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Abstract

We report, the design, synthesis and mesomorphiavieur of new hockey stick mesogens
containing photochromic azo group and a reactiwebtdobond. The structure of the compounds
resemble the hockey stick due to unequal distiwoutf the phenyl rings in the two arms of the
molecule and possess a reactive-dadecenyloxy chain attached at short arm of the-bere
molecule, while the elongated arm consists of allsmathoxy group and photochromic azo
linkage between two phenyl rings. All the compasirekhibit a wide-range of enantiotropic
nematic phase at low temperature. The photo-resp®rbehaviour of nematic phase was
characterized by polarizing optical microscopy with situ white light irradiation. Upon
irradiation, the nematic phase almost completeBapipeared in about 20s. We have also
investigated the effect of the position of methgdup substitution at the outer phenyl ring of the
elongated arm of the molecule on the nematic plohsezo functionalised compounds. Our
theoretical calculations predict that different igoa of methyl group does not bring any
significant change in reactivity profile, electronproperties and spectroscopic properties.
Irrespective of the position of a methyl grotgans conformation has slightly greater stability as
well as less reactivity thasis conformation.

Keywords: Azo-functionalised mesogen; bent-core mesogerestivee mesogens; a nematic
phase



1. Introduction

Azo-functionalised materials are one of the ativactlasses of the functional materials due to
their interesting photoswitching behaviour and hdieerse potential applicationsz., optical
data storage, display devices, molecular switches)inear optical devices, photomechanical
systems [1-8]. In recent years, azo functionalisestogenic materials have generated a lot of
interest due to the great demand for new multisddtinctional and smart materials. Azo
functionalised mesogenic materials have the dugpeaties of azobenzenei1., photoswitching
behaviour) and mesogengZ,, anisotropy and fluidity) which in turn generateigue photo-
induced anisotropy and photo-chemical phase tiansi{9-14]. In order to understand their rich
mesomorphic behaviour and their multifaceted priogper a large number of the azo
functionalised bent-core mesogens (BCMs) have designed, synthesised, their mesomorphic
behaviours were characterized and structure-prppetationships were recently studied by
several research groups [15-19] and are well dooteden excellent review published recently
[20]. Mesogens containing olefinic chain can gateenew functional mesogens because of their
low viscosity, low melting point, high clearing mt$ and good low-temperature stability [21].
In addition, the double bond in an olefinic chaneactive and can be used to prepare mesogenic
polymers [22-24] and elastomers [25-26]. The ptlotomic azobenzene mesogens containing a
reactive double bond were reported in the past deda7-29]. Since the discovery of
macroscopic polar order and chiral superstructurethe mesophase of achiral bent-core
mesogens (BCMs) is a well-established subclasshefntotropic mesogens [30-35]. The
mesophasevig., B;1-Bsg) displayed by the BCMs are different from the giéped mesogens in
term of their physical properties and their fastimgoptical textures (BB7). However, some of
the BCMs exhibited similar phases as displayechkyrod-like mesogens. Interestingly of these,
nematic phase exhibited by the bent-core mesogags dpecial attention and one of the active
topics of debate due to their unusual physical @rtdgs like huge flexoelectricity[36], unusual
dielectric relaxation [37], unusual electro-convaat pattern [38], magnetic field induced
birefringence [39] and interestingly ferro-nematj8g,40]. The unusual physical properties of
the nematic phase exhibited by the bent-core mesogdich are expected due to the presence
of nanometer-sized polar smectic clusters in theate phase so-called cybotactic nematic
phase [41-46]. The formation of the nanometeresjzalar smectic cluster in the nematic phase

of bent-core systems may be due to kink geometrthefmolecules which restricts the free



rotation and core-core interactions between thecoubés promotes the layer formation due to
the segregation between extended aromatic moitiéend alkyl chains along the orientational
direction of the long axes. Moreover, over foucaties back, theoretically, it was predicted that
the shape anisotropy of the low molar mass berg-coolecule is an ideal criterion for the
biaxiality in the nematic phase. The biaxial namg@hase has an advantage over uniaxial
nematic phase due to fast switching response asgdtantial application in the new generation
of ultrafast and wide-angle display devices. Sithan, researchers have made several attempts
to design and synthesized new BCMs exhibiting nematase and claimed biaxiality in the
nematic phase and result ended without succes17208]. In the recent years, four ring bent-
core mesogens so-called hockey stick shaped mesbgee attracted considerable attention due
to their rich mesomorphism [49-52]. Interestingtyis noted from the literature that most of the
hockey stick molecules containing azo linkage exhiematic phase [53-57]. Hockey stick
shaped mesogens containing functionalised azo-henmeiety are sensitive to light [58] due to
photo-isomerizatione., cis (Z-isomer) totrans (E-isomer) isomer which change the geometry of
the molecule further lead to a concomitant chamgehiemical and physical properties of the
molecules. Therefore, in order to understand haehsstructural modifications impact the
mesomorphic behaviour, we designed four ring hocktesk shaped molecule consist of three
linking groups (-N=N-, -COO- and -CH=N-) connectititge phenyl rings and lateral methyl
group as a substituent at the elongated arm ofriblecule. In particular, the position of the
methyl group would yield further reduced nematicseintemperatures without exclusion of
mesomorphism [59]. We report here the synthesid phase characterization of azo
functionalised reactive hockey stick mesogens andlysthe influence of lateral methyl

substitution on meosmorphic behaviour, photoswiigtand their reactivity.
Experimental

The chemicals used for the synthesis of the hoskiek compounds were procured from M/s
Alfa Aesar or Aldrich or Tokyo Kasei Kogyo Co. LtdThe solvents and reagents are of
analytical reagent grade and were distilled aneéddibefore use. Elemental analysis was
performed on Carlo-Erba 1106 elemental analyzér-IRFspectra were recorded on a Shimadzu
IR Prestige-21 over the 400-4000 tpectral range in KBr pellets. Thd NMR spectra were
recorded in CDGlsolution either on JEOL AL300 FTNMR multinuclegrestrometer or Bruker



Avance I11-400 spectrometer (chemical shiftn parts per million relative to tetramethylsilane
(TMS) as internal standard). UV-visible absorpti@pectra of the compounds in
dichloromethane were recorded on Perkin-Elmer LaanB8 spectrophotometer.Trans-cis
photo-isomerization was performed situ in an experimental setup assembled with the white
halogen lamp. The phase transition temperaturesoceéated enthalpies and entropies were
recorded at a heating and cooling rate 8€/in” using differential scanning calorimetry (DSC)
(Perkin-Elmer Pyris1 system). The DSC was caléatatith indium (156.6C, 28.4 Jg) and tin
(232.1°C, 60.5 Jg). The liquid crystalline properties of the compda were characterized
using a polarizing optical microscope (POM) (Nikmptiphot-2-pol attached with hot and cold
stage HCS302, with STC200 temperature controllefigored for HCS302 from INSTEC Inc.
USA).

The detailed synthesis of the intermediate compsundz., 4-n-undecenyloxy-2-
hydroxybenzaldehyde (1), 3-amino-2-methyl benzoic acid(2), 2-Methyl-3-N-(4n-
undecenyloxysalicylidene) aminobenzoic a¢8) was prepared following the earlier reported

procedures [55].

Synthesis of 4-hydroxy-4’- methoxy azobenzene (4a)

4-Hydroxy-4-methoxy azobenzene was prepared following the rgéngrocedure reported
earlier [55, 60-61]. 4-methoxyaniline (2.46g, 20nof) were added 10 mL of distilled water
containing hydrochloric acid (12M, 2.5 mL, 30 mmahd the mixture was stir and warm to
dissolve completely. The solution was then coalesvn to GC ice bath. To this ice-cold
solution, a freshly prepared sodium nitrite solati@.34g, 33 mmol) was added with stirring
keeping the temperature in between %5 The resulting diazonium chloride was conseelyiv
coupled with an alkaline solution of phenol (1.88@mmol) with constant stirring. The reaction
mixture was neutralized (pH= 7) by an aqueous smiubf NaCO; and was allowed to attain
room temperature. The azo dye which formed immeljias a yellow precipitate was filtered,
washed several times with distilled water and digsbin diethyl ether, and the resulting organic
solution dried over anhydrous sodium sulphate. drade product obtained after removal of the
solvent under reduced pressure was purified byyseatization from cold hexane. The
precipitate was filtered and washed with water mn@thanol and dried in vacuum to yield yellow
solid. m.p.: 13%C, Yield = 3.2g (70 %). FT-IRmaxin cmi’: 3421 o), 1467 ¢n-n azo) H
NMR (CDCk, 300MHz): ¢ in ppm) 7.87 (d, 2H, J = 8.7Hz, K}, 7.82 (d, 2H, J = 8.4Hz, ),



6.92 (d, 2H, J = 7.8H#ArH), 6.70 (d, 2H, J = 8.4Hz, M), 5.44 (s, 1H,OH), 3.87 (s, 3H,-
OCHj). Elemental analysis calculated fors812N20,: C, 68.41; H, 5.30; N, 12.27%. Found: C,
68.02; H, 5.23; N, 12.31 %.

Synthesis of 4-hydroxy-2-methyl-4"- methoxy azobenzene (4b)

2-Methyl-4-hydroxy-4methoxy azobenzene was synthesized following #wes procedure
described for the synthesis db. Starting material 4+methoxyaniline (2.46g, 20mmol),
hydrochloric acid (12M, 2.5mL, 30mmol), sodium iér(2.34g, 33mmol)o-cresol (2.16g,
20mmol), the crude product obtained after removahe solvent under reduced pressure was
purified by recrystallization from cold hexane. €Tprecipitate was filtered and washed with
water and methanol and dried in vacuum to yieltbyebolid. m.p.: 147C, Yield = 3.1g (64.04
%). FT-IRVmaxin cmi®: 3163 o), 1462 ¢n=n,azo) *H NMR (CDCk, 300MHz): 6 in ppm):

(d, 2H, J = 9.0Hz, Ad), 7.66 (d, 2H, J = 8.7Hz, A), 6.98 (d, 2H, J = 9.0Hz, At), 6.86 (d,
1H, J = 8.4Hz, A), 5.25 (s, 1H, -@), 3.86 (s, 3H,-O83), 2.31 (s, 3H, Ar-El3). Elemental
analysis calculated forigH14N2O,: C, 69.41; H, 5.82; N, 11.56 % Found: C, 69.435H81; N,
11.67 %.

Synthesis of 4-hydr oxy-3-methyl-4'- methoxy azobenzene (4c)

3-Methyl-4-hydroxy-4methoxy azobenzene was synthesized following twes procedure
described for the synthesis db. Starting material 4+methoxyaniline (2.46g, 20mmol),
hydrochloric acid (12 M, 2.5mL, 30mmol), sodiumrité (2.34g, 33mmol)m-cresol (2.16g,
20mmol), the crude product obtained after removahe solvent under reduced pressure was
purified by recrystallization from cold hexane, gpstate was filtered and washed with water
and methanol and dried in vacuum to yield yellowidso m.p.: 131°C, Yield = 3.4g (70.39 %).
FT-IR Vimax in cmi*: 3143 @o.4), 1433 ¢n=n, @azo) 'H NMR (CDCk, 300MHz): ¢ in ppm) (d,
2H, J = 9.0Hz, AH), 7.68 (d, 2H, J = 8.1Hz, A), 7.66 (d, 2H, J = 8.4Hz, AY), 6.84 (d, 1H, J

= 8.4Hz, AH), 5.15 (s, 1H, -®), 3.86 (s, 3H,-O83), 2.34 (s, 3H, Ar-El3). Elemental
analysis calculated forigH14N2O,: C, 69.41; H, 5.82; N, 11.56%. Found: C, 69.528/65.80%;
N,11.67 %.

General procedure for the synthesis of azo-functionalised reactive hockey stick shaped
compounds

Appropriate quantity of substituted 4-hydroxy-4nethoxy azobenzenevit., 4-hydroxy-4-
methoxy azobenzeneld), 0.46g; 4-hydroxy-2-methylX4 methoxy azobenzend) 0.48g; 4-



hydroxy-3-methyl-4 methoxy azobenzenetd) 0.48g, (2.0 mmol) and 2-methyl-3-N-(4-
undecenyloxy-2-hydroxybenzylidene) aminobenzoicda@) (0.65 g, 2.0 mmol) and was
dissolved in dry dichloromethane (DCM) (50mL) andatatytic amount of 4-
dimethylaminopyridine (DMAP) (4 mg, 0.02 mmol) wadded to the solution. A solution of N,
N’-dicyclohexylcarbodiimide (DCC) (0.49 g, 2.4 mmalas added to the reaction mixture and
the mixture was stirred for 48 h under the nitrogegmosphere at room temperature. The
precipitate of N, N dicyclohexylurea was removed by filtration ana tolvent DCM was
evaporated to get crude product. The crude proadast purified by column chromatography
using silica gel (60-120 mesh) with hexane/ chlonof (9:1) as eluent. The yellow solid was
recrystallized several times from absolute ethamaglet the pure product.

(4-methoxy phenyl azo) phenyl-4-yl 3-[N-(4-n-undecenyloxy-2-
hydr oxybenzylidene)amino]-2-methyl benzoate (5a).

Yellow solid, Yield: 0.71 g (73 %). FT-IRmax in cmi’: 3192 ¢o.y H-bonded); 1741 c-o,
ester); 1610yc=y, imine). *H NMR (400 MHz, CDCJ): (5in ppm) 13.44 (s, 1H, -B); 8.38 (s,
1H, - CH=N-); 7.93 (d, 2H, J = 6.8 Hz, A; 7.86 (d, 2H, J = 8.8 Hz, A); 7.30 (d, 2H, J =
8.4 Hz, AH); 7.19-7.24(m, 4H, Af); 6.89 (d, 2H, J = 8.4 Hz, A); 6.45 (s, 2H, AH); 5.71-
5.75(m, 1H, -Gi=); 4.85-4.95 (m, 2H, =B,); 3.94 (t, 2H, J = 6.4 Hz,- OQf>-); 3.83 (s, 3H, -
OCH3); 2.61 (s, 3H, -El3); 1.96-1.98 (m, 2H, -OCHCH»-); 1.71-1.75 (m, 2H, -OCHCH,-
CH»-); 1.24-1.39 (m, 12H, 6x-d,-). Elemental analysis calculated fogd843N30s: C, 73.91;
H, 6.84; N, 6.63 %. Found: C, 73.87; H, 6.86; M164.

(4-methoxy phenyl azo) phenyl-4-yl 3-[N-(4-n-undecenyloxy-2-
hydr oxybenzylidene)amino]-2-methyl benzoate (5b).

Yellow solid, Yield: 0.74 g (75 %). FT-IRmax in cmi’: 3192 (0. H-bonded); 1741y c=o,
ester); 1610uc-y, imine). *H NMR (400 MHz, CDCJ): (5in ppm) 13.51 (s, 1H, -B); 8.45 (s,
1H, - CH=N-); 8.03 (d, 1H, J = 7.6 Hz, A; 7.92 (d, 2H, J = 8.8 Hz, AY); 7.82 (d, 2H, J =
9.2 Hz, AH); 7.26-7.41 (m, 4H, Ad); 7.02 (d, 2H, J = 8.4 Hz, A); 6.52 (s, 2H, AH); 5.78-
5.85(m, 1H, -Gi=); 4.92-5.02 (m, 2H, =8,); 4.01 (t, 2H, J = 6.2 Hz,- Qf>-); 3.90 (s, 3H, -
OCH3); 2.69 (s, 3H, -El3); 2.36 (s, 3H, -El3); 2.02-2.07 (m, 2H, -OCHCH,-); 1.77-1.84 (m,
2H, -OCH-CH,-CH»-); 1.25-1.46 (m, 12H, 6x 4@»-). Elemental Analysis calculated for
CaoH45N30s: C, 74.16; H,7.00; N,6.49%. Found: C, 74.27; 956N, 6.43%.



(4-methoxy phenyl azo) phenyl-4-yl 3-[N-(4-n-undecenyloxy-2-
hydr oxybenzylidene)amino]-2-methyl benzoate (5c).

Yellow solid, Yield: 0.76 g (77 %). FT-IRmax in cmi’: 3192 (0. H-bonded); 1741y c=o,
ester); 1610yc=y, imine). *H NMR (400 MHz, CDGJ): (5in ppm) 13.52 (s, 1H, -B); 8.44 (s,
1H, - CH=N-); 7.98 (d, 1H,J=7.6 Hz, A; 7.93 (d, 2H, J=8.8 Hz, A); 7.73 (d, 2H, J =8.4
Hz, ArH); 7.21-7.39(m, 4H, Ad); 7.02 (d, 2H, J = 8.4 Hz, A); 6.51 (s, 2H, AH); 5.78-
5.85(m, 1H, -®i=); 4.92-5.02 (m, 2H, =8,); 4.01 (t, 2H, J = 6.6 Hz,- Q&-); 3.90 (s, 3H, -
OCH3); 2.74 (s, 3H, -El3); 2.65 (s, 3H, -El3); 2.02-2.07 (m, 2H, -OCHCH,-); 1.77-1.83 (m,
2H, -OCH-CH,-CH»-); 1.31-1.46 (m, 12H, 6x -€-). Elemental Analysis calculated for
CaoH45N30s: C, 74.16; H, 7.00; N, 6.49%. Found: C, 74.186197; N, 6.56%.

Results and Discussion

Design and Synthesis

New hockey stick shaped molecules possess two afrasdifferent number of phenyl rings.
One arm consists of two phenyl rings and other ttahg one phenyl ring. The phenyl rings in
the hockey stick shaped molecules are connectdtrbg linkagewiz.,imine linkage (-C=N-),
an ester linkage (-COO-) and photochromic azo hek&N=N-). The hockey stick shaped
molecule is considered as a subclass of unsymrakldmnt-core molecules with a bending angle
is in the borderline between a typical bent shapedecule and a conventional rod-shaped
molecule. The short arm of the molecule possessastive 4n-undecenyloxy moiety as a
terminal chain while small methoxy moieties at #lengated end of the molecule. Further,
asymmetry in a bent-core molecule is induced byldteral methyl group at the outer phenyl
ring of the elongated arm of the molecule. Thetmosof the lateral methyl group is either in
ortho position ormeta position with respect to ester linking moietieshe presence abrtho
hydroxyl group in benzylidene moiety enhances tabibty of the imine through intramolecular
H-bonding also enhances the transverse dipole-mbmEme mesophase transition (nematic to
isotropic transition) of these materials possessimnpotochromic azo group can be induced by
thetrans-to-cisisomerization under the influence of UV irradiati®2]. The synthetic details of
the azo-functionalised hockey stick mesogens comg®as described stheme 1 was carried
out following the procedure described in the expental section. The Williamson
etherification of 2,4-dihydroxybenzaldehyde withn4mndecenylbromide preferentially takes



place at thep-hydroxyl group rather than the-hydroxyl group which is involved in
intramolecular hydrogen bonding with carbonyl oxygatom [63-64], to form 4
undecenyloxy-2-hydroxy benzaldehyd#).( The 4n-undecenyloxy-2-hydroxy benzaldehyde
was then condensed with 3-amino-2-methyl benzoid &) to yield 3-(4n-undecenyloxy-2-
hydroxybenzylidene)-2-methyl benzoic acR).( The compound3) was further esterified with
4-hydroxy-4-methoxy azobenzendd) or substituted 4-hydroxy‘4nethoxy azobenzendl{ or

4c) by DCC-DMAP reaction [65] to obtain the azofunctadised hockey stick reactive mesogens
(5a-5¢). Elemental analyses of all the compounds wensistent with the proposed molecular
structure and confirm the purity of the compoundsl the compounds were characterized by
FT-IR and'H NMR studies. The infrared spectra of all the poomds exhibited characteristic
peaks stretching vibratiora.1604-1612 ci indicates the formation of the Schiff bgs@H=N-

) and the sharp peak ~1735 indicates the carbe@@@) stretching of the ester group. The
weak broad peak ~3200-3250 indicates the -O-Hcétiregy of the hydroxyl group involved in H-
bonding. The phenolic C-O stretching vibration vedserved around 1290 &m 'H NMR
spectra of the compounds showed a singlet app@atbad range 06 = 8.38-8.45 ppm for imine
(-HC=N-) proton of the compound, which confirmed tlenfation of the Schiff base. The
lateral hydroxyl group appeared as a singlet inrtirege of6 =13.44 -13.52 ppm. All other
aromatic protons appeared in the rangé 8f6.45-8.03 ppm. The multiplates appeared for the
terminal vinyl group the o = 4.85-5.02 ppm as for #& protons and = 5.71-5.85 ppm for -
CH= proton. The NMR spectra of the target molecalespresented in ESFig. S1(a)-(c)).
Mesomor phic behaviour

The mesomorphic behaviour of the new hockey stltped compounds is characterised by
polarising optical microscopy (POM) and further toned by differential scanning calorimetry
(DSC). The phase transition temperatures, tramsénthalpy and entropy of the compounds are
summarised imable 1. It is observed fronT able 1 that all the azo functionalised hockey stick
shaped compound$d-5c) exhibit a wide range of enantiotropic nematic ggha There is a
distinct decrease in melting and clearing tempeeatun substitution at the outer phenyl ring of
the elongated arm of the molecule. The temperatumge of the nematic phase in a heating
process decreases upon substitution with a metioyipgat the elongated arm of the molecule
whereas the nematic phase temperature window becdm@aden on cooling the sample.

Therefore, the nematic phase becomes supercooted sybstituted with a methyl group at the



outer phenyl ring of the compounds. In the heatgygle, the compounds§) exhibits two
endothermic peaks that correspond to the two tiansi such as Cr-N and N-Iso. The large
change in enthalpy (41.88 kJritpland entropy (105.7 JmtKk™) value at 122.4C suggests the
melting temperature of the compound and indicatedfitst order transition of order crystals to
disorder nematic transition. On further heatirfge sample at 161.8C, a small change in
enthalpy (0.33 kJmd) and entropy (0.76 JmitK™) during the transition indicating the weak
first-order transition of nematic to an isotropitgse. In the cooling cycle, also two exothermic
transition peaks were observed at 158.8 °C witmallschange in enthalpyAt = 0.27 kJmat)
indicated Iso-N transition. On further coolingsecond transition appeared at 78.4 °C with a
large enthalpy change of 22.74 kJthahdicating N-Cr transition presented Fig. 1. The
optical texture of the mesophase was analyzed bygwiahed the sample in between the
untreated glass plates and coverslip. The comp&andn cooling from the isotropic liquids,
exhibited schlieren textures with two brush defdstst1/2) and four brush defects %), a
characteristic of the nematic phase as presenté&dgin2(a). It is interesting to note that the
optical texture of the nematic phase consistslafge number of the two brush defects which is
quite unusual in the rod-shaped mesogens [66-&imilar behaviour of the nematic phase
reported in the four ring bent-core mesogens [6Blirther, the presence of the homeotropic
domains in the optical texture of the nematic phasd low enthalpy change during Iso-N
transition indicating the formation of the cybotactluster which is commonly observed in
nematic phases exhibited by bent-core compoundss[B769]. The sample, on further cooling,
two brush schlieren texture with homeotropic dormaof compound Ha) transform to a
crystalline phase at 78%€ as presented iRig. 2(b). Similar phase behaviour observed in a
methyl substituted hockey stick moleculesb (and 5¢). In an ortho-methyl substituted
compound %b) exhibits enantiotropic nematic phase. In the ihgatycle, the compoun@b
also exhibits two endothermic peaks corresponds to Cr-N and Ntlaosition. The Cr-N
transition occurs at 117 2 corresponds to the large change in enthaly=¢2.69 kJmol)
and entropy 4S=109.34 JmalK™) which indicate the first order transition whereasak
observed at 128.2C corresponds to N-Iso transition with a small dein enthalpyAH=0.14
kJmol*), and entropy 4S=0.35 Jmétk™) during the transition. In the cooling cycle, qresak is
observed at 126.9C with the small change in enthalppH=0.36 kJmof), and entropy

(AS=1.39 JmotK™) corresponds to Iso-N transition. The lower vatifeentropy during the



isotropic-nematic transition for these hockey stiklecules can be accounted for enhanced
molecular biaxiality [70]. The N-Cr transition wast detected in the cooling cycle (4&g.3).

On slow cooling, the compoun®k) from an isotropic liquid, schlieren textures witho and
four brush defects observed (déig. 4a) which on further cooling transforms to homeotwoopi
texture (sed-ig. 4b) indicates the formation of the cybotactic clustethe nematic phase. On
further cooling, the thread like texture appeaneunfdark homeotropic texture (séeg. 4c-d)

and finally crystallization occurs at 54°&€ (seeFig. 4e) which was not observed by DSC.
Similar behaviour was also observed for the comda®n). The optical texture and the DSC
thermogram is presented in the B3¢. S2 and Fig. S3. The substitution of the lateral bulky
methyl group in a hockey stick shaped molecule elses the melting and isotropic temperature
without changing the mesophase. Further, it isr@gting to note that the position of the lateral
bulky methyl group plays an important role in theermal stability of the compound. The
substitution of the methyl group in tmeetaposition of the ester linkage decrease the nematic
phase to room temperature whereas, the substitafianmethyl group abrtho-position of the
ester linkage decrease the nematic phase to lowet@ture as compared to non-substituted
compound %a).

Photo-isomerization study

In solution

The azobenzene hockey stick compoun8la-5c) are interesting dynamic functionalised
materials because of theémans-cisor cis-transisomerisation processes due to external stimuli
viz., irradiation by UV light, mechanical stress, elestatic stimulation or recovering the
thermodynamic stability. The photoswitching prdjgs of all the hockey stick compounds were
performed in chloroform (c = 1xTOM) using UV-visible absorption spectrometer. TH-
visible absorption spectra of compoun8a-6c) are presented iRig. 5 andTable 2. It shows
that strong absorption in the UV region ~346 nmhvatlarge molar extinction coefficierd €
27038-28711 Lmatem™), which reflected the symmetry alloweer* transition oftransisomer

of the azobenzene chromophore. However, a weakatiz in the visible region ~ 438 nra (
~1346-1574 Lmotcm™) corresponding to symmetry forbiddenthiransition ofcis isomer. It

is interesting to note that the substitution of thethyl group at the different position with
respect to azo and /or ester group in the bent-omsogens did not change the electronic

structure of the molecule. Therefore, the UV-Misiabsorption spectra of the compounds are



almost similar. The UV-visible absorption specifaepresentative compoudd shown inFig.

6 were obtained in 1xIOM solution in CHC} at three different conditionsiz., (a) virgin
sample solution, (b) solution after exposure to ligNit (366 nm) for 30 mins and (c) solution
kept in dark for 24 h. It is noted that there ishange in the molar extinction coefficien} 6f
the absorption band and peak positions of each eongbfrom virgin sample solution to UV
light irradiated solution and solution kept in dddk 24h. The absorption bands at 346 rm (
=27349 Lmolcm™) and ~438 nmeg(=1346 Lmol'cm?) are due to the-n* and nat* electronic
trangtions, respectively. The freshly prepared dilsidution of the compounds when irradiated
with UV light (366 nm) for 30 minutes, the resullit/V-visible spectra illustrated that ther*
transition band is blue shifted (~10-12 nm) witHexrease in molar extinction coefficien} Of
the band for the compourtllig. 6(b)). This is due to the fact that before the irradrawith the
UV light, the hockey stick shaped molecules ar¢rams (E-isomer) conformation with respect
to the azo (-N=N-) group and upon absorption oftphdy the irradiation with the UV light, the
trans conformation flips tais conformation (Z-isomer) with respect to the azd=N-) group.
This, in turn, leads to the breaking down of themsetry G for trans (E-isomer) conformation
to Gy, for thecis (Z-isomer) conformation, indicating a less conjugat Therefore, after UV
irradiationn—n* band shift towards the lower wavelength. Howetbg opposite phenomenon
occurred in the case of m=transition band. The molar extinction coefficign) of the na*
band of the freshly prepared solutiae,, the virgin solution is less than solution irraditwvith
UV light. The increase in the molar extinction ffméent () of the na* absorption band is the
transformation of the symmetry of the molecule frimamsto cis isomer. When the solution was
kept in dark for 24h, the position of thet* and n«* bands were gradually shifted and the UV-
visible absorption spectra appeared closer to tWevisible absorption spectra of the virgin
solution which confirms reversible photo-switchinghaviour(Fig. 6(c)). The similar behavior
is observed for the compoungis and5b as presented in EFlig. S4 andFig. S5, respectively

In Liquid Crystalline thin film

The effect oftrans4o-cis photoisomerization caused by the UV irradiationtloe nematic phase
exhibited by the compounds was investigated. Tdraatic phase exhibited by the hockey stick
mesogens can respond to the UV irradiation immelyidty changing their textures to isotropic
liquid and nematic phase reappeared after remdh@dJ)V source. This indicated that nematic

phase of the bent-core mesogens shotnaas to cis photoisomerization under UV irradiation



and cis to trans thermal isomerization under visible light irradati The azo-functionalised
bent-core compound&4-5c) exhibit the identical photoinduced effect. Oésle, the compound
(5¢) is considered as the representative example. cbmepound5c was cooled from the
isotropic liquid state to 119.5 °C in the rangehsf nematic phasé&ig. 7a). The sample display
nematic phase was exposed to UV irradiation atr88§10 mW/se%), the schlieren textures of
the nematic phase is slowly started disappearingfiaally replaced by dark isotropic liquid at
20 s Fig 7b). After removal of the UV lamp, the schlieren tiee of the nematic phase
reappearedHig.7). It seems that théransto-cis and cisto-trans photoisomerization was
observed on the nematic phase of the compoundsrefidne, photoisomerization in a nematic
phase of the bent-core mesogens could be usefdidglursensitive displays or data storage
applications. It is interesting to note that thes@ption maxima for the bent-core compounds
(5a-5¢) fall outside the well-known spectral region oé thalogen lamp (~600-950 nm) which is
the light source in our POM. The effect of halodeght on the nematic phase of these
compounds was studied. The sample slides werenauseinder the POM which is attached
with a hot stage, at varying time intervals undgfecent light conditions. The observations
made for the samplé&g) are shown irFig. 8. The black texture, (sd€g. 8a) is the isotropic
phase at a temperature of 119G and the halogen light was kept dim. Now, weteathr
exposing the sample with a halogen lamp on inangadie intensity of the light, arfelg. (8b-d)
show the disappearance of the nematic phase aautgle was exposed to light at different time
intervals. At this stage, we kept the temperatfréhe sample constant (1°C7) and went on
exposing the sample to bright light at differemtdiintervals.Fig. 8e show the disappearance of
the nematic phase as the sample absorbs more amdligit and it goes completely into an
isotropic state after 20 s without increasing thi@perature. Again, the isotropic dark textures
become nematic schlierien texture when the intgdithe halogen light decreasésd. 8f).

DFT studies

Theoretical calculations (structural relaxatiore&poscopic properties and reactivity parameter)
have been done using density functional theory (Df&thod as employed in the Gaussian 09
program package [71]. MO06, the hybrid function@R] and 6-311g basis set [73-74] are
employed for the calculation with polarizable cantim solvation model (PCM) and chloroform

as a solvent. No geometry constraint has beengatpthroughout the calculation. The positive

values of vibrational wavenumbers confirm that eipmized molecular structure is stable. The



UV-visible absorption spectra have been simulateshgutime-dependent density functional
theory (TD-DFT). The lowest energy configuratiosishockey stick shaped mesogens (both
trans andcis conformation) considering the different positiohneethyl group are presented in
Fig. 9. In order to see how electronic property changel different positions of a methyl
group, we have illustrated iRig. 10 highest occupied molecular orbital (HOMO) and lowes
unoccupied molecular orbital (LUMO) which dictatetstability, reactivity and other properties
of the compounds. As the presence of solvent dogésntroduce any notable change in the
position of HOMO and LUMO, we have presented itydiok solvent phase. It can be seen from
the Fig. 10 that, both HOMO and LUMO are mainly located on k& arm of the compound
irrespective of the position of methyl group anchfoomation €is or trans). The electron
density is extending over the entire left arm wetintributions from the azo, ester group and
methoxybenzene ring. However, HOMO-1 (see E§l $6) is located at core region, imine (-
N=CH-) group and phenyl ring of right arm with a ghgible contribution from the
methoxybenzene of the left arm without dependinghenposition of a methyl group. Whereas,
the core region, -N=C-H group and phenyl ring of tight arm, as well as ester and an azo
group of the left arm, contribute to LUMO+1 (seel ER). S6) irrespective of the position of the
methyl group. Thus, frontier orbitals predict thpatsition of methyl group does not bring any
substantial change in its electronic properties.

The molecular electrostatic potential distributfot of these hockey stick compounds (solvent
phase) [Fig.11] also support these findings. It is evident thlactrostatic molecular electrostatic
potential describes the electrostatic potential @matrge distribution in a compound which gives
the primary idea about the reactive site. Here, depletion in electronic charge (higher
potential), excess in electronic charge (lower pg#) and average electrostatic potential are
displayed by blue, red and green colour respegtivall oxygen atoms and the nitrogen atom of
azo group basically contribute the region with loveéectrostatic potential energy due to the
presence of negative charge. Out of these lowectrelstatic potential regions (higher
electronegativity value), the ester group shows tbeest potential in case ofrans
conformation. Whereas fais conformation along with oxygen atoms, the nitrogésm of the
azo group (-&=N-) also exhibits lower potential (higher electrgatvity value) among which
region near the azo group &Nl-) has the lowest potential. Hence, these regwitis lower

potential are the reactive sites and would havesrg strong attraction on positively charged



particles. The other region of the compound hasame electrostatic potential. The different

position of methyl group does not play any vitderon electrostatic potential distribution.

To support the experimental UV-visible absorptigrectra, we have compared the
theoretically obtained UV-visible absorption spacdboth gaseous and solvent phase) with the
experimental oneHig. 12) and the corresponding electronic excitationsteelao strong peak
with highest oscillator strength are listedTiable 3. The theoretically obtained strong peak
calculated in both gas and solvent phase are ri@igeélcompared to the experimental one.
Theoretically obtained spectra to&ns conformation contain two peaks for the differeasition
of the methyl group. The first peak appears moress at the same position as an experimental
one but a small shift has been observed for tlomgtpeak. The strong peak 88 is located at
369.075 nm which is red shifted compared to theeargental one by ~23 nm. However, the
substitution of methyl group in th@tho position of ester linkagebl) shifted the strong peak at
359.216 nm which is slightly blue shifted compatedcompound %a) while substitution of the
methyl group in thenetaposition 6c) shifted the strong peak at 376.712 nm which ightly
red shifted compared tda compound. The blue/red shift of the absorptionkpeay be
explained by the effect of the electron donatintkypunethyl group. The presence of the bulky
methyl group at theortho position of the ester linkageblf) increases the twisting angle
(~77.72%) as compared to the non-methylated analogue (¥89.5 Therefore, charge
conjugation is slightly restricted as a result dfieth the absorption peak is shifted to shorter
wavelength. It is further noted that, the preseoicéthe electron donating methyl group at the
metaposition of the ester groupd) have not greatly change the twisting angle (-83% but
the strong electron donating nature of the metlmglug may help in the charge conjugation.
Therefore, the absorption peak is shift toward éngavelength. For both substitution sites, the
shift of strong peak is less (~10 fd&b{; ~7 nm for bc)) with respect toFa) compound and this
shift gets reduced fob) compound due to the inclusion of solvent. Tassroheck our result,
we have also calculated the UV-visible spectraaris conformation (solvent phase) with higher
basis set (6-311+g(d,p)) and found that the suwitstit by methyl group in ortho or meta
position slightly shifted the strong peak with respto 6a) compound also (see EBigure S7).

The first peak is mainly characterized by the eatwnh transitions (HOMOG1) —
LUMO, (HOMO-1) — (LUMO+1), whereas the strong peak is mainly orged by the



excitation transitions HOM®> LUMO, and (HOMO-1)— LUMO. The shape of the spectra for
cis conformation resembles the experimental one. di®iconformation, the spectra contain
three peaks. Same #@ans configuration, the first peak of UV-vis specti@s(conformation)
appears at same wavelength irrespective of theisulmmn site of the methyl group. This peak
originates from a lot of weak electronic transisorirhe most intense peak5ain the gas phase

is found at 329.804 nm with oscillator strength(.654 which mainly appears due to the
transition between (HOMO-1)» (LUMO+1), (HOMO1l) — LUMO and (HOMO4) —
(LUMO+1). The substitution of the methyl groupadrtho or metaposition slightly with respect

to ester linkage shifts the strong peak in thepgdese. But in the solvent phase, the strong peak
of (5a), (bb) and 6¢c) compounds are found more or less at the same levegth as an
experimental one. Fobd&) compound, besides this strong peak, a weak fealso observed
around 555.530 nm in the gas phase (542.193 nrolvwers phase), and this peak arises due to
electronic transitions mainly between HOMOLUMO and (HOMO-3)— LUMO. The location

of this peak changes with methyl substitution aitd follow the trend5a) > (5b) > (5¢).

Reactivity parameters are quite successful to desaf reactivity trend and reaction
pathway in molecules [75-80]. The excited staten@mena [81-83] and toxicity [84-86] of a
molecule can be predicted with the help of thesarpaters. To shed insight on the chemical
reactivity of hockey stick shaped mesogens, we lcal®ulated the ionization potentidP}§ and
electron affinity EA) of these compounds and tabulatedTable 4. ThelP value signifies a
tendency of the molecule to remove electrons wiseE#avalue indicates electrons accepting
tendency of a compound. With respect to the gasghthdP value decreases in the solvent
phase, while the electron affinitfed) increases. By knowing ionization potenti#iP)( and
electron affinity EA) value other chemical reactivity parameters nancalymical potentiall),

chemical hardnesg) and electrophilicity indexa) can be obtained from the following equation

IP+EA

p=—— 1)
n=1IP—EA (2)
w= g 3)

Chemical potential value can be considered as asunement of electron escaping tendency

from the system. We see that chemical potentibkleves decreased faris conformation than



trans conformation indicating the high electron-attragtpower ofcis conformation. Chemical
hardness indicates the stability of a compound. adoordance with the maximum hardness
principle (MHP) [87], a chemical system tends tcaage itself to achieve maximum hardness.
The larger value af implies the less reactivity and more stability afcompound. Our
calculation Table 4) shows thattrans conformation has larger chemical hardness tbian
conformation indicating their greater stability. oMover, the inclusion of solvent increases the
hardness (stability) compared to the gas phaseis Trhpresence of the solvent, the compounds
become more inert or less reactive. Electroptylighdex measures the tendency of the
compound to gain electrons and contains the kiragtetthermodynamic information [88] of the
system. It is obvious fronTable 4 that compounds having larger hardness exhibits les
electrophilicityi.e., trans conformation has low electrophilicity index theis conformation, and
hencecis conformation is more reactive thaans conformation.

The reactivity parameter slightly depends on thesstution site of the methyl group. For both
trans andcis conformation,5a compound is most stable. After methyl group stldsin, for
trans conformation, a metasubstituted compound is more stable thamho substituted
compound, while focis conformationportho substitute compound is more stable.

Conclusion

We report design and synthesis of new azo fundisethreactive unsymmetrical hockey stick
mesogens possessing lateral methyl group. The @omgs exhibited a wide range of
enantiotropic nematic phase at the ambient temyreratThe room temperature nematic phase
observed on methyl substitution at the elongated af the molecule. Reversible photo-
switching behaviour in solution and liquid crysitad state is noted in azo functionalised reactive
hockey stick mesogens possessing lateral methyipgroDensity functional theory (DFT)
calculations show that different position of metlgdoup does not play any vital role in
electronic propertiese. location of HOMO, HOMO-1, LUMO, LUMO+1, electrosia potential
distribution, reactivity profile and spectroscopioperties although a small shift in strong peak
is observed in UV-visible absorption spectra duditi@rent position of methyl group. Theans
conformation has slightly greater stability andslesactivity tharcis conformation irrespective

of methyl group substitution site.
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Table 1. Phase transition temperaturéS)(and nematic phase thermal range of the compounds
recorded at 8C min® from differential scanning calorimetry (DSC) armhirmed by polarised
optical microscopy (POM). The enthalpiedH( in kJmol') and entropiesAS in Jmol'’K™),
respectively, are presented in parenthed&g.= Tn. -Tcr-n, IS In cooling cycle, whereyl; is

nematic-isotropic transition temperature angnfis crystal-nematic transition temperatures.

Compound | X Y Phase Transitionsin °C (enthalpy and entropy) ATy (°C)
5a H H Cr 122.:(41.88, 105.7) N 161.(0.33, 0.7)) Iso 38.€
Cr 78.4(22.74, 102.07 ) N 158.8(0.27, 0.63) Iso | 80.4
5b CH; |H Cr117.4 42.6¢, 109.39) N 128.2 (C14, 0.3} Isc 1C.8
Iso 126.9 (0.36, 1.39) N 54.@r 72
5c H CH; | Cr99.¢(45.9, 123.3) N 120.0 (0.3, 0.8) 20.€
1s0118.1(0.4, 0.9 )N r.t. 88.1
T indicated obtained by polarizing optical MICrgsen

Table2. UV-visible absorption of compoundSa-5c) in chloroform solvent at ¢ = 1xFM

Compound Conditions Absorption| Molar extinction coefficient| Assignment

(vma/nm) | (e/Lmol™cm?)

5a Virgin sample 346 28711 T-m*

438 1443 n-m*

Exposed with 366 | 332 20896 -

nm light for 30min | 438 2177 n-i*

After keeping 24 h | 348 35621 T-m*

in dark 444 1248 n-*

Virgin sample 346 27038 T-m*

438 1574 n-r*

5b Exposed with 366 | 334 20681 -

nm light for 30min | 441 1965 n-m*

After keeping 24 h | 346 27563 n-m*

in dark 438 740 n-m*

Virgin sample 346 27349 n-m*

438 1346 n-r*

Exposed with 366 | 332 22612 T-m*

5c nm light for 30min | 438 3020 n-m*

After keeping 24 h | 346 26102 n-m*

in dark 338 1346 n-*
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Table 3. Calculated electronic transitions for maximum peaklV-visible absorption spectra of

hockey stick mesogenSg-5c) in gas medium and solvent phase.

Medium Compound | Maximum peak | Highest oscillator Transitions
at wavelength strength (f)
(Amax)
Trans (peak A)
Gas phase ba 283.68: 0.12¢ HOMO-4 - LUMO (15%),
HOMO-4 - LUMO+1 (24%),
HOMO-1- LUMO+2 (10%),
HOMO - LUMO+2 (21%)
5b 282.43! 0.22¢ HOMO-4 - LUMO+1 (30%),
HOMO-3 - LUMO (41%)
HOMO-11- LUMO+1 (2%)
5¢c 282.89: 0.22: HOMO-4 - LUMO (22%),
HOMO-4 - LUMO+1 (36%),
HOMO-3 - LUMO+1 (11%)
Solvent phase ba 285.04! 0.25¢ HOMO-4 - LUMO (19%),
HOMO-4 - LUMO+1 (42%),
HOMO-3 - LUMO+1 (14%)
5b 283.19¢ 0.347 HOMO-4 - LUMO+1 (51%),
HOMO-3 - LUMO+1 (16%)
HOMO-11- LUMO+1 (2%)
5¢c 284.75: 0.21¢ HOMO-4 - LUMO (12%),
HOMO-4 - LUMO+1 (31%),
HOMO-3 - LUMO+1 (11%)
Trans (peak B)
Gas phase 5a 369.07! 1.587 HOMO-LUMO (96%)
5b 359.21¢ 1.39¢ HOMO—-LUMO (95%)
5¢c 376.71. 1.45( HOMO-LUMO (93%)
HOMO-1-LUMO (4%)
Solvent phase ba 379.97¢ 1.40¢ HOMO-LUMO (94%)
HOMO-1-LUMO (4%)
5b 376.34t 1.34¢ HOMO-LUMO (97%)
5¢c 388.35¢ 1.32¢ HOMO—-LUMO (97%)
Cis (peak B)
Gasphase 5a 329.80:« 0.65¢ HOMO-1- LUMO+1 (73%)
HOMO-4-LUMO+1 (7%),
HOMO-1-LUMO (8%),
5b 332.00: 0.66¢ HOMO-1-LUMO (10%),
HOMO-1-LUMO+1 (73%)
HOMO-4-LUMO+1 (5%)
5¢c 330.34¢ 0.63¢ HOMO-1-LUMO+1 (79%)
HOMO-4-LUMO+1 (8%),
HOMO-1-LUMO (4%),
Solvent phase 5a 335.19( 0.72¢ HOMO-1-LUMO+1 (69%)
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HOMO-4-LUMO+1 (5%),
HOMO-3-LUMO (7%),

5b 334.74( 0.761 HOMO-1->LUMO+1 (79%)
HOMO-4-LUMO+1 (6%),
HOMO-3-LUMO (3%)

5¢ 334.21 0.79¢ HOMO-15LUMO+1 (83%)
HOMO-4-LUMO+1 (6%),

Cis (peak C)

Gas phase 5a 555.53( 0.04¢ HOMO—LUMO (85%)
HOMO -3-LUMO (5%)
HOMO—LUMO+1 (4%)

5b 552.58: 0.03¢ HOMO —>LUMO (82%)
HOMO-2-LUMO (6%),
HOMO—LUMO+1 (8%)

5¢ 544.83! 0.03( HOMO—LUMO (88%)

HOMO-2-LUMO (5%)

Solvent phase 5a 542.19: 0.051 HOMO—LUMO (86%)
HOMO-3-LUMO (8%)

5b 541.36! 0.047: HOMO—LUMO (87%)

HOMO-3-LUMO (9%)

5¢ 536.26( 0.042: HOMO—LUMO (88%)

HOMO-3-LUMO (7%)

Table 4. Calculated values of chemical potentig),(chemical hardnesg)(and electrophilicity
index @) of hockey stick mesogenSa-5c) in gas medium and solvent.

M edium Compound IP(eV) EA (eV) H (eV) 7 (eV) Q (eV)
Trans
5a 7.20¢ -1.281 -2.9€2 8.48¢ 0.517
5b 7.227 -1.18¢ -3.01¢ 8.41¢ 0.522
Gas
5¢ 7.167 -1.27¢ -2.946 8.44: 0.514
5a 6.50¢ -2.46: -2.021 8.96¢ 0.228
- - Z C 0
Solvent 5b 6.50¢ 2.421 2.044 8.92¢ 0.24
5¢ 6.46° -2.46¢ -1.99¢ 8.937 0.223
Cis
5a 7.14¢ -1.10z -3.021 8.247 0.55:
5b 7.12¢ -1.07¢ -3.02¢ 8.20: 0.557
Gas
5¢ 7.14( -1.057 -3.041 8.19¢ 0.56¢
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Solvent

5a 6.33¢ -2.21¢ -2.06: 8.55¢ 0.249
5b 6.31¢ -2.16¢ -2.07: 8.482 0.25¢
5c 6.32¢ -2.151 -2.08¢ 8.47¢ 0.257
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Schemel. Synthetic details of the hockey stick compounds. Reagent and conditions: (i) Dry
acetone, KHCO3;, CH,=CH(CH_)qBr, KI; (ii) 5% Pd/C, H,, dry EtOAcC, stirring 48 h; (iii) Abs.
EtOH, 2-3 drops of glacial acetic acid, reflux 6h; (iv) HCl, NaNO,, 0-5 °C, phenol or o-cresol or
m-cresol, NaOH; (v) DCC, DMAP, DCM, stirring 48 h.

Fig 1. DSC thermogram of compound 5a at scan rate of 5°Cmin™.

Fig 2. Polarising optical microscopic texture of the compound (5a). (a) two brush defect texture
of N phase at 173 °C. (b) Co-existence of N-Cr transition at 83.2 °C.

UV-Visible spectra of compoundsin chloroform (c= 1x10°M).

Fig. 3. Fig.3. DSC thermogram of the compound (5b) at heating and cooling rate of 5 °Cmin’™.
Fig 4. Polarising optical microscopic textures of the compound (5b). (&) Growth of the
schlieren texture from isotropic liquid at 127.7 °C; (b) homeotropic texture at 127.6 °C; (c)
appearance of thread like texture from homeotropic region at 127.5 °C; (d) thread texture of the
nematic phase at 127.4 °C; (¢) Co-existence of N-Cr transition at 53.8 °C.

Fig. 5. UV-visible absorption spectra of compounds (5a-5¢) in chloroform (c= 1x10°M). Inset
represents the expanded region of 400-500 nm.

Fig. 6. UV-visible absorption spectra of 5¢ in chloroform (c= 1x10°M). (a) Freshly prepared
sample of trans-isomer before irradiation. (b) Cisisomer obtained after irradiation with UV-light
(366 nm) for 30 min. (c) Irradiated solution after keeping in dark for 24 h. Inset represents the
expanded region of 400-500 nm.

Fig 7. Change in the optical texture of the nematic phase on irradiation of the UV light (366 nm)
at 119 °C in different time interval. (a) 0 sec; (b) 20 sec.

Fig 8. POM textures of the compound 5c at constant temperature 119.5 °C on increasing the
intensity of the halogen lamp light in a nematic phase: (a) Nematic phase; (b), (c) and (d) show
isotropic region increase on increasing the intensity of the light; (e) isotropic liquid; (e)
appearance of the schlieren texture of nematic phase.

Fig. 9. Optimized geometry of hockey stick shaped mesogens compounds considering different
positions of methyl group with respect to azo and /or ester group; (i) trans conformation (ii) cis
conformation. (&) 5a; (b) 5b; (c) 5c.

Fig. 10. Location of highest occupied molecular orbital (HOMO), lowest unoccupied molecul ar
orbital (LUMO) of compounds (5a-5c¢) in solvent phase (a) 5a; (b) 5b; (c) 5c.
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Fig. 11. The molecular e ectrostatic potential distribution of compounds (5a-5c¢) in solvent phase
for both trans and cis conformations.
Fig. 12. UV-visible absorption spectra of compound (5a-5c) in (a) gas phase (b) solvent phase.

Here (i) and (ii) represents the trans conformation and cis conformation respectively.
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Schemel. Synthetic details of the hockey stick compounds. Reagents and conditions: (i) Dry
acetone, KHCO3, CH,=CH(CH,)¢Br, KI, reflux, 48 h.; (ii) 5% Pd/C, H,, dry Ethyl acetate,
stirring 48 h.; (iii) Absolute EtOH, 2-3 drops of glacial acetic acid, reflux 6h.; (iv) HCI, NaNO,,

0-5 °C, phenoal or o-cresol or m-cresol, NaOH; (v) DCC, DMAP, DCM, stirring 48 h.
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Fig.1. DSC thermogram of compound 5a at scan rate of 5 °Cmin™.

Fig 2. Polarising optical microscopic texture of the compound (5a). (a) two brush defect texture

of N phase at 158.8 °C. (b) Co-existence of N-Cr transition at 78.4 °C.
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Fig.3. DSC thermogram of the compound (5b) at heating and cooling rate of 5 °Cmin’™,
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Fig 4. Polarising optical microscopic textures of the compound (5b). (@ Growth of the
schlieren texture from isotropic liquid at 127.7 °C; (b) homeotropic texture at 127.6 °C; (c)
appearance of thread like texture from homeotropic region at 127.5 °C; (d) thread texture of the

nematic phase at 127.4 °C; (e) Co-existence of N-Cr transition at 54.9 °C.
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Fig. 5. UV-visible absorption spectra of compounds (5a-5c) in chloroform (c= 1x10°M). Inset
represents the expanded region of 400-500 nm.

0.3

0.2

0.1

Absorbance

-5¢c

/ (@

(b)

Absorbance

Vargin sample
e exposed with 366 nm UV light for 30 min
(€) ==—24hin dark

0.054
0.044
0.03

0,02-\/\
001-\\/\
0.00

400 425 450 475 500

Wavelength(nm)

O 1
300

350

400

450 500 550

Wavelength (nm)

Fig. 6. UV-visible absorption spectra of 5c in chloroform (c= 1x10°M). (a) Freshly prepared
sample of trans-isomer before irradiation. (b) Cisisomer obtained after irradiation with UV-light
(366 nm) for 30 min. (c) Irradiated solution after keeping in dark for 24 h. Inset represents the

expanded region of 400-500 nm.
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Fig 7. Change in the optical texture of the nematic phase on irradiation of the UV light (366 nm)
at 119 °Cin different time interval. (a) 0 sec; (b) 20 sec.
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Fig 8. POM textures of the compound 5¢c at constant temperature 119.5 °C on increasing the
intensity of the halogen lamp light in a nematic phase: (a) Nematic phase; (b), (c) and (d) show
isotropic region increase on increasing the intensity of the light; (e) isotropic liquid; (€)
appearance of the schlieren texture of nematic phase.
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Fig. 9. Optimized geometry of hockey stick shaped mesogens compounds considering different
positions of methyl group with respect to azo and /or ester group; (i) trans conformation (ii) cis
conformation. (@) 5a; (b) 5b; (c) 5c.
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Fig. 10. Location of highest occupied molecular orbital (HOMO), lowest unoccupied molecular
orbital (LUMO) of compounds (5a-5c) in solvent phase (a) 5a; (b) 5b; (c) 5c.
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Fig. 11. The molecular electrostatic potential distribution of compounds (5a-5c) in solvent phase

for both trans and cis conformations.
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Fig. 12. UV-visible absorption spectra of compound (5a-5c) in (&) gas phase (b) solvent phase.
Here, (i) and (ii) represents the trans conformation and cis conformation respectively.
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Highlights
Design and synthesis of the new azo-functionalised reactive hockey stick mesogens.
Compounds display low-temperature nematic phases.
Photo-switching behaviour is observed in the nematic phase as well asin solution.
Computational studies were performed to understand structural relaxation,
spectroscopic properties and reactivity parameter of the azo-functionalised reactive

hockey stick mesogens.



