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Molecular reorientations in liquid crystals pentyloxybenzylidine hexylanilene (PBHA)
and butyloxybenzylidine octylanilene (BBOA)
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Molecular reorientational motions in undeuterated pentyloxybenzylidine hexylariiRBi¢A or 50.6 and
butyloxybenzylidine octylanilenéBBOA or 40.8 as studied by the quasielastic neutron scatte@BNS
technique in their different mesophases are reported. Models are built up in stages to account for the experi-
mental elastic incoherent structure fact@&ISP. It is found that there exist simultaneous reorientational
motions of the chain group and the reorientational motions of the whole molecule around its molecular axis in
the smectids, smecticB, and smectic= phases. In smectié- and nematic phases, additional body axis
fluctuations are found to exist in both 50.6 and 40.8 systems. The average amplitude of body axis fluctuations
is found to be~15° and 25°, respectively, in the smecficand nematic phases of 50.6, and4° and 29°,
respectively, in 40.8.
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I. INTRODUCTION it is easy to systematically vary the molecular structure of

Liquid crystals usually exhibit several mesophases differ—these sy;tems by varymgand_m and to stydy the effect .Of .
such variations on the physical properties of these liquid

ing by the degree of ordering of the molecules and the dy- . . I
namics of these molecules is influenced by the transitiorﬂy:g:se[)}k’]izg)'itl_hggﬁ’;:1 tir;]e fo:lIeﬁl\s/grluscw;;'g?usditggteg?ﬁé?
from one phase to the other. Molecules undergo several kindgY ’ '9ing ' L .

: . : . : . “using the NMR techniquE3-9], very little information could
of motions leading to complicated trajectories of protons "he obtained about the detailed reorientational components
molecular fluids. Internal molecular vibrations, translational P

and rotational diffusion, etc., are such possible motions. Neu?srz;??]fri V;’;trgothsiuﬂﬁ%e;tf;;gf g&giuﬂﬁlﬁglisﬁgrne t'r?é
tron scattering techniques are very suitable for studing thesr%esomor hic bhases )::md the chanae involved. if anv. on do-
dynamics for its matching time scales and also protons hav- phic p 9 ’ . ong

) . : ing from one mesophase to the other. We have studied earlier
ing 2 large neutron scattering cross section make the expe flO] the reorientational motions of the 40.4 liquid crystal at

ments much easier. The difficulty of the interpretation Of'ts different mesomorohic phases throuah the quasielastic
neutron data is due to the fact that many different kinds of P P 9 4

molecular motion are observed simultaneously and thus ar%eutron scatteringQENS technique. Earlier QENS studies

. , . X n the dynamics of liquid crystals were mainly based on
superimposed with one another in the experimental data. Iﬁeuterate%l terephthqalylidelznds-butylaniIene >(/TBBA)
particular, it may include effects from the translation diffu-

sion of the molecules and random rotational motion of the[11V_V%ear:ngrtpr?é?eari%)l(gci?;srOngf))?ﬁr)l s[lir?’ﬂdeuterate d pentv-
whole molecules and/or part of them. However, it is some- P penty

loxybenzylidine hexylanilené€PBHA or 50.6 and butyloxy-

times possible to separate the different types of motion b)f)enzylidine octylanilengBBOA or 40.8 as studied by the

selecting different instrumental resolution or by selective elasti ; hni Th
deuteration. Nevertheless, in this paper, an attempt has begHaS'ﬁ. asélchnegtrorgj'sc?tter:j@bENt? teé:onéqllj_e. id € mets?-.
made to separate out the various rotational components irfgolrp Ic behavior displayed by he -0 llquid crystat 1
two undeuterated liquid crystals. 18
The compounds belonging to tim®.m (alkyloxy benzy-
lidine alkylanileney homologous series of liquid crystal,
where,n andm represent the number of carbons in the end
chains on either sides of the molecules, attracted consider-

able interest as, apart from their wider ranging applicationsand 40.8 has a phase sequef@je
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The interest here is to study the molecular motions in the . CHH
various smectic and nemaiibl) phase of 50.6 and 40.8 and
the change involved, if any, on going from one mesophase tc
the other.

E O Hydrogen
Il. EXPERIMENTAL DETAILS @ carbon
€ Oxygen O Np
QENS experiments were carried out using a high resolu- @ Nitrogen

tion LAM8O-ET spectrometer at KENS, KEK, Jap&h9].

LAMB8O-ET is an inverted geometry time of flight spectrom-  FIG. 1. Schematic of a 50.6 liquid crystal and the different axis

eter. The high resolution has been achieved by using an array rotation (see text

of mica analyzers in backscattering geometry. T0@6) re-

flection of the mica analyzer provides an energy resolution, ‘ _

AE=17 ueV, at a fixed final energy of 1.92 meV withQ SQ @) = AQw) +[1 ~AQILT,w), @

range 0.25-1.65 & and the(004) reflection providesA\E ~ where the first term is the elastic part and the second is the

=6.5 ueV at a fixed final energy of 0.85 meV withQirange  quasielastic oneL(I', ) is a Lorentzian function

0.17-1.1 A%, Powder samples wrapped in an aluminum foil

in the shape of a hollow cylinder were put inside in a stan- LT, 0) = ———

dard cylindrical aluminum sample holder and placed in a ' 7%+ @?’

variable temperature cryostat, All .the measurements el hereT is the half width at half maximuntHWHM) of the

:.ig'ﬁﬂc?(l:]tegg g??ﬁ;nsgatrzgl:m\zliénchhgsgg?sg'tsﬁéotrr]ar:ggﬁ_'orentzian function. It is convenient to analyze the data in

sion is above 92% to minimize the multiple scattering ef-l'%rm.S of the elast!c incoherent structure fadfeISF) which

fects. The raw data in time of flight was normalized with prO\_lldes information about the geometry of the m_olecu_lar
motions. Ifl¢(Q) andl Q) are the elastic and quasielastic

respect to monitor cou_nts a'."d converted3®, ) using intensities, respectively, then the elastic incoherent structure
standard programs available in KEK, Japan. QENS measur?éctor(EISF) is defined ag20]

ments were performed at five different temperatures for
50.6: 310 K(Sg), 318 K (Sg), 325 K (S), 328 K (Sy), and 15(Q)

335 K (N), and three different temperatures for 40.8: 297 K EISF= m (4)
(crystalling, 328 K(smecticA), and at 343 Kinematig. The e 9

samples are obtained from Frinton Laboratories, USA and herefore A(Q) in Eg. (3) is nothing but the EISF. Analysis
used without further purification. The purity of the sample of the QENS spectra involves the determinatiofA0®) and
was ascertained by verifying that the phase transition temk' by a least square fit of E¢3) with the spectra after con-

peratures agree with the reported values. voluting with the instrumental resolution.
ll. RESULTS AND DISCUSSION A. Results of 50.6
In a neutron scattering experiment the measured intensity 50.6 is an elongated molecule containing two phenyl
is proportional to the double-differential cross sectjaf], rings connected with a CH:N link (core group. Pentyloxy
and hexyl chains are connected to the two phenyl rings at the
Fo o E[Ucohscoh(Qaw) + 010eSn(Q, )], (1) end. The molecule is schematized in titans conformation
dwd) kg in Fig. 1. 50.6 is more or less a balanced system, with five

carbon atoms in one side and six carbon atoms on the other,
an odd-even combination. The straight line passing through
the centers of two phenyl rings can be defined as the molecu-

where S(Q, w) is known as the scattering law and the sub-
scripts ‘toh’ and “inc” denote the coherent and incoherent

;ﬁglgo_qsrlfﬁ %Phdekﬁ "triz t(:k;esftlgl?ilngnsd é?'et:ﬁlsvzgxfai\;eﬁgf’ lar axis(line AB). For an elongated molecule like 50.6, re-

- ol: q ysta Y Y orientation of the molecule is likely to occur around the mo-

protons and they have large incoherent neutron scattermI% . . . .
cular axis. The incoherent scattering law for a particle

cross sectiong30 barns compared to its coherent part of 1.7 iffusi ircle of radi th a diffusi ffici
barns: the total cross section for C atoms: 5.5 barns, 42" “>nd ON a CIfcle of radius, Wit a ditusion coe icient
' - ' 'D,, for a powder sample, can be written [@2]

barns for O and 12.4 for NTherefore, in a neutron scatter-

ing experiment from a protonated system the observed dy- 2% 12D
namics mainly correspond to the self-correlation function of Sne(Q,w) =Ax(Q) S(w) + —Z A,(Q)#rz, (5
the protons. Equatio(il) can then be written as =1 (D) + @

Po Kk where the elastic and quasielastic structure factors are given
dwdQ o k_o[o'incSnc(Q'w)]- (2 by
For quasielast_ic evenignergy transfglsZ meV), the inco- Ay(Q) = lf jo(2Qa sin x)dx, (6)
herent scattering law can be approximated 24§ m™Jo
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FIG. 3. Variations of experimental and theoretical EISF v@ith
for 50.6. Theoretical EISKsolid line) is calculated by assuming
only a uniaxial rotational diffusion of the whole molecule about the
molecular axis.
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Energy Transfer (meV) given in Ref.[23]. It is evident that the rotation around the
molecular axis alone could not explain the experimental
FIG. 2. Typical QENS spectra along with separated eladti¢- EISF in any phase.
ted) and quasielasti¢cdasheg components for a 50.6 liquid crystal As found in other liquid crystal moleculgg.g., TBBA

at different temperatures §=0.805 A™* and 1.65 A™. [11], end chains can also reorient around its axis in addition

to the rotation around the molecular axis. The hexyl and

1 (™ pentyloxy chain axes are shown by the line CD and EF,

AQ) = ;f jo(2Qasinx)cod2Ix)dx (1=1,2, ... ). respectively, in Fig. 1. The EISF can also be obtained for a
0

case where the molecule rotates around the molecular axis
(7) (AB) and the end chains rotate about the chain &3 and
L L . . EF) simultaneouslyas in a rigid molecule
b Cr?dnfld:ehrlng trheIiITOIeCtLijli 'Sné'%'d\’/ir'{e" rﬁld;(ai f?at'nﬁ ?r? To calculate the EISF for simultaneous rotations in differ-
ound 1o the core like a stick a aving uniaxial rotational segments of a molecule, one has to separately calculate
Yhe EISF for individual segments, namely hexyl chains, pen-

will have a different radius of rotgtion a_md Eq$) and(7) tyloxy chains, and the core group of the molecule, and add
should be averaged over the various distances of the hydr he EISFs with a proper weighting according to the number

gen atoms to the rotation axis. Then the average elastic irBf hydrogen atoms in each segment
coherent structure factor for a powder sample can be written Let us consider first only the hexyl chain rotation. As the

as hexyl chain axis(CD) is at an angle of~30° with the mo-
1 N lecular axis(AB) rotation of the whole molecule about the
Ao = _— ; i molecular axis, different hydrogen atoms in the hexyl chain
AolQ) N’7T§1 0 1(2Q3 sinx)dx, ® follow different circular paths, depending on their distances
from the AB axis. Further, due to the rotation of the chain
whereN is the total number of hydrogen atoms in the mol-about the chain axis, these hydrogen atoms will also undergo
ecule anda, is the radius of rotation of théth hydrogen reorientational motions around ti&D chain axis. Under the
atom. assumption that these two motions are uncorrelated, the total
QENS spectra for 50.6 were separated into elastic anthcoherent scattering functions can be written as the convo-
quasielastic parts as discussed above using(®gand the lution of the two corresponding scattering laws described
elastic incoherent structure factoEISF) was determined. above. In that case, the corresponding total EISF for the
Separated elastic and quasielastic components along witteXyl chain hydrogen atoms can be written as the product of
typical QI?&I\JS spectra are shown in Fig. 2Q@£0.805 A
and 1.65 A+ for different temperatures. Experimentally ob- mok-chain' ) — amol chain
tained EISF is shown in Fig. 3. It is quite evident from the Aot (Q) = A Qo). ©
figure that the experimental EISF f&;,S;,S: phases are ol chain _ )
very close to each other suggesting similar geometry of th&vhere Ajic, (Q) and Aj(Q) can be written using the
motion in these phases. However, the experimental EISF athiaxial rotational diffusion model as described in E8),
S, and nematic phases are considerably different. The theo-
retical EISF for uniaxial rotational diffusion around the mo- Niexyl (o
lecular axis, as described by E@®), is also shown in the Aﬂé"xy(Q) =
same figure. Radii of rotation of different hydrogen atoms

jo(2Qaq; sinx)dx, (10)
NHexyIﬂ' i=1 Jo
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NHexyl T
hai — H : 1.0 ® 310K (S,
ASHQ) = N Z jo(2Qb sinx)dx.  (11) . 318KES§;
Hexyl@ i=1 Y0 A 325K (S.)

Here Ny is the number of hydrogen atoms in the hexyl

chains andg; and b; are the distances of various hydrogen , 06
atoms in the hexyl chain from the moleculgB) axis and E
the chain(CD) axis, respectively. 041
Similarly, the EISF for the pentyloxy chain hydrogens can
be obtained as 02f
ARISINQ) = AR QAL 12 Moo T 15
Using the same methodology as discussed above, Q@A"Y
Abor(Qand AZAR(Q) can be written as
N FIG. 4. Variations of experimental and theoretical EISF v@ith
- Penyl - _ for 50.6. Theoretical EISF is calculated by assuming a uniaxial
Apeny(Q) = N E Jo(2QG sinx)dx,  (13)  (otational diffusion of the whole molecule about the molecular axis
Penyff? i=1 70 and independent side chain rotations about the chain axis.
_ 1 Npentyl o quasielastic component witf is shown in Fig. 5 foiS;, S,
A%Z?{{}(Q) = > io(2Qd sinx)dx. (14)  andS phases. It may be noted that the obtained HWHM is
Npenty® i=1 Jo an average of the different motions contributed to the dy-

is th ber of hvd in th namics. However, the behavior of the HWHM wit is
Here, Npenry 1S the number of hydrogen atoms in the penty- ,nsistent with the uniaxial rotational diffusion mode®].

loxy chains andt; andd, are the distances of various hydro- pif;sion constants of both the rotation around the molecular

gen atoms in the pentyloxy chain from the moleculaB)  axijs and the rotation around the chain axis are difficult to

axis and the chaifEF) axis, respectively. separate out since the magnitude of the diffusion constant or
If the core group hydrogen atoms, belonging to the twothe equivalent time scale for both motions are likely to be of

phenyl rings and one hydrogen in the €N group, are the same order.

undergoing only uniaxial rotational diffusion around the mo-  As can be seen in Fig. 3, it is evident that the EISFSjn

lecular axis, the Corresponding EISF can be written as and nematic phases are Considerab|y less than tl’&&ﬁél

Neore rorr S phases at any particul& _value, suggesting_ furthe_r dis_-

D i.(20f sinx)dx.  (15) order than allowed by the S|_multaneous rotatloqal dlffL.JSIOFI

Neorem i-1 Jo along the long molecular axis and the end chain reorienta-

tions along the chain axis. The further disorder can come

Here,Ncore Is the number of core hydrogens afi are the  from the molecular body axis fluctuation about its equilib-

distances of various core hydrogens from the moled#®  rium position in addition to the reorientation around the long

axis. molecular axis. However, the calculation of the scattering
Then, the total EISF for the whole molecule consideringlaw considering all these motions is difficult since a descrip-

the reorientation of the whole molecule around the moleculation with a rate equation, as was done earlier, in such cases is

axis (AB) and the reorientations of pentyloxy and hexyl not easy. Nevertheless, an expression of the EISF is available

chains around the pentyloX¥F) and hexyl(CD) chain axes  for such a cas¢l2].

can be written as

AcordQ) =

0.04
kchai NHexyl x motchai Npentyl \ mokchai : ok
_ ex en
B ENQ) = UEATEINQ) + CEMATEISINQ) 2 ek
tot tot 0.03 €
Nc >
+ N_oreACore(Q)- (16) g
tot = 002f
Here, Niot=Npexyit Npenyrt Neore IS the total number hydro- E
gens in the molecule. =
The EISF calculated using E@16) is shown in Fig. 4 oorr
along with the experimentally obtained EISF f&, Sz, and
S phases. It is clear from Fig. 4 that the simultaneous rota- 0.00
tion of the whole molecule around a long molecular axis and 00 0.4 0.8 1.2 1.6
rotations of the end chains around the chain axis can very Q@AY

well explain the experimental EISF 8§, Sz, andS: phases.

This indicates that, in addition to the whole molecule rota- FIG. 5. Variation of the HWHM of the quasielastic component
tion around the long molecule axis, the end chain also rotatesith Q in S, Ss, andS: phases in 50.6. Solid lines are guides to
in the S5,5:,S: phases. The variation of the HWHM of the the eye.
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whole molecule into the long molecular axis. The dashed line
(GH) shows the fluctuating molecular axis in Fig. 1. The
intersection of the dashed line with the molecular 48)

is the equilibrium positionthe projection of the center of
mass into the molecular ayisround which fluctuation can
occur. Since the pentyloxy and the hexyl end chain rotations
are likely to be present in addition to rotation and fluctua-

>y tions of the molecular axis, one has to consider the motions
of individual segments, namely hexyl chains, pentyloxy
chains, and the core group of the molecule separately.
x The EISF for the hexyl chain hydrogens, due to the rota-
FIG. 6. Schematic figure of a particR moving with respect to  tion of the molecular axis and a fluctuation around its equi-
some laboratory framesee texk librium position, can be expressed after averaging over the

various distances of the hydrogens from the equilibrium

Consider an incoherent scattering ceianoving around point and the distances of the hydrogens from the molecular

an axisOM on a circle of radius centered or®’ (Fig. 6). If axis
B is the angle betwee®@P and the axisOM andR is the Nyl
distance ofP from the origin, the fluctuations of the axis Aflucrmol ) = S S+ 1)i|2(QR)32(5)P|2(C05,3i)

(OM) are described by the following normalized function as * He¥! Nhexyl i=1 i=0

prescribed in Ref[12]: 21)

f(a) = exp(8 cosa), (17 and

2 sinhé
where « is the angle between the instantane¢®¥) and ) P
the mean axis positiof0z) and§is a parameter which char- sin B, = a (22)
acterizes the width of the angular distributigreaked ato '

=0). The EISF in this case after powder averaging can bgyere g are the distances of hydrogen atoms in the hexyl
written as{12] chain from the point of fluctuation ang are the distances of
% the same hydrogen atoms from the molecular axis. Since the
A, Q) = > (21 +1)j3(QRSA(8)PA(cos B). (18) hydrogen atoms_ in th_e hexyl chain are also having rotations
1=0 ! 32 ! around the chain axi$CD), the total EISF for the hexyl
L . . . chain, considering the fluctuation of the molecular axis, the
Also, sing=a/R as evident from Fig. 65 are the orienta- rotation of hydrogen atoms around the molecular #&iB),

tional order parameters which follow the recurrence relatlonand the rotations of hydrogen atoms around the chain axis

2l +1 (CD) and assuming the two rotations are uncorrelated, can
S R (19 be written as
with §=1 andS;={cos a)=coth 6—(1/4). Aﬂ‘é;;?“o”chai"((g) = Agléi‘;?“o'(Q) Aﬂgi;‘(Q), (23)

The parameteAa=cos}(S) may be used to characterize _
the average amplitude of the oscillation. In Etg), j, andP;  where AT'"™(Q) and AS™(Q) are as described in Egs.

. K Hexyl Hexy
are the spherical Bessel function and the Legendre polynq21) and(11), respectively.
mial of orderl, respectively. The EISF due to the fluctuations of the molecular axis and

As shown in the reference, one recovers some limitinghe rotation around the molecular axis can also be written in
cases from Eq(18). For example, if6— o, Eq.(18) will be  the same way for pentyloxy chain hydrogens, as described
identical to Eq.(6), which is the EISF corresponding to the above. Therefore,
uniform uniaxial motion on the circle of radias Also in the

cased=0, one has§= ;o and Eq.(18) reduces to Npentyl
_ Afucmol Q) = 21 +1)j2(Qg) F(8)PA(cos B,
AlQ = QR o QRN 2 Z @ DIQeIS(Reos)
which is nothing but the EISF for a powder sample corre- (24)

sponding to the isotropic rotation of a particle on a sphere of

radius R. This means that by varying one can cover the with sin 8;=g;/h;. Here,g; andh; are the distances of penty-

entire domain between uniaxial to isotropic rotation. loxy chain hydrogens from the molecular axis and from the
The fluctuation of the long molecular axis occurs aroundpoint of fluctuation, respectively. Considering the rotation of

the equilibrium position on the molecular axis. The mostthe pentyloxy chain around the chain at&F) in addition to

probable choice of the equilibrium position or the point of the fluctuation and rotation of the molecular axis, total EISF

fluctuation is the projection of the center of mass of thefor pentyloxy chain hydrogens can be written as

061709-5
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1.0

0.8
, 0.6
2]
m

0.4 FIG. 9. Molecular conformation of the 40.8 liquid crystal.

0.2 |

fluc+tmok-chai exy fluc+tmok-chain,
A{ n(Q N AHexy (Q)
0.0 L tot
0.0 0.5 1.0 1.5 2.0 N
0| Pentyl A fluc+mok-chai
QA" N, Pentyi Q)
tot

FIG. 7. Variations of experimental and theoretical EISF vith Nc
for 50.6. Theoretical EISFsolid lines are calculated by assuming N —=orepfluermol gy 27
a uniaxial rotational diffusion around the molecular axis plus side tot

chain rotation plus body axis fluctuation. )
HereNio= Niexyrt Npentyt Neore IS the total number of hydro-

fluc+mok-chain — pfluctmol chain gens in the molecule.

Apentyi (Q) = Apentyi (Q)Apeny(Q), (25) To calculate the EISF according to HG7), the distances
where Ag:ﬁ;nlqol(Q) and Ag;a:}iPyKQ) are as described in Egs. of all the hydrogen atoms from the point of quctur?\tlon, from
(24 and(14) respectively. the molecular axes, and the distances of end chain hydrogens

Since the core group consisting of two phenyl rings andom the respective chain axis are required. Then one can
the CH=N group is only undergoing rotation around the calculate the theoretical EISF for a given valuedoit is to
molecular axis and the fluctuation of the molecular axisP® noted that the infinite sum occurring in Eq81), (24),
around the point of fluctuation, EISF can be written as and (26) over| cannot be truncated at a smaWalue in our

experimental range due to the molecular dimension. In the

Neore summation terms up to at ledst20 were found necessary.
Alucrmol Q) = > > (21 + 1)jAQt) S8 PA(cos B) Since for a given value ob one can calculate the order
Ncore i=1 1=0 parameterS; and eventually the average amplitude of fluc-

(26) tuation Ae[=cos(S,)], one can calculate EISF curves for

different values ofAa. The EISF calculated with different
with sin gi=t;/v;. Heret; andv; are the distances of core yalues ofAw is shown in Fig. 7.
group hydrogen atoms from the molecular axis and from the

point of fluctuation, respectively, ard., is the number of ey
hydrogens in the core group. 0.03 oo ke
Then, the total EISF for the whole molecule, considering
the reorientation of the whole molecule around the molecular ~ 0.02f
axis (AB), the fluctuation of the molecular axis, and the re- ool
orientations of pentyloxy and hexyl chains around pentyloxy ’
(EF) and hexyl(CD) chain axes can be written as o 000
2006
g Q=0.805 A"
0.04 =
® 328K(S,) g 004
® 335K(N) =
003 g 002
% o
£ 7000
L 04r
s 0.02 Q=0.17 A"
§ 0.3
T
0.01F 0.2}
011
0.00 ' ' : : . , .
0.0 0.4 0.8 1.2 1.6 %808 -004 000 004 008 "H2 01 00 01 02
QAN Energy Transfer (meV)

FIG. 8. Variation of the HWHM of the quasielastic component  FIG. 10. Typical QENS spectra along with separated elastic
with Q in Sy and nematic phases in 50.6. Solid lines are guides tqdotted and quasielasti¢dashedl components for the 40.8 liquid
the eye. crystal in theS, phase at 328 K.
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0.015

- AE=6.5 ueV| 0.0091 - AE=17 peV 10
Q=114 Q=165 A ’ ¥ 328K(S,)
0.010 ® 343 K(N)
0.8
0.005
@ 06
0.000 =
@ 04f
= Q=1.208 A
5 002 0.010f
& 02F AN Wk e Tmeeeo L
= ool ooosr F A L T~y
3 0.0 ; .
& 0.0 0.5 1.0 15 2.0
5000 0.000 QA%
0.15f 3!
0.15 Q=025 A o _ _
- FIG. 12. Variations of experimental and theoretical EISF W@th
0.10 ' for 40.8. Theoretical EISF is calculated by assuming a uniaxial
005 0.05 rotational diffusion of the whole molecule around the molecular
’ axis plus side chain rotation plus body axis fluctuation.

0'(28.08 -0.04 000 0.04 008 0‘0—%.2 -0.1 0.0 0.1 0.2

Energy Transfer (meV) out in its smectidA and nematic phases. Typical QENS spec-

tra with the separated elastic and quasielastic components are
FIG. 11. Typical QENS spectra along with separated elasticShown in Figs. 10 and 11 in tH8, (at 328 K) andN phases
(dotted and quasielasti¢cdashegl components for the 40.8 liquid (at 343 K), respectively. Figure 12 shows the obtained elastic
crystal in the nematic phase at 343 K. incoherent structure factqiEISF. The dashed line is the
theoretical EISF considering the reorientation of the whole
It can be seen that witha=15° and 25°, the calculated molecule around its molecular axis and the dotted line is that

EISF can satisfactorily explain the experimental EISF ay considering the reorientation of the butyloxy and octyl
smecticA and nematic phases, respectively. So it can be saifi@n group around its chain axis in addition to the reorien-
that, assuming the body of the molecule 50.6 is rigid in itstation of the whole molecule. The theoretical EISFs have
trans conformation, the whole molecular motion of 50.6 canP€€n calculated using the same methodology as used in the
be described by the superposition of a uniaxial rotationafase of 50.6 above. It is clear from Fig. 12 that rotations
diffusion around its long molecular axis, plus fluctuation of 2/0ng the chain axis plus rotation about the molecular body
this axis around its equilibrium orientation in addition to the @IS can not explain the data in smec#c and nematic
pentyloxy and hexyl chain reorientation around the chairPh@ses. Introducing a certain amount of fluctuation to the
axis. The fluctuation of the long molecular axis is character/0ng molecular axis as is done in the case of 50.6 while
ized by an order paramet&=(cogAa))=0.97 in smectic explaining its smectié and nematic phases, one can explain
phases and 0.91 in nematic phases. The variation of th € EISF aiS, and nematic phases of 40.8 also. In Fig. 12,

HWHM of the quasielastic component wit is shown in the solid lines are the theoretical EISF calculated widn

Fig. 8 for S, andN phases. Unfortunately, the determination:ll4 an]?lAzg using thdet mtithOdddeSCHbed for 3876 Tdhese
of correlation times in both the phases is not possible a aSl;efs 0 aC(t)_r;Aesp(()jn 0 t'e orh er par_zl%hme&; t anf th
present, because the incoherent scattering law for this type WHI\c/)Ir sfmtﬁm an lnetma IC p asest. .e\_/anr;mno. €
motion is not available. However, one can notice much less.. of the quasielastic component witg is shown in

of a difference in the values of HWHM at particu@rvalues ig. 13 for S, andN phases.

at both the phases, particularly at lo@v values. One can, 0.06
therefore, infer that the time scale of motions is very similar " K
in smecticA and nematic phases. Slightly faster motion may 0.05 . 343K§N‘;)

be observed in the nematic phase compared to that of the

i S 0.04f
smecticA phase. > 00
£ 003}
S0
B. Results of 40.8 E 0.02f
The same methodology is also applied for data analysis to 0.01}

the other member of theO.m series, 40.8. The molecule is . . . . .
schematized in itdrans conformation in Fig. 9 as for the 0'0%,0 03 06 09 12 15 18

structure reported in Ref23]. 40.8 is a less balanced sys- QA™

tem than the 50.6 and, further more, it is an even-even type

in terms of the number of carbon atoms in the side chains. FIG. 13. Variation of the HWHM of the quasielastic component
Like the 50.6 system this also shows a variety of me-with Q in S, and nematic phases in 40.8. Solid lines are guides to
sophases as mentioned in Sec. |. Experiments were carriede eye.
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Body axis fluctuations along with the rotation of the tions, 15° and 25°, respectively, which is equivalent to an
whole molecule around its long axis are reported in a TBBAorder paramete; equal to~0.97 and 0.91, respectively.
liquid crystal[12,13 and also in liquid crystal phases in the The same in the smectis and nematic phases of 40.8 are
octaphenylcyclotetrasiloxanéOPCTS molecule [24]. It found to be 14° and 29°, which is equivalent to an order
may be noted that we have assumed that the chains are rigighrametefs, equal to~0.97 and 0.87, respectively. The fluc-
and flexibility of the chains is not considered because thaation is in addition to the simultaneous reorientation of the

could lead to a complicated scenario. whole molecule around the body axis and the reorientations
of the end chains around the chain axis. The higher ampli-
IV. CONCLUSIONS tude of fluctuation in 40.8 compared to 50.6 in the nematic

A quasielastic neutron scattering study in two members oP@se is perhaps due to the higher imbalance in the structure
the nO.m series(50.6 and 40.80f liquid crystal showed @and also as it exists at higher temperat(835/343 K.
the presence of simultaneous reorientational motions of th&hese types of body axis fluctuations are reported in liquid
end chain around the chain axis and the whole moleculérystals TBBA and OPCT§12,24. The present study shows
around the molecular axis in smecfig,S;,S: phases. How- that it is possible to successfully separate the dynamical con-
ever, in smecticA (the most disordered smectic phpsed  tributions from the different parts of the molecule from the
nematic phases additional body axis fluctuation sets insame experiment without using deuterated samples. Our re-
While the QENS data for 50.6 at its smecficand nematic  sults are consistent within themselves and with the earlier
phases were explained with an average amplitude of fluctuaeports.
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