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Synthesis of a Janus-type structure with liquid crystal 
properties and photoisomerization study 

JORGE VERGARA C*1, JAIME DIAZ1,  PAULINA I. HIDALGO1.

ABSTRACT

A new Janus system with liquid crystal properties was synthesized based on units derived from cyanoazobenzene and benzyl 
ether in its hemispheres, linked by a hydrazide group. The final compound and precursors with liquid crystal properties showed 
a nematic mesophase. Its mesomorphic properties were studied by polarized light microscopy and DSC. Cis/trans isomerization 
of the azo group in solution and liquid crystal state was studied using UV-Vis spectroscopy.

INTRODUCTION

Searching for new molecular structures with different physical 
properties is challenging, particularly for technological ap-
plications [1]. One of these attractive structures is known as 
the Janus type structure. Janus structures are special types of 
molecules whose hemispheres have distinct structural systems, 
allowing two different types of properties to occur on the same 
molecule providing asymmetry and can thus impart drastically 
different chemical or physical properties within a single 
molecule [2-4]. It was reported that the self-assembly of such 
structure allows obtaining different properties in the micelle, 
amphiphilic colloid, optical and liquid crystal fields [3,5-9]. 
Molecules with such structures could present the ability to self-
assembly, leading to materials showing interesting properties 
in the electronic and biological field [10,11]. One of the most 
important interests generated by these materials is their multi-
functionality and ability to link incompatible systems [12-14].

Since liquid crystal properties are used in numerous 
applications in electronic devices, the interest in such materials 
keeps growing, especially in the search for a new structural 
system that could combine the liquid crystal properties with 
others [15,16]. An example is dendrimers with liquid crystal 
properties were reported with interesting properties such as 
controlled drug releases, nonlinear optics and photoactive 
materials [17-19]. Furthermore, dendrimers are known for their 
remarkable ability to self-assembly, could be prepared and 
orientated to applications according to their functionalities 
present in the structure [18,20,21].
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Incorporating functional groups in a dendritic system gene-
rates an interesting synthetic strategy to obtain materials with 
potential technological applications; for example, the azo 
group can isomerize in the liquid crystal state or the carbazole 
group exhibits luminescence depending on the carbazole units 
[8,19,22,23]. 

Other fascinating systems with liquid crystal properties are 
star-shaped, polycatenar, and dendritic structures [24-26]. 
Recently, a particular interest has been given to materials able 
to change their physical properties induced by an external factor 
which could be chemical or physical. Such as the isomerization 
with light in the stilbenzenes and azobenzene groups, causing 
a structural and functional transformation in the material 
[27]. The azo compounds represent a class of molecules, able 
to change their configuration from trans to cis through a 
photon induction process in the visible and ultraviolet range 
[28]. They provide new perspectives in obtaining functional 
materials that can switch with a specific wavelength. Their 
incorporation in a molecular structure allows the generation 
of various structural organizations, especially when combined 
with materials presenting liquid crystal properties [29]. It is 
essential to underline that, from this combination, additional 
relevant properties emerge as optical commutation, dynamic 
holography, nonlinear optic and high density data storage [30].

Involved in the study of liquid crystals, our investigation group 
described an organic compound containing a diacylhydra-zine 
group [31]. This functional group has the characteristic of self-
organizing supramolecular by hydrogen bonding around the 
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amide groups, providing a liquid crystal state [32,33]. Promoting 
the gelling properties and stabilizing the mesophase in the liquid 
crystal state [34-36]. In addition, it is a very attractive functional 
group as a chelating agent in the preparation of complexes [37].

This paper presents the synthesis of a compound janus type 
with liquid crystal properties. This janus structure contains 
on one side calamitic mesogenic units functionalized by an 
azo group, while the other hemisphere contains benzyl ethers, 
both hemispheres linked by dihydrazide grup. The molecular 
structures were confirmed by spectroscopic characterization 
and thermal studies were followed by thermogravimetric 
analysis (TGA) and differential scanning calorimetry (DSC). 
Mesomorphic studies were discussed using polarized optic 
microscopy (POM) techniques. In addition, its photophysical 
properties were studied from the UV-Visible spectrum.

EXPERIMENTAL SECTION

General
All reagents were obtained from commercial sources (Merck 
or Aldrich) and used without further purification. The organic 
solvents were of analytical grade quality. The purity of the 
compounds was checked by thin-layer chromatography (Merck 
Kieselgel 60F254). 

1H NMR and 13C NMR spectra were recorded using a Bruker 
Ascend 400 MHz spectrometer, with CDCl3 and DMSO-d6 as 
solvents and tetramethylsilane (TMS) as an internal standard. 
FT-IR spectra were recorded with a Nicolet Magna 550 
spectrometer. 
Mesophases analysis was performed using an Olympus BX41 
optical microscope equipped with an Olympus U-TV0.5XC-3 
polarizer, a Linkam THMS600 heat stage, and an RTVQIMA-
GING digital camera. Transition temperatures and enthalpies 
were investigated by DSC using a NETZSCH DSC 204 F1 
Phoenix calorimeter. Samples were encapsulated in aluminium 
pans and observed at scanning rate of 10°C min−1 on heating 
and cooling. The instrument was calibrated using an indium 
standard (156.6°C, 28.44 J g−1) under a nitrogen atmosphere. 

Ultraviolet absorbance measurements were made with a 
Shimadzu UV-1800 spectrophotometer, using a 1 cm path 
cuvette and solution at concentrations of 2.0×10−5 mol/L in 
dichloromethane for UV-Vis study.

Methyl 3,4,5-tris(benzyloxy)benzoate (1):
10.0 g of methyl 3,4,5-trihydroxy benzoate (54.3 mmol), 67.54 
g of K2CO3 (489 mmol) and 23.46 mL of benzyl bromide (200 
mmol) are mixed. The reaction was allowed to stir at room 
temperature for 5 hours. The mixture is then poured into water 
and vacuum filtered. The product obtained was recrystallized 
from an ethanol/water mixture. Yield: 94.5% MP: 103.4°C. FT-
IR (KBr) [cm−1]: 2945, 2877 (Csp3–H), 1713 (C=O); 1586 (C=C), 
1209 (C-O). 1H RMN (CDCl3, TMS, 400 MHz) δ ppm: 3.93 (s, 
3 H, OCH3), 5.16 (s, 2 H, OCH2), 5.18 (s, 4 H, OCH2), 7.49 - 7.29 

(m, 17 H, arom). 13C RMN (CDCl3, TMS, 100 MHz) δ ppm: 
52.3, 71.2, 75.1, 109.1, 125.2, 127.6, 129.0, 128.0, 128.2, 128.5, 
128.6, 136.7, 137.5, 142.4, 152.6, 166.7

3,4,5-tris(benzyloxy)benzoic acid (2):
20.08 g of Methyl 3,4,5-tris (benzyloxy) benzoate (44.2 mmol), 
8.65 g of KOH (154.7 mmol) are dissolved in 270 mL of a 1: 
1 MetOH/H2O mixture. The reaction was allowed to stir for 
48 hours at the ref lux temperature (80°C). After the time has 
elapsed, the mixture is allowed to cool and neutralized with 
10% HCl, the solid is vacuum filtered and recrystallized from 
an ethanol / water mixture. 
Yield: 86.3% MP: 203°C. FT-IR (KBr) [cm−1]: 3028 (OH), 
2870 (Csp3–H), 1686 (C=O), 1593 (C=C), 1228 (C-O) 1H RMN 
(DMSO-d6, TMS, 400 MHz) δ ppm: 5.03 (s, 2H, OCH2), 5.17 
(s, 4H, OCH2), 7.24 - 7.47 (m, 17H, arom), 13.0 (s, 1H, OH) 13C 
RMN (DMSO-d6, TMS, 100 MHz) δ ppm: 70.7, 74.7, 108.7, 
127.9, 128.4, 128.7, 128.90, 137.3, 141.4, 152.5, 167.3

3,4,5-tris(benzyloxy)benzoyl chloride (3):
0.230 g of 3,4,5-tris (benzyloxy) benzoic acid (0.523 mmol) 
[38], 0.089 mL of oxalyl chloride (1.05 mmol) and 3 drops of 
DMF as catalyst are mixed, these are dissolved in 20.0 mL of 
dry dichloromethane. The reaction was allowed to stand at room 
temperature for 19 hours. Finally, the solvent is evaporated. 
The compound was used without prior purification for the next 
reaction step.

4-((4-hydroxyphenyl)diazenyl)benzonitrile (4):
6.0 g of 4-aminobenzonitrile (51 mmol) are mixed in 170 mL of 
water, the mixture is cooled in a water-ice bath between 0-5°C. 
Then add 4.22 g of NaNO2 (61.2 mmol) dissolved in 15 mL of 
H2O, then acidified by adding dropwise 50 mL of a 1: 3 HCl/H2O 
mixture ensuring that the temperature did not exceed 5°C and 
allowed to stir for 1 hour.

On the other hand, 5.76 g of phenol (61.2 mmol) were dissolved 
in 40.0 mL of 10% KOH, this solution was poured onto the 
diazonium salt and allowed to stir for 1 hour, then brought 
to mild acid pH by adding HCl 10%. Finally, the solid was 
filtered and recrystallized from an ethanol/H2O. Yield: 61.3% 
MP: 204°C. FT-IR (KBr) [cm−1]: 3310 (O–H), 2227 (CN), 1576 
(C=C). 1H RMN (CDCl3, TMS, 400 MHz) δ ppm: 6.94 (m, 2H, 
arom), 7.82 - 7.98 (m, 6H, arom), 10.54 (s, 1H, OH) 13C RMN 
(CDCl3, TMS, 100 MHz) δ ppm: 112.65, 116.61, 123.22, 126.08, 
145.72, 154.75, 162.55

4-((4-((8-bromooctyl)oxy)phenyl)diazenyl)benzonitrile (5):
3.5 g of azo compound 4 (15.5 mmol), 5.11 g of triphenylphos-
phine (19.5 mmol), 3.24 g of 8-Bromo-1-octanol (15.5 mmol) 
and 3.95g of DIAD (19.5 mmol) are mixed. The reaction is 
left at room temperature for 96 hours, finally the product was 
purified by f lash colum using dichloromethane as the eluent. 
MP: 88°C Yield: 78.2%. FT-IR (Disco KBr) [cm−1]: 2930, 2856 
(Csp3–H), 2218 (CN), 1594 (C=C). 1H RMN (CDCl3, TMS, 
400 MHz) δ ppm: 1.41 (m, 8H, CH2), 1.88 (m, 4H, CH2), 3.4 
(t, 2H, CH2Br), 4.08 (t, 2H, OCH2), 7.05 (m, 2H, arom), 7.82 - 
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7.95 (m, 6H, arom) 13C RMN (CDCl3, TMS, 100 MHz) δ ppm: 
25.9, 28.1, 28. 7, 29.1, 29.2, 32.7, 34.0, 68.4, 113.1, 114.9, 118.7, 
123.01, 125.5, 133.2, 146.7, 154.8, 162.8

methyl 3,4,5-tris((8-(4-((E)-(4-cyanophenyl)diazenyl)phenoxy) 
octyl)oxy)benzoate (6):
6.27 g of 5 (15 mmol), 0.77 g of Methyl 3,4,5-trihydroxy 
benzoate (4.2 mmol), 3.48 g of K2CO3 (25.1 mmol) and 2.09 
g of KI (12.6 mmol) were mixed and dissolved in 80 mL of 
DMF. The reaction was allowed to stir at ref lux temperature 
(80°C) for 48 hours. Subsequently the mixture is cooled and 
poured into water, finally the solid is vacuum filtered. The 
product obtained was purified by column chromatography 
using dichloromethane as the eluent. 
Yield: 31.3%. MP: Cr 83°C N141°C. FT-IR (Disco KBr) [cm−1]: 
2931, 2856 (Csp3–H), 2221 (CN), 1715 (C=O), 1591 (C=C), 1250 
(C-O). 1H RMN (CDCl3, TMS, 400 MHz) δ ppm: 1.34 – 1.52 (m, 
20H, CH2), 1.73 – 1.89 (m, 12H, CH2), 3.92 (S, 3H, OCH3), 4.00 
– 4.10 (m, 12H, OCH2), 7.01 (m, 6H, arom), 7.29 (s, 2H, arom),
7.80 (m, 6H, arom), 7.93 (m, 12H, arom). 13C RMN (CDCl3,
TMS, 100 MHz) δ ppm: 26.0, 29.3, 52.2, 68.4, 69.1, 73.4, 106.5,
108.0, 114.9, 118.7, 125.5, 133.2, 146.7, 152.8, 154.8, 162.7, 166.9

3,4,5 -tris((8-(4-((E)-(4-cyanophenyl)diazenyl)phenoxy)
octyl)oxy)benzohydrazide (7):
0.83 g of 6 (0.7 mmol), 10 mL of hydrazine and 20 mL of 
ethanol were mixed, the reaction was allowed to stir at ref lux 
temperature (80°C) for 48 hours. The mixture is then removed 
and poured into water, finally the solvent is evaporated and the 
product is recrystallized from an ethanol/water mixture. MP: 
Cr 78°C N 130°C Yield: 60.2%. 
FT-IR (Disco KBr) [cm−1]: 3308 (NH2), 3056 (N-H), 2929, 2855 
(Csp3–H), 2216 (CN), 1603 (C=O), 1503 (C=C), 1237 (C-O). 1H 
RMN (CDCl3, TMS, 400 MHz) δ ppm: 1.85 (m, 12H, CH2), 4.10 
(m, 12H, OCH2), 1.56 (m, 20H, CH2), 7.01 (m, 8H, arom), 7.78 
(m, 6H, arom), 8.14 (m, 12H, arom). 13C RMN (CDCl3, TMS, 
100 MHz) δ ppm: 26.1, 29.1, 68.2, 69.3, 73.6, 106.8, 107.7, 114.7, 
118.3, 125.8, 133.0, 146.5, 152.4, 154.5, 162.8, 165.9

3 , 4 , 5 - t r i s ( b en z y lox y) - N’- (3 , 4 , 5 - t r i s ((8 - (4 - (( E) - (4 -
c ya nopheny l ) d i a z eny l ) phenox y) o c t y l ) ox y)ben z oy l )
benzohydrazide (8):
0.24 g of 3,4,5-tris (benzyloxy) benzoyl chloride (0.52 mmol), 
0.47 g of 7 (0.40 mmol) and 0.030g of DMAP were mixed, these 

are dissolved in 50 mL of NMP (dry), then Add 10 drops 
of triethylamine. The mixture was allowed to stir at room 
temperature for 41 hours. Subsequently it was poured into water 
and the pH was adjusted with 10% HCl. 
The solid obtained was vacuum filtered and purified by column 
chromatography using as eluent a dichloromethane/ethyl ace-
tate 3:7 mixture. MP: Cr 86°C N 119°C Iso. Yield: 40.8%. FT-IR 
(Disco KBr) [cm−1]: 3369 (N-H), 2925, 2855 (Csp3–H), 2214 (CN), 
1594 (C=O), 1501 (C=C), 1246 (C-O). 1H RMN (CDCl3, TMS, 
400 MHz) δ ppm: 1.37 (m, 20H, CH2), 1.83 (m, 12H, CH2), 3.94 
- 4.10 (m, 12H, OCH2), 5.09 (m, 6H, OCH2), 7.02 (m, 2H, arom),
7.28 (m, 6H, arom), 7.79 (m, 6H, arom), 7.93 (m, 12H, arom) 13C
RMN (CDCl3, TMS, 100 MHz) δ ppm: 26.0, 29.3, 68.4, 69.2, 75.2,
105.8, 106.7, 113.2, 114.8, 118.7, 123.1, 125.47, 133.2, 136.5, 146.7,
152.9, 154.8, 162.7

3,4,5 -tris((8-(4-((E)-(4-cyanophenyl)diazenyl)phenoxy)
octyl)oxy)benzoic acid (9)
1.50 g of Compound 6 was saponified using 0.112 g (2.00 mmol) 
of KOH in a 100 mL methanol/water (2:1) solution  under  ref lux  
for  24 h. The   solution   was   cooled, diluted   with   water   and 
acidified with HCl. The chiral acid 9 was purified by column 
chromatography using as eluent ethyl acetate. FT-IR (Disco 
KBr) [cm−1]: 2928, 2856 (Csp3–H), 2223 (CN), 1715 (C=O), 
1590 (C=C), 1250 (C-O). 1H RMN (CDCl3, TMS, 400 MHz) δ 
ppm: 1.37 – 1.47 (m, 20H, CH2), 1.76 – 1.89 (m, 12H, CH2), 4.05 
(m, 12H, OCH2), 7.0 (m, 6H, arom), 7.3 (s, 2H, arom), 7.8 (m, 
6H, arom), 7.93 (m, 12H, arom).  13C RMN (CDCl3, TMS, 100 
MHz) δ ppm: 30.7, 33.92, 73.0, 73.6, 77.5, 102.7, 116.3, 118.4, 
120.11, 128.017, 130.5, 138.7, 144.6, 147.7, 157.3, 159.0

RESULT Y DISCUSSION

Synthesis
The synthetic route to obtain the janus structure (8) is descri-
bed in Figure 1 and Figure 2. Figure 1 shows the synthetic route 
of the hemisphere with the benzyl groups. First, benzylated 
methyl gallate (1) is obtained with good yields from the 
alkylation between methyl gallate and benzyl bromide. In 
the next step, a acid (2) is obtained by basic hydrolysis and 
subsequent acidification. [38]. This is necessary to obtain the 
acid chloride (3) using oxalyl chloride, which was used without 
further purification to synthesize the final compound.

Figure 1. Synthetic route of the hemisphere with the benzyl groups.
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Figure 2 depicts the janus compound (8) synthesis. The 
azocyanobenzene unit (4) was obtained by reaction with 
diazonium salt and phenol. The product was alkylated with 
8-bromo-1-octanol by Mitsunobu reaction, obtaining excellent
yields [39]. The calamitic dendron (6) was synthesized by
the Williamson reaction with methyl gallate. Subsequent
condensation with hydrazine gives the hydrazide (7). The
final compound (8) is obtained using the acid chloride of the
benzylated hemisphere (3) and the hydrazide (7).
The synthesized compounds were characterized by FTIR, 13C
and 1H NMR. Molecules showing liquid crystal properties were
studied by DSC, TGA and MOP.

Compound 8, corresponding to the Janus structure, is obtained 
as described in Scheme 2. The first step, obtained with 
good yields, was a reaction between the diazonium salt of 
4-aminobenzonitrile and phenol, leading to the formation of
the azocianobenzene (4), identified by spectroscopic methods.
In the second step, a Mitsunobu reaction on compound 4 using
8-bromo-1-octanol, was carried out, allowing the formation of
compound 5 which is obtained with high yields.
The structure of product 5 was evidenced by FTIR analysis
showing the disappearance of the OH band and the presence
of expected RMN signals, particularly the corresponding to
the -CH2-O group as a triplet at 4.08 ppm. Compound 5 was
chemically transformed into product 6 in the third step via a
Williamson reaction on methyl gallate. The characterization
of compound 6 was successfully established using FTIR and

NMR spectroscopy, mainly due to the occurrence of a singlet 
at 3.92 ppm corresponding to the methyl group. 
The next step consisted of a condensation reaction between 
hydrazine and compound 6, which led to product 7, which 
was characterized by FT-IR showing the presence of an amine 
group (3308 and 3056 cm-1). The janus product 8 was finally 
obtained by linking the precursors 7 and 3 through an amide 
union. The spectroscopy studies confirmed the formation of 
product 8. Using FTIR analysis, we observed that the double 
band attributed to –NH2 of compound 7 was converted to a 
unique band corresponding to –NH- (3369 cm-1) of product 8, 
showing the amide formation. Moreover, the carbonyl band was 
slightly shifted to lower values (1594 cm-1). The 1H NMR and 
13C NMR spectra of compound 8 present the expected signals 
with a correct proportion of protons for each signal.

Mesomorphic properties
Polarized light optical microscopy (POM) and differential 
scanning calorimetry (DSC)were used to investigate the liquid 
crystal properties of the Janus product and its precursors. The 
corresponding textures obtained from POM are illustrated in 
Figure 4; the temperatures of the phase transitions with their 
enthalpies of transition are indicated in Table 1. Only the 
precursors 6, 7 and the janus (8) product showed mesomorphic 
behavior. In contrast to compound 5, which did not show liquid 
crystal properties, the mesophase behavior of compound 6 is 
probably due to a lack of mobility of azocyanobenzene units. 
Which promotes and induces ordered molecular organization. 
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Figure 2. Synthetic route of the hemisphere with the benzyl groups.

Figure 3. Synthetic route of acid dendron (9).
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Com-pound 6 exhibits a wide mesomorphic range of 62°C and 
a nematic phase. However, a DSC analysis of this compound 
showed the presence of a glass temperature (68°C), the 
mesophase-solid transition could not be observed in the cooling 
process. The chemical transformations of the precursors 6 to 
produce the compound 7 and the final Janus product 8 did not 
result in a change in the mesophase; the nematic mesophase is 
preserved in these compounds. Compounds 7 and 8’s clearing 
temperatures were determined. (Table 1) 

The highest clearing temperature, corresponding to compound 
7, explains the wide range of liquid crystal stability. However, 
the strong intermolecular interaction due to hydrogen bonds 
in this molecule induces a solidification at higher temperature 
maintaining the Tg. Compound 8 showed lower clearing and 
crystallization temperature, due to the benzyl groups which disturb 
the supramolecular organization Other studies on Janus dendritic 
systems with benzyl groups in one of their hemispheres have 
yielded different results depending on the structural characteristic 
of the opposite hemisphere [10,11]. 
Parra et al.,[31] reported diacylhydrazines with calamitic 
structures, showing a lamellar-type arrangement (SmC). This 
and other works by XRD study evidenced that the stabilization 
of the mesophase is attributed to the interaction by hydrogen 
bonding of the hydrazine groups with their neighboring 
molecules[32,40-42].

However, compound 8 has an evident steric hindrance that 
obstruct efficient hydrogen bonding interaction of hydrazine 
groups. This allows for the appearance of a one-dimensional 
organization (nematic mesophase) rather than a two-dimen-
sional organization (smectic mesophase). Even with a hemis-
phere does not promote good organization, the Janus compound 
still has liquid crystal properties. 

While the transition energies from the isotropic state to the 
nematic mesophase (N) are very small and for compounds with 
a high molar mass, it is normal that a peak is not observed in the 
DSC. The glass transition (Tg) is a second order transition and 
it is expected that energy associated with DSC does not appear. 
Due to the complement of the DSC and MOP techniques, the 
transition temperatures can be obtained.
To obtain another type of organization, such as lamellar or 
columnar mesophase, the methyl ester group of compound 
6 was chemically transformed in acid to obtain compound 9 
(Figure 3). The acid group can form a dimer structure through a 
hydrogen bond. However, this behavior change did not succeed, 
keeping a nematic type of organization.

The mesophase exhibited by 6, 7, 8 and 9 compounds were iden-
tified from the optical texture observed by polarizing optical 
microscopy (POM) using the classification systems reported by 
Sackmann and Demus [43] and Gray and Goodby [44]. Figure 1 
shows the textures of the compounds 6, 7, 8 and 9 observed in 

Figure 4. Optical textures (10x) observed under POM for the compounds: (a) compound 6 at 83°C, 200x, (b) compound 7 
at 97°C, 100x, (c) compound 8 at 108°C, 200x, (d) compound 9 a 106°C, 200x. All photomicrographs were taken during the 

cooling process from the isotropic liquid.
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Table 1. Phase-transition temperatures (°C) and associated enthalpy change for the products exhibiting liquid crystals 
properties. Cr, crystal; N, nematic mesophase; Tg, glass transition; I, isotropic phase.

Compounds	 Transition	temperature	(°C)	and	ΔH	[J/g]	 ΔT(°C)

6 Tg 68* N (19.2) 130 I
I 128 (1.5) N 60*Tg 62

7 Tg 83 * N 145* I
I 141 * N 75 * Tg 58

8 Tg 89 * N 119* I
I 119 * N 86* Tg 31

9 Tg 70 * N 135 (1.8) I
I 135 (1.8) N 75 * Tg 65

P* Optical microscopy data

P* Optical microscopy data
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Table 2. UV-visible absorption data for compounds 6, 8 and 9. 

Compound	 Absorption*λabs-max	[nm]	 Absorbance*	 Log	ε

6 364.6 0.133 4.82
8 365.4 0.129 4.80
9 365.7 0,036 4.25

Figure 5. Absorption spectrum of compounds 6, 8 and 9 in 
dichloromethane 2.00×10−5 mol L-1.

Figure 6. UV-Vis absorption spectrum for compound 8 when 
irradiated with 365 nm UV light.

the liquid crystal state from the polarized optical microscopy. 
Nematic mesophases were observed presenting schlieren 
(Figure 4A and Figure 4D) and marble (Figure 4B and Figure 
4C) textures. 

Ultraviolet visible absorption
Compounds 6, 7, 8 and 9 were studied by UV-Vis spectroscopy 
in dichloromethane solutions with concentrations of 2.0×10−5 mol 
L–1; all of the compounds exhibit the same behavior (Figure 5), 
with maximum absorption at 365 nm associated with the azo 
group’s π-π* transitions corresponding to the trans isomer, which 
is the thermodynamically more stable conformation [28].
Table 2 summarizes the most important data from Figure 2 
as well as the molar absorptivity value for each liquid crystal 
compound, calculated using Lambert-Beer’s law.

Isomerization
An isomerization study of compound 8 was carried out in 
dichloromethane (1.0×10−3 mol L–1). The solution was irradiated 
with a UV commercial lamp with a wavelength of 365 nm 
(Philips PL-S 9 W) at one minute intervals. 
The graph is represented in Figure 6 and shows the decrease 
in the 365 nm band at two isosbestic points (364 and 424 nm) 
corresponding to the π-π* transition of the trans conformation 
and a band appearing at 450 nm corresponding to the n-π* 
transition of the cis conformation [45,46]. After one minute 

of irradiation, the sample showed partial isomerization and 
after two minutes the sample reached a stationary state with 
one absorbance maximum appearing at 450 nm, supporting the 
presence of the cis isomer. The new absorption maximum at 
450 nm corresponds to the n-π* transition. 

The process is reversible; when irradiated with visible light 
(450 nm) there is an increase and decrease in intensities of the 
bands associated with the trans and cis isomers, respectively.
Compound 8 was irradiated in mesophase to study the behavior 
of the liquid crystal state in cis/trans isomerization; in previous 
works, it has been observed that these materials lose this property 
when irradiated [47]. 
In the case of this material, when irradiated by different power 
and at different times, in the order of minutes, no significant 
change is observed, maintaining the mesophase (Figure 7).  This 
is relevant since the mesophase of this material is relatively 
stable even if the conformation of the azo group changes from 
trans to cis due to the effect of photoisomerization.

Mixture
In dichloromethane, an equimolar proportion of the benzylated 
hemisphere (1) and the one with azo units (6) was prepared. The 
solution was left stirring until all the solvent had evaporated. 
The resulting mixture was observed under the POM (Figure 8) 
and its behavior showed a segregation of phases, a liquid crystal 
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Figure 7. Compound 8 in liquid crystal state observed by 
POM, the sample was exposed to different 
irradiation times with a 365 nm UV lamp.

Figure 8. Microphotographs of the physics mixture 
between compounds 1 and 6. (a) with crossed polarizers; 

(b) no crossed polarizers.

phase and a solid phase. The segregation of the two units explains 
an incompatibility between the two hemispheres. The only way 
to have a homogeneous interaction is the chemical union of both 
hemispheres, such as compound 8.

CONCLUSION

A new janus dendritic system connected by a diacylhydrazine 
group with liquid crystal and photoisomerizable properties was 
obtained. The structural organization of a material (cis/trans) is 
altered when it is irradiated with a specific wavelength. Adding 
three azo groups per molecule does not prevent the material 
from losing its liquid crystal properties when irradiated. This 
is an interesting result for developing photochemical sensors.
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