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Phase Transition in a Dimesogenic Liquid Crystal
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'H nuclear magnetic resonance (NMR) was employed in order to probe an incommensurate-
commensurate phase transition in a dimesogenic liquid crystal, N-[4-(6-cholesteryloxycarbonyl)
pentyloxy]-4-n-butylazobenzene (KI5A). The recrystallization and the isotropic phase transitions
exhibited a discontinuous first-order nature in the *H NMR spin-lattice (71) and in the spin-spin
relaxation time (7T2g) measurements, and an incommensurate smectic A (Sainc) to commensurate
helical smectic C' (S¢) liquid crystalline phase transition was marked by a discontinuity in the
NMR line splitting representing the orientational order. Furthermore, 71 and T>g showed distinct
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Liquid crystals possessing molecular orientational or-
der have been attracting considerable attention for their
scientific interest and practical applications. While early
liquid crystals consisted of a single rigid core (mesogen)
and a flexible chain part, dimesogenic liquid crystals con-
taining two rigid cores have shown peculiar phenomena
such as ferroelectricity and incommensurability [1-10].
While various means of investigation have been employed
in order to study liquid crystals, nuclear magnetic res-
onance (NMR) has proven to be very useful for under-
standing their phase transitions and molecular orienta-
tional order.

Thermotropic liquid crystals can have nematic, smec-
tic and cholesteric phases at different temperatures [1-7].
Unlike the nematic phase possessing only orientational
order, the smectic phase additionally possesses a mini-
mal positional order. The director is parallel to the pla-
nar normal in the smectic A (S4) phase, and it is tilted
in the smectic C' (S¢) phase. The S¢ phase in which the
molecules possess chirality is dubbed S¢..

In this work, we have employed 'H NMR to in-
vestigate peculiar incommensurate-commensurate lig-
uid crystalline phase transitions in a dimesogenic lig-
uid crystal, N-[4-(6-cholesteryloxycarbonyl) pentyloxy]-
4-n-butylazobenzene (KI5A), showing a crystalline in-
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Fig. 1. Structure of the N-[4-(6-cholesteryloxycarbonyl)
pentyloxy]-4-n-butylazobenzene (KI5A) dimesogenic liquid
crystal. The phase transition sequence is also shown.

commensurate smectic A (Saine), commensurate heli-
cal smectic C' (S¢), twisted grain boundary (TGB) and
cholesteric (N*) liquid crystalline phases, as well as an
isotropic phase [8,9]. The phase transitions in KI5A oc-
cur at 111, 137, 159.4, 163 and 192.5 °C, respectively
(see Fig. 1) [10].

The dimesogenic liquid crystal KI5A was synthesized
as reported in the literature [8-10]. The laboratory-
frame 'H NMR measurements were made at tempera-
tures from room temperature to 210 °C by using a home-
built pulsed spectrometer operating at 45 MHz [5-7,11,
12]. The spin-lattice relaxation time (7)) was measured
by using the inversion recovery method, and solid echo
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Fig. 2. 'H NMR line splitting in the liquid crystalline
phases of KI5A as a function of temperature.

pulse sequences (90°, - 7 - 90°,) were employed for the
measurement of the spin-spin relaxation time (T5g). The
NMR lineshapes were obtained by Fourier-transforming
the free-induction decay (FID) signals.

The 'H NMR lineshape was well fitted by using a
single Lorentzian component in the crystalline and the
isotropic phases and by using two separate Lorentzian
line components in the liquid crystalline phases. The
line splitting dv, i.e., the separation between two line
components, in the liquid crystalline phases arises from
the dipole-dipole interaction of adjacent protons in the
benzene rings and is related to the orientational order
parameter S as 6v = 6uyr=3(3 cos® ¢ — 3)S. Here, r
is the inter-proton distance and ¢ is the angle between
the para axis and the major molecular axis [13]. Fig-
ure 2 shows the line splitting in the liquid crystalline
phases as a function of temperature. Interestingly, the
incommensurate-commensurate (Sainc - S¢v) phase tran-
sition is marked by a discontinuity in the orientational
order as sensitively reflected by the NMR line splitting.
In other words, the sudden change from the incommen-
surate phase to the commensurate phase is accompanied
by a sudden increase in the orientational order.

The nuclear spin-lattice relaxation in liquid crystals
may mostly be understood by using the intramolecu-
lar dipole-dipole interaction based on orientational or-
der fluctuation, local molecular reorientation and trans-
lational self diffusion [14,15]. Figure 3 shows the tem-
perature dependence of the 'H NMR spin-lattice relax-
ation time, displaying changes associated with the phase
transitions. A discontinuity accompanying a first-order
transition takes place at the recrystallization and at the
isotropic phase transition temperatures, which may be
attributed to a sudden change in active molecular mo-
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Fig. 3. 'H NMR spin-lattice relaxation time (T}) of the
dimesogenic liquid crystal KI5A as a function of temperature.

tions such as fast rotational or translational diffusion
at the phase transition temperatures. The spin-lattice
relaxation shows little temperature dependence in the
incommensurate Sai,. phase, apparently indicating lit-
tle change in the director’s fluctuations. On the other
hand, 77 showed a distinct behavior in the commen-
surate S¢ phase, increasing with temperature. Thus,
quite distinct molecular motions take place in the in-
commensurate (Sainc) phase and in the commensurate
(S&) phase.

Figure 4 shows the spin-spin relaxation time as a
function of temperature, reflecting the slow molecular
dynamics [16]. As in the case of the temperature-
dependent T7, the recrystallization and isotropic phase
transitions exhibited a discontinuity. On the other hand,
the temperature derivative of T changed its sign at the
Sainc—S¢ liquid crystalline phase transition, increasing
with temperature below the transition temperature and
decreasing with temperature above it. Thus, quite dis-
tinct spin-spin interactions take place in the incommen-
surate Sainc phase and in the commensurate S¢, phase.
'H magic-angle spinning (MAS) NMR in the rotating
frame may be useful in distinguishing between the pro-
tons in the cholesterol and alkyl groups and the benzene
parts of the liquid crystal system.

In summary, the N-[4-(6-cholesteryloxycarbonyl)
pentyloxy]-4-n-butylazobenzene (KI5A) dimesogenic lig-
uid crystal has been studied by using 'H NMR line-
shape and nuclear spin relaxation time measurements.
The incommensurate smectic A (Sainc) to commensu-
rate smectic C' (S ) liquid crystalline phase transition
was sensitively reflected by a discontinuity in the NMR
line splitting, which is indicative of the orientational
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Fig. 4. 'H NMR spin-spin relaxation time (T2g) of the
dimesoganic liquid crystal KI5A as a function of temperature.

order. The spin-lattice and the spin-spin relaxation
times, which exhibited a discontinuity at the recrys-
tallization and the isotropic phase transitions, showed
distinct temperature dependencies at temperatures be-
low and above the incommensurate-commensurate phase
transition temperature.

ACKNOWLEDGMENTS

This work was supported by the National
Research  Foundation of Korea (Project No.
2016R1ID1A1A09917003). The Korea Basic Science

Institute (KBSI) is acknowledged for the measurements.

REFERENCES

[1] J. P. F. Lagerwall and F. Giesselmann, Chem. Phys.
Chem. 7, 20 (2006).

(2] P. G. de Gennes and J. Prost, The Physics of Liquid
Crystals (Oxford University Press, Oxford, 1993).

[3] D. Demus, J. Goodby, G. W. Gray, H-W. Spiess and V.
Vill, Handbook of Liquid Crystals, Fundamentals, Vol. 1
(Wiley-VCH, New York, 1998).

[4] S. Kumar, Liquid Crystals: Ezperimental Study of Phys-
ical Properties and Phase Transitions (Cambridge Uni-
versity Press, Cambridge, 2000).

[5] K. W. Lee, C. H. Lee, S. H. Yang, J. K. Cha, C. E. Lee
and J. Kim, Curr. Appl. Phys. 1, 529 (2001).

[6] J. K. Cha, K. W. Lee, C. E. Lee and J-1. Jin, Appl. Phys.
Lett. 96, 092903 (2010).

[7] J. K. Cha, K. W. Lee, J. H. Han, C. E. Lee, J-1. Jin and
J. Y. Choi, J. Magn. 15, 61 (2010).

[8] F. Hardouin, M. F. Achard, J-I. Jin, J-W. Shin and Y-K.
Yun, J. Phys. II France 4, 627 (2994).

[9] F. Hardouin, M. F. Achard, J-I. Jin and Y-K. Yun, J.
Phys. II France 5, 927 (1995).

[10] Y. Maeda, Y-K. Yun and J-1. Jin, Thermochimica Acta
322, 101 (1998).

[11] I-H. Oh, J. J. Kweon, B. H. Oh and C. E. Lee, J. Korean
Phys. Soc. 53, 3497 (2008).

[12] D.Y. Han, J. H. Han, C. E. Lee and S-H. Kim, J. Korean
Phys. Soc. 53, 3246 (2008).

[13] S. Miyajima, N. Nakamura and H. Chihara, Mol. Cryst.
Liq. Cryst. 89, 151 (1982).

[14] P. Pincus, Solid State Commun. 7, 415 (1969).

[15] P. Ukleja, J. Pirs and J. W. Doane, Phys. Rev. A 14, 44
(1976).

[16] R. Y. Dong, M. Wiszniewska and E. Tomchuk, J. Chem.
Phys. 59, 6266 (1973).



