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A new series of liquid crystals whose molecular structure consists of a U-shaped unit as a central core and two
rod-like azobenzenes as the peripheral units are synthesized. The mesomorphic properties were investigated
bydifferential scanning calorimetry, polarizing opticalmicroscopy andX-ray diffraction. The existence of nematic
and smectic A phase was confirmed by textures and X-ray diffraction. The trans-form of azo compounds showed
a strong band in the UV region at ~365 nm for the π–π* transition, and a weak band in the visible region at
~450 nm due to the n–π* transition. These molecules exhibit a strong photoisomerization behavior in which
trans–cis take 50 and 55 s for compounds L4/5 and L4/6, respectively, whereas cis–trans take place almost 29
and 30 h, respectively. Long thermal back relaxation allows us to realize that optical storage devices with these
materials which need longer periods.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

In principle, the thermotropic liquid crystals (LCs) constructed by
rod-likemolecules exhibit nematic and/or smectic mesophases, where-
as LCswith flat disc-shapedmolecules display nematic and/or columnar
mesophases [1,2]. A new class of LCs whose anisotropic shape of the
molecules is distorted away from the classical rod or disc shapes so
called ‘non-conventional LCs’, for instance oligomeric LCs, bent-core
molecules, polycatenars, and dendrimers [1,3]. Indeed, the non-
classical molecular architectures may exhibit mesophases even though
their molecular geometry deviate substantially from the classical rod
or disc shapes [1]. In reality, since the time of Vorlander who is famous
in LCs synthesis and design, his colleague Apel [4,5] reported the first
synthesis of bent-core molecules. Disubstitution of the benzene ring ei-
ther 1,2 or 1,3-positions derived into U-shaped or bent-shaped mole-
cules that deviates significantly from classical rod-shaped molecules.

Although Yelamaggad et al. [1] described that bent core V-
shaped molecules of 1,2-phenylene bis[N-(2-hydroxy-4-n-
alkoxyloxybenzylidene)-4′-aminobenzoate]s and other reported
compounds having 1,2-subsitution of benzene ring, also termed
as bent core V-shaped molecules [5–7]. However, several reports
[8–11] are available on the 1,2-subsituted phenylene compounds
showing U-shapedmolecular architectures which are very relevant
to this work. Therefore, we desire to designate the term U-shaped mol-
ecules in this paper. It is well-established that U-shaped molecules ex-
hibit mesophases which are similar to classical calamitic LCs, whereas
banana-shaped mesogens exhibit a new type of smectic phases, which
are not comparable to the phases formed by calamitics [1]. U-shaped
molecule, viz. 1,2-phenylene bis[4-(ethoxyphenylazoxy)benzoate]
was first reported by Vorlander and Apel [5] and later Pelzl et al. [6]
hence identified this compound that exhibit a nematic phase. Some re-
ports also showed that bent-core compounds are found as fused twins
[8] or U-shapedmolecules [9]. A homologous series of U-shaped dimer-
ic liquid crystals in which twomesogenic groups are connected via cat-
echol is reported [10]. These compounds show the nematic and smectic
C phases of the evenmembers, whereas the oddmembers favor the ne-
matic and smectic A phases. They discussed the transition behavior of
the U-shaped compounds in terms of molecular shape [10].

Some interesting reports onnew types of bent-core structure inwhich
twomesogenic segments are connected to a benzene ring at the 1,2-posi-
tions through alkylene spacers, which are relevant to this study. In this
connection, Attard and Douglass [11] reported such U-shaped dimeric
liquid crystals, the benzene-1,2-di(4-carboxybenzyliedene-4′-n-
alkylanilines) in which the spacers incorporated 3 to 6 methylene units,
whilst terminal aliphatic chain lengths varied from 1 to 12 units. In the
two homologous series, an odd number of methylene units in the spacer
form nematic and smectic phases as a function of terminal chain length
whereas an even number of methylene units in the spacer are purely
smectogenic and in both series the first two homologues form only
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smectic B phases. Their X-ray diffraction studies have shown that these
smectic phases are composed of molecules arranged in bilayers [11].

On the other hand, a field of research is growing steadily on the pho-
toinduced phenomenon, in which the incident light itself brings about
molecular ordering/disordering of the liquid–crystalline system [12].
This particular aspect of photonics, in which light can be controlled by
light as a stimulus, is being proposed as the future technology for
high-speed information processing. The heart of the phenomenon in
such systems is the reversible photoinduced shape transformation of
the molecules containing the photochromic azo groups [13,14]. Liquid
crystals having low or high molar mass containing an azo-linkage
have attention due to their unique photoswitchable properties induced
by light [15–19]. Upon absorption of UV light (~365 nm) the energeti-
cally more stable E configuration (trans) converts to the Z configuration
(cis). The reverse transformation of the Z isomer into the E isomer can
be brought by irradiation with visible light (in the range of 400 to
500 nm). This reverse process is known as thermal back relaxation
which occurs in the dark and this reverse process (cis to the trans) can
occur thermally or photochemically with visible light [20–27].

To the best of our knowledge, the 1,2-bis{[4-(4-acetylphenylazo)
phenoxy]alkyloxy}benzenemoieties have not been employed to realize
such U-shaped dimeric mesogens. The introduction of flexible spacers
betweenmesogenic units can have a profound effect on the liquid crys-
tal properties and the phase transition behavior of U-shaped dimeric
materials are related with the parities of the spacer chains and terminal
alkyl chains showing nematic and smectic phases [10,11]. In this paper,
we have synthesized a series of new molecules in which two rod-
shaped photoswitchable azobenzene moieties, each carrying a short
Table 1
Phase transition temperatures (T/°C) and associated transition enthalpy values [ΔH/J g−1]
from the DSC scans of L4/n (n = 4, 5, 6 and 8).a

Compound n Heating cycles Cooling cycles

L4/4 4 Cr 148.8 SmA 154.3 N 167.5 I I 165.4 N 151.8 SmA 82.4 Cr
[49.4] [5.0] [1.0] [1.3] [5.8] [25.9]

L4/5 5 Cr 131.3 SmA 136.8 N 149.5 I I 147.1 N 134.8 SmA 70.1 Cr
[11.1] [1.8] [0.76] [0.87] [2.3] [7.3]

L4/6 6 Cr 139.6 SmA 142.5 N 154.3 I I 152.2 N 141.1 SmA 83.6 Cr
[45.9] [2.4] [1.1] [1.3] [4.0] [31.6]

L4/8 8 Cr 135.1 SmA 138.8 N 152.4 I I 149.6 N 135.8 SmA 73.5 Cr
[32.5] [4.5] [1.0] [1.2] [4.8] [21.5]

a Abbreviations: Cr = crystal, SmA= smectic A, N = nematic and I = isotropic phase.
electron withdrawing acetyl group at the terminals [12c], are attached
to a 1,2-phenylene unit via alkylene spacers and ether linkagewhich ex-
hibits nematic and smectic A phases irrespective of chain length and
parity.
2. Characterization

The structures of the intermediates and final products were con-
firmed by spectroscopic methods. FT-IR spectra were recorded with a
PerkinElmer (BX 20) spectrometer. 1H NMR spectrum were recorded
with a Jeol (ECA 600) and 13C NMR was also recorded with a Jeol
(150 MHz) spectrometer. The transition temperatures and their en-
thalpies were measured by differential scanning calorimetry (Mettler
Toledo Star, SW 7.01), heating and cooling rates were 10 °C min−1.
Optical textures were determined by using a Mettler FP 82 hot stage
and control unit in conjunction with a Nikon Optiphot 2 polarizing op-
tical microscope. The compositions of the compounds determined by
CHNS elemental analyzer (Leco & Co) confirmed molecular structures.
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Fig. 1. DSC heating and cooling traces of compound L4/n (n = 4, 5, 6 and 8) at 10
°C min−1.



c 

a

g

b

d

e

f 

h 

Fig. 2. Optical textures of compounds L4/4, L4/5, L4/6 and L4/8 on cooling from the isotropic liquids (a, b, c, d) show the nematic phases at 162, 144, 150 and 146 °C, respectively, and
smectic A phases (e, f, g, h) at 145, 128, 135 and 130 °C of L4/4, L4/5, L4/6 and L4/8, respectively.
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X-ray diffractionmeasurements were carried out using Cu-Kα radiation
(λ = 1.54 Å) generated from a 4 kW rotating anode generator (Rigaku
Ultrax-18) equipped with a graphite crystal monochromator. Samples
werefilled inHampton research capillaries (0.5mmdiameter) from iso-
tropic phase, sealed and held on a heater. For all the samples, X-ray
diffraction was carried out in the mesophase obtained on cooling of
the isotropic phase and diffraction patterns were recorded on a two-
dimensional image plate (Marresearch). Absorption spectra were
recorded using a Shimadzu 3101 PC UV–Vis spectrometer. All the solu-
tions were prepared and measured under air in the dark at room
temperature (21 ± 1 °C) using 1 cm quartz cells. The cells were closed
to avoid the evaporation of the solvent and the solutions were stirred
during the irradiation time. The solutions were irradiated at λexc. =
254 nm, 365 and 436 nm respectively, using a 200 W high pressure
Hg-lamp HBO 200 (NARVA Berlin, Germany) and filters IF 254,
HgMon 365, and HgMon 436 (Zeiss, Jena, Germany) generating mono-
chromatic light as the excitation source. Additional protection glass fil-
ters Code-No 601 for irradiation at 365 nm and 254 nm and Code-No.
805 (both Schott, Jena, Germany) for irradiation at 436 nm were used.

3. Results and discussion

3.1. Synthesis

The synthetic approach used to prepare the intermediates and target
compounds is outlined in Scheme 1. The peripheral rod-like side arms
were prepared from 4-aminoacetophenone in which the amino group
is diazotated by sodium nitrite in the acid media, the obtained diazoni-
um salt L1 was coupled with phenol to yield 4-(4-hydroxyphenylazo)
acetophenone L2 and purified by recrystallization from methanol with
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Fig. 3. (a) X-ray diffraction pattern of the compound L4/6 at 148 °C and (b) the intensity–theta graph derived from the X-ray diffraction pattern.
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58% yield. The flexible spacer was introduced by alkylation of L2 with
ten-fold excess of dibromoalkane in the presence of potassium carbon-
ate as base to give 1-bromo[4-(4-acetylphenylazo)phenoxy]alkane L3/
n (n = 4, 5, 6 and 8), which was purified by column chromatography
on silica followed by crystallization from methanol/chloroform with
60% yield. Thus, compounds L3/n were used for further alkylation
with catechol in the presence of potassium carbonate as base to yield
the desired compounds 1,2-bis{[4-(4-acetylphenylazo)phenoxy]
alkyloxy}benzene L4/n. All compounds were purified on silica gel by
column chromatography followed by recrystallization. The synthesized
compoundswere characterized by 1H, 13C NMR and elemental analyses.
Spectroscopic and analytical data were found to be in good agreement
with the structures (see detailed synthetic procedures and analytical
data including 1H NMR spectra for L2, L3/4 and L4/4 in Supporting
information).

3.2. Mesomorphic properties

The phase transition temperatures as well as the phase transition
enthalpy changes were determined by differential scanning calorimetry
(DSC) and the results of the second heating and cooling scans are sum-
marized in Table 1.

The DSC thermograms of compounds L4/n are shown in Fig. 1. There
are three peaks observed in both the endothermic and exothermic
cycles for all compounds. On heating, for compound L4/4, these peaks
appeared at 148.8, 154.3 and 167.5 °C which correspond to the Cr–
SmA, SmA–N and N–I transitions, respectively. On cooling, the isotropic
to nematic and nematic to smectic phase transitions occurred with
minor hysteresis at 165.4 and 151.8, respectively. The compound crys-
tallized at 82.4 °C with significant super-cooling (Fig. 1).

Similarly, compound L4/5 exhibited three peaks on heating at 131.3,
136.8 and 149.5 °C, which correspond to the Cr–SmA, SmA–N and N–I
transitions. On cooling, transitions at 147.1, 134.8 and 70.1 °C corre-
sponding to I–N, N–SmA and SmA–Cr were observed. Compound L4/6
displayed these transitions at 139.6, 142.5 and 154.3 °C on heating
and at 152.2, 141.1 and 83.6 °C on cooling. As can be seen, these transi-
tions occurred at a slightly lower temperature compared to L4/4 but at a
slightly higher temperature compared to L4/5. This could be due to the
odd even effect of the spacer. Compound L4/8, as expected, displayed
the Cr–SmA, SmA–NandN–I transitions at 135.1, 138.8 and 152.4 °C, re-
spectively on heating. During the cooling cycle, transitions correspond-
ing to I–N, N–SmA and SmA–Cr occurred at 149.6, 135.8 and 73.5 °C. In
all the compounds (L4/4–L4/8), the crystallization from mesophase
occurred with significant super cooling. The enthalpy changes for all
the transitions followed the normal trend, i.e., highest for Cr–Sm transi-
tion, medium for Sm–N transition and lowest for the N–I transition. In
addition, the lower alkyl chain shows a higher transition temperature,
and phase transition for compound L4/4 (n = 4) is Cr 148.8 SmA
154.3 N 167.5 I, whereas for compound L4/8 (n = 8) it is Cr 135.1
SmA 138.8 N 152.4 I. However, the odd number of carbon atom (L4/5)
shows lower transition temperature than any even number of carbon
chains in this series.

The mesophase structures were evaluated by polarizing optical mi-
croscopy. The micrographs of the two mesophases of all compounds
L4/n (n = 4, 5, 6 and 8) as observed upon cooling from the isotropic
phase are shown in Fig. 2. All the compounds display typical schlieren
texture for nematic phase upon cooling from the isotropic phase. Photo-
micrographs of the textures were taken at 162, 144, 150 and 146 °C for
compounds L4/4, L4/5, L4/6 and L4/8, respectively as shown in Fig. 2a–
d. Upon further cooling a focal conic fan-like texture, typical for a smec-
tic A phase was observed. Photomicrograph of textures were taken at
145, 128, 135 and 130 °C for compounds L4/4, L4/5, L4/6 and L4/8, re-
spectively as shown in Fig. 2e–h. The extinction crosses are parallel to
polarizer and analyzer which indicate non-tilted smectic phases for all
compounds L4/n. Upon shearing, homeotropic alignment was achieved
and these homeotropically aligned regions showed complete darkness
which confirmed the presence of a uniaxial SmA phases for these com-
pounds L4/n.

3.3. X-ray diffraction studies

The phase structures were further characterized by X-ray diffraction
analysis for a representative compound. X-ray diffraction studies
confirm the phase assignment. Though a magnetic field of about 5 k
Gauss was used to align the samples, the diffraction patterns indicate
that the sample was not aligned perfectly and, therefore, should be
considered as unaligned sample. Fig. 3(a) shows the X-ray diffraction
pattern and Fig. 3(b) shows the intensity versus θ plot derived from
the diffraction pattern of the compound L4/6 at 148 °C. The X-ray
pattern in the nematic phase consists of two very weak diffuse side
arc-like scattering maximum in the small angle region, and a diffuse
scattering in the wide angle region. The broad peak with a d-spacing
of ~4.56 Å was due to the liquid-like packing of the aliphatic chains. In
the smectic A phase at 130 °C, the arc spots in the small angle region
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Fig. 4. (a) X-ray diffraction pattern of the compound L4/6 at 130 °C (in the smectic A phase) and (b) the intensity-theta graph derived from the X-ray diffraction pattern.
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are smeared to form a closed ring (Fig. 4a). The diffraction pattern of the
SmA phase exhibited a sharp reflection in the small angle region, corre-
sponding to d = 25.12 Å and a diffuse scattering in the wide angle re-
gion at d = 4.47 Å (Fig. 4b).

A similar patternwas obtained for sample of L4/4 in the nematic and
smectic phases. The diffraction pattern of the nematic phase is con-
firmed by no reflection in the small angle region and a diffuse scattering
in the wide angle region, corresponding to d = 4.55 Å at 160 °C as
shown in Fig. S1b and X-ray diffraction pattern shown in Fig. S1a (see
in the ESI). In the smectic A phase at 140 °C, the arc spots in the small
angle region are smeared to form a closed ring (Fig. S2a). The diffraction
pattern of the SmA phase is characterized by a diffuse scattering in the
wide angle region at d = 4.44 Å and only one sharp reflection in small
angle region, corresponding to d = 22.34 Å at 140 °C (Fig. S2b).

The diffraction pattern of compound L4/n exhibits a sharp reflection
in the small angle region, corresponding to d= 25.12 Å for L4/6, which
is nearly equal to the molecular length of L4/6 (length 25.5 Å) as esti-
mated from top-to-bottom of a U-shaped conformer as shown in
Fig. 5a. In the wide-angle region, a diffuse peak at d≈ 4.47 Å, confirms
a fluid smectic phase without in-plane order. Therefore, we anticipate
that compound L4/n exhibits a smectic A type phasewhich is absolutely
similar to compounds L4/n, because in case of L4/4, where d = 22.34 Å
which is also equal to themolecular length of L4/4 (length 22.21 Å). This
is most likely due to the V-shape of the molecules L4/n which favors a
parallel organization of the adjacent rod-like azobenzene units (thus
adopting a U-shaped conformation). However, the alignment of the
rod-like cores cannot be fully parallel, so that some wedge-shape (U-
shaped conformation) of the molecules is retained which requires an
antiparallel packing of themolecules with intercalated (mixed) aliphat-
ic chains and azobenzene cores to optimize the space filling; the cate-
chol groups from their own layers and separate the layers formed by
the rod-like units and terminal chains, as shown in Fig. 5b. In com-
pounds L4/n, the biphenylene core and peripheral azobenzenes are
linked by more flexible spacers (longer, no semi rigid COO group),
allowing a more easy conformational change. Thus, the rod-shaped
parts could easily align parallel and form a smectic layer structure. A
different packing information is obtained by X-ray diffraction from the
smectic A phase formed byU-shaped compound showed a layer spacing
of d = 53.4 Å, whereas the length of the molecule (l), with its alkyl
chains in the all trans conformation, was estimated to be ≈31 Å. The
ratio d/l ≈ 1.72 suggests that in this smectic A phase the molecules
are ordered into bilayers [11]. However, a similar packing is observed
for some compounds in which X-ray diffraction suggested that the
layer spacing is about the same as the length of the molecule in a U-
shaped. The XRD result suggests that the smectic phase is a monolayer
structure in which molecules can exist in a U-shaped [10], which is in
line with this report.

3.4. Photoswitching studies

Compound L4/6 in chloroform: A solution concentration of
5.0 × 10−5 mol/L of L4/6 was prepared in chloroform. The spectrum
shows three absorptions with maximum absorbance at 261 nm,
365 nm (ε = 34.940 L mol−1 cm−1) and 445 nm. Fig. 6a shows the
spectral changes by irradiation at 365 nm. The absorbance at 365 nm
decreases and after 55 s the photostationary state of a cis–transmixture
is reached. By irradiation at 436 nm the absorbance at 365 nm increases
until a new photostationary state is reached. The photochemical back
reaction by irradiation at 436 nm is shown in Fig. 6b.

Irradiation of solutions of azo compound L4/6 at maximum absorp-
tion λmax = 365 nm resulted in a fast decrease of the strong absorption
band and in an increase at the long and short wavelength side of the ab-
sorption band at 365 nm (see arrows in Fig. 6a). At the photostationary
state, the absorption spectrumdoes show threemaxima at 280 nm, 325
and 450 nm and two isosbestic points at 320 and 425 nm.

Irradiationwith light atλexc.=436nmof the same solution is induced
to recover the original spectrum with the strong absorption at 365 nm
(Fig. 6b). These results can be interpreted as a photoisomerization be-
tween the trans- and cis-state of the azo compound L4/6 with the trans
isomer absorbing at 365 nm. The return to the trans form can take place
either by shining white light of wavelength 400–500 nm or by keeping
it in dark. Once the photo stationary state is achieved by UV light, thereaf-
ter shiningwhite light is commenced. Aswe increase the timeof exposure
of 436 nm light, cis–trans process begin and after 55 s almost all cis form is
completely converted back to trans form. So this molecule exhibits strong
photoisomerization phenomena with UV as well as with white light. It is
interesting to note that UVOn time andUVOffwithwhite light take place
at almost same time to reach photosaturation.

The thermal back reaction (cis→ trans) is shown in Fig. 7a. After ir-
radiation at 365 nm to photostationary state, the solution was kept in
the dark and the back reaction was measured at λ = 365 nm after
over 32 h (1920 min). The presence of two isosbestic points indicates
the absence of side reactions. Fig. 7a shows an increase of themaximum
absorbance at 365 nm and a decrease of the absorbance at 280 nm and
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Fig. 5. (a) Major conformation of compound L4/n and (b) organization of these molecules in the SmA phase.
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Fig. 6. UV/Vis absorption spectra of L4/6 in chloroform, c = 5.0 × 10−5 mol/L,
(a) irradiation at 365 nm, (b) irradiation at 436 nm (the sample was irradiated before at
365 nm).
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450 nm. Additionally, one can register at room temperature in the dark a
thermal back reaction from the photostationary state containing mainly
the cis-isomer to the thermodynamicallymore stable trans-isomerwithin
the time region of 32 h. A linear correlation of ln (E∞− Et) as a function of
time indicates a reaction of first order, see Fig. 7b. After 1680 min (28 h)
the conversion degree from cis to transwas 88%.

Compound L4/6 in ethanol: For the same compound L4/6, the sol-
vent is changed to ethanol instead of chloroform. The spectrum showed
three absorptions at 254 nm, 365.5 nm (ε=34.820 Lmol−1 cm−1) and
~445 nm in ethanol at a concentration of 5.0 × 10−5 mol/L. The solution
was irradiated at 365 nm (Fig. S3a in the ESI). The absorbance at 365 nm
decreased and after 45 s the photostationary state of a cis–transmixture
was reached. The solution was irradiated at 436 nm until a new
photostationary state is obtained and the photochemical back reaction
by irradiation at 436 nm is shown in Fig. S3b (see the ESI). A fast de-
crease of the strong absorption band and an increase at the long and
short wavelength side of the absorption band at 365 nmwere observed,
see arrows in Fig. S3a. The absorption spectrum at the photostationary
state showed three maxima at 276 nm, 325 and 444 nm and two
isosbestic points at 317 and 420 nm.

The original spectrumwith the strong absorption at 365 nmwas ob-
tained by irradiation with light at λexc. = 436 nm of the same ethanol
solution, see Fig. S3b. Therefore, a photoisomerization between the
trans- and cis-states of the azo compound L4/6 with the trans isomer
absorbing at 365 nmwas observed.

Thermal back reaction (cis→ trans) of the L4/6 in ethanol is present-
ed in Fig. S4a. After irradiation at 365 nm to photostationary state, the
solution was kept in the dark and the UV/Vis spectrum were measured
at λ=365 nm over 1710 min (28 h and 30min) for converting the cis-
isomer to the more stable trans-isomer within the time region of more
than 28 h. The presence of the isosbestic points indicates no side reac-
tions. Fig. S4a shows an increase of the maximum absorbance at
365 nm and a decrease of the absorbance at 276 nm and 444 nm. A
plot of the ln (E∞ − Et) as a function of time is presented in Fig. S4b in-
dicating a reaction of first order (linear correlation). After 1590 min
(26 h and 30 min) the conversion of cis → trans was 96%.

Compound L4/5 in chloroform: The spectrum in chloroform (c =
1.2 × 10−5 mol/L) shows three absorptions with maximum at
263.5 nm, 364 (ε = 28.180 l mol−1 cm−1) nm and a small one at
about 446 nm. The solution of L4/5 in chloroform, c = 1.2 × 10−5

mol/L, was irradiated with light at 365 nm (Fig. 8a). The absorbance at
365 nm decreased and the photostationary state was reached after
55 s. Irradiation of azo L4/5 at maximum absorption λmax = 365 nm
has shown fast decrease of the strong absorption band and in an
increase at the long and short wavelength side, see arrows in Fig. 8a.
The absorption spectrum showed three maxima at 283 nm, 326 and
450 nm and two isosbestic points at 318 and 425 nmat photostationary
state.



300 400 500 600
0,0

0,5

1,0

1,5

2,0
 0 min
 20 min
 60 min
 180 min
 300 min
 420 min
 480 min
 1380 min
 1440 min
 1560 min
 1680 min
 1800 min
 1920 min

ab
so

rb
an

ce

wavelength (nm)

(a)

0 500 100 0 150 0 200 0
-2,5

-2,0

-1,5

-1,0

-0,5

0,0

0,5

 ln dE

ln
 (E

 - 
E

t)

t (min)

88%

(b)

Fig. 7. (a) Thermal back reaction (cis→ trans) of L4/6 in chloroform, (b) Plot of ln (E∞− Et)
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Fig. 8. UV/Vis absorption spectra of L4/5 in chloroform after irradiation, c = 1.2 × 10−5

mol/L, (a) 365 nm, (b) 436 nm.
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Fig. 8b shows the photochemical back reaction by irradiation at
436 nm in chloroform (the sample was irradiated before at 365 nm).
The original spectrum was recovered with the strong absorption at
365 nm for the same solution after 45 s (see Fig. 8b).

The thermal back reaction (cis→ trans) is shown in Fig. 9a. After ir-
radiation at 365 nm to photostationary state, the back reaction was
measured at λ = 365 nm over 29 h after the solution was kept in
dark. The presence of the two isosbestic points indicates the absence
of side reactions.

A thermal back reaction in the dark from the photostationary state,
containing the cis-isomer is converted to the more stable trans-isomer
within the time region of 29 h. A linear correlation of ln (E∞ − Et) as a
function of time indicates a reaction of first order, see Fig. 9b. The
conversion degree after 1740 min (28 h) from cis to trans was 83%.

Compound L4/5 in ethanol: A solution of L4/5 in ethanol at concen-
tration of 5.0 × 10−5 mol/L was prepared in the dark. The spectrum
shows two absorptions at 262 nm and 362 nm and a small one at a lon-
ger wavelength (~442 nm). The solution was irradiated at 365 nm for
5 s, up to 110 s when the photostationary state was reached (Fig. S5a).
The absorption spectrum at the photostationary state shows threemax-
ima at 277 nm, 330 and 448 nm and two isosbestic points at 320 and
420 nm. UV/Vis absorption spectra of L4/5 in ethanol by irradiation at
254 nm and the solution were irradiated before at 365 nm for 110 s
(Fig. S5b). For photochemical back reaction, a strong absorption with
365 nm of original spectrum was recovered after 450 s (Fig. S5b).

Compound L4/6 in chloroform solution, the maximum absorbance
was found at 261 nm, 365 and 445 nm. Irradiation of solutions at
λmax = 365 nm after 55 s at the photostationary state, three maxima
were obtained at 280 nm, 325 and 450 nm. For the thermal back reaction,
the cis-isomer to the thermodynamically more stable trans-isomer was
converted within 32 h. The conversion degree (cis→ trans) was estimat-
ed to be 88% after 28 h. Same compound L4/6 in ethanol solution, the
maximumabsorbancewas obtained at 254 nm, 365 and 445 nmand irra-
diated at λmax = 365 nm after 45 s at the photostationary state, three
maximawere found at 276 nm, 325 and 444 nm. For the thermal back re-
action, the cis-isomer to the more stable trans-isomer converted within
28 h and 30 min. The conversion degree (cis → trans) was estimated to
be 96% after 26 h and 30 min. The solvent effect is less pronounced in
case of the UV–vis absorption before and after irradiation at 365 nm for
spectral changes and also the photochemical back reaction by irradiation
at 436 nm. In case of the thermal back reaction, the solvent has a substan-
tial effect i.e., cis to trans conversion which is 96% for ethanol and 88% for
chloroform.

Compound L4/5 in chloroform solution, the maximum absorbance
was at 263.5 nm, 364 and 446 nm and irradiated at 365 nm after 55 s,
three maxima were observed at 283 nm, 326 and 450 nm. For the
thermal back reaction, the conversion degree (cis→ trans) was estimat-
ed to be 83% after 27 h. For the same compound L4/5 in ethanol, the
maximum absorbance was obtained at 262 nm, 362 and 442 nm and
irradiated at 365 nm after 110 s; again three maxima were observed
at 277 nm, 330 and 448 nm. Therefore, the solvent effect is less pro-
nounced for the absorption before and after irradiation at 365 nm for
spectral changes and the photochemical back reaction. A first order
reaction was observed for both types of solvents and both compounds.
Indeed, an almost similar behavior was observed for compounds L4/6
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Fig. 9. Thermal back reaction (cis → trans) of L4/5 in chloroform, (a) absorption spectra,
(b) plot of ln (E∞ − Et) as a function of time.
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and L4/5 due to similar chemical structures except for one methylene
group which is different in alkyl spacer.

A photostationary state from trans to cis isomer was reached within
approximately 120 s under irradiation at 365 nm [22]. A photochemical
switching behavior by means of cholesteric liquid crystals systems con-
taining an azobenzene derivative as a photoisomerizable guest mole-
cule is reported [24,25]. From the results of the investigation, the UV
spectra of azo compounds in chloroformshow that trans-azo derivatives
could be changed to the cis-form in 70 s through UV irradiation and
were found to have 12 h thermostability [25]. Muhammed et al. [23a]
studied the photo-induced cis–trans isomerization of single azo mono-
mer molecules in solution and the change in UV–vis absorption was
monitored. The absorption relating to the π–π* transition in the trans-
isomer decreases after illumination under 365 nm UV light for 45 s,
and conversely, the weak absorption band due to the n–π* transition
in the cis-isomer at 440 nm increases the absorption. They found that
the cis-isomers of the azo monomers in solution show stability, no
change was observed in the spectra for over one hour in the dark. In
our previous work, the data which revealed that complete isomeriza-
tion/ relaxation took place at 31 h [23b].

We have estimated the complete reaction time of trans–cis–trans
isomerization from Figs. 6–9 including back relaxation time from first
order plot. In comparison to our compounds (L4/n) with reported re-
sults, the spectral data are in agreement reported work. In the case of
very smooth spectral changes i.e. trans–cis–trans isomerizations have
shown good trend and smooth lines in our compounds L4/6 and L4/5
in both solvents. The presence of two isosbestic points indicated the ab-
sence of side reactions in our both compounds and excellent isosbestic
points were observed. Indeed, our compounds showed that spectral
changes which are very clear and smooth could be due to the pure
dimeric U-shaped compounds derived from the catechol.

4. Conclusion

A series of newU-shapedmoleculeswere synthesizedwhosemolec-
ular architecture is composed of a 1,2-phenylene unit as central core
and two rod-like azobenzenes as the peripheral units linked through
alkyl spacers. All the compounds show smectic A and nematic phases ir-
respective of chain length and parity. It seems that the phenylene unit
acts only as linking unit, interconnecting the rod-like units (oligomer ef-
fect), which would lead to a smectic layer organization. Experimental
study suggests that these U-shaped azo molecules exhibit strong
photoisomerization properties. Very high thermal back relaxation
(about 32 h) has potential advantage in the creation of optical storage
devices. The presences of the azo linkage in these liquid crystals mole-
cules are suitable for photochromism applications.
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