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Abstract:

A series of symmetric and asymmetric three-armidiqurystals TALCs) of which
the molecular structure with a central core of 142 butanetriol attached by three
rod-like mesogenic moieties have successfully begnthesized. The rod-like
mesogenic side arms are 4’ - (4 - (trifluoromethggnzoyloxy) biphenyl- 4 -
carboxylic acid (TFBA) and 4’- (4 - (allyloxy) beaygloxy) biphenyl - 4 - carboxylic
acid (AOBA), respectively. BTAO and BTA3 are symnetTALCs with three
TFBA or three AOBA as LC side arms, respectivelJAB is an asymmetriF ALC
with one AOBA and two TFBA as side arms. BTA2 is asymmetricTALC with
two AOBA and one TFBA as side arms. The chemicalkstires and LC properties of
the LC side arms an@ALCs were characterised by FTIRH NMR, elemental
analysis, DSC, TG, POM and X-ray diffractometerBRrdisplayed smectic B ()
phase, AOBA exhibited nematic (N) pahse. THALCs all displayed chiral
mesophase properties. BTAO displayed chiral sme2tiS,C) mesophase. BTAL,

BTA2 and BTA3 exhibited cholesteric) mesophase. In addition, a chiral smectic A



(SnA") mesophase was observed for BTAL. The resultsatel that the 1, 2, 4 -
butanetriol is vital in inducing chiral mesophadetie TALCs. The side arms also
played an important role in the mesophase typena@sbgenic region. ThEALCs
displayed cholesteric mesophase when nematic L€ aich AOBA was introduced
into the chiral core. The mesogenic region of TAd.Cs increased with the content
of the wide-mesophase-region LC side arm AOBA udhiiced into theTALCs
increasing. The melting temperature and the clesaperature of th@ALCs were
lower than those of the LC side arms (TFBA and AQBPhe mesophase regions of

the TALCs were wider than those of the LC side arms.

Key words: chiral star-shaped liquid crystal, symmetric staaped, asymmetric
star-shaped, three-arm, cholesteric, nematic, senect

1. Introduction

Cholesteric liquid crystal (LC) materials have atted considerable interest because
of their unique optical and electrical propertigdich include selective reflection of
light, thermochromism and potential applicationghsw@as optical-electro materials
[1-8]. As one kind of unconventional LCs, star-sbéd C usually has a core and
symmetric or asymmetric mesogens as the side @uomsently, star-shaped LC has
aroused a great deal of interest among chemistsubecof its symmetric molecular
structure and interesting optical properties [9-18he common mesophase of
star-shaped liquid crystals is columnar [10,13219-To the best of our knowledge,

cholesteric star-shaped LCs have been described riarthe past. Yao [15], Zhang



[17] and Saezz [22] have introduced cholestericaomesphic arms into a core and
obtained cholesteric star-shaped LCs. In thesescdBe cholesteric mesomorphic
phase of the star-shaped LC was mainly the re$whalesteric mesomorphic arms.
We have tried other strategies to obtain cholaststar-shaped LCs that nematic
mesomorphic arms were introduced into chiral cd&%25]. Glucose, maltose,
melitose and sorbitol were adopted as chiral corasse studies indicate that chiral
core is prone to induce the cholesteric phasedrstar-shaped LCs with nematic side
arms. In these studies, star-shaped LCs are symsragticture.

Recently Hird [26] summarized the properties angliaptions of fluorinated
liquid crystals. The small size of the fluoro sutogint enables its incorporation into
all types of liquid crystal, including calamitic,isdotic, banana, lyotropic and
polymers, without destroying the liquid crystallinature of the material. However,
the fluoro substituent is larger than the hydrogemm, and hence causes a significant
steric effect, which combines with the high polgrib confer many fascinating and
often remarkable modifications to melting point, soghase morphology and
transition temperatures, as well as many other wepprtant physical properties such
as dielectric anisotropy, optical anisotropy argtuielastic properties.

The introduction of trifluoromethyl terminal sulisents to calamitic LC is prone
to lead to smectic mesophase due to the strongealdorce of the molecules [27-32],
while star-shaped LCs containing trifluoromethytntenal substituents have been
seldom reported. The simultaneous introductionerhatic LC side-arm and smectic

LC side-arm containing trifluoromethyl terminal stituents to a chiral core leads to



new chiral asymmetric functional materials. It scassary to know the effect of the
chiral core and both LC side arms on behaviordafshaped LCs. In this article, we
synthesized a series of symmetric or asymmetrigetiarm LCs bearing nematic side
arms or smectic side arms containing trifluorometupstituents or both the LC side
arms based on 1,2,4 - butanetriol.

2. Experimental procedures

2.1. Materials and methods

4 - (Trifluoromethyl) benzoic acid , 4'-hydroxy - 4biphenylcarboxylic acid are
obtained from Sigma-aldrich without any furtheripgation. 1,2,4 - ButanetriolgT),

is obtained from Chengdu Best-reagent Bbused in this manuscript is a mixture of
S and R isomer, and its specific rotation (in THF) is -2.9td. Allyl bromide is
obtained from Yancheng Longgang chemical plahN' - dicyclohexyl carbodiimide
(DCC) and 4 - dimethylamino pyridine (DMAP) are aiped from Shanghai
Chemical Industry Company. Hydroxybenzoic acid ibtamed from Beijing
Reagent Factory. Tetrahydrofuran (THF) is driedrosedium metal and distilled.
Pyridine is purified by distillation over KOH bemusing. Other analytical reagents
are used as received.

2.2. Measurement

'H NMR, ®C NMR and FTIR are measured by Varian WH - 90PFT RIM
Spectrometer (Varian Associates, Palo Alto, CA) dperkinelmer instruments
Spectrum One Spectrometer (Perkinelmer, Foster , C&A), respectively.

Thermogravimetric analysis (TGA) and DSC measurdémeane carried out with a



NETZSCH TGA 209C thermogravimetric analyzer, andNBETZSCH instruments
DSC 204 (Netzsch, Wittelbacherstrasse, Germang) stanning rate of 20 min*
under a flow of dry nitrogen. XRD measurementsadgrmed with nickel-filtered Cu
Ka (/1:1.541&) radiation with a D8 ADVANCE XRD (Bruker, Karlsreh Germany).
The X-ray measurements include wide-angle X-rajratition (WAXD) experiments
and small-angle X-ray scattering (SAXS) measuremehlteasurement of optical
rotation (a) is carried out with a PerkinElmer rmstent Model 341 Polarimeter at
room temperatures using sodium light sourge=%89nm). The polarized optical
microscopy (POM) study is performed using a LeicRX (Leica,Wetzlar,
Germany) equipped with a Linkam THMSE - 600 (LinkeBurrey, England) heating
stage.

2.3 Synthesis

The synthetic routes to the mesogenic side armg44’ (trifluoromethyl) benzoyloxy)
biphenyl - 4 - carboxylic acid (TFBA) and 4’ - (4allyloxy) benzoyloxy) biphenyl -
4 - carboxylic acid (AOBA) are shown in scheme 1.

2.3.1.4'- (4 - (trifluoromethyl) benzoyloxy)biphenyl - 4arboxylic acid (TFBA)

A solution of 4 - (trifluoromethyl) benzoic acid@g, 0.210mol) and thionyl chloride
(40mL) was placed in a round flask equipped withbaorption apparatus to absorb
hydrogen chloride. The mixture was stirred at raemperature for 3 h, and heated to
60°C for 10 h to allow the reaction to proceed to ctatipn. The excess thionyl
chloride was distilled under reduced pressure.(#ifftuoromethyl)benzoyl chloride

(TFB - O was obtained by distillation under reduced presgh.p.105C/38mmHg).



Yield: 87%.

A sample of 4' - hydroxy - 4 - biphenylcarboxyhcid (38.5g, 0.18mol) was
dissolved in 80mL dry THF and 20mL dry pyridine.eThFB - C(37.4g, 0.18mol)
was dissolved in 20mL dry THF. The THF solutionTéiB - Cwas added dropwise
into the solution of 4' - hydroxy - 4 - biphenylbaxylic acid. The reaction mixture
was refluxed until the result of FTIR analysis skdwthat the characteristic
absorption bands of chloride and hydroxyl disappeéacompletely and then the
solvent was partially removed under reduced pressiNfter cooling to room
temperature, the residue was poured into 600mlvater and neutralized with dilute
hydrochloric acid. The crude product was obtaingdilbration and washed with cold
ethanol. The white powder 4’ - (4 - (trifluoromethypenzoyloxy) biphenyl - 4 -
carboxylic acid (TFBA) was obtained after sevemicrystallization from ethanol.
Yield: 86%. m.p.: 253%. IR (KBr,cm®): 3063-2560 (-OH in Carboxylic acid dimer),
1739, 1674 (C = 0), 1610,1515 (AtH NMR (CDCk, d, ppm): 7.186 (s, 2H, Ar - H);
7.553-7.562 (dJ=5.4 Hz, 2H, Ar - H); 7.784-7.837 (m, 4H, Ar - H);351-8.526 (m,
2H, Ar - H); 8.708 (s, 2H, Ar - H);
2.3.2.4’ - (4 - (allyloxy) benzoyloxy) biphenyl - 4 - baixylic acid (AOBA)

4 - (allyloxy)benzoyl cholridéABA - C) was prepared by 4 - (allyloxy) benzoiddac
(ABA was prepared according to ref. 33) and thiashjbride. A solution of ABA (20

g, 0.11mol) and thionyl chloride (35mL) was plagetd a round flask equipped with
a absorption apparatus to absorb hydrogen chlofide.mixture was stirred at room

temperature for 4 h, and heated t¢@dor 3 h. The excess thionyl chloride was



distilled off under reduced pressure. ABA - C wddamed by distillation under
reduced pressure. Yield: 82%.

A sample of ABA - C (27.5g, 0.14mol) was dissohiadl0OmL dry THF in a
500mL round flask. 4' - Hydroxy - 4 - biphenylcaxigbc acid (30.0g, 0.14mol) was
dissolved in 100mL dry THF and 20mL dry pyridineheT THF solution ofABA-C
was added dropwise into the solution of 4' - hygirexd - biphenylcarboxylic acid.
The reaction mixture was refluxed until the resfltFTIR analysis showed that the
characteristic absorption bands of chloride and¢wy disappeared completely and
then the solvent was partially removed under redymessure. After cooling to room
temperature, the mixture was poured into 800mlwiater and neutralized with dilute
hydrochloric acid. The crude product was obtaingdilbration and washed with cold
ethanol. The light yellow powder 4’- (4 - (allyloxyoenzoyloxy) biphenyl - 4 -
carboxylic acid (AOBA)was obtained after several re-crystallization frethanol.
Yield: 58%. m.p.: 198°C. IR (KBr, cm'): 3070-2544 (-OH in Carboxylic
acid dimer), 2997-2866 (-Gl 1729, 1686 (C = O), 1605, 1496 (AP NMR
(CDCl, d, ppm): 4.405-4.472 (m, 2H, GH CHCH0); 5.349-5.366 (dJ = 10.2
Hz,1H, CH = CHCHO); 5.449 - 5480 (d,J = 18.6 Hz,AH, CH =
CHCH,;0);6.055-6.125 (m,1H, CH CHCHO); 7.018-7.032 (d) = 8.4 Hz, 2H, Ar -
H); 7.270-7.330 (m, 2H, Ar - H); 7.675-7.687 (d,= 7.2 Hz, 4H, Ar - H);
8.111-8.144 (d) = 6.6 Hz, 2H, Ar - H); 8.175-8.215 (d,= 8.0 Hz, 2H, Ar - H);

2.3.2. Tree arms liquid crystals (BTAO-BTA3)

The synthetic routes to butane - 1,2,4 - triyl (d5- (4 - (trifluoromethyl) benzoyloxy)



biphenyl - 4 - carboxylate) (BTAO0), 2-(4-(4 - (dibxy) benzoyloxy)
biphenylcarbonyloxy) butane-1,4-diyl bis (4'-(4H{troromethyl) benzoyloxy)
biphenyl-4-carboxylate) (BTAL), 2-(4'-(4-(trifluomeethyl) benzoyloxy)
biphenylcarbonyloxy)butane-1,4-diyl bis(4'-(4-(&dlyy)benzoyloxy) biphenyl- 4
-carboxylate) (BTA2) and butane-1,2,4-triyl tris(4-(allyloxy)benzoyloxy) biphenyl
- 4 - carboxylate) (BTA3) are shown in Scheme 2 #madetails of the experiment
are summarized in Table 1. BTAO and BTA3 are symicétree-arm LCSTALCS) .
BTA1 and BTA2 are asymmetricALCs.

The symmetric three-arm LCs, BTAO and BTA3yénaeen synthesised by the
one-step reaction between O-H groups of BT and aticracid of the LC side arms in
THF and pyridine toluene, using DCC and DMAP aslyat. The synthesis of BTAO
is given as a representative example.

A solution of 1,2,4 butanetriol (BT, 0.318g, 3mmol) and pyridine (15migre
placed into a 100mL round flask. A solution o, N-dicyclohexyl carbodiimide
(DCC, 1.86g, 9mmol), 4-dimethylamino pyridine (DMA®.55g) and THF (20mL)
was put into the flask. A sample of TFBA (3.48g,ral) was dissolved in 60mL
pyridine and then put them into the flask, too. Thiture was stirred at 4G until
the result of FTIR analysis showed that the charatic absorption band of C=N
(2117 cm) disappeared completely. The 1,3 - dicyclohex@(f2CU) was separated
from the reaction mixture by filtration for sevetahes. The filtrate was concentrated
and then poured into water. The water solution wasitralized with dilute

hydrochloric acid. The crude product was obtaingdfilbration and washed with



water. The white powder of BTAO was obtained afteveral re-crystallization from
ethyl ether. Yield: 48%. M.p.: 1180. Elemental analysis calculated fog843FgO12.
C 66.45; H, 3.58; F, 14.12; O, 15.85%. Found: C, 664, 3.61; F, 14.10; O,
15.88%.

IR (KBr, cmil): 2997-2850 (C - H), 1738, 1711 (C = O), 1609,1486, 1123
(C-F).

'H NMR (CDCk, TMS, 3): 2.110-2.210 (m, 2H, — GH), 4.190-4.455 (m, 5H, —
CH,—, —¢<), 7.330-7.340(m, 6H, Ar - H), 7.660-7.670(m, 6H,-AH), 7.690-7.710
(m, 6H, Ar — H), 7.820-7.834 (d,= 8.4 Hz, 6H, Ar - H), 8.147-8.161(m, 6H, Ar - H),
8.365-8.379 (dJ = 8.4 Hz, 6H, Ar - H).

For the synthesis of asymmetric TALCs, BTAL1 &TdA2, regioselectivity should
be considered. The activity of the three hydroxgdups of BT is different. The
activity of the two primary hydroxyl groups of BE istronger than that of the
secondary hydroxyl groups. That the different sidems reacting with BT
simultaneously will result in the generation of tls®mers. Their properties and
spectra are similar. It is difficult to separateerth So the key is to reduce the
generation of the isomers as much as possiblemiéssures of two-step method and
adding the solution of the LC side arm dropwisé¢hi® reactive system were adopted
for the synthesis of asymmetflALCs. These measures can decrease the generation
of the isomers. The synthesis of BTAL is given ag@esentative example of the
two-step method.

A solution of BT (0.318g, 3mmol) and 10mL pyndiand 15mL THF were placed



into a 100mL round flask. A solution of DCC (1.8&gmmoD ), DMAP (0.55g) and
THF (20mL) was put into the flask. A sample of TFBA32g, 6mmol) was dissolved
in 50mL THF. The solution of TFBA was added dromviato the BT solution for
about 12 h. The reaction mixture was stirred &C40ntil the result of FTIR analysis
showed that the characteristic absorption bandscavboxylic acid disappeared
completely. A sample of AOBA (1.12g, 3mmol) wasstived in 30mL THF. The
solution of AOBA was added into the above reactiorture. The reaction mixture
was stirred at 4€ until the result of FTIR analysis showed that theracteristic
absorption bands of C=N (2117¢n disappeared completely. The DCU was
separated from the reaction mixture by filtratimm §everal times. The filtrate was
concentrated and then poured into water. The wsdrtion was neutralized with
dilute hydrochloric acid. The crude product wasaot#d by filtration and washed
with water. The white powder of BTA1 was obtaindteiaseveral re-crystallization
from ethyl ether. Yield: 40%. m.p.: 63@. Elemental analysis. Calculated for
CeoHagF6013:C 69.11; H, 4.03; F, 9.51; O, 17.35%. Found: C, 69H64.11; F, 9.46;
O, 17.37%.
IR (KBr, cmiY): 2955-2854 (C - H), 1736, 1713 (C = O), 1606,1489, 1123

(C-F).

'H NMR (CDCh, TMS, §) 2.186-2.204 (m, 2H, — GH), 4.126-4.137 (m, 2H,
_ CHO -), 4.314-4.371 (M, 1H;<<), 4.404-4.474 (m, 2H, — G —), 4.650-4.687
(m, 2H, — CHO), 5.347-5.364 (d] = 10.2, 1H, = CH), 5.449-5.480 (dJ = 18.6, 1H,

= CHp), 6.056-6.111 (m, 1H, - CH =), 7.239-7.241Jcs 1.2 Hz, 2H, Ar - H), 7.339-

10



7.358 (dd,J; = 2.7 Hz,J, = 6.0 Hz, 6H, Ar -_H), 7.677-7.691 (m, 6H, Ar_- H),
7.700-7.715 (dJ = 9.0 Hz, 4H, Ar -_H), 7.808-7.821 (d,= 7.8 Hz, 6H, Ar -_H),
8.121-8.148 (m, 8H, Ar-H), 8.352-8.366 (= 8.4 Hz, 4H, Ar - H).

3. Results and discussion

3.1. Structural characterization

Chemical structures of TFBA, AOBA and thé&LCs were characterized with FTIR,
elemental analysis artti NMR spectraln the*H NMR spectra of TFBA, AOBA and
TALCs, the peaks with chemical shifts 2.110-2.210 ai@@4.687 ppm correspond
to alkyl protons, and 5.349-6.115 and 7.018-8.36® pgorrespond to olefinic protons
and aromatic protons, respectively. The IR specfr@FBA, AOBA and TALCs
contained characteristic peaks near 3070-2544' @ssociated with stretching
band of hydroxyl groups in carboxylic acid dimesgpng peaks near 1739 and 1729
cm? corresponding to C=0O in ester, and the strong peaéar 1685 cim
corresponding to C=0 in carboxylic acid dimers. Tesults of FT-IR, elemental
analysis andH NMR spectroscopy of TFBA, AOBA an@ALCs werein good
agreement with the anticipated structures.

1,2,4 - Butanetriol BT) is a kind of chiral molecule which has three oy
groups. The specific rotation 8fT (in THF) is -2.9. TheTALC s (in THF) exhibited
optical active, tooThe TALC s’ specific rotations were given in Table 1. lbisvious
that the chiral core played an important role e TALC s’ optical active. An
interesting phenomenon is that thALC s’ specific rotations are greater than their

chiral core. This may be attributed to that largiric effect of th&ALCs hindered
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the free rotation of single bond of C-C and C-@h@BT, which resulted in one of the
two optical isomers increasing.

3.2. Liquid crystal properties of LC arms

The liquid crystalline behavior of the LC side arfSBA and AOBA was studied
using DSC, POM and XRD. TFBA and AOBA exhibitedrthetropic mesomorphic
behavior. The transition temperatures and assacatthalpy changes seen for TFBA
and AOBA are summarized in Table 2, and the DS@ntbhgrams are displayed in
Fig.1, Fig.2, Fig.3, and Fig.4.

TFBA displayed liquid crystal phase at about 283.%n heating. The sample
displayed no LC - isotropic transition but soliddtion and carbonization when the
sample was heated further. Liquid crystal phase medasobserved in the subsequent
cooling. There are two phase transition at 2%3.8nd 291.2ZC in the DSC heating
curve of TFBA (see Fig.1). There was not any pliesesition in the DSC curve on
cooling. DSC and POM studies indicated that thetinggltemperature of TFBA is
253.5C. The TGA result helped us to get a better undedihg of the thermal
properties and mesomorphic properties of TFBA. Ti@sult (see Fig. 1) indicated
that 3.7% and 31% weight loss occurred at 2&1.and 356C, respectively. The
obvious decomposition may destroy the structurdFBA. This may be the cause
that there was no phase transition and liquid alyphase being observed in the
subsequent cooling process. While TFBA still digpth mesomorphic properties at
Ty (271.6C, the temperature at which 2% mass loss occunmrddsiA). SoT,y, Was

adopted as the final temperature of the mesopinabe ipresent study.
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TFBA was heated to 276 and then cooled to study its thermal properties a
mesomorphic phase on cooling. In the subsequeningoprocess, the liquid crystal
phase was observed by POM and the sample crysthliiz about 20€. The DSC
curve of TFBA shows crystallization at 20329n cooling, too. (see Fig.2).

The results of DSC and POM indicated that TFBA wasthermotropic
enantiotropic LC. It shows a melting transition2a8.5C, the temperature at which
2% weight loss occurred is 2733 and the mesomorphic regionTy) is about
18.1°C on first heating (The mesomorphic region on mgatiycle is to be calculated
in this way: 271.6-253.5=18@). While on cooling, crystallization occurred at
203.9C. The mesomorphic regiomT,) is about 67.%C. (The mesomorphic region
on cooling cycle is to be calculated in this wayl 5-203.9=67.C).

Fig. 3 shows only one phase transition at 198.@n heating for AOBA and
there is not any phase transition in the DSC cumwecooling. When AOBA was
heated, the sample melt at about “@8The sample displayed no LC - isotropic
transition but solidification and carbonization whihe sample was heated further.
Liquid crystal phase was not observed in the sulmmgigcooling. Also the TGA result
helped us to get a better understanding of themthleproperties and mesomorphic
properties of AOBA. Fig. 3 indicated that the samloist 3% weight at 300°C. The
decomposition may destroy AOBA’s structure. Thisyntee the cause that the LC
phase solidified and the sample carbonized afteBA®eing heated to 36G. It is
also the reason for no LC phase being observeti@rstibsequent cooling process.

Ty (291.0C) was adopted as the final temperature of AOBAssophase in the

13



present study (AOBA still displayed mesomorphicganies at 2915T ).

AOBA was heated to not too high but only 26Q.@nd then cooled to study
the cooling process' thermal properties and mesphiomphase. The liquid crystal
phase was observed by POM and the sample crystili about 198 in the
subsequent cooling process. Fig. 4 shows that A@BAtallized at 193°C on
cooling.

The results of DSC and POM indicated that AOBA isthermotropic
enantiotropic LC. It showed a melting endotherm188.7C, the temperature at
which 2% weight loss occurred is 29%00and the mesomorphic regionT)) is about
92.3C on heating, as well as LCrystal transition is at 193C and the mesomorphic
region (AT,) is about 97.% on cooling (The calculating method of the mesgrhiar
regions is similar with that of TFBA) .

TFBA exhibited mosaic texture on heating and caplaycle (see Fig. 5a). A
variable-temperature X-ray diffraction study wasriesl out on TFBA to obtain more
detailed information on its LC phase structure.. Fgshows the X-ray patterns at
different temperature (260 and 276C) within TFBA's liquid crystal rang. The sharp
peaks at @ = 3.0 d = 29.41 A) seen at different temperature indicateat layer
spacing was independent of temperature. The maedehgth L of TFBA is
estimated to be 15.6 A, while that of the dimmefBBA is estimated to be 28.6 A,
and approximately equals to the smectic layer sigacguggesting that the molecular
arrangement is in the form of dimmers and the threa is perpendicular to the

smectic layer plane. The results of the X-ray arabimtexture of TFBA suggested
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that itis a smectic B (§B) LC. AOBA exhibited thread-like texture on heatiand
cooling cycle. Thread-like texture is typical tepdwof nematic. The results of DSC
and POM indicated that AOBA is a nematic (N) LC.

The chemical structure of TFBA and AOBA is somewsiatilar. The two LC
arms all have the structure of 4’ - (benzoyloxypHanyl - 4 - carboxylic acid. The
difference between them is the terminal group. Téwmninal group of AOBA is
allyloxy, while the terminal group of TFBA is trifbromethyl. In general, fluorine’s
strong electronegativity results in a strongly pdlaF bond. The stronger polarity of
terminal trifluoromethyl group may increase thesatriopy of the molecule, and result
in an increase of the inter-molecular forces. They be the cause that the melting
temperature of TFBA is 54°8 higher than that of AOBA.

3.2. Liquid crystal properties GfALCs

The thermal properties and phase behavioTAELCs (BTAO, BTAl, BTA2 and
BTA3) were investigated with DSC. The phase-transitiompteratures and
corresponding enthalpy changes of fh&LCs obtained on the first heating and
cooling cycle were summarized in Table 2, and tB&€Rurves are presented in Fig. 7,
Fig.8, Fig.9 and Fig.10. The exothermic peaks gétallization of BTAO - BTA3 are
not obvious and some of them even have not beesrnds This may be due to their
dendritic structures. In general, the dendriticenat is not easy to crystallize. In this
study, the temperatures of crystallization of saA&Cs were obtained from POM.

DSC curves of BTAO show a melting endotherm at %8.(AH=27.24 J §)

and a chiral smectic C (&) - isotropic () phase transition at 202® (AH=2.28 J

15



g') on heating, as well as | - Sm@ansition at 1818 (AH= -3.05 J §) and
crystallization at 95%C (AH= -11.4 J ) on cooling. DSC curves of BTA1 show a
melting endotherm at 638 (AH=0.70 J &), a chiral smectic A (§A") - cholesteric
(ch) phase transition at 926G (AH=0.78 J @) andch - | phase transition at163Q
(AH=0.43 J &) on heating, as well ds- ch transition at 156°C (AH= -0.08 J &)
and ch - S,A” transition at 142% (AH= -0.20 J ). The exothermic peak of
crystallization of BTA1 has not been observed orC3Roo0ling curve. The transition
temperature of chiral smectic A to crystal phas& &) of BTA1 on Table 2 was
obtained by POM. DSC curves of BTA2 show a meltangotherm at 101°C
(AH=2.61 J @) andch - | phase transition at 222® (AH=0.48 J &) on heating, as
well as| - ch transition at 222°C (AH= -0.18 J &) and crystallization at 736
(AH= -0.21 J @) on cooling. DSC curves of BTA3 show a melting ethérm at
90.£C (AH=8.10 J @) andch - | phase transition at 217® (AH=3.20 J &) on
heating, as well as - ch transition at 213% (AH= -0.25 J @) on cooling. The
exothermic peak of crystallization of BTA3 has bhetn observed on cooling cycle on
DSC curve. The transition temperature of cholesténi crystal phase(60°G) of
BTA3 on Table 2 was obtained from POM, too.

The melting temperatures ®ALCs (BTAO - BTA3) are lower than those of the
LC side arms. This may be due to their differemicgure. The structure of the LC
side arms (TFBA and AOBA) is aromatic acid. The toggen bond of aromatic acid
makes the LC side arms have higher melting temperatin addition, the lower

melting temperature ofALCs may be attributed to their dendritic structurebeT
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mesomorphic regions OfTALCs (see Fig.11) are wider than those of the
corresponding LC side arms. This may be attribtetie lower melting temperatures
and the lower temperatures of crystallizationT&#LCs. Fig. 11 shows that the
mesomorphic regions increase gradually from BTABTA3 on heating and cooling.
This may be attributed to the increase of the gunté AOBA, which has wider
mesomorphic region.

Fig. 12a - Fig. 12j shoWwALCs’ characteristic textures. BTAO displayed thermal
enantiotropic chiral smectic C {3 texture. When BTAO was heated, the broken
fan-shaped texture appeared (see Fig. 12(a)). &ttare did not disappear until the
sample became isotropic. The droplet texture seghritom the isotropic melt at
about 18iC on cooling. As the sample was cooled further, dhaplets gradually
aggregated to form a broken fan-shaped texture siitlations due to the helical
superstructure (see Fig. 12(b)).The broken fan-ethapxture did not disappear until
the sample crystallized. BTA1 displayed thermalrgiséropic $,A° and cholesteric
textures on heating and cooling. When BTA1 wasduweéd about 6%, focal-conic
texture appeared at first, and then there was #esabange and broken fan-shaped
texture displayed. The texture did not disappedil tlre sample became isotropic.
The fan-shaped texture appeared at first on cogtiag Fig. 12 (c)). There was also a
subtle change as the sample was cooled furtherfariishaped texture changed into
focal-conic texture (see Fig. 12(d)). The focalicaexture did not disappear until the
sample crystallized. BTA2 displayed thermal endardjmc cholesteric textures on

heating and cooling. When BTA2 was heated, the tammelted and catenoid
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birefringent region containing small fan-shapeduex appeared (see Fig. 12 (e)). As
the sample was heated further, fingerprint texappeared (see Fig. 12 (f)) and did
not disappear until the sample became isotropie Tholesteric droplet texture
separated from the isotropic melt on cooling (sige 22 (g)). The cholesteric droplet
texture did not disappear until the sample cryigedl. BTA3 displayed thermal
enantiotropic cholesteric textures on heating amolicg. When BTA3 was heated,
the sample melted and focal-conic texture appeardidst (see Fig. 12 (h)) and then
gradually changed into fingerprint texture (see. B (i)). Fingerprint texture did not
disappear until the sample became isotropic. As shmple was cooled, the
cholesteric droplet texture separated from thergpit melt at about 22& and did
not disappear (see Fig. 12 (j)) until the sampystailized.

The fan-shaped or focal conic textures are prefgrabserved in rather thin
sample preparations in,& phase. From a texture point of view, thgASand the
SwA" phases are equivalent in appearance. It is usdistioguish the $A and the
SwA" phases whether the LC displays optical active. dften observed S
appearance is that of the so-called broken faneshapxture. This formation of a
helical superstructure in chiral bulk,S samples makes it easy to detect thA'S
and $.C. In S,A", the backs of the fans of focal conic or fan-sliafestures appear
smooth, the occurrence of an arced equidistantplateern indicates the mesophase is
S+C.

Fingerprint texture is a typical texture of chotegt phase, and fan-shaped

texture is often observed in cholesteric phase,Bob the orientation of the helix axis
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in them is different. For fingerprint texture, thwist axis lies in the plane of the
substrate, within the substrate plane there is mdeped direction, and thus the
direction of the twist axis is allowed to vary smidg over macroscopic distances.
The varying director field leads to an equidistaattern of dark lines, which is called
a fingerprint texture. Dark stripes appear, whenéwe local director is oriented along
the direction of light propagation, i. e. at vamigh birefringence. While for
fan-shaped texture, the twist axis naturally dedafrom the substrate normal.
Fan-shaped textures of cholesteric phase are wailasto those observed in8
phases. The cholesteric fan-like textures are gbdefor strongly twisted materials,
while fan-shaped textures that exhibit focal corace found for materials with a
slightly smaller twist. Especially the latter tesda are very similar to that of the/s
phase, but with a somewhat smoother appearanbe édns. [34]

The variable-temperature X -ray diffraction studgswcarried out on BTAO -
BTAS3 to obtain more detailed information on its p8ase structure. Fig. 13(a) shows
the X-ray patterns at different temperature witBifAO’s liquid crystal rang. The
sharp peaks at#2= 3.3 (strong) and @ = 7.0° (weak), corresponding = 26.74 A,
d=12.61 A, respectively, were observed at®C3n heating. The sharp peaks a2
2.3 (strong), & = 3.9 (weak) and 7.8(very weak), corresponding tb= 38.37 A d =
22.63 A andd = 11.77 A, respectively, were observed at°056n heating. The
diffuse peaks at about¥2= 19.0°, corresponding to molecular lateral spacing, were
observed at the two temperatures.

Fig. 13(b) shows the X-ray patterns on differemperature within BTA1’s liquid
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crystal rang on cooling. Only the diffuse peak=218.0 was observed for BTA1 at
150°C. Within the $A" mesomorphic region, the sharp peakséat 3.5 (strong), 2

= 7.1°(weak) and 10°(very weak), corresponding th= 25.21 A,d = 12.44 A andl
=8.26 A, respectively, were observed at°@nd 108C. The diffuse peaks at about
20 = 18.0- 19.0, which corresponding to the molecular lateral spaof BTAL,
were observed at 120 and 106C, too.

Fig. 13(c) and Fig. (d) show the X-ray patterngifierent temperature on heating
within LC rang of BTA2 and BTA3, respectively. Onthiffuse peak at aboutf2=
18.0° - 19.0 was observed for BTA2 and BTA3. These were coaststwith their
optical textures, suggesting that BTA2 and BTA3drelesteric LCs.

That the location of the sharp peaks of BTAO chdngedifferent temperature
indicated that the layer space depended on temperdtor {C, the title angle?
increases with decreasing temperature and thusmieetic layer spacing decreases
with decreasing temperature. The situation of BTAat the tiltd increased with
decreasing temperature is consistent with that g€.S9Ve also noticed that the
intensity of the sharp peaks at $60vas much greater than that at A35suggesting
that the degree of long-range ordering of BTAO éiased with increasing temperature.
The cause of this may be due to the fact that tlsdecular mobility of BTAO
increased with increasing temperature, providing keethe LC molecules in forming
an ordered lamellar arrangement.

The X-ray patterns of BTAO and BTA1 displayed thearp peaks at different

angle at a certain temperature within their LC raiog example, BTAL1 displayed
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sharp peaks até2= 3.5, 7.1°, 10.7. The sharp peaks appeared at different angles
indicated the existence of layers of different kniess § = 25.21 A,d = 12.44 A and

d = 8.26 A, respectively). Star-shaped LC moleculaifferent from rod-like LC
molecule, whose side arms extend to space as fpossble. Fig. 14 is the 3D
molecular model of BTAL. Fig. 14 (A) is the froniew and Fig. 14 (B) is the side
view. Fig. 14 displayed that the height, width dedgth of BTA1 molecule are
21.37A, 8.57A and 11.95A, respectively. When theséecules arrange in layers, the
long range order with different thickness is formgde Fig. 15). This may be the
cause for that different sharp peaks were obserVédt the difference between
BTAL's layer thickness measured by X-ray (25.2118,44 A and 8.26 A) and its
height, width and length calculated (21.37A, 8.5ad 11.95A) is not much, which
confirmed our conjecture in a certain degree. Tienisity of the sharp peak ai 2
3.5%is much stronger than that a#=%.1°or10.7, indicating that long rang order in a
certain direction dominated.

BTA1’s XRD results at 1T and 108C (within the $A" mesomorphic region)
indicated that the layer space was independen¢ropérature. This may be duo to
that the director n and the optic axis are perpriddi to the smectic layer plane in the
SwA" phase. The intensity of the sharp peakséat 3.5, 7.1°and 10.7 increased
with the temperature decreasing from 4200 106C, suggesting that the lamellar
structure perfected with decreasing temperaturd B3 XRD results were consistent
with its optical textures, suggesting that BTA1SisA” LC at the lower temperature

mesomorphic region and cholesteric LC at the higieenperature mesomorphic
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region.

We noticed that chiral core and the mesomorphie typthe two LC side arms
played important effects on the mesomorphic typéhefTALCs in this study. The
TALCs displayed chiral properties affected by the chode, but their mesomorphic
types were affected by the mesomorphic types ofL.@eside arms. Th&@ALC BTA3
displayed cholesteric phase. The result is simibathe previous studies [23-25],
which chiral core is prone to induce the cholestphase in the multi-arm LCs with
nematic side arms. The only difference is that mieenatic LC side arms were
introduced into the chiral core by flexible spaaemprevious studies, while in this
study, the rigid nematic LC side arm was introducad the chiral core directly,
without flexible spacer. ThREALC BTAO, with three $Bside arms, displayedcS
The result indicated that the chiral core madeTA&C display chiral property but
the dendritic structure reduced the degree of astidre lamellar liquid crystal. BTAL
and BTA2 with both the nematic LC side arm and sheectic LC side arm in them
also displayed chiral properties. The introductadrthe nematic LC side arm made
the TALCs (BTA1, BTA2 and BTA3) be prone to display cholegtghase.

4. Conclusion

A series of symmetric and asymmetric three-armidigquystals TALCs) with 1, 2, 4
- butanetriol as chiral core and 4’ - (4 - (trifeonethyl) benzoyloxy) biphenyl- 4 -
carboxylic acid (TFBA) and 4’- (4 - (allyloxy) beayloxy) biphenyl - 4 - carboxylic
acid (AOBA) as LC side arms have been synthesiséeé. influence onTALCs

properties played by the chiral core and the natdirthe LC side arms have been
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studied. TFBA is a smectic B LC, while AOBA is anmatic LC. Compared to TFBA,
the melting temperature of AOBA is lower and itssmghase temperature range is
wider. TheTALC BTAO exhibited chiral smectic C, while BTA1, BTAihd BTA3
displayed cholesteric phase, in addition BTA1 digpt chiral smectic A at the lower
temperature of the mesophase temperature rangeanifbduction of chiral core into
TALCs makes both the symmetric and the asymmetikl.Cs display chiral
properties. The absolute values of specific rotatibtheTALCs are bigger than that
of the chiral core. Compared to thgBSLC side arm (TFBA), the degrees of order of
the TALCs (BTAO - BTA2, with TFBA in them) are reduced ankist can be
attributed to their dendritic structure. The inwoton of the nematic LC side arm
made theTALCs (BTAL, BTA2 and BTA3) be prone to display cholegtephase.
The melting temperatures dALCs are lower than those of the corresponding LC
side arms, while their mesophase temperature raagesvider. The mesomorphic
regions increased gradually from BTAO to BTA3 omtieg and cooling.
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Table 1. Inventory ratio, Specific Rotation of the three-arm liquid crystals

sample Feed/mmol specific
n(BT) n (TFBA) n (AOBA) Rotation ( °)
BTAO 3 9 0 +18.60
BTA1 3 6 3 +7.78
BTA2 3 3 6 -5.54
BTA3 3 0 9 -8.30




Table 2. Phase transitions, phase transition enthal pies and mesogenic range for LC side arms and the

three- arm LCs.

Sample Phase transitions, °C (corresponding enthalpy changes, J/g)? AT, °C Meso-
phase
TFBA  heating: Cr 2535 (10.60) S,B 271.6°(-) | 18.1
cooling: Cr 203.9 (-4.77) SyB 271.6°(-) | 67.7 SB
AOBA  heating: Cr 198.7 (48.06) N 291.0° (-) | 92.3
cooling: Cr 193.7 (-5.29) N 291.0°(-) | 97.3 N
BTAO heating: Cr 118.0 (27.24) S,,C 201.0 (2.28) | 83.0 s.C
cooling: Cr 95.2 (-11.40) S,,C" 181.0 (-3.05) | 85.8
BTA1 heating: Cr 63.8 (0.70) S,A” 92.5 (0.78) ch 163.2 (0.43) | 99.4 .
cooling: Cr 54.5°(-) S,A” 142.5 (-0.20) ch 156.1 (-0.08) | 101.6 S -
BTA2 heating: Cr 101.1 (2.61) ch 222.6 (0.48) | 1215 ch
cooling: Cr 73.9 (-0.21) ch 222.1 (-0.18) | 148.2
BTA3  heating: Cr 90.4 (8.10) ch 217.6 (3.20) | 127.2
cooling: Cr 60.5°(-) ch 213.9 (-0.25) | 153.4 ch
&Cr, crystalline phase; S,\B, smectic B; SmC*, chiral smectic C; SmA*, chiral smectic A; ch, cholesteric;l, isotropic
phase.

®the temperature at which 2% weight loss occurrs.
“The transition temperature obtained from POM.
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Highlights

Synthesis of symmetrical and asymmetrical three-arm liquid crystals with 1, 2, 4-
butanetriol as chiral core.

The asymmetrical three-arm liquid crystals have both nematic and smectic liquid
crystal side armsin them.

We have analyzed the three-arm liquid crystals using variable-temperature X-ray
diffraction, DSC and POM.

The three-arm liquid crystal, whether symmetrical or asymmetrica, displayed
cholesteric phase when the nematic liquid crystal side arm was introduced into it.

The smectic three-arm liquid crystals displayed layers of different thickness.



