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Th e dielect ri c rel axati on pro cesses obser ved in solid phases of M BB A ,
OH - MBBA , and EBBA belonging to the homologo us series of the Schi˜
bases are discussed. T he data are compared w ith the results completed by

the present authors for EB PA comp ound. T he unif orm interpretation of the
temp erature changes of relaxation for all mentioned comp ounds is prop osed.

PACS numb ers: 64.70.Md, 77.22.Gm

1. I n t rod uct io n

The Schi˜ basesare l iquid crysta l l ine com pounds wi th the chemical structure
of the molecule shown in Fi g. 1. D ue to the dipolar m om ent of the { CH =N{
bri dge group al l com pounds are polar regardl ess of the R and R 0 substi tuents
form s. Polymo rphi sm of each com pound depends on the cool ing rate used but some
comm on features of phase diagram can be tra ced [1, 2]. General ly, on slow cool ing
of the nem ati c phase N one or tw o crysta l l ine phases were observed whi le on fast
cool ing the ori gina l nemati c phase is frozen into glass (M BBA and OH- MBBA),
or the tra nsi ti on to the smectic phase ta kes pl ace (EBBA). On subsequent heati ng
a ri ch sol id state polym orphi sm was found f or each compound. Num ber of the
sol id phasesobserved on heati ng is larger for higher cool ing rates (MBBA | 5/ 2,
OH- MBBA | 4/ 1, EBBA | 3/ 2. The Ùrst digi t m eans a numb er of sol id pha ses
observed duri ng heati ng pro cessafter fast cool ing, whereas the next one m eans the
num ber of phasesduri ng a slow cool ing of a sam ple). Mo reover, for al l investigated
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Fig. 1. Scheme of the molecule belongi ng to homologous series Shi˜ 's bases and the

p ossible substituents.

compounds one (i n OH- MBBA and EBBA) or tw o (in MBBA) pha seswi th layer
order of the m olecules (smecti c phases) were found when the cool ing pro cess was
rapi d.

The aim of the paper is to present the main results of the di electri c relaxa ti on
observed in sol id phases of several Schi˜ bases com pounds and to compare them
wi th tho se obta ined by the autho rs for EBPA in order to form ulate the uni form
interpreta ti on of the dyna mics of molecules.

2. D i elect r ic r el axat i on i n sol id p hases for M BB A ,
O H -MBBA, an d EBBA

2. 1. MBBA

The com plex electri c permi tti vi ty " Ê ( f ; T ) = " 0( f ; T ) À i " 0 0( f ; T ) in m etastable
and stable phases of MBBA wa s Ùrst m easured by Mo ƒcicki [3] (see Fi g. 2) and
by Mo ƒcicki and Urba n [4]. The autho rs tri ed to Ùnd a reason of the speciÙc
heat anom aly observed earl ier in calori metri c m easurement [5] in the metastable
phase. It was found tha t the dielectri c absorpti on appears only in the metastable
sol id phase and i t is caused by the relaxati on of the m etho xy groups reori ent-
ing round the C{ O bounds. The observed " 0 0 ( f ) spectrum was described by the
Co le{ Davi dson equati on and the autho rs suggested tha t i t is pro babl y a conse-
quence of two overl appi ng processes,i .e. the reori enta ti ons of the m etho xy groups
and of the butyl chains. The value of the Ki rkwo od dipole{ dipole correl ati on fac-
to r g < 1 pointed to the anti para llel arra ngement of the MBBA m olecules in the
m etastable phase. Theref ore, m ethoxy group reori enta ti ons are possible i f onl y a
su£ cient room is created by conf orm ati onal changes of the butyl chains of the
neighbori ng molecules.

For the quanti ta ti ve descripti on of the relaxati on the Glarum model [4] has
been used. One can see tha t at tem peratures in whi ch the doubl e peak maxi mum
wa s f ound in the calorim etri c m easurements the changes of such parameters as
§ r , Ù , and §d =§ r were detected . §r m eans the relaxati on ti m e characteri zing the
reorienta ti ons of the m etho xy groups. The Ù param eter describes a distri buti on
of the relaxati on ti m e and corresp onds to the broadeni ng of the absorpti on " 00 ( f )

curve, whi le § d i s the relaxati on ti m e of the defect di ˜usi on connected wi th the
conform ati onal changes of the butyl chains. It was found tha t term inal groups in
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Fig. 2. T emp erature dependence of the dielectri c losses "
00 for two modi Ùcati ons of the

solid phase of MBBA (a) metastable, (b) stable, for various frequencies (based on data

from [3]).

both molecular chains are mobi le also below the tem perature where the speciÙc
heat anom aly wa s observed. Theref ore, the wi der component of the speciÙc heat
doubl e peak anomaly wa s attri buted to the fact tha t butyl chain conf orm ati onal
changes gain freedom and second com ponent to the app earance of the m etho xy
groups rota ti on.

Fig. 3. T he dielectric response observed at 1.78 kH z during slow cooling of the isotropic

phase and on subsequent heating (based on data from [6]).
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D ielectri c relaxa ti on pro cessesin the sol id pha sesof MBBA were investigated
also by Pathm anatha n et al . [6 ]. They analysed the tem perature dependence of
" Ê ( f ) for the sampl es in three condi ti ons, i .e. duri ng heati ng of the sol id pha ses
form ed in slow cool ing (1 K/ min) of the nemati c and of the isotro pic phase, and
also duri ng heati ng of the phase form ed in f ast cool ing (3.5 K/ m in) of a nemati c.
The di electri c absorpti on and dispersion wa s observed in each case whi ch m eans
tha t the stabl e form of MBBA tha t wa s studi ed by Mo ƒcicki and Urba n was not
detected in thei r experim ent.

As one can seein Fi g. 3 on heati ng, Pathm anatha n et al. observed two regions
of absorpti on. One of them wi th signi Ùcant intensi ty reaches a m axi mum value at
the tem perature about 270 K. Thi s e˜ect was attri buted by Mo ƒcicki and Urba n
to the relaxati on connected wi th reori entati ons of the metho xy groups round the
C{ O bounds. However, the data received by Pathm anatha n were appro xi mated by
the Cole{Cole functi on, wherea s Mo ƒcicki and Urba n data were appro xi mated by
the Cole{ Davi dson f uncti on. Second absorpti on, whi ch appeared in the range of
tem perature f rom 198 to 213 K and disappeared at 228 K was attri buted to the
m oti ons of the benzene cores leading to better packi ng of molecular structure of
the sam pl e and to larger sterical di£ cul ti es for reori enta ti ons.

2.2. OH-MBBA

Aro ra et al . [7] perf orm ed the di electri c m easurements for solid phase in
OH- MBBA. The sam ples were cooled in tw o ways: a fast one | wi th the cool ing

Fig. 4. (a) T emp erature dep endence of dielectri c loss factor (tan £) and dielectri c per-

mittivity ( "
0 ) for the solid phase of OH -MBBA ; (b) frequency dependence of the dielectri c

loss "
00 for several temp eratures of the solid phase OH -MBBA (based on data from [7]).
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rate of 8 K/ min, and a slow one | wi th the cooling rate of 0.5 K/ min. The
relaxa ti on phenom ena were observed in both cases. The dielectri c dispersion and
absorpti on curves in the m etastabl e and the stable phaseshave simi lar shapes and
the dielectri c parameters Â " and § have the com parabl e values. The changes of
" 0 ( T ) and ta n £ = " 00 ( T ) = " 0 ( T ) values m easured at 60 Hz and 1 kHz are shown in
Fi g. 4a. In Fi g. 4b there are presented the values " 0 0 ( f ) for temperatures of À 1 5 £ C,
À 5 £ C, 5 £ C and 15£ C. In both cases the absorpti on occurri ng at low tem peratures
wa s attri buted to the rota ti ons of metho xy groups round the C{ O bonds. The
increase in temperature up to 5 £ C shi fted the maximum of " 00 ( f ) up to 131 Hz (see
Fi g. 4b). On further heati ng surpri sing ly the shift of the m aximum back to lower
frequenci es was observed (at 15£ C, f m ax = 5 0 Hz). Pro babl y, at the tem perature
0£ C, the phase tra nsiti on occurs in whi ch the who le molecules gain freedom to
rota te round the pri nci pal axi s.

2. 3. EBBA

The Ùrst dielectri c measurements of EBBA were perform ed by Agarwa l and
Aro ra [8]. D epending on a cool ing rate of the sampl e they received the metastable
(co ol ing rate | 5 K/ min) or stabl e (co ol ing rate | 0.5 K/ min) m odi Ùcati on of a
crysta l l ine phase. Measurem ents of the electri c perm i tti vi t y " 0 (T ) and the di electri c
loss coe£ cient tan £( T ) were perf orm ed for Ùve chosen frequenci es in the range of
0.1 kHz to 100 kHz duri ng heati ng the sampl es in the tem perature range f rom
À 1 7 0 £ C to À 1 0 £ C. As for MBBA, the dielectri c relaxati on was observed onl y in
the metastabl e phase (see Fi g. 5) in the form of two clear regions of di electri c

Fig. 5. Temp erature dependence of dielectri c loss factor (tan £) and dielectri c permit-

tivity ( " 0 ) for the metastable solid phase of EBBA (based on data from [8]).
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absorpti on. Thi s regions were expl ained by the pro cessesof an ˜ and Ù relaxa ti on
app eari ng due to the tra nsform ati on of the nem ati c phase into glass.

2.4. Summar y

Interpreta ti on of the " Ê ( f ; T ) resul ts received for the solid phasesof MBBA,
OH- MBBA, and EBBA given by several autho rs is am biguous. Co mparing thei r
papers one can Ùnd just few essential di ˜erences. The Ùrst one concerns dyna m ics
of molecules in the stabl e phase of MBBA. Mo ƒcicki and Urba n [4] found tha t
m olecules are m obi le onl y in meta stabl e phase, whi le Pathm anata n et al . di d not
observe a stabl e phase wi tho ut dyna m ics of molecules whi ch m ust be due to a
di ˜erent therm al history of the sam ples used in thei r studi es. Next, evident di f-
ference concerns the m odel of relaxati on used to describe the results as Mo ƒcicki
and Urba n used the Cole{ Davi dson functi on whereas Pathm anatha n et al . the
Co le{ Cole functi on. There is also a di screpancy in interpreta ti on of the dyna m ics
responsibl e for the relaxa ti on observed: Mo ƒcicki and Urba n registered just one re-
gion of relaxati on ascribed to the m ethoxy groups rota ti on around CO bonds whi le
Pathm anatha n et al. addi ti onal ly observed the smaller absorpti on, ascribed to re-
ori enta ti ons of the ri gid benzene core. Next, the observed spectrum for OH- MBBA
is expl ained in the opposite way to the pro posed by Pathm anatha n et al . [6] for
MBBA, i .e. the smal l m axi mum of " 00 ( f ) was ascribed to the metho xyl group ro-
ta ti on whi le the more intensi ve one, to the reorienta ti on of m olecules round the
pri ncipa l axi s.

There are also contra dicti ons in interpreta ti on of the data for EBBA. Ag ar-
wa l et al . [8] assumed tha t duri ng cool ing wi th the rate of 8 K/ min onl y a glass

Fig. 6. Frequency dependence of imagina ry part of permittivi ty during heating of stable

phase of EBP A. Solid and dashed lines corresp ond to the Ùrst and second comp onents

of the Ùtting pro cedure.
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wi th the ˜ and Ù relaxati ons occurs, whi le Fouret et al . [2] di d not conÙrm thi s
hyp othesis even using very high cool ing rates, about { 200 K/ m in.

Thus despite the fact tha t for MBBA, OH- MBBA, and EBBA com pounds
the dielectri c loss curves versus tem perature (Fi gs. 3, 4 and 6) are sim ilar, thei r
interpreta ti on proposed by the autho rs is di ˜erent.

3 . D yn am i cs in t he st ab le sol id ph ase of EB P A

Qua nti ta ti ve descripti on of a dielectri c relaxati on in the sol id phasesof EBP A
wa s shown by B¨ k et al . [9]. The relaxati on process was found in the metastable
and the stable phases. An essential feature of the observed spectra was thei r large
wi dth. Ana lysis of the received data of " Ê ( f ; T ) shows tha t the m easuri ng points
are wel l described by the sum of tw o Cole{ Cole functi on. The " 0 0 ( f ; T ) data for the
stable phase are shown in Fi g. 6 to gether wi th the resul ts of the Ùtti ng pro cedure.

The m ain pro cess occurri ng at the low frequenci es was ascribed to reorien-
ta ti ons of etho xy groups round C{ O bonds, whi le the smal ler one to rota ti ons of
the who le m olecules round the long axi s. Thi s assignm ent is based on the anal -
ysis of the tem perature dependence of the " 0 0

ma x 1
( T ) and " 0 0

ma x 2
( T ) components

whi ch is di ˜erent. The am pl i tude of the Ùrst process increases wi th tem perature,
wherea s the second pro cess is gradual ly di sappeari ng. The fact tha t thi s absorp-
ti on was observed at the narro w interv al of tem perature means tha t thi s m oti on
m eets di£ cul ti es whi ch increase on heati ng.

Interpreta ti on of the results of " Ê ( f ; T ) i s in agreement wi th tha t proposed by
Pathm anatha n et al . [6] for MBBA where the relaxati on processes were observed
exp erimenta l ly in the separate ranges of frequency. It makes m ore rel iabl e our
descripti on of the data for EBP A where both relaxati ons overl ap and had to be
separated m athem atica l ly.

It is interesti ng tha t for MBBA as wel l as for EBP A the rota ti on round the
long axi s of the whole m olecules is establ ished to be the faster pro cess.

4. Co n cl usion s

Co nvergence of the perform ed interpreta ti on for MBBA and EBP A resul ts
incl ines to assume tha t the data col lected for OH- MBBA and EBBA can be de-
scribed qui te analogously.

Aro ra et al . [7] observed duri ng the heati ng of sol id phase of OH- MBBA a
\ surpri sing" shif t of the absorpti on m axi mum to wa rds lower frequenci es. It seems
tha t thei r interpreta ti on of thi s fact is not correct as no pro per attenti on was
paid to the reducti on of the absorpti on m axi mum on increase in tem perature f rom
À 1 5 £ C to À 5 £ C. Pro bably, the " 00 ( f ) curves, obta ined for two lowest tem peratures
in Fi g. 4 are connected wi th rota ti on of m olecules round the long axi s and on fur-
ther heati ng thi s pro cess gradua lly disapp ears as was f ound for MBBA and EBP A.
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The next two curves " 00 ( f ) received at the temperature 5 £ C and 1 5 £ C are pro babl y
connected wi th the rota ti on of the m etho xy groups as thi s rota ti on shoul d be slower
tha n the rota ti on of the who le m oleculeas in MBBA and EBP A com pounds. Thus,
i t seems tha t for OH- MBBA we can interpret the " surpri sing" reducti on of m axi -
m um frequency as an occurrenc e of two pro cesses at som ewhat di ˜erent ti mescale.
On increasing tem perature these pro cessesare observed at hi gher f requenci es, and
the second faster pro cessdisappears gradual ly. Next, i t was f ound tha t the " Ê ( f ; T )

resul ts observed by Ag arv al et al . [8] in m etastabl e sol id phase of EBBA can be
expl ained in the simi lar way. Thei r hyp othesis of tra nsform ati on of the nem ati c
into glass was not conÙrm ed in the newer m easurements. Two maxim a shown in
Fi g. 5 can be expl ained in accorda nce wi th interpreta ti on pro posed above: smal ler
m axi m a occurri ng in the lower tem perature com e from the rota ti on of m olecules
round a long axi s, and higher m axi ma at higher tem perature com e from the rota-
ti on of etho xy groups. Li ke for all other compounds also in the meta stabl e phase of
EBBA the rota ti on of the who le molecules is f aster tha n the rotati on of the ethoxy
group. Thus, the above interpreta ti on gives the uni form picture of the dyna m ics
of molecules in four Schi˜ basescompounds discussed in thi s paper.
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