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1.1 Density functional theory calculations: The quantum mechanical calculations of
molecular properties were performed using density functional theory (DFT) [1], by
employing the combination of Becke3—Lee—Yang—Parr (B3LYP) hybrid functional and
6-311G(d,p) basis set using the Gaussian 09 package, to obtain the information related to
molecular conformation, bending angle, dipole moment, molecular polarisability and
asymmetry parameter of all the compounds. Full geometry optimizations have been
carried out without imposing any constraints [1]. Spin-restricted DFT calculations were
carried out in the framework of the generalized gradient approximation (GGA) by using
B3LYP hybrid functional, exchange-correlation functional and the 6-311G (d, p)
standard basis set [2,3]. The detailed study is reported in earlier reports [4,5]. The values
of the dipole moment components, the polarizability components, asymmetry parameter

etc. are summarized in table S1 and S2.
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Table S1. DFT-calculated bending angle in degrees, dipole moment components (ux,

My, pz) and the resultant dipole moment (#) in Debye.

Compound HX Hy Hz Mresultant = Bending
(o iy 2 p2) 2 angle () 0

11-2M-F 5.12 3.32 2.49 6.60 146

11-2M-Cl 5.91 3.49 2.51 7.31 146

11-2M-NO, 10.00 4.66 2.53 11.32 146

Table S2. DFT calculated principal polarizability components (axx, 0yy, 0zz), isotropic
component a'*® = (oxx + Oyy + 0zz)/3, anisotropy Aa = [oxx - (oyy *+ 077)/2], and

asymmetry, 1 = [(ayy — azz)/ (oxx - a'*%)].

Compound | axx ayy azz ® iso Aa N

11-2M-F 1008 380 319 568 656 0.13
11-2M-Cl 1060 388 321 590 706 0.14
11-2M-NO, 1082 397 323 600 722 0.15

Calculation of binding energy for formation of dimers:

Polar liquid crystalline molecules having terminal polar moiety viz., CN, NCS, NO,, F, CI,
OCF; etc. tends to organize in an anti-parallel fashion to minimize the free volume and
resultant dipole moment of the bulk system.®” Hence the most probable dimer of 11-F, 11-Cl
and 11-NO, studied via structure optimization using DFT calculation to obtain various
information related to molecular conformations. Optimized geometry of the most probable
dimers of 11-F, 11-Cl and 11-NO, exhibited several unconventional intermolecular hydrogen

bonds (O---H-C type) present in the molecules as shown in Figure 1. The binding energy and



the resultant dipole moment calculated for all the dimers are presented in Table 1. Upon
increasing the polarity of the terminal moiety (from F to Cl to NO,) the binding energy is
increasing consistently indicating the strong interactions in antiparallel conformation via
weak H-bonding interaction between the two monomers. For compound 11-F, 11-Cl and 11-
NO, the dipole moment is decreased by 5.1, 5.3 and 6.7 Debye unit respectively from
monomer unit to dimer unit indicates that the antiparallel arrangement is becoming stronger
upon increasing the polarity of the terminal substituent. Hence among the three compounds
11-NO, endorses the most strong dipole—dipole interaction in an antiparallel molecular

arrangement to provide the stability of dimeric arrangement in the respective mesophase.

Table S3. All resultant dipole moment (Debye) in monomer and dimer and

binding energy in dimer form.

Compound Hresultant Hresultant Binding energy (kJ/mol)

(monomer) | (dimer)

11-F 6.6 1.5 23.46

11-Cl1 7.3 2.0 25.48

11-NO2 11.3 4.6 28.57




Figure S1. Antiparallel arrangement of (a) 11-F, (b) 11-Cl and (c¢) 11-NO,. All the

numerical presented the H-bonding are in A unit.



1.2 Current response of 11-2M-NQO,:
We could not observe any polar peak after applying triangular wave voltage up to
IOOVPP 10Hz.
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Figure S2. Investigation of current response applying triangular wave voltage 20V, um, 10 Hz for

11-2M-NO2 at 171 °C.

1.3 Dielectric spectroscopy of 11-2M-NQO,: Dielectric spectroscopy reveals two peaks in all
the mesophases Peak P1 arises due to collective motion of the molecules in the nematic and

smectic phases while P2 is molecular mode owing to rotation of the molecules along the long
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Figure S3. Investigation of the compounds 11-2M-NQO, (a) dielectric spectra at 171 °C and

125 OC; temperature dependence of dielectric strength (3¢) and relaxation frequency (fg) of

(b) peak P1 and (c) peak P2.
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