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19N Nuclear Quadrupole Dips in the Proton Spin-Lattice Relaxation Dispersion
in the SmecticC Phase of HpAB
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Measurements of the proton spin-lattice relaxation dispersion were carefully carried out using the fast
field cycling NMR technique. More than two chemically nonequivalent nitrogen nuclei were detected
from the quadrupole dip spectrum. We conclude that the HpAB biaxial sm@diical structure is
composed of bimolecular unit cells. [S0031-9007(96)00288-8]

PACS numbers: 61.30.Eb, 61.30.Gd, 76.60.Es, 76.60.Gv

Liquid crystals are compounds which exhibit simultane-had a smaller width than those mentioned above. To
ously characteristics common to both isotropic liquids andrerify these results, new measurements were carried out
solid crystals. The study of molecular orientational orderin HpAB, PAA, and EBBA at Stuttgart using a new field
and general structural properties of different mesophases/cling machine [19]. Results reported in that work did
is an important physical tool used for the design of technot agree with previous measurements. Smaller widths,
nically useful materials. shape, and different frequency dip positions are among

The nature of local order in biaxial smectic liquid crys- the discrepancies.
tals has been extensively studied during the last twenty In the present work we concentrate on high frequency
years using proton and deuteron magnetic resonances [Hips (v, > 200 kHz) in the smecticz (Sm-C of HpAB
9]. Nuclear quadrupole resonance (NQR) is an adequaf@0-22], with special care not to distort the shape
experimental technique to study local order and moleculaand frequency of QDs. We took special care of the
dynamical properties [10]. Because of the averaging ofollowing: (1) Stability and precision of the Zeeman field
electric field gradients (EFGs), and the relative poor abunduring the level crossing period Temporal variation of
dance of quadrupole nuclei in liquid crystal molecules,relaxation field B, is expected to be observed as an
pure NQR spectroscopy becomes a complicated expeextra broadening in the QD shapes. (P¢mperature
iment. However, indirect detection of the quadrupolegradient along the sample As previously shown [13]
interaction in liquid crystals can be achieved usingthe quadrupole coupling constarf)(and the assymmetry
proton Zeeman-quadrupole cross relaxation techniqugsarameter+) vary substantially with temperature and, as
[1,11-14]. a consequence, gradients seriously distort QDs P(Bity

Quadrupole dips (QDs) in the proton spin-lattice relax-of the sample Impurity molecules contribute an extra
ation dispersionT;(».)] originate when'H additionally ~ dispersion in the EFGs in th&N sites, giving an extra
relaxes to the lattice through quadrupole nuclei (k)  quadrupole resonance line broadening.
by level crossing [15,16]. AS“N is an/ = 1 nucleus, Through theT' (v;) study we found the fine structure of
it presents three nuclear quadrupole levels, and the selepreviously unresolved QDs. The experiment is explained
tion rules allow three transitions between these levels. Fdpy the presence of three nonequivaléfit nuclei. Such
the nonzero asymmetry parametey) (of the EFG at the NQR spectral structures are satisfactorily described by
quadrupole site, three QDs are expected: generally, a highssuming that the Si8-phase of HpAB is composed of
frequency doublet and a low frequency singlet [10,11]. bimolecular unit cells. In this Letter we report what we

A few years ago we found QDs in the smectic phase obelieve to be the first observation of this phenomenon in a
4-4'-bis-heptyloxy-azoxy-benzene (HpAB:gH 3N ,05),  liquid crystal compound.
as well as in several other smectic and nematic liquid crys- The stability and precision of the relaxation field was
tals [11,13]. Because of both the relative low frequencytested with a second irradiation technique (Fig. 1). NMR
of the N QDs and the short proton spin-lattice relaxationabsorption of water is detected if the relatip®, /27 =
times, it was necessary to use the fast field cycling NMRv, is met, wherey, is the second irradiation frequency
technique [17]. This experiment is similar to crossoverapplied during the relaxation period. Since, of course,
relaxation in the laboratory frame at a fixed relaxation peno QD is expected for water, the quantitwAv,/y
riod [18]. We prefer to study the Larmor frequency de-extracted from the rf absorption as is conveniently
pendence of’}, to obtain the quadrupolar spectral densityscanned gives us a measure of the effective temporal
as explained in Ref. [14]. distortion of B,. This field fluctuation is about 0.2% at

After the first works in p-azoxy anizole (PAA), high frequency dip positions.
cyanobiphenyls, and oxycyano biphenyls series [11,13], Four K-type calibrated thermocouples were located,
QDs found in EBBA by Dvinskikh and Molchanov [12] respectively, at top and bottom, inside and outside of our
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liquid crystalline sample while it was heated using air flowstep, fusion and clearing points were checked. Just be-
up to 150°C. No gradients higher that 0°&/cm were fore no noticeable changes on the clearing points were
detected. measured the purification process was finished.

The fast field cycling NMR spectrometer is based on The thermal treatment of the sample was similar to that
a specially designed air core 0.5 T low resistance elecearried out in previous experiments [11,13,19]. The sam-
tromagnet [23]. The electronics for the magnetic fieldple was heated to the isotropic phase at A3@nd main-
switch and control were fully homemade in our labora-tained for about 10 min. The narrowed (liquidlike) NMR
tory [24]. The 17 MHz high field NMR transmitter re- signal confirmed that the nematic-isotropic phase transi-
ceiver is a Matec model 6600. The free induction decayion was over. Then it was cooled to the Sr{through
signal is digitized by a Biomation model 805 apparatusnematic) phase unti82 = 0.5°C. The total transition
The second frequency source is an Enertec Schlumbergprocess took about 45 min. Again, the proton NMR sig-
model 4431 synthesizer pulsed by a homemade pulse proal was used to check the respective phase transitions.
grammer. They, pulse is later amplified by a Marconi The sample was left at the working temperature for about
Instruments TF 2167 RF amplifier and a 250 W Motorolal h before starting’;(v,) measurements. The complete
kit low frequency stage. The rf irradiation at both high thermal cycle was performed with the sample located in
and low frequencies is done on the same sample coithe probe head and the spectrometer magnetic field ad-
A lead relay bank connects the sample coil with the rejusted at 100 mT. The measurement time was about 4
spective high and low frequency resonant circuit. A per-days for each covered frequency interval (360—660, 750—
sonal computer controls all the main spectrometer func910, 1800—4000) kHz, with the sample maintained at
tions: magnetic field temporal profile, pulse commands] = 82 °C. The sample purity was checked after mea-
data acquisition, data handling, sample temperature, arglirements and data taken with decomposed samples were
second frequency source. A second computer controls thdiscarded. New measurements were always started with a
security system of the spectrometer. An additional pulsegust recrystallized HpAB sample. Experiments at several
coil set is used for shimming the detection magnetic fieldcooling times (respectively, 20, 90, and 180 min from the
The Earth’s magnetic field is compensated by an externasotropic phase) were performed. Within experimental er-
dc driven Helmholtz coils pair. rors the results were found to be satisfactorily compatible.

T, was measured with an automatic acquisition of the The total Hamiltonian of the!*N nuclei can be
NMR signal. Data evaluation was performed using homeexpressed by the Zeemaf{; and quadrupoleH o
made and commercial software. Commercial E. Merckcontributions [10]. In the limit of a weak Zeeman
(Darmstadt) HpAB was recrystalized several times from dield, we had to consider the possibility that; and
solution with pure proanalysis ethanol, until a yellow andoff diagonal elements ofi, are comparable. In this
crystalline solid was reached. After each recrystalizatiorcase, the high frequency resonances ffor 1 spin are
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FIG. 1. Plot of second irradiation resonance frequency vs the relaxing magnetic field féR of water. Inserts are given for
three typical experiments at about = 2 kHz, 200 kHz, and2 MHz, respectively.
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resonance spectra @f showed a central line with twice
1 [3A + \/(hQ co®)? + (An)z} the intensity as the other two, corresponding to a nonre-

"t omh 1 solved pair of nitrogens with the same unit cell.
1 (1 The dynamical effect can also be considered. Trans-
Vo= [3A - \/(ﬁQ co®)? + (An)z] forming the EFG tensor from the principal system to a

molecular frame with the axis pointing along the longi-
whereA = ¢2¢Q/4 = whk/2, Q) = yyBy, and® isthe  tudinal molecular axis, and from that frame to the labora-
angle between the EFG aimy. tory, n can be expressed in terms of the Euler angles of
These expressions are valid for a monocrystallineghe rotations [4]. If the molecule rotates about the longi-
sample. Since liquid crystal molecules are oriented withudinal axis in a nearly unhindered fashion and fast com-
an external field due to their magnetic anisotropy [25],pared with the experimental time scalg,becomes inde-
we consider the Sn@& mesophase surviving a thermal pendent of the position of different nitrogens in the cell
treatment, as described above, as a monocrystalline rath@he final expression in this limit does not depend upon
than a powder. the first rotation). According to this limity should be
A rough calculation considering the extreme limit of the same for all nitrogens of the cell. As is clear from Ta-
small ® shows thatAn and/() are comparable. Taking ble | this is not the present case and it can be concluded
into account that the occurrence pf and v_ of each that there exists a rotational freeze-out. This process is
nonequivalent nitrogen is at different Zeeman externatescribed in detail in Refs. [4,6,9]. Moreover, he Sm-
fields, we had to consider a1, and ()_ for each line C phase is biaxial and the free rotation of the molecule

of the doublet in Eq. (2). Therefore we have about its long axis is incompatible with the structure. As
1 shown in Table I, the unresolved nitrogens have smaller
Ve T V- T o 7, and, therefore, they can be associated with the sites not
bounded to the oxygen of each molecule. The other nitro-
% |:\/(ﬁﬂ+ coM)2 + (An)? gens have similar asymmetry parameters and correspond
to the oxygen bonded sites.

The measured angles have reasonable values. In fact,
+ \/(’iﬂf co)? + (An)z} (2)  the PAA molecule, which has the same molecular core as
. ) HpAB, has an angle of about 55etween the N=N bond
from which we approximate and the longest molecular axis. However, the measured
1 24 \2 angle is not this one nor the tilt of the mesophase.
20080 + (<L) |. (3) Besides, there i t theNNbond
) A®co P esides, there is no reason to suppose bon
] direction to be the EFG one. We expect to obtain a good
where A* = Q0% + Q2 +207 with Q, = (Q+ +  zpproximation from quantum semiempirical molecular
()/2. From (4) and becausén = whvy wherevy is  glectrostatic maps. Results will be discussed elsewhere.

(ve — V—)2 =

the low frequency resonance bf= 1 NQR (which is not Our measurements coincide very closely (in both width
affected by the Zeeman term), we have and shape) with that of Zollino [19], but they did
2ar 5 not detect the second peak in the pairs. The earliest
cosH = ij\/(’” —v)? - g (4) experimental results [11,13] using an old fast field cycling
For the present casg,can be written as spectrometer [26] show broadened QDs (about ;50 KHZ).
5 5 Possibly, in that old spectrometer the relaxation field
A =0206[3/2) (W + v2) + ver]. (3)  stabilities were not well controlled.

Finally, the values of the quadrupolar constant and Discrepancies in dip frequency position are expected to
the asymmetry parameter can be calculated frondepend on magnetic field homogeneity [19], thermal and
k = (2/3)(v+ + v_)andn = 2vy/k. magnetic field history before starting measurements, mag-

Table | summarizes dip frequency assignments to theetic field values used in the polarization, and detection
three resolved nonequivaleitN and the calculated val- periods and purity degree of the sample. This last dis-
ues of®, k, andn for each. These results suggest that

bimolecular unit cells are present in the smectic HOAB.TABLE I. NQR parameters for HpAb in the S@-phase
The measured, value of nitrogen 3 was about 30 kHz calculated from the QD analysis for three resolved nitrogens.

[24] in near coincidence with previous data [11,13]. As N N, Naa

can be observed in Fig. 2, the dips of 880 and 825 kHz :

have greater intensities than the others, suggesting that (kHz) 2840 3800 880

two nonresolved nitrogens could be associated to thent- (('k‘:_"'Z)) 2526%0 3%050 83%5
. . . . . . . _ 1/0 Z

This result was previously found in similar liquid crys 6 (deg) 65.9 26.3 68

talline compounds in the solid [18]. In this reference it
was clearly observed that each of thglines of PAA and « (kHz) :(3)4'1??39 42?23 3 101_32'7
HOAB also split into three dips. Moreover, the double
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160 to the smectic mesophases. The softening of the intercell
] forces is then responsible for the fluidity of the &rma-
terial.
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