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Molecular Clustering Behaviour in Cybotactic Nematic Phase of 

Spin-labelled Liquid Crystal

Yoshiaki Uchida,* Takuya Akita, Kazuki Hanada, Daichi Kiyohara and Norikazu Nishiyama

A newly synthesised liquid crystalline nitroxide radical (LC-NR) with a terminal trifluoromethyl group as spin-labelled LC 

compounds exhibits anomalous phase transition behaviour. It is likely attributed to non-covalent interactions between 

trifluoromethyl groups of adjacent molecules. X-ray diffractometry of the LC-NR suggests the existence of a cybotactic 

nematic (Ncyb) phase with a transient and local layer order between normal nematic (N) and smectic A (SmA) phases. EPR 

spectroscopy of the spin-labelled LC implies no discontinuity in magnetic susceptibility around the N-to-Ncyb phase transition. 

Intermolecular contacts between nitroxide radicals seem to change there continuously. These results imply that the 

interactions between trifluoromethyl groups induce the cybotactic clusters, which molecules go into and out of.

Introduction

The properties of liquid crystalline (LC) phases depend on the 

molecular orientation and intermolecular interactions.1,2 The 

origins of the properties can be discussed by synthesising 

analogous molecules and observing the LC superstructures 

using a polarised optical microscope and X-ray diffraction. It 

uncovers the correlation of the molecular structures with the 

molecular orientations and periodic superstructures. As one of 

the molecular modifications, fluorine substitution in LC 

structures affects the melting points, mesophase morphology, 

transition temperatures, and the many essential physical 

properties of LC materials, such as optical, dielectric and 

viscoelastic properties.3

Recently, LC nitroxide radicals containing a five-membered 

ring NR moiety in the mesogen core (LC-NRs) have been 

reported as metal-free magnetic soft materials.4 In contrast to 

inorganic solid-state materials, including transition metals (Fe, 

Co, Ni, etc.) and lanthanides, they are more favourable from the 

point of view of the elements strategy,5,6 and their magnetic 

properties are fine-tuneable. Some desired functions such as 

chirality and anisotropy can be easily added by molecular 

modification. In addition, these compounds exhibit some 

fascinating properties in the externally applied magnetic field;7 

e.g., their molecular reorientation occurs in a uniform magnetic 

field,8,9 and they exhibit a sort of spin glass-like inhomogeneous 

ferromagnetic interactions in LC phases.10,11 LC-NRs can be 

analysed on both molecular orientation and intermolecular 

interactions. Therefore, electron paramagnetic resonance (EPR) 

spectroscopic research using LC-NRs as spin-labelled LC 

compounds has given us understanding of the phenomena from 

perspectives never seen before; e.g., the pretransitional change 

of the molecular conformation ensemble in de Vries type SmA*-

SmC* phase transition,12 and the dimeric intermolecular 

interactions based on the electric dipole along the long axis of 

LC molecules.13,14

As phenomena expected to originate from intermolecular 

interactions, unconventional LC phases have been reported. 

One is a nematic phase with transient local layer order 

(cybotactic cluster), called cybotactic nematic (Ncyb) phase.15 

Whereas most of the research on cybotactic clusters has 

focused on bent-core molecules to date,16 some LC molecules 

with non-covalent interactions like hydrogen bonding have also 

been reported to show Ncyb phases.17,18 The previous discussion 

has concluded that the lateral interactions between rod-like 

molecules are important for cybotactic cluster formation. LC-

NRs showing Ncyb phases could be used as spin-labelled LCs for 

EPR spectroscopy, which would clarify the cluster formation 

process in terms of the molecular orientation and 

intermolecular interactions. We focused on the specific 

substituents like hydroxy, ionic and fluorinated groups needed 

to induce the non-covalent interactions for the cybotactic 

cluster formation. We have already reported hydrogen-bonded 

LC-NRs,19,20 ionic LC-NRs21 and terminal fluorinated LC-NRs 

containing a mono-, di- or trifluorobenzene group.22 However, 

they do not exhibit Ncyb phases originating from fluorination. 

Here, we report synthesising a new series of LC-NRs with a 

trifluoromethyl group as a terminal unit. We discuss the 

molecular clustering behaviour based on EPR spectroscopy for 

one LC-NR showing an Ncyb phase.

Results and discussion

Design and synthesis

An NR with a phenol moiety as the starting compound was 

prepared using the previously reported procedure.4,23 We 
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collections were performed on a Rigaku RINT2200/PC-LH 

diffractometer using 2�3(X radiation with 0.15418 nm. Unless 

otherwise noted, solvents and reagents were reagent grade 

and used without further purification. THF that was used for 

the EPR spectroscopy was distilled from 

sodium/benzophenone ketyl under nitrogen.

Materials and synthesis

Dichloromethane (50 mL) was charged with the phenol (0.3 

mmol), the carboxylic acid (0.33 mmol), 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 

(EDC·HCl, 0.45 mmol), and 4-(dimethylamino)pyridine (DMAP, 

0.09 mmol). After the mixture was stirred for 12 h at room 

temperature, reaction solution was added saturated aqueous 

NaHCO3 (50 mL), and extracted with diethyl ether (50 mL � 2). 

The extract was dried over MgSO4 and evaporated. The 

residue was purified by flash column chromatography on silica 

gel (hexane/diethyl ether = 8/2 for 1 and 3, and hexane/ethyl 

acetate = 8/2 for 2) and recrystallized from hexane to afford 

the ester (±)-1–3 as yellow crystals (yield 60–70% from NR-

phenol, Scheme 1).

(±)-1: IR . (KBr): 2930, 2859, 1740, 1609, 1508, 1263, 1202, 1074, 

1015, 829 cmO�; HRMS: Calcd. for C34H39F3NO4 [M]+: 582.2831, 

Found 582.2828; Anal. Calcd. for C34H39F3NO4: C, 70.08; H, 6.75; N, 

2.40; Found: C, 70.08; H, 6.76; N, 2.41.

(±)-2: IR . (KBr): 2930, 2870, 1749, 1609, 1508, 1339, 1206, 1086, 

1003, 829 cmO�; HRMS: Calcd. for C34H45F3NO4 [M]+: 588.3301, 

Found 588.3303; Anal. Calcd. for C34H45F3NO4: C, 69.36; H, 7.70; N, 

2.38; Found: C, 69.31; H, 7.87; N, 2.37.

(±)-3: IR . (KBr): 2930, 2860, 1740, 1508, 1260, 1204, 1171, 1072, 

829 cmO�; HRMS: Calcd. for C34H39F3NO5 [M]+: 598.2780, Found 

598.2789; Anal. Calcd. for C34H39F3NO5: C, 68.21; H, 6.57; N, 2.34; 

Found: C, 68.29; H, 6.44; N, 2.25.

Conclusions

We synthesized several LC-NRs with a terminal trifluoromethyl 

group. The trifluoromethyl group probably induces smectic 

phases, having layer order. Furthermore, an ether oxygen atom 

binding the terminal benzene ring especially is likely to stabilise 

LC phases. One of the new LC-NRs with a trifluoromethoxy 

group as a terminal group exhibits N and SmA phases in the 

cooling process. Although POM observation does not suggest 

forming a layered structure in the N phase, X-ray diffractometry 

indicates that a pretransitional layer order starts to appear in 

the N phase. It seems an Ncyb phase. EPR spectroscopy 

uncovered that the interactions between trifluoromethyl 

groups induce the orientational order of the mesogen core, and 

the induced cybotactic clusters grow gradually. It also implied 

that molecules go into and out of the cybotactic clusters from 

moment to moment.
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