clearly visible by 
tasA3\. 

In addi t ion to the t empera ture and frequency de-
pendencies, we also determined the angular depen-
dence of the p ro ton relaxation rate, 1 /Ti {A\ of the S^2 

sample at high fields by ro ta t ing the orientat ion of the 
liquid crystal director (perpendicular to the smectic 
layers) relative to the N M R Zeeman field by an angle 
A. The angular dependence of X/T^A) for the S ^ 
phase is very small. It increases only by about 13% 
when A is changed f rom 0° to 90°. This variation could 
indicate that the D B 5 C N sample is only partially ori-
ented in the Zeeman field. However , f rom the analysis 
of addi t ional spectra taken at T = 130°C, for A = 0 ° 
and A = 90°, it was observed tha t the sample was well 
oriented in the magnet ic field and could be considered 
as a monocris tal [24], Related results for the nemat ic 
sample are difficult to get because of the fast reorienta-
tion of the director axis. However , an indirect way of 
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Fig. 1. Tempera ture dependence of the p ro ton spin relaxat ion t ime T t of 
D B 5 C N at some selected frequencies. 

Fig. 2. Frequency dependence of the longitudinal p ro ton relaxat ion time 
of D B 5 C N at two temperatures , one in the nemat ic phase (150°C) the 

o ther in the smectic-zl phase (136°C). 
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Fig. 3. Angular dependence of the longitudinal p ro ton relaxation ra te 1/Tj 
of D B 5 C N in the smectic-/! phase for T = 130°C, v = 56 M H z and in the 
nemat ic phase for T = 150°C, v = 19 M H z . 
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Fig. 4. Fit of the Ti dispersion da ta in the nematic phase (150°C) with the 5! 
four model contr ibutions Table 1-(1) (nematic case), Table l-(2) (nematic 
case), Table 1-(3) and Table 1-(4) (solid lines for vCmai ~ 3.3 x 109 Hz, 
dashed lines for vCmax ~ oo). 

Fig. 6. Fit of the 7i dispersion data in the smectic-/! phase (136 °C) with the 
four model contr ibut ions Table 1-(1) (smectic case), Table(l-(2) (smectic 
case with vCmai ~ oo), Table (l-(3) and Table l-(4). 
< 
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Fig. 5. Fit of the angular dependent 1/T, da ta in the nematic phase with the 
model contr ibut ions Table 1-(1) (nematic case), and Table l-(3). 
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rotating the liquid crystal director with respect to the 
Zeeman field, is rotating the sample at a steady spin-
ning rate cos [25]. In fact, below a critical spinning rate 
£oc (which depends on the magnetic field strength) 
there is a constant dephasing, A, between the director 
and the magnetic field axis. This angle can be obtained 
from the analysis of the dipolar splitting of the N M R 
proton spectra. The angular dependence of T1 can 
thus be obtained by spinning the sample at different 
spinning rates. The constraint cos < coc implies that A 
can vary only from 0° to 45°. The Ti's measured with 
this method were quite reproducible. These data are 
very important for the interpretation of the relaxation 
in the nematic phase. The angular results obtained as 
described above are represented in Fig. 3 for T = 
130°C, v = 56 M H z ( S ^ mesophase) and T = 150°C, 
v = 19 M H z (nematic mesophase). In addit ion to the 
described results, N M R spectra were collected at dif-
ferent temperatures and in both mesophases for the 
evaluation of the nematic order parameter S (see 
Table 2). 

3. Analysis and Discussion 

In order to understand the Tx relaxation dispersion 
profiles and their changes between the nematic and 
smectic samples quantitatively, we tried curve fits with 
some relaxation models for liquid crystals. It is known 
from previous studies that proton relaxation measure-
ments - even over a broad frequency range - generally 
cannot be interpreted unambiguously because of the 
great number of pro ton pairs on the liquid crystal 
molecules and the numerous kinds of molecular mo-
tions which may contribute to the average observed 
relaxation rate. This averaging prevents that the 
asymptotic dispersion profiles, characteristic of spe-
cial reorientation processes (e.g. T x ~ v 1 / 2 , T x ~ v , 
Tx ~ v3/2 or Ti ~ v2, etc.), fully develop. In the present 
case, the constraints imposed by the simultaneous 
analysis of the nematic and smectic phase of the same 
compound greatly facilitate the model fitting, because 
the two types of model parameters must be consistent 
with each other. 

Qualitatively, the low and high frequency disper-
sion profiles shown in Fig. 2 are similar to results 
reported in the literature for other nematic com-
pounds [3, 4] i.e. they reveal (at least) two relaxation 
regimes with a low frequency plateau and a high fre-
quency increase. This behaviour was at tr ibuted to a 

superposition of fast non-collective and slow collec-
tive molecular reorientations [3], but the details of the 
inter- and intramolecular contributions to both mech-
anisms are still strongly disputed. As a first approach 
we considered four relaxation mechanisms to inter-
pret the T^v) data and their changes between the 
nematic and smectic phase, namely: 

1. Translational self-diffusion (SD), first calculated by 
Vilfan and Zumer for nematics [12] and smectics A 
[13]. 

2. Order director fluctuations (ODF), originally 
treated by Pincus [18] and Blinc et al. [19], which for 
the nematic phase yield, over a broad range, the 
famous square-root law Tx ~ v1/2. For S ,̂ phases one 
expects either a similar square-root behaviour [19] 
as in nematics, or a linear dependence Ti ~ v, if the 
order director fluctuations are only due to layer 
undulations. 

3. Local molecular rotat ions/reorientat ions (ROT), 
which can be described by a model which accounts 
for the rotations along the short and long molecular 
axis [9]; a more detailed model, which considers 
both molecular reorientations in the laboratory 
frame and rotations along the long molecular axis 
in the molecular frame, proposed by Void and Void 
[17], was also considered. 

4. A contribution which takes into account the cou-
pling between proton and nitrogen spins on a mol-
ecule; this cross-relaxation process (CR) can be-
come effective if the dipolar proton Zeeman 
splitting frequency and the quadrupolar nitrogen 
transition frequencies overlap [21, 26]; this allows a 
resonant exchange between the two polarizations 
and thus shortens Tx at special Larmor frequencies 
("quadrupolar dip"). 

The overall relaxation rate 

was used to fit the experimental data by a computer 
assisted least-square method. Table 1 summarizes the 
explicit expressions of the individual terms and the 
involved molecular and material model parameters. 
Note that, for simplicity, potential cross effects be-
tween the superimposed mechanisms are not included 
because the available Ti (v) measurements proved to 
be inadequate to reveal such details. Figures 4 - 7 illus-
trate the quality of the final results and the difficulty 
to distinguish between possible alternatives, in partic-
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Fig. 7. Fit of the angular dependent l / 7 \ 
da ta in the smectic-zl phase with the model 
contributions Table 1-(1) (smectic case), and 
Table l-(3). The contributions coming from 
the O D F and cross-relaxation mechanisms 
are negligible at this frequency. 

180 

A/degree 

ular with respect to the T 1 o d f term. According to 
Table 1, the curve fitting was performed by optimizing 
up to 10 model parameters : F o r the self-diffusion term 
the t ranslat ional self-diffusion constant (DJ perpen-
dicular to the director and the distance of closest ap-
proach (d) of two spins belonging to neighboring 
molecules, or the related j u m p time t x = d2/AD±; for 
the order director f luctuat ions the strength (4 N or 4 S ) 
of the order director f luctuat ions contr ibut ion and the 
high and low cut-off frequencies (vCmln> vCmax) of the 
O D F modes ; for the ro ta t ional term, described by [9], 
the ro ta t ional correlat ion time (t s) for rotat ions along 
the short molecular axis and its rat io to the correla-
tion time a long the long molecular axis, t s / t l ; finally 
for the cross-relaxation term the strength (C), fre-
quency (vCR) and correlat ion time ( t c r ) of the Lorentz-
type cross-relaxation contr ibut ion. 

Of the remaining model parameters in Table 1, the 
j u m p width rat io « r 2

± } / d 2 ) , the diffusion anisotropy 
(D x /D| | ) and the molecular anisotropy l/d could not 
be fitted reliably and therefore were estimated f rom 
li terature results [12, 13, 27]. In particular, / was made 
equal to the layer spacing of the bilayered SA2 phase 
because molecules diffuse in pairs (dimers) [10, 28] and 
the density of spins was calculated assuming a bulk 

density of 103 kg m " 3 for n in Table 2. In addit ion, the 
order parameter (S) was est imated f rom N M R pro ton 
measurements , and the geometry factors (a^-, r f J), 
Table 1, were est imated f rom the s t ructure of the 
D B 5 C N molecules in their most stretched form, 
Table 2. The averaged elastic cons tan t (K), viscosity 
(t]) and coherence length, (£z), were obta ined f rom the 
fitting parameters . 

Fo r the nemat ic mesophase (150°C), the T 1 o d f ( v ) 

square-root law cont r ibu t ion including the low-fre-
quency cut-off and one T 1 c r (v) min imum are well-pro-
nounced in the low frequency dispersion profile, so 
that the least-squares model fit gives very reliable 
model parameters . In contras t to this, the assignment 
of t he T 1 s d ( v ) a n d T 1 r ( v ) t e r m s a n d t h e h i g h - f r e q u e n c y 
cut-off of T 1 o d f ( v ) is not possible reliably wi thout ad-
ditional assumptions . We made use of the circum-
stance that , according to dielectric measurements on 
other high tempera ture nemat ic compounds , the dom-
inating ro ta t ional mot ions abou t the short axis are so 
fast that they cause approximate ly a frequency inde-
pendent relaxation rate in the considered range (ex-
treme nar rowing limit) [14]. Hence the high-frequency 
dispersion profile must be essentially a t t r ibuted to the 
ro ta t ions / reor ien ta t ions process, with minor correc-



Table 1. Theoretical expressions used in the analysis of the 
experimental data. The procedure and notation are ex-
plained in the text. 

1. Self-Diffusion (SD) [12, 13] 

a . -m^ <r\> Dl I 
VT n , ,~ ,A I, 1 d2 Di, d " 

I/SDSA 

9/MOY ( O i > D ± 1
 A \ 

Arn)y - ^ - m 

2. Order Director Fluctuations (ODF) [9, 18, 19, 20] 

© V i / * 
0N 

ODFN ^ 

gN(a) = -(arctan(x/2a + 1) -I- arctan(v/2~a — 1) 
n \ . r—.. 

( J 2 a \ \ — arctanh , 
V + VJ 

a 9 o V 4 , 2 k s T S 2 q ( 3 c o s 2 g , - — l)2 — * 
= 1 6 \ 4 Ä / 7 * - 1 & - W * < f k A A ) ' 

,2nK 2nK 
= 1-95-75 , v c = — - , 12 n ii * 

T J o d f s a v v « v v y ji \ v 

= 9 / M o 
64 \ 4 n 

2nK1 

nKitz 4r?. 
A i ( ^ ) , 

2nK1 

d2 r, ' *2 
Z2± 1 

3. Rotations (ROT) [9, 14] 

= K ^ ) 2 74 h2 ( i ( 1 )(v, + J ( 2 >(2 v, A)), 
1/ ROT 8 \ 4 j t / 

3 ii = 0 m = 0 1 + 4 7 1 V Tm 

C 0 = 6, C j = 1, C 2 = 4 , 

1 1 5 1 2 1 
To = Ts> — = — + — , — = - — + — , t j 6 r L 6Ts 3 T, 3 Tc 

A(0) (3 cos2 g , j - l)2 3 sin2 2 _ 3s in 4 « 0 . 
— , * > ^ — . 1 ^ — . fi 4 r 4r?. '«i 4r?. ij 

The expectation values of the Wigner rotation matrices D,2-
can be expressed in terms of the nematic order parameter 
and the expectation value of P4, <P4>, [9, 16]. We assumed 
that ~ j S 2 [32]. The expressions for the angular func-
tions fkn(A) are well known from the literature and can be 
found in [9] and [12]. 

4. Cross-Relaxation (CR) [21, 26] 

Table 2. Fitting parameters obtained for the fits represented 
in the figures. The notation is explained in the text. 

Fig. 4 Fig. 4, 5 Fig. 6 Fig. 7 

T 

°C 

T x x l 0 9 

D ±x 101 

x 10" 

Hz 

x 10" 

Hz 

ANx 10" 
c-3/2 

AEX 10" 

TcXlO11 

C x l O " 5 

VCR X t 0 
Hz 

tro X105 

150 150 136 130 

0.26 0.26 
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0.63 0.63 

3.3 

9.9 9.9 

1.7 1.7 

5.3 5.6 

4.3 4.3 

9.1 9.1 

2.3 2.3 

4.0 4.0 

1.74 

3.59 

2.1 

9.0 

7.5 

4.0 

3.0 

4.9 

4.0 

1.90 

3.28 

0.2 

4.8 

0.4 

3.0 

4.9 

4.0 

0.66 0.66 0.68 0.70 

For the remaining parameters we assumed the following 
values: 

/ ca 52.5 x 10~ 1 0 m [10], d = 5 x l 0 ~ 1 0 m , <r\}/d2 = 1, 
vioc = 2 x 103 Hz, n ~ 3.3 x 1028 spins m~ 3 , 
Aw ~ 7.0 x 1057 n r 6 , A(1) ~ 2.7 x 1057 m " 6 , 
i4(2> ^ 11.3 x 1057 m ~ 6 . 

C XR 

TJ CR 1+47t 2 (v C R -v) 2 T 2
R 
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tions originating from the other two frequency depen-
dent terms. Figure 4 presents the obtained results 
under the assumptions of an infinite mode cut-off 
(vCma* ~ 0 0 ) anc* with a finite cut-off frequency 
(vC m a i= 3.3 x 109 Hz). Obviously, despite the broad 
frequency variation the available data do not allow a 
clear separation of the effects on the dispersion profile 
caused by the limiting mode (vCmBJ, the diffusion con-
stants (Dj_, D||) and the ratio between the correlation 
times T S / T l , which proves to be important when fitting 
the angular data. According to Pusiol et al. [21], fine 
frequency steps in the megahertz regime should also 
reveal two additional quadrupolar dips due to the 
proton-nitrogen coupling, but so far the sharpness of 
the involved energy crossings made them hard do 
detect [25]. 

These nematic results are in qualitative agreement 
with previous proton field-cycling measurements of 
other high-temperature nematics [3, 4] and deuteron 
relaxation studies [31]. In particular, the correlation 
time for rotations of about I O - 1 1 to 10" 1 0 s is com-
patible with values obtained for other nematics. Up to 
about v = 10 MHz, the general behaviour of the model 
fit is dominated by the O D F contribution (Table 1-
(2)). Only above this range the self-diffusion and rota-
tional mechanisms (Table 1-(1), (3)) become important 
for the overall relaxation. Their relative importance is 
limited by the constraints imposed by the smectic data 
fit; in particular D± and Ts have to show a physically 
reasonable temperature behaviour (see Table 2), and 
so local rotations (Table l-(3)) seem to be more impor-
tant than self-diffusion (Table 1-(1)) in this frequency 
region. This interpretation is confirmed by the curve 
fit of the Tj angular data in the nematic phase, Fig-
ure 5. The different angular behaviour of T

1R
(A) and 

T 1 S D ( J ) doesn't permit an exchange in their relative 
weights in the curve fit. The value of T S / T l was made 
equal to the one obtained from the smectic data fit. 
Any temperature dependence of T S / T l is masked by the 
temperature dependence of the other fitting parame-
ters, namely D± , t s , and vCmax. The plateau observed 
in the order director fluctuation dispersion at low fre-
quencies cannot be definitively ascribed to the exis-
tence of a low cut-off frequency vCmin, due to a finite 
coherence length (Table l-(2)) in the O D F modes; 
an alternative explanation is possible by taking ac-
count of the finite internal local field, which restricts 
the variation of the locally effective Larmor frequency 
( v ef f = \ A ' 2 + v ioc) [4, 29]. It is expected to distinguish 
the O F mode and local field models by future 

deuteron field-cycling studies [4], The values of the 
averaged elastic constant K, effective viscosity R\ and 
coherence length were obtained from the fitting 
parameters , AS, vCmax and vCmin (K ~ 10 ~11N, RJ ~ 
1 0 _ 3 k g m _ 1 s - 1 , £ z ~ 1 0 _ 6 m ) . It should be noted 
that, with exception of the order director fluctuations' 
weight for the nematic phase, AS, vCmax, and vCmln 

are highly correlated with other fitting parameters, 
and therefore their values are not unique. 

For the DB5CN smectic phase (136°C), the diffi-
culties to analyze the dispersion profile are rather dif-
ferent. In this case the T 1 O D F ( V ) dispersion step is 
rather narrow, so that it could be described both by a 
square-root law TX ~ v1/2 [13] together with an unusu-
ally low upper cut-off frequency (vCmax near 105 Hz), 
and also by a linear profile T ^ v 1 [19] without the 
necessity to take into account a finite cut-off limit, 
giving both the same good curve fits in the low 
frequency range. However, the elastic constant KSA, 
which in the smectic phase should be essentially K l 

[K2 and K3 diverge) [30] and the effective viscosity TISa 

obtained from the curve fit with Ti ~ v1/2 are unrea-
sonable high (KSa ~ 10" 8 N and rjSA ~ 105 kg m " 1 s"*) 
when the value of should not be very different from 
the one in the nematic phase [31]. Therefore, for the 
present we think that layer undulations [19] are the 
more reasonable collective motion which is responsi-
ble for the T 1 o d f relaxation process. Figure 6 presents 
the best fit using the linear law for T 1 o d f ~ v1 in the 
curve fit. 

Surprisingly, in the smectic fits the additional pro-
ton-nitrogen cross coupling is a negligible contribu-
tion to the overall dispersion profile since the quadru-
polar dips are absent or at least less evident than in the 
nematic phase. In contrast to this, the self-diffusion 
contribution is the dominant mechanism for frequen-
cies above 50 kHz. Similar changes related to the ne-
matic-to-smectic-/l phase transition are known for 
other smectic-v4 and partially bilayered smectic-A 
mesogens [7-9, 21]; they essentially reflect the strong 
decrease of the diffusion constant at lower tempera-
tures. The self-diffusion coefficients obtained in both 
mesophases are in agreement with reported results for 
other liquid crystals with similar mesophases [27]. 

A combined analysis of the angle dependent data in 
the smectic phase (130°C) presented in Fig. 3 with the 
frequency dependent data shown in Fig. 2 confirms 
that above 40 MHz the rotational process becomes 
more important than self-diffusion as illustrated by 
the model fit of Figure 7. The observed angular depen-
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dence is well fitted with a superposition of a large 
contribution from the rotational mechanism and a 
small self-diffusion contribution (Table 1-(1)), which 
involves a X/T^A) variation opposite to the observed 
one. The contribution of the O D F mechanism is neg-
ligible at this frequency. 

The use of a more detailed model to describe the 
rotations/reorientations mechanism such as the one 
proposed by Void and Void [17] was also considered. 
The curve fits obtained when including this model in 
the overall relaxation theoretical expression were 
quite similar to the ones presented in Figs. 4 - 7 . How-
ever, due to the increase of degrees of freedom in the 
parameter space introduced by this model many good 
fits could be obtained with different sets of parameters, 
all of them with very similar contributions from the 
rotation/reorientations mechanism. For a typical fit 
in the smectic phase, assuming a strong collision rota-
tional process, the correlation times for reorientations 
of the molecules along the short and long molecular 
axis were of the order ot 10" 1 0 s and for rotations of 
a molecule along its long molecular axis (y motion 
[17]) the correlation time was of the order 10" 1 1 s. 
These values are in agreement with the corresponding 
ones presented in Table 2, considering the simplified 
model used in those fits, and agree with others recently 
reported for deuteron relaxation studies [31]. 

4. Conclusions 

In this paper we present a proton spin-lattice relax-
ation study in the nematic and smectic A2 mesophases 
of the compound DB5CN. The dispersion behaviour 
of the relaxation time Tt is for frequencies between 
10 kHz and 10 MHz rather different in these meso-
phases. The Tj plateau observed in the smectic A2 

phase over a broad intermediate frequency range is 
not present in the nematic phase and could only be 
interpreted in terms of a more important self-diffusion 
contribution at these frequencies. The angle depen-
dent 1 /Tx data, which increase with the angle in both 

mesophases, at fixed frequencies, permit to distinguish 
the relative importance of the relaxation contributions 
coming from rotations and self-diffusion since each 
mechanism has a particular signature with respect to 
this dependence. A consistent Tx data analysis of both 
phases in view of the available theoretical models for 
the relaxation mechanisms expected for this kind of 
mesophases, makes possible to conclude that in the 
nematic phase the most relevant mechanisms are the 
order director fluctuations and the rotation/reorien-
tation mechanisms. In the smectic phase the most im-
portant ones are self-diffusion and rotations/reorien-
tations. The collective molecular motions are order 
director fluctuations in the nematic case, where they 
are described by the usual square root law, Tx ~ v1/2, 
and are layer undulations in the smectic case with the 
linear law Tx ~ v. The relative contributions of self-dif-
fusion and rotations/reorientations cannot be ex-
changed. The rotational correlation times are of the 
order of 1 0 _ l o - 1 0 - 1 1 s, as previously reported [7, 9] 
for other compounds, but their absolute values de-
pend on the particular model used to fit the data. Both 
models used for this relaxation mechanism gave good 
fits with the same conclusions. From the fitting 
parameters some viscoelastic parameters were ob-
tained. In both mesophases the inclusion of a cross-re-
laxation mechanism between protons and nitrogens 
could improve the relaxation dispersion fits at low 
frequencies. 
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