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The structure of the antiferroelectric smectic C% phase is investigated for two liquid crystals with almost
identical molecular structures, except for chiral centers. The X-ray diffraction results determined the
crystal unit cell parameters, smectic layer spacing, average distance within layers, and correlation length
of the short-range positional order. The coefficients of thermal expansion are determined for the crystal
phases. The molecular modeling with the semi-empirical PM7 method and density functional theory
calculations with the def2TZVPP basis set and BSLYP-D3(BJ) functional are applied to determine the
tilt angle of molecules from the experimental smectic layer spacing. The most probable conformations
are then selected based on a comparison with the tilt angle measured by the electro—optic method,
known from the previous results. In the most suitable molecular models, the chiral chain makes an
approximately 90° angle with the molecular core, and some fragments in the fluorinated part of the
achiral terminal chain are in the gauche conformation.
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1. Introduction

The smectic phases are liquid crystalline (LC)
phases characterized by the lamellar order. The
lamellar order is quasi-long-range for the simplest
smectic phases, and the positional order within the
smectic layers is only short-range. In the smectic A
(SmA) phase, the average tilt angle @ of molecules
relative to the layer normal is zero, while in the
smectic C (SmC) phase, © # 0. There are a few
types of the SmC phase, including the synclinic,
default SmC, and anticlinic SmC,4 phases. In the
latter, the tilt angle has an opposite sign in neigh-
boring layers. The SmC* and SmC? phases, where *
means that they are formed of chiral molecules, can
show, respectively, the ferro- and antiferroelectric
properties in certain conditions, corresponding to
bistable and tristable switching under the influence
of the electric field [1-3]. Particularly interesting are
the LC compounds forming the SmC*, phase with a
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high tilt angle close to 45°, where the chevron defect
in the LC alignment does not cause light leakage in
the dark state of a display [4, 5]

The smectic layer spacing d, which can be ob-
tained using the X-ray diffraction (XRD) method,
is correlated with the tilt angle ©. Determining
the tilt angle from the XRD results and calculat-
ing molecular size using molecular modeling is not
straightforward because the shapes of mesogenic
molecules often deviate from the ideal rod. Con-
sequently, there is a difference between the tilt of
the molecular core (corresponding to the genuine
tilt angle © measured by the electro-optic method)
and the overall tilt of a molecule (referred to as the
steric tilt angle) [6-8]. The formula for the tilt an-
gle, which results from these considerations, is as
follows

O = arccos(d/L) + 66, (1)
where L is the molecular length, and § © is the shape

parameter. For a rod-like molecule, §©@ = 0, while
for non-linear molecules, this parameter can even
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exceed 20° [8]. It is necessary to test several molec-
ular conformations to find the one that enables the
best reproduction of the tilt angle measured by
the electro-optic method [6-8]. In our previous pa-
pers and in the literature, various conformations are
taken into account, including the more extended
hockey-stick conformations [8-10] and more bent
(C-shaped, zig—zag) ones [8, 10-12]. Knowledge of
the most likely conformations can facilitate, e.g., the
interpretation of the infrared (IR) spectra, the anal-
ysis of which usually involves the density functional
theory (DFT) calculations of the intra-molecular vi-
brations [10, 11].

This work presents a comparative study of
two chiral LC compounds. These compounds
are  (S)-4’-(1-methylheptylcarbonyl)biphenyl-4-yl
4-[5-(2,2,3,3,4,4,4-heptafluorobutoxy)pentyl-1-
oxy|benzoate, abbreviated as IL5.(HH) (S) or
3F5HPhH6 (the first notation is further used)
and (S)-4’-(1-ethylhexyloxycarbonyl)biphenyl-4-yl
4-[5-(2,2,3,3,4,4,4-heptafluorobutoxy)pentyl-1-oxy]
benzoate, abbreviated as I1.5.(HH) (S). The molar
mass of these compounds is the same, and their
molecular structures are almost identical (Fig. 1).
The only difference is in the chiral center, based
on (S)-(+)-2-octanol and (S)-(+)-3-octanol for
I.5.(HH) (S) and IL.5.(HH) (S), respectively. They
both exhibit the antiferroelectric smectic C% phase
with a high tilt angle approaching 45° [13]; they
are, therefore, promising components for ortho-
conic LC mixtures suitable for displays [4, 5]. The
previous experimental results indicate that both
these compounds form a glass of a smectic phase:
I.5.(HH) (S) of the hexatic smectic X% phase
(SmI% or SmF%) for cooling rates > 5 K/min [14]
and IL5.(HH) (S) of the antiferroelectric SmC?*
phase for cooling rates > 2 K/min [15]. The fact
that these compounds can be easily supercooled
is another feature that makes them good for
application in LC mixtures, where the observed
range of the smectic phase should be as wide as
possible.

The aim of this paper is analysis of the XRD pat-
terns of I.5.(HH) (S) and IL.5.(HH) (S) collected
as a function of temperature. The structural pa-
rameters of the crystal, smectic, and isotropic lig-
uid phases are obtained and discussed in relation
to the results from other experimental methods
published in [14, 15]. Then, the molecular models
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1.5.(HH) (S)

COOCOOC*H(CH3)C6H13 (S)

I.5.(HH) (S)

COOCOOC*H(CZHs)CsHﬂ (S)

Molecular formulas of I1.5.(HH) (S) and IL.5.(HH) (S).

of I.5.(HH) (S) and II.5.(HH) (S) from the same set
of conformations, optimized by the DFT method,
are tested to determine the tilt angle from (1).
The conformations, which give the tilt angle con-
sistent, with the tilt measured by the electro-optic
method [13], are supposed to be the most probable
conformations exhibited by molecules in the SmC%
phase.

2. Experimental and computational details

The synthetic route of (S)-4’-(1-methylheptyl-
carbonyl)biphenyl-4-yl 4-[5-(2,2,3,3,4,4,4-hepta-
fluorobutoxy)pentyl-1-oxy|benzoate (I.5.(HH) (S))
is described in [16, 17] and synthesis of (S)-
4’-(1-ethylhexyloxycarbonyl)biphenyl-4-yl 4-[5-
(2,2,3,3,4,4,4-heptafluorobutoxy)pentyl-1-oxy|ben-
zoate (IL.5.(HH) (S)) is presented in [18].

The X-ray diffraction experiment for the poly-
crystalline pristine samples (not melted after syn-
thesis) was carried out with X’Pert PRO (PANa-
lytical) diffractometer in the Bragg—Brentano ge-
ometry with the Cu K, radiation. The diffraction
patterns were collected in the 20 = 2-30° range dur-
ing heating from room temperature until the tran-
sition to isotropic liquid. The temperature was con-
trolled using the TTK 450 (Anton Paar) stage. The
XRD data analysis was performed in FullProf [19],
PASCal [20, 21], and OriginPro.

The molecular modeling was performed in Gaus-
sian 16 [22]. The conformational energy scans
were carried out for isolated molecules and se-
lected torsional angles with the semi-empirical PM7
method [23]. The lowest-energy conformations were
further optimized by the DFT method (def2TZVPP
basis set [24], BSLYP-D3(BJ) exchange-correlation
functional [25-27]). The preparation and visualiza-
tion of molecular models was done in Avogadro [28].

3. Results and discussion
3.1. Crystal unit cell
At room temperature, both compounds are in

the crystal phases (Fig. 2), and the XRD pat-
terns can be indexed in the orthorhombic and
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TABLE I

Thermal expansion coefficients «; and matrix of
transition between the crystallographic directions
and principal strain axes for the crystal phases of
1.5.(HH) (S) and I1.5.(HH) (S).

Compound | Axis i (X}? ) a b c
K™
L5.(HH) (S) | = —231(4) 0 0
y 386(17) 1 0
z | 331(13) 0| 1
\%4 489(15)
I1I.5.(HH) (S)| = 179(6) 0.7359 [00.6771
Y 123(3) 0 1 0
z 136(3) —0.5485 |0 0.8362
V| 442(4)

monoclinic crystallographic system for I.5.(HH) (S)
and IL.5.(HH) (S), respectively. The unit cell sizes
were determined by the Le Bail fitting method [29].
The lattice parameters in the room temperature for
L5.(HH) (S) are a = 35.68(2) A, b = 17.23(2) A,
c = 76038) A, a = 8 = v = 90° and for
I1.5.(HH) (S) are a = 21. 866( ) A, b=14.834(6) A,
c=18.69(2) A, B = 92.73(9)°, a = v = 90°. The
parameter a for 1.5.(HH) (S) is comparable with the
molecule’s length of 30— 41 , based on the DFT re-
sults for various conformatlons. This indicates that
the crystal phase of the pristine I.5.(HH) (S) sample
very likely has a lamellar structure. The calculated
length of the IL5.(HH) (S) molecule is 30-39 A,
which does not correspond to any lattice constant.
Thus, the arrangement of molecules is likely not
similar to that in the smectic phases. The differen-
tial scanning calorimetry results for pristine samples
indicate that the enthalpy change at melting, which
is equal to 18.0 kJ /mol for I.5.(HH) (S) [17], is much
smaller than 27.8 kJ/mol for I1.5.(HH) (S) [18]. This
corresponds to the XRD results, which show that
the lamellar crystal structure of I.5.(HH) (S) resem-
bles more closely the smectic phase than the proba-
bly non-lamellar crystal structure of I1.5.(HH) (S),
therefore the enthalpy of melting is lower in the for-
mer compound.

The unit cell parameters, determined from the
XRD patterns as a function of temperature (Fig. 3),
were analyzed in the PASCal program, which en-
ables the calculation of the coefficients of thermal
expansion (CTEs) along the principal strain axes
x,y,z [20, 21] (Table I). CTE in a given direction
i =u,y, 7 is defined as [20]

1 <z,-(T) _1>7

P 2
where [;(T) is length (or volume, if the overall CTE
is calculated) at temperature T. For 1.5.(HH) (S),
which crystallizes in the orthorhombic system, the

principal axes overlap with the crystallographic
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Fig. 2. X-ray diffraction patterns of 1.5.(HH) (S)
and IL.5.(HH) (S) in their pristine crystal phases
and after melting to the SmC’ phase. The vertical
bars indicate the peak positions corresponding to
the crystal unit cells mentioned in the main text.
The wide maximum at 20 = 6-7° is a background
contribution.

directions a, b, ¢, and the transformation matrix be-
tween them is simply a unit matrix. As the b and
¢ parameters deviate from the linear dependence
above 318 K, only values from the 298-318 K range
were used in calculations. The 1.5.(HH) (S) com-
pound in the crystal phase shows the positive ex-
pansion in the b and ¢ directions, while along the
a direction, CTE is negative. Another behavior is
observed for the IL.5.(HH) (S) crystal, which has
positive CTEs along all directions. Despite signifi-
cant differences in the anisotropy in thermal expan-
sion, the volume CTE has similar values for both
compounds.

3.2. Short-range order

The short-range order within the smectic layers
appears in the diffraction patterns as a wide maxi-
mum with the middle at 26 ~ 18°. The same maxi-
mum is present after the transition to the isotropic
liquid state. When plotted in the scattering vector
space ¢ = 4msin(f)/\, the wide maximum has a
Lorentzian shape [30, 31]

) = — 20 3)

1+&%(g — g0)*’
where I is the maximum height, gy is the maximum
position, and ¢ is the correlation length. The dis-
tance w = go/m, which corresponds approximately
to the molecular width, is determined with an ac-
curacy better than 0.01 A (Fig. 4) and is within the
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Fig. 3. Unit cell parameters for the crystal phases

of L5.(HH) (S) (a) and IL5.(HH) (S) (b).

4.76-4.99 A range for 15.(HH) (S) and 4.84-5.06 A
for IL.5.(HH) (S). Tt is in agreement with slightly
wider I1.5.(HH) (S) molecules, due to the structure
of their chiral center. Note that the presented w val-
ues are mean distances for each temperature, while
the distribution of intramolecular distances is quite
wide, and they may differ even by 0.5 A between
particular molecules. The mean w distance does not
change significantly after the transition to isotropic
liquid. The correlation length of the short-range or-
der, determined with the accuracy of ca. 0.1-0.2 A,
decreases upon heating in the smectic phases and
has an approximately constant value in isotropic
liquid. Tt takes larger values for 1.5.(HH) (S) than
for IL.5.(HH) (S), both in the smectic phases and
isotropic liquid phase. Just above the Cr — SmC%
transition temperature, at 341-348 K, the ¢ value
is equal to 6.7-7.1 A for 1.5.(HH) (S), while for
I1.5.(HH) (S) at lower temperatures 334.5-335.5 K,
¢ equals 5.7-5.8 A. A larger correlation length for
L.5.(HH) (S) corresponds to the occurrence of the
monotropic hexatic smectic phase formed by this
compound upon overcooling [14], which was not ob-
served for I.5.(HH) (S) [15]. The short-range corre-
lations include only the nearest neighbors, as the £
values are in the same order as the w distance. Cor-
relation lengths obtained for other compounds in
the smectic A or C phases are comparable with the
results for 1.5.(HH) (S) and II.5.(HH) (S) for some
cases [31-33], but they can also be larger, above
10 A [34, 35].
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3.3. Smectic layer order

The lamellar order is present in the smectic
phases, which corresponds to the low-angle sharp
diffraction peaks. For the investigated compounds,
the 1st and 3rd order peaks are visible, and
the layer spacing (Fig. 5) was determined from
the position of both of them using the Bragg
equation

nA = 2dsin(0), (4)

where n is the diffraction order, ) is the X-ray wave-
length, d is the layer spacing, and 6 is the peak po-
sition [36]. The layer spacing in the smectic phases
of 15.(HH) (S) is 1.8-2.1 A larger than that of
I1.5.(HH) (S), which is caused by a longer chiral ter-
minal chain of I.5.(HH) (S), as the tilt angle in both
compounds deep in the SmC* phase is similar, i.e.,
44.5° for I.5.(HH) (S) and 43° for II.5.(HH) (S) [13].
The SmC?* — SmC* transition in I.5.HH (S) is only
very weakly visible in the d(T') plot as a discontin-
uous increase by 0.3 A. For IL5.(HH) (S), no sig-
nificant increase in d indicates the SmC?% — SmA*
transition. The previous results from other exper-
imental methods [15] show that it is troublesome
to detect the SmA* phase of this compound on
heating.
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Fig. 4. Mean distance between molecules (a) and

correlation length of the short-range order (b) deter-
mined from the XRD patterns. The vertical dashed
lines indicate the smectic — isotropic liquid transi-
tion temperature for each compound.
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Fig. 5. Smectic layer spacing (a) and the ratio of

the 1st and 3rd order peak from the lamellar or-
der (b) determined from the XRD patterns. The
Lorentz-polarization factor corrected the intensi-
ties in (b). Two outlier points in (b) close to the
isotropization temperature were excluded from the
linear fit.

The intensities of the 1st and 3rd order peaks
are proportional to the 7 and 73 order parame-
ters, respectively, describing the lamellar order. For
the simplest, sinusoidal density wave, 1 > 71 > 0
and 7, = 0, where m > 1 [37]. The ratio of in-
tensities of the 1st and 3rd order peak Ipos/Igo1,
corrected by the Lorentz-polarization factor [38],
is larger for 1.5.(HH) (S) than for IL.5.(HH) (S),
which means that in the former compounds, there
is a larger deviation from the sinusoidal density
wave. The In3/Ipp1 ratio for both compounds in-
creases with decreasing temperature in an exponen-
tial manner, which is visible as a linear dependence
when Iyg3/Ipo1 is plotted in the logarithmic scale
(Fig. 5b); only the points close to the transition to
the isotropic liquid show some deviations from this
dependence.

3.4. Tilt angle

The conformational energy scans for a few tor-
sional angles in the I.5.(HH) (S) and II.5.(HH) (S)
molecules were previously presented in [14, 15]
and were used for the interpretation of the di-
electric relaxation processes. New conformations
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Fig. 6. Molecular model optimized with the DFT
method (1 = 62-63.5°, p2 =~ 110°, 3 =~ 295°).
For 15.(HH) (S), the ¢1, ¢2 and 3 angles are in-
dicated. For IL.5.(HH) (S), the Lo and A vectors
are defined. The molecular length is obtained as
L = Lo+ 3.22 A, and the shape parameter § O is
equal to an angle between Lo and A.

were included to determine the tilt angle from the
XRD results in this study. The molecular models
from [14, 15] were used as the starting point for
new calculations. The semi-empirical PM7 method
is useful for performing quick scans of the conforma-
tional energy as a function of a given torsional an-
gle, because the calculation for an isolated molecule
consisting of 91 atoms, as it is for both considered
compounds, lasts less than one minute. The amount
of possible molecular conformations is large. There-
fore, only selected torsional angles can be investi-
gated in a reasonable time. These torsional angles,
indicated in Fig. 6, are the C—C-C*-0O angle ¢ in
the chiral center, as well as the C-O-C-C angle 4
and O-C—C-C angle @3 in the fluorinated part of
the achiral chain. They were chosen because each of
them significantly influences the length and shape
of molecules. The PM7 scans for ¢; and ¢3 show
three local minima in energy, while for ¢9 there are
two local minima (Fig. 7). Only the ¢; scans dif-
fer slightly between 1.5.(HH) (S) and II.5.(HH) (S),
while the @9 and (3 scans for both compounds over-
lap, as these angles are far from the chiral cen-
ter. In the next step, the DFT calculations, each
lasting up to 12 h, were performed for conforma-
tions corresponding to the local minima in energy,
without any constraints in the torsional angles. The
DFT method reveals a third local minimum in en-
ergy for @9, and in some cases, the ¢ values in
the optimized models differ slightly from the re-
sults of the simpler PM7 method. For each con-
sidered torsional angle, there are local minima in
energy corresponding to an antiperiplanar confor-
mation (¢ &~ 180°) and two gauche conformations.
Eventually, 27 molecular models with various values
of 1, 2, and ¢3 were optimized for each compound
(Table II).
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TABLE II

Tilt angle © in the SmC? phase of I.5.(HH) (S) and IL.5.(HH) (S) obtained from the experimental smectic
layer spacing at 340 K and 334 K, respectively, and molecular models optimized by the DFT method. For each
conformation, the relative energy AFE is given together with the values of torsional angles ¢1, ¢2, ¢3. The bold
font indicates results that are in agreement with the 2° error with the experimental tilt angle [13] at corresponding
temperatures, namely 44.5° for 1.5.(HH) (S) and 42° for IL.5.(HH) (S).

L.5.(HH) (S) IL5.(HH) (S)

AE [kJ/mol| | ¢1 [deg] | o2 [deg] | @3 [deg] | © [deg] | AE [kJ/mol] | ¢1 [deg| | o2 [deg| | @3 [deg] | © [deg]
0.02 62.3 78.7 50.3 | 46.2(1) 0 63.5 78.6 50.2 | 45.9(4)
2.81 62.4 88.6 175.6 | 44.5(1) 2.82 63.3 88.4 175.2 | 41.7(3)
4.23 62.3 109.7 | 294.7 | 42.8(2) 4.27 63.5 109.6 | 294.6 | 41.2(5)
1.70 62.4 181.3 58.5 | 34.4(1) 1.68 63.4 181.2 58.4 | 45.8(3)
3.95 62.4 180.0 | 180.1 |42.9(1) 3.95 63.5 180.1 | 179.9 | 44.6(3)
1.67 62.4 178.8 | 301.4 |46.2(1) 1.68 63.4 179.0 | 301.5 | 50.3(3)
4.24 62.2 250.5 65.6 - 4.26 63.4 250.6 65.4 | 24.9(7)
2.83 62.4 2715 | 184.7 | 35.9(1) 2.84 63.4 269.8 | 183.4 | 35.4(3)

0 62.2 281.3 | 309.9 | 15.9(3) 0.04 63.5 281.5 | 309.8 | 33.9(5)
1.45 174.4 78.8 50.5 | 51.2(1) 9.99 178.6 78.7 504 | 53.1(3)
4.23 174.25 | 90.1 176.8 | 50.3(1) 12.79 178.5 89.7 176.2 | 51.7(3)
5.69 174.4 | 109.9 | 294.6 | 49.8(1) 14.24 178.7 | 109.9 | 2945 | 51.7(3)
3.12 174.3 | 181.0 58.5 | 43.7(1) 11.66 178.7 | 1813 58.5 | 45.4(3)
5.38 1743 | 180.2 | 180.0 | 47.8(1) 13.93 178.6 | 180.3 | 180.1 | 49.2(2)
3.11 174.2 | 1785 | 301.6 | 50.8(1) 11.68 178.7 | 1805 | 301.5 | 52.5(3)
5.67 174.3 | 250.4 65.5 | 32.2(1) 14.24 1788 | 250.3 65.6 | 33.0(3)
4.24 174.4 | 271.0 | 1844 | 44.6(1) 12.80 178.7 | 271.6 | 184.8 | 45.7(3)
1.43 174.3 | 281.2 | 309.8 | 34.8(1) 10.00 1788 | 281.2 | 309.8 | 36.3(3)
1.90 300.8 78.7 50.0 | 43.0(2) 1.86 297.5 78.7 50.0 | 49.0(4)
4.72 300.9 89.0 175.8 | 40.0(1) 4.67 297.5 87.9 174.9 | 44.9(3)
6.15 300.6 | 109.4 | 2945 | 35.8(2) 6.14 297.5 | 109.6 | 294.6 | 45.0(4)
3.58 300.9 | 181.1 58.5 | 38.4(1) 3.55 297.5 | 181.3 58.4 | 42.9(3)
5.85 300.8 | 180.3 | 180.1 | 41.1(1) 5.85 297.5 | 179.8 | 179.9 | 45.4(3)
3.58 300.8 | 1789 | 301.5 | 46.6(1) 3.55 297.6 | 178.8 | 3015 | 50.6(3)
6.16 300.8 | 250.7 65.4 - 6.13 297.5 | 250.7 65.4 | 20.0(7)
4.74 301.0 | 2715 | 184.7 | 31.3(1) 4.71 297.5 | 270.4 | 183.7 | 37.2(3)
1.92 300.8 | 2814 | 309.7 | 18.3(3) 1.89 297.6 | 281.3 | 309.7 | 30.0(5)

The tilt angle @ was calculated using formula (1).
The smectic layer spacing determined just above
the melting of the crystal phase, d = 30.75(3) A for
L5.(HH) (S) and 29.0(1) A for IL5.(HH) (S), was
inserted in this formula. The molecular length L
was defined as the distance between the terminal C
atom from the chiral chain and the terminal F' atom
from the achiral chain, plus the non-bonded C-F
distance 3.22 A [39]. For the sake of unambiguity of
L, the same F atom, which follows the positions of
the C atoms in the achiral chain, was selected for
all conformations. There are various approaches to
calculate the shape parameter §© [8]. In this work,
00 was defined simply as an angle between the
C-F vector related to the molecular length and the
C-0 vector, where C is located in the COO group
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between the biphenyl ring and the chiral center,
and O is adjacent to the benzene ring (see Fig. 6).
The final values of © obtained from the XRD and
DFT results are presented in Table II. The uncer-
tainties in © given in parentheses are related to
uncertainties in d, which do not exceed 1°. How-
ever, for practical purposes, an agreement within
the £2 error with experimental © from [13] is sat-
isfactory, and the bold font in Table II denotes
such values. One can see that for both compounds,
a good agreement is obtained for conformations
where 1 & 62—63.5° and @9 = 89°, w3 ~ 175-176°
or g 110°, o3 295°. Thus, these con-
formations, among the considered ones, are most
likely exhibited by the real molecules in the SmC%
phase.

~
~

~
~
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Fig. 7. Conformational energy of 1.5.(HH) (S) and
IL.5.(HH) (S) molecules as a function of torsional
angles, defined in the main text, calculated with
the PM7 and DFT methods.

4. Conclusions

The structural parameters of L5.(HH) (S)
and IL5.(HH) (S), with chiral centers based on
(S)-(+)-2-octanol and (S)-(+)-3-octanol, in the
crystal and smectic phases were compared using the
X-ray diffraction patterns registered as a function of
temperature. The main conclusions are as follows:

e In the pristine samples, 1.5.(HH) (S) crys-
tallizes in the orthorhombic system, while
II.5.(HH) (S) crystallizes in the monoclinic
system. I1.5.(HH) (S) exhibits the strong
anisotropy of CET, which is negative along
the a-axis and positive along the b- and c-axes.
For IL.5.(HH), CETs are positive in all direc-
tions.

e The average distance between molecules is
smaller and the correlation length describ-
ing the short-range order within the smec-
tic layers is larger for 1.5.(HH) (S) than for
I1.5.(HH) (S).
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We

The smectic layer spacing and deviation from
the sinusoidal density wave is larger for
I.5.(HH) (S) than for IL5.(HH) (S). In both
compounds, the ratio of the 3rd and 1st
diffraction peaks decreases exponentially with
increasing temperature.

Among the set of 27 conformations obtained
by DFT calculations, the most probable are
these with ¢; =~ 62-63° and s = 89°,
p3 ~ 175-176° or gy =~ 110°, @3 ~ 295°, as
they lead to good agreement with the exper-
imental tilt angle (measured by the electro-
optic method in [13]) for both compounds.
Further XRD experiments will show if the
conformations that are considered most prob-
able for I.5.(HH) (S) and II.5.(HH) (S) agree
with the optical tilt angle for similar com-
pounds.
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