
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Ordering of a lateral crown ether and terminal short POE chains in some
symmetrical nematogens by 13 C NMR
Neeraj Sinha; K. V. Ramanathan; K. Leblanc; P. Judeinstein; J. P. Bayle

Online publication date: 11 November 2010

To cite this Article Sinha, Neeraj , Ramanathan, K. V. , Leblanc, K. , Judeinstein, P. and Bayle, J. P.(2002) 'Ordering of a
lateral crown ether and terminal short POE chains in some symmetrical nematogens by 13 C NMR', Liquid Crystals, 29:
3, 449 — 457
To link to this Article: DOI: 10.1080/02678290110113513
URL: http://dx.doi.org/10.1080/02678290110113513

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678290110113513
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Liquid Crystals, 2002, Vol. 29, No. 3, 449± 457

Ordering of a lateral crown ether and terminal short POE chains
in some symmetrical nematogens by 13C NMR

NEERAJ SINHA

Department of Physics, Indian Institute of Science, Bangalore 560 012, India

K. V. RAMANATHAN

Sophisticated Instruments Facility, Indian Institute of Science, Bangalore 560 012,
India

K. LEBLANC, P. JUDEINSTEIN and J. P. BAYLE*

Laboratoire de Chimie Structurale Organique, Université Paris XI, U.R.A. 1384,
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A lateral crown ether fragment can be introduced on symmetrical mesogens containing only
three aromatic rings. The replacement of the terminal alkoxy chains by chains containing
oxyethylene units decreases the melting and clearing temperatures allowing one to obtain
nematic compounds near room temperature. These compounds dissolve LiBF4 salt only to a
small extent, but the nematic arrangement, is thereby destroyed. The carbon chemical shift
anisotropy and the local C–H bond order parameters were obtained for the nematic phase
for the crown ether fragment and the terminal chains. This study indicates that the crown
ether average conformation changes insigni� cantly on decreasing the temperature. The lateral
crown ether protrudes markedly from the core with the consequence that the molecular shape
is far from rod-like in geometry.

1. Introduction mesogenic properties. These lateral substituents can be
Liquid crystals containing the oxyethylene (OE) unit alkoxy chains, substituted benzyloxy fragments or even

in polyoxyethylene (POE) chains or crown ether motifs lateral alkane rings [8–10]. The choice of a lateral ring
are new materials which possess the unique feature of is of interest as this can increase the thermodynamic
dissolving ionic salts and still presenting a mesophase stability of the mesophase. This means in eŒect that for
[1–4]. They combine two interesting properties: the aniso- equivalent cores a lateral ring leads to a higher clearing
tropy of the liquid crystal phase and also the potential temperature than do two lateral alkoxy chains containing
for ionic conductivity as POE chains have [5–8]. There- the same number of carbons as the ring [8–10].
fore, adding POE chains to a nematogenic structure can The possibility of introducing a lateral crown ether
lead to monodirectional conductivity properties. has been successfully explored and a nematic phase was

In pure POE polymers containing lithium salts, the obtained with compounds containing four rings in the
ionic conductivity is a maximum for a ratio Li/(number main core [10, 11]. In fact, lateral � exible substituents
of OE units) of 0.1 [5–7]. Thus, it is advisable to were shown to adopt a peculiar conformation folded
synthesize liquid crystals with the maximum number of back along the core, preserving the favourable molecular
OE units. Unfortunately, if the OE units are introduced anisotropy and packing needed for the thermodynamic
as terminal chains, ordered phases are obtained for a stability of the mesophase. It is certainly more di� cult
relatively small number of OE units. A possible alter- for a lateral ring to adopt a favourable conformation in
native is to introduce some of these units at a lateral the liquid crystal phase. Two of the major questions
position. In fact, when the core anisotropy is rather concern knowing the conformation of the lateral ring
large, one or two nearby lateral � exible substituents can in the liquid crystalline phase and whether this con-
be introduced in a molecule without destroying the formation stays constant or is aŒected by the nematic

� eld on decreasing the temperature. These questions can

be answered by the study of the ordering properties of*Author for correspondence; e-mail: jpbayle@icmo.u-psud.fr
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450 N. Sinha et al.

these compounds by 13C NMR [12, 13]. For this type 2. Results and discussion
2.1. Synthesisof study, it is preferable to have compounds which possess

clearing temperatures below 100ß C and are symmetrical, The general synthetic scheme for the compounds of
series CINPOEm containing 1, 2 or 3 OE units in theleading to fewer signals in the spectrum and making the

analysis easier. terminal chains is summarized in � gure 2. As an example,
we describe the synthesis of compound CINPOE1.Therefore in this paper, we describe the synthesis

and the mesomorphic properties of several compounds 3-Hydroxybenzo-15-crown- 5 was prepared by selective
etheri� cation of 1,2,3-trihydroxybenzene in ethanolpossessing the same core, containing only three aromatic

rings, and laterally substituted by a lateral 15-crown-5 following the Pedersen procedure [17]. After chromato-
graphy in CH2Cl2 /ethyl acetate (50/50), the phenoland having alkoxy or POE terminal chains which

contain 1, 2 or 3 OE units. The compounds depicted was coupled under basic conditions with the diazonium
salt prepared from sulphanilic acid. The mixture wasin � gure 1 are symmetrical and some of them have a

clearing temperature below 100ß C. The solvatation of acidi� ed and SnCl2 added to reduce the azo bond. After
heating this mixture for 1 h at 80 ß C, it was cooledLiBF4 salt into the nematic phase of these compounds

was also investigated. and the insoluble materials were � ltered oŒ. Sulphuric
acid was added and then a slow addition of sodiumThe ordering behaviour of the carbons in the OE

units has been determined by measurement of the C–H dichromate was carried out to oxidize the amino group.
The mixture was then extracted several times withdipolar couplings using the 13C 2D-SLF method [14]

and by analysis of the chemical shift evolution [15] chloroform. After solvent evaporation, the crude quinone
was puri� ed by chromatography using CH2Cl2 /MeOHin the compound CINPOE1Bu. The correlation between

the order parameter and the chemical shift evolution (94/6) [18–20]. The puri� ed quinone was dissolved in
acetonitrile and reduced with sodium dithionite dissolvedallows us to check change in the conformation of the

lateral ring [11, 16]. in water at room temperature. After solvent evaporation,

Figure 1. DiŒerent symmetrical series containing a lateral crown ether.

Figure 2. Synthetic scheme for the CINPOEm series. (1) i, ClCH2 (CH2OCH2 )3CH2Cl, I, EtOH; ii, NaOH; iii, HCl (6M).
(2) i, sulphanilic acid, HCl conc, NaNO2 , H2O; ii, II, NaOH, H2O; iii, SnCl2 , HCl, H2O; iv, Na2Cr2O7 , H2SO4 , H2O.
(3) III, CH3CN, Na2S2O4 , H2O. (4) IV, pyr, RCOCl, CHCl3 .
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451L ateral crown ether nematogens—ordering

Table 1. Transition temperatures (in ß C) of some relatedthe slurry was extracted with chloroform. The diphenol
compounds having one or two POE terminal chains and aobtained was pure enough for the next step, but if
lateral crown ether. These values are taken with increasing

necessary could be puri� ed by chromatography , eluent temperature (heating rate 10ß C minÕ 1 ).
CH2Cl2 /MeOH (92/8). The 4-[methoxy(ethox y)]cinnamic
acid was obtained from the aldehyde using a conven-
tional procedure [21] and recrystallized from aceto-
nitrile. In the last step, the diphenol was esteri� ed with
the 4-substituted cinnamoyl chloride in CHCl3 /pyridine
(50/50) as solvent. The � nal mesogen was chromato-
graphed twice with CH2Cl2 /MeOH (90/10) mixture on
silica gel (60–220 mesh). Finally, the solid mesogens
were recrystallized from CHCl3 /ethanol mixture until

Compound Cr � N � I
constant transition temperatures were obtained.

The structures and the purity of the compounds were CINPOE1 127 141
CINPOE2 73 85checked by 1H NMR using an AM 250 Bruker spectro-
CINPOE3 32meter and the molecular mass was con� rmed by high
CINC1 185resolution mass spectrometry.
CINC4 140 164

d (1H, 250MHz, CDCl3 1 pyridine-d5) (ppm, (integration, CINC7 122 147
multiplicity) ). II: 3.74 (8H, broad), 3.88 (2H, AA¾ BB ¾ ), CINC10 102 125

CINPOE1Bu 75 903.99 (2H, t), 4.16 (2H, AA¾ BB ¾ ), 4.28 (2H, t), 6.44
CINPOE2Bu 65(1H, dd ), 6.57 (1H, dd), 6.88 (1H, t). III: 3.68 (8H, s),

3.82 (4H, t), 4.51 (4H, t), 6.48 (2H, s). IV: 3.71 (8H, s),

3.94 (4H, t), 4.27 (4H, t), 5.48 (2H, broad s), 6.61
(2H, s). CINPOE1: 3.48 (6H, t), 3,69 (8H, s), 3.81
(4H,AA¾ BB ¾ ), 3.83 (4H, t), 4.20 (4H, AA¾ BB¾ ), 4.28
(4H, t), 6.53 (2H, d), 6.91 (2H, s), 6.93 (4H, AA¾ BB ¾ ),
7.54 (4H, AA¾ BB ¾ ), 7.84 (2H, d). Mass (high resolution) :
m/z 731.26778 (C38 H44 NaO13 , D 5 0.2 ppm).

The mixtures with the salt LiBF4 were prepared by
dissolving both materials in dry THF under an inert
atmosphere (typically 100 mg of the mesogen with the
appropriate mass of the salt). The solvent was then
evaporated under inert atmosphere and with mechanical
stirring at the boiling point of THF. Then, the mixtures
were kept in an oven at 100 ß for several days.

2.2. T ransition temperatures of the mesogens
The phase transitions were observed and characterized

by using an Olympus polarizing microscope � tted Figure 3. Plot for the transition temperatures in compounds
with an FP 82 Mettler heating stage and an FP 85 containing a lateral crown ether fragment and terminal

alkoxy chains (series CINCn) or terminal short POEMettler DSC. The transition temperatures are given in
chains (series CINPOEm).table 1. All the compounds exhibit an enantiotropi c liquid

crystal phase as shown in � gure 3, with the exception
of CINPOE0 and CINPOE3 which have monotropic We have shown recently in conventional mesogens
phases. All the compounds give a supercooled nematic that the replacement of carbons by one OE unit within
phase over a reasonable range of temperature which the terminal chain decreases the melting and clearing
makes NMR measurements feasible. temperatures, keeping the nematic range quite unaŒected

It should be noted that the analogous compound to [15]. This behaviour is clearly seen on � gure 3 and is
CINC4 obtained by replacing 4-butoxycinnami c acid by enforced in the case of two terminal chains. This trend
4-butoxybenzoic acid presents no enantiotropic nematic was interpreted as an eŒect of the gauche-conformation
phase. This is clear evidence for the need for an elongated taken by OE units in the solid phase. This conformation
core to support the packing perturbation introduced by of each unit leads to a helicoidal arrangement for the

chains. The consequence is rather simple: these chainsthe lateral crown ether.
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452 N. Sinha et al.

occupy a larger volume than the usual alkyl or alkoxy The results obtained with 7Li NMR are similar. The
spectrum contains a single line at any temperaturechains which adopt in the solid phase an all-trans-

conformation. In the solid phase, this helicoidal con- where the sample contains some � uid parts. At least,
this indicates that some salt is dissolved in these parts.formation and the presence of lateral substituents induce

a slight decrease in the core–core interactions leading During the cooling process, this isotropic line broadens
and fades away.to a lowering of the melting temperatures. In the liquid

crystal phase and especially in laterally substituted com- Finally, LiBF4 salt can be introduced into the melt of
the mesogens as an ionic solute when the concentrationpounds, the preferred gauche-conformation does not

perturb to a large extent the thermodynamic stability of of this salt is rather small (the amount depending on
the compound). After this limit, no more salt dissolves.the mesophase.

By comparing CINPOE3, CINPOE2Bu and CINC10, In all cases, the liquid crystal properties are lost for
the mixtures studied. This may be due to two factors.which have the same number of atoms within the

terminal chains, we can note that the decrease in the (1 ) The conformation of the crown ether cavity induced
by the two surrounding carboxylate groups; this peculiarmelting temperatures is related to the number of OE

units. This is contradictory to what has been observed cavity may not be suitable for complexing the Li+
cation. (2 ) The change in local geometry of the mesogenfor compounds having two lateral hexyloxy chains [16].

In these compounds, the major decrease in the melting induced by the complexation ; the short length of the rod
may not be su� cient to counterbalance the deleterioustemperature was induced by the � rst OE unit within the

terminal chain. This diŒerent behaviour may be related eŒect of the dissolved salt on the molecular geometry.
to the larger volume of the crown ether lateral fragment.

2.4. 13C NMR measurements on one pure nematogen
We chose to study by NMR the compound CINPOE1Bu2.3. Behaviour of the salt mixture

Adding LiBF4 salt (in the range 0.05 to 0.5 molar which possesses only one OE unit in the terminal chain,
in order to have fewer signals in the OCH2 region.equivalent ) to all the compounds, with or without POE

chains, destroys their enantiotropic liquid crystal phases. The 13C experiments were performed using a Bruker
DSX-300 NMR spectrometer at Bo 5 7.05 T on the staticThis behaviour is diŒerent from that observed for com-

pounds having a lateral crown ether hooked onto a four sample. The 1D spectra were obtained near the isotropic–
nematic transition using a single pulse, and for lowerring core [10]. This is very surprising, as the only

diŒerences between the two series are the para-substituents temperatures the cross-polarization sequence with strong
decoupling was used. To avoid rf overheating, a 15 son the aromatic ring bearing the lateral crown and the

length of the rod. delay time was used. The temperature calibration was
made by observing the nematic to isotropic transition.DSC measurements indicate that the mixtures with

LiBF4 melt at a temperature very near the clearing The chemical shift calibration was made by assuming
that the terminal methyl group has the same chemicaltemperature of the starting organic molecule. Cooling

slowly, this mixture leads to a heterogeneous mixture shift in the melt and in the case of the isotropic spectrum
obtained in CDCl3 solution. Three spectra forwhich undergoes vitri� cation at a temperature depend-

ing on the amount of salt and on the temperature ramp CINPOE1Bu are displayed in � gure 4: (a) in the solid
phase (after preliminary melting and cooling of theused. This behaviour is reproducible on further heating/

cooling cycles. sample), (b) in the isotropic melt and (c) in the nematic
phase.In mixtures containing large amounts of salt, it can

be seen by optical microscopy that some insoluble ionic The spectrum of the solid phase obtained before (not
presented) and after melting, � gure 4 (a) presents no largematerial is present in the liquid phase just after the

isotropization temperature. On further heating, when diŒerences compared with that observed for the isotropic
phase, indicating for instance that the conformation ofthe salt concentration is low enough, the ionic material

dissolves. On cooling, the sample then looks like a glass the crown ether lateral fragment does not change greatly
in the crystallized sample, in the sample solidi� ed in theafter vitri� cation.

13C and 7Li NMR have been used to explore the static magnet and in the melt sample.
On the contrary, the eŒect of the orientation of themixture of CINPOE2/LiBF4 (1/0.2). On decreasing

the temperature from the melt, the 13C NMR spectrum nematic sample (Dx > 0) in the magnetic � eld is obvious.
In the 100–200 ppm region, the usual positive chemicalstays isotropic. Lines for the diŒerent carbons gradually

broaden (this eŒect is faster in the aromatic region) with shift is oberved for the core carbons belonging to the
aromatic rings and the carboxyl groups. The 50–90 ppmno anisotropic shift at all, indicating again that no liquid

crystal phase is present in the sample. At lower temper- aliphatic region containing the CH2O signals is more
surprising, as we can see that many peaks in that regionatures, the signal disappears, indicating glass formation.
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453L ateral crown ether nematogens—ordering

substituted benzoic acids or benzoate esters, there is in
the � rst unit a very weak in� uence of the substituents
in the c and d positions on the isotropic chemical shifts
[22]. Thus, Ca and Cb isotropic chemical shifts were
found in numerous compounds (containing the benzoate
fragment ) to be equal to 68.7Ô 0.2ppm and 69.8Ô 0.2 ppm,
respectively. Here, the � rst unit experiences the in� uence
of the double bond linked to the carboxylate group
and the ring; this in� uence modi� es noticeably the Ca
chemical shift average value (67.5 Ô 0.2 ppm), but has
less eŒect on the Cb average value (69.8 Ô 0.2 ppm).

In the spectrum of the melt, � gure 4 (b), only four
peaks are seen (d 5 72.7, 70.3, 68.5, 67.6 ppm). Ca can
be assigned to the most deshielded signal, and the three
other carbons in the crown ether have the same chemical
shift and are overlapped in the next peak with Cc. The
two last shielded signals can be attributed to Cb and
Ca, respectively.

In the aliphatic part of the nematic spectrum presented
in � gure 4 (c), on going from the isotropic melt to the
nematic phase, three lines experience a large positive
jump in the chemical shifts. This positive jump has been
associated in laterally substituted compounds with the
peculiar conformation of the � rst OCH2 fragment. The
folding back of the lateral chains induces a positive
order parameter for the � rst carbon in the lateral alkoxy
chain [23]. In contrast, carbons belonging to a terminal
chain or to the far parts of the lateral chains experience
a negative jump due to the peculiar mean orientation of
their C–H bonds with respect to the molecular long
axis. It seems reasonable to assign these three positive

Figure 4. Proton decoupled 13C spectra of pure CINPOE1Bu jump to Ca, Cb, Cc. Therefore Cd should present a
at 75.475 MHz: (a) in the solid phase after melting of negative jump. We have shown recently that the carbons
the sample (r.t.), (b) in the isotropic phase (T /TNI 5 1.02 ), in the OE unit have a very unusual � at behaviour
and (c) in the nematic phase (T /TNI 5 0.983) . Acquisition

alignment-induced shift [16]: speci� cally, Cb exhibits aparameters: static sample, single pulse, pulse width 5 3 ms,
very small jump. This unusual behaviour begins with arecycle delay 5 15 s, number of scans 5 128.
decrease of the chemical shift just after the transition
followed by a tiny increase on decreasing the temper-
ature. We have also noted in the case of several OEare overlapping in the isotropic spectrum, but are quite

spread in the nematic phase (some peaks present a units, for example when two units are present, that the
� rst carbon (Ca or Cc) in each OE unit has a largerpositive shift, some a negative shift), indicating the

diŒerential ordering of these carbons. We will return to jump than the second one in the same unit (Cb or Cd).
Accordingly, we have assigned the larger negative jumpthis behaviour in the next paragraph.
to Cd inside the crown ether fragment.

The assigment of the lines in the aromatic region is2.4.1. Chemical shifts assignment
The isotropic chemical shifts for the diŒerent com- somehow easier. In conventional mesogens, the quaternary

carbons which are lying along the molecular long axispounds in CDCl3 solution were assigned using the group
contribution method, the J coupling pattern, HMBC have the largest anisotropy due to the particular position

of the para-axis with respect to the frame of the chemicaland HMQC 2D experiments. The assignment of the OE
unit carbons in CDCl3 solution is given for some com- shift tensor. The quaternary carbon in the ortho-position

with respect to the molecular long axis has much lesspounds in table 2. In the crown ether fragment, Ca has
a rather constant chemical shift of 72.9 Ô 0.2 ppm and chemical shift anisotropy. Among, the � ve deshielded

signals we � nd the three quaternary carbons lying onthe other three carbons have similar chemical shifts of
70.6 Ô 0.3 ppm. It has been noticed that in p-POE- the molecular long axis C1, C4 and C8, the carboxylate
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454 N. Sinha et al.

Table 2. 13C isotropic chemical shifts of the OCH2 carbons in some related compounds containing the crown ether fragment.

Molecule Chemical shift/ppm

d
a
5 73.02 d

b
5 70.86 d

c
5 70.71 d

d
5 70.30

d
a¾

5 73.79 d
b ¾

5 71.18 d
c ¾

5 71.50 d
d ¾

5 71.88

d
a
5 72.92 d

b
5 870.72 d

c
5 70.38 d

d
5 70.28

da 5 55.24

d
a
5 72.89 d

b
5 70.68 d

c
5 70.35 d

d
5 70.25

da 5 67.20 db 5 69.01 dc 5 59.00

d
a
5 72.97 d

b
5 70.78 d

c
5 70.46 d

d
5 70.34

da 5 67.47 db 5 69.84 dc 5 71.29 dd 5 31.54
de 5 19.13 df 5 13.82

d
a
5 72.99 d

b
5 70.81 d

c
5 70.48 d

d
5 70.37

da 5 67.43 db 5 69.49 dc 5 71.41 dd 5 70.81
de 5 59.00

carbon C7 and the protonated carbon C5; these last atom (upper spectrum in � gure 6). Peaks of carbons C2
and C3 can be easily found in the spectrum due to theirtwo carbons have large isotropic chemical shifts. The

quaternary carbon C9 is assigned to the next peak, larger intensity. The assignment between C10 and C6
signals is more di� cult. Each carbon bears a hydrogenand this attribution is validated by the lack of cross-

polarization of this carbon which is far from any hydrogen atom, but one of there carbons does not present a large
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455L ateral crown ether nematogens—ordering

Figure 5. Chemical shift evolution of pure CINPOE1Bu at 75.475 MHz: (a) aliphatic part, (b) aromatic part.

cross-polarization (see the peak indicated by an arrow

in the upper spectrum of � gure 6). Accordingly, one
of these C–H bonds should be near the magic angle

and not in the vicinity of other hydrogen atoms. It is

reasonable to choose C10 as we have shown that the

two ethylenic carbons in some nematogens containing

the cinnamic moiety give a large dipolar coupling [24].

Thus, due to the substitution, the central aromatic ring

is no longer hexagonal. If we assume that the molecular
long axis is aligned with the para-axis of this inner

ring, the angle between the C–H bond belonging to the

central ring and the para-axis is near to the magic angle.

2.4.2. C–H bond order parameters

In order to probe the magnitude of the local order
parameter in the OE units, we have studied the C–H

dipolar splittings. The dipolar splittings in the nematic

phase were obtained using the 2D SLF method as

previously described [14]. From the peaks along the

second dimension, the strength of the dipolar interaction

between the carbons and the surrounding hydrogen

atoms can be obtained. For example, even if Ca and Cc
have the same chemical shift, they present two diŒerent

dipolar splittings in the second dimension, the larger

one being attributed to Ca, the � rst carbon within the
Figure 6. 2D SLF spectrum of CINPOE1Bu in the nematic

chain. From this splitting, we can obtain the dipolarphase at 349 K. Due to the sequence used, full splittings
are measured. coupling between the carbon and the linked hydrogen
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456 N. Sinha et al.

atoms if we neglect the dipolar contribution of the In CINPOE1Bu, the terminal chains contain one OE
unit, then a butyl fragment. Figure 8 is evidence that inremote hydrogen atoms. This assumption is reasonably

valid for carbons in the chains and in the crown ether mixed chains there is no odd–even eŒect of the order
parameter values in the OE unit, whereas this eŒect isand we will concentrate on these carbons. These C–H

coupling constants depend on the diŒerent orientations present in the far alkyl part proving that the odd–even
eŒect originates from the electronic environment of eachof the C–H bond vector with respect to the magnetic

� eld as well as on the amplitude of the � uctuations individual carbon and depends only on the atoms
involved in the unit and the conformation of the unit.about these orientations. This motional averaging is

measured by the bond order parameter SC–H . Assuming
a cylindrical symmetry for the C–H bond and a C–H 2.4.3. C–H bond order parameters and � eld-induced

shift correlationdistance of 0.110 nm, the bond order parameter SC–H is
then related to the dipolar coupling constant (DC–H ) of An empirical relationship for the alignment-induced

shift (dN Õ diso ) of the aliphatic carbons in the nematicthe individual methylene by the equation:
phase has been expressed as [28]:SC–H 5 Õ 4.407 3 105DC–H . (1)

dN Õ diso 5 b 1 aSC–H 5 b 1 aSo (1 Õ T /T † )F (2)
In the 2D spectrum shown in � gure 6, we can note

that the dipolar splitting decreases from Ca to Cc and where a and b involve the chemical shift tensor com-
ponents in the axis system chosen to de� ne the orderincreases for Cd; this is a strong indication that the

average angle between the C–H bond direction and the parameter; a and b were found to be constant indicating
the slight change in the tensor components in themolecular long axis is below the magic angle for carbons

Ca to Cc and above the magic angle for Cd. Then, the diŒerent populated conformations. T † is a temperature
slightly higher than TNI and So is the limit of the bondassociated dipolar couplings are negative for carbons

Ca to Cc, and positive for Cd. order parameter of the fragment relative to the director.
In the OE unit, it was shown that a change in theMolecular modelling on the central part of the single

molecule shows clearly that the angle between the Cd–H conformation probability with temperature will mean
that a and b are no longer constants with temperature.bond and the para-axis of the aromatic ring is above

the magic angle (� gure 7). We have an indication that This behaviour arises from the change of the chemical
shift tensor components for the two carbons in the unit.the crown ether ring has, on average, a conformation

in the nematic phase which should not be so far from These carbons experience a quite diŒerent electronic
environment when the OE unit is in a gauche- or trans-that depicted in � gure 7.

Within a short terminal POE chain it has been shown conformation due to the in-space interactions with the
lone pairs of the oxygen atoms. Thus, a change in thethat the absolute values of the order parameter decrease

monotonically with increasing distance from the core.
This behaviour, which contrasts with the odd–even eŒect
usually observed for terminal alkoxy or alkyl chain
ordering, has been interpreted in terms of the change in
the probabilities for the diŒerent conformations along
the POE chain [16, 25–27].

Figure 8. Comparison of the order parameters in terminal
chains containing the same number of atoms: heptyloxy
chain [27], a terminal O (CH2 CH2 O)2 CH3 chain
[15] and in CINPOE1Bu at the same reduced temper-

Figure 7. Molecular modelling of the central part of the ature (position 1 is devoted to the oxygen atom linked to
the aromatic ring).molecule.
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is no odd–even eŒect in the order parameter values in
the OE units, whereas this eŒect is seen for the butyl
end of the chain.
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