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Abstract−Amide linkage was introduced into azo compound at para position and its optical storage properties were
investigated. Synthesized compounds showed liquid crystalline behavior when electron withdrawing group was
inserted in the chemical structure. UV/Vis study showed that the photoisomerization effect in solution occurred at 18-
24 sec (E-Z) and 5-11 hours (Z-E), whereas in solids it occurred at 30 sec (E-Z) and 5 hours (Z-E). Photoisomerization
effect of amide based azodyes in the presence of hydrogen bonding is discussed for the first time. Effect of terminal
electronic withdrawing groups on hydrogen bonding is speculated to be the reason behind the surprising behavior.
Strong evidence for the structure property relations reported here is useful for applications such as optical storage
device in which one can tune the structure according to one’s requirement.
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INTRODUCTION

Azobenzenes are the most commonly used organic molecules
in the application of photo-switches, owing to their efficient light
absorption capacity, photoisomerization process and relative molec-
ular shape changes between Z and E isomers [1]. The ease of syn-
thesis and functionalization probably contribute to its extended
application. However, only few reports are available on monodis-
persed azobenzenes for crystal structure related studies and their
photoisomerization effect [2]. Azodyes are considerably good mate-
rials for constructing optical storage devices that store the data using
light [1,3-5]. This phenomenon of information storing becomes
simple due to the trans-cis (E/Z) photoisomerization and the result-
ing molecular orientation which contains chromophores that occurs
mainly due to the light sensitive azobenzene [6,7]. The process of
photoisomerization is initiated by UV light of suitable wavelength and
subsequent molecular geometry, which can be controlled by light
[7-11]. The molecular re-orientation is accompanied by E/Z isom-
erization of chromophoric groups. Azobenzene moiety is a well-
known chromophoric group in the study of reversible photoisom-
erization [12-15]. The reverse process that occurs without aid of any
external stimuli is known as “thermal back relaxation” or Z to E iso-
merization and is spontaneous [1,3-7]. Recently, we reported synthe-
sis and optical storage properties of the aromatic and aliphatic spac-
ers incorporated into azodye dimers having aliphatic and aromatic

spacers, which was responsible in tuning the chemical structures [16].
On the other hand, the amide group plays an important role in

the photoisomerization of azodyes [17]. The synthetic process of
amides is involved in the direct combination of carboxylic acid
and amines [18]. In between the successive molecules of amides,
there is weak hydrogen bonding which may be affected dramati-
cally in the presence of other functional groups [19,20]. The
bonded pair of electrons, on the atoms having more electronega-
tivity will be attracted by the hydrogen atoms [21]. This kind of
bond formation, which is possible either between the two mole-
cules or in a single molecule, is called intramolecular and intermo-
lecular H-bonding, respectively. In H-bonding, the bond strength
increases with increase in electronegativity of the electron-rich
species present in the molecules [22]. The hetero-atoms which are
present in the organic molecules facilitate the H-bonding effect. In
other words, H-bonding restricts the molecular movement [23].
Due to this, the molecular interaction with UV light differs with
respect to electron-withdrawing groups present in the molecule.

Herein, for the first time we report the effect of electron with-
drawing group at para position to the amide linkage of azodye on
their photoisomerization properties. The study reveals the H-
bonding effect on the amide based azodyes in the absence and in
the presence of electron withdrawing groups. These compounds
may find application in the study of optical storage devices.

EXPERIMENTAL SECTION

1. Materials and Methods
The analytical grades of ethyl 4-amino benzoate, sodium nitrite,
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1-bromohexane, potassium hydroxide, potassium iodide, aniline,
1, 3-dicyclohexylcarbodiimide (DCC), 4-(N, N-dimethylamino)
pyridine (DMAP), 4-nitroaniline (Fluka), potassium carbonate were
procured from Sigma Aldrich; and phenol, acetone, 4-amino ace-
tophenone and silica gel-60 were from Merck Laboratory. Ace-
tone and dichloromethane were dried over phosphorus pentaoxide
and calcium hydride, respectively. These solvents were distilled
before its use in the experiment.

FTIR spectra were recorded using a Perkin Elmer (670) FTIR
spectrometer. 1H NMR (400 MHz) and 13C NMR (100 MHz) were
recorded on the Bruker. Elemental analysis was done by CHN ele-
mental analyzer (Leco & Co.). The photo-switching study was
monitored by using UV-Visible spectrophotometer from Ocean
Optics (HR2000+). For photo-switching studies in solutions, amide-
based photo-switchable azodyes were dissolved in chloroform at
fixed concentration of C=1.1×10−5 mol L−1. Photoisomerization of
these compounds was investigated by illuminating with an Omni-
cure S2000 UV source equipped with a 365 nm filter and heat fil-
ter to avoid unwanted heat. The intensity used for measuring E/Z
was 5.860 mW/cm2 using UV meter. The absorption spectra were
taken in both solution and solid state for all the four synthesized
compounds. The photo-switching behavior of these compounds
was studied by UV light of suitable wavelength. Liquid crystalline
properties were investigated by using polarized optical microscopy
(Olympus BX51) along with linkam hotstage (Linkam). Thermal
analysis measurements were done by Mettler Toledo DSC 1 under
nitrogen atmosphere from RT to 200 oC at the rate of 5-10 oC/min.
1-1. Ethyl 4-(4-hydroxyphenylazo) Benzoate (B)

Compound A (46.00 mmol, 1 equiv.) was dissolved in 40 ml of
methanol and then cooled to 2 oC. To this solution, 8.672 ml of
25% HCl was added dropwise at 2 oC. Then, NaNO2 (44.6 mmol,
1 equiv.) was slowly added dropwise at 2 oC. The reaction mixture
was stirred for about 15 min. To this reaction mixture, phenol solu-
tion and methanol (44.6 mmol, 1 equiv.) were added slowly at 2 oC.
Then pH (8.5-9.0) was adjusted by adding 1 N NaOH solution.
The reaction mixture was stirred for about 4 hr. Then 250 ml of
methanol and ice was added to the reaction mixture and pH was
adjusted to 4. Finally, the reddish yellow product precipitate was
filtered through Whatman filter paper and dried at RT. The crude
product was recrystallized twice using methanol as a solvent.

A reddish yellow solid: Rf =0.42 (40% CH2Cl2-EtOH); yield:
62%; Melting point: 160.2 oC; IR (KBr Pellet) γmax in cm−1: 3321,
1728, 1602, 1484, 1248, 1140, 829; 1H NMR (400 MHz, Acetone-
d6): δ 8.17 (d, J=8.2 Hz, 2H, Ar), 7.92 (d, J=7.5 Hz, 2H, Ar), 7.88
(d, J=7.5 Hz, 2H, Ar), 7.01 (d, J=8.2 Hz, 2H, Ar), 5.54 (s, 1H,
OH), 4.42 (q, J=7.2 Hz, 2H, CH2CH3), 1.44 (t, 3H, CH2CH3); MS
(FAB+): m/z for C15H14N2O3, Calculated: 270.28. Found: 270.08.
1-2. Ethyl 4-[4-(4-hexyloxy) Phenylazo] Benzoate (C)

Compound B (18.5 mmol, 1 equiv.) and 1-bromohexane (37.1
mmol, 2 equiv.) were dissolved in 300 ml of dry acetone. To this,
potassium carbonate (18.5 mmol, 1 equiv.) was added portion-wise
followed by catalytic amount of potassium iodide (50 mg). Then
the reaction mixture was refluxed for about 24 hr under nitrogen
atmosphere. The running reaction was monitored using TLC. After
completion of the reaction, solvent was removed and the obtained
product was taken for the next step.

1-3. 4-[4-(4-hexyloxy)phenylazo] Benzoic Acid (D)
Compound C was dried and dissolved in 100 ml of methanol.

The reaction mixture was cooled to 5 oC and then potassium hy-
droxide (62.2 mmol, 3 equiv.) in water (20 ml) was added drop-
wise. The reaction mixture was then refluxed for about 4 hr. The
reaction was monitored by using TLC method. The reaction mix-
ture was washed with n-hexane (25 ml) two times to remove the
nonpolar impurities. Then pH was adjusted to 6 by adding dilute
hydrochloric acid. The compound was then extracted in ethyl-ace-
tate, which was followed by washing with brine solution. The ethyl
acetate layer was dried over anhydrous sodium sulphate. Then fil-
tered to remove the sodium sulfate and then the clear filtrate was
collected. The ethyl acetate solvent was removed by rotor vapor to
collect the solid product and recrystallized it from ethanol : chloro-
form (2 : 1).

A dark yellow solid; yield: 46%; IR (KBr Pellet) γmax in cm−1: 2849,
2918, 3004, 1711, 2918, 1220, 1588, 1493, 1248, 1130, 1092, 835;
1H NMR (400 MHz, DMSO-d6): δ 10.46(s, 1H, COOH), 7.94 (d,
J=8.05 Hz, 2H, Ar), -7.89 (d, J=8.10 Hz, 2H, Ar), 7.52 (d, J=8.01
Hz, 2H, Ar), 6.61 (d, J=7.98 Hz, 2H, Ar), 3.91 (t, J=12.01 Hz, 2H,
ether), 2.13-0.92 (m, 11H, aliphatic); 13C NMR (100 MHz, DMSO-
d6): δ 166 (COOH), 162, 154, 146, 132, 130, 125, 123, 122, 119, 114,
68 (OCH2), 30, 28, 25, 22, 13; MS (FAB+): m/z for C19H22N2O3,
Calculated: 326.39. Found: 326.09.
1-4. 4-[(4-hexyloxyphenyl)diazenyl]-N-phenylbenzamide (E)

Compound D (15.3 mmol, 1 equiv.) was dissolved in 50 ml of
dry dichloromethane. To this DMAP (1.40 mmol, 0.1 equiv.) was
added and the mixture was stirred for about 30 min. A solution of
aniline (15.3 mmol, 1equiv.) in dry dichloromethane (10 ml) and
DCC (23.0 mmol, 1.5 equiv.) in 10 ml of dry dichloromethane was
added slowly. The mixture was stirred for about 24 hr. This reac-
tion was monitored by using TLC. After completion of the reac-
tion, the precipitate formed was removed by filtration and the
filtrate was quenched in 1.5 N hydrochloric acid. The compound
was extracted with chloroform. The chloroform layer was washed
with 1N sodium hydrogen carbonate, which was followed by a brine
wash. Then chloroform was dried over anhydrous sodium sulfate
for 1 hr. Finally, the solid crude product was collected by evaporat-
ing chloroform. Crude product was purified by column chroma-
tography using chloroform : methanol (20 : 1) as eluent. The product
was recrystallized from methanol : chloroform (2 : 1) to get the tar-
get compound E1.

A similar procedure was followed to synthesize the compounds
E2, E3 and E4.

E1: A pale yellow solid; yield: 60%; melting point is 184.5 oC; IR
(KBr Pellet) γmax in cm−1: 3325, 3004, 2930, 2852, 1094, 1640, 1500,
1538, 1449, 1248, 1130, 1092, 835. 1H NMR (400 MHz, DMSO-
d6): δ 7.95 (d, 1H, CONH), 7.94-7.89 (m, 9H, Ar), 7.52 (d, J=
8.01 Hz, 2H, Ar), 6.61 (d, J=7.98 Hz, 2H, Ar), 3.91 (t, J=12.01 Hz,
2H, ether), 2.13-0.92 (m, 11H, aliphatic); 13C NMR (100 MHz,
DMSO-d6): δ 162, 154, 146, 132, 130, 125, 123, 122, 119, 114, 68
(OCH2), 30, 28, 25, 22, 13; MS (FAB+): m/z for C25H27N3O2, Cal-
culated: 401.50. Found: 401.18; Elemental analysis: Calculated
(found) %: C 74.79 (74.86), H 6.78 (6.69), N 10.47 (10.38) and O
7.97 (7.86).

E2: A pale yellow solid; yield: 60%; melting point is 183.5 oC; IR
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(KBr Pellet) γmax in cm−1: 1520, 1310, 2930, 2851, 3004, 1106, 1640,
3328, 1500, 1538, 1449, 1248, 1130, 1092, 835; 1H NMR (400
MHz, DMSO-d6): δ 8.11 (d, J=8.02 Hz, 2H, Ar), 7.98 (d, J=8.00
Hz, 1H, CONH), 7.93-7.79 (m, 6H, Ar), 7.26 (d, J=8.01Hz, 2H, Ar),
6.81 (d, J=8.02 Hz, 2H, Ar), 4.40 (t, J=12.00 Hz, 2H, ether), 0.85-
2.01 (m, 11H, aliphatic); 13C NMR (100 MHz, DMSO-d6): δ 161.19,
145.81, 130.29, 126.83, 126.74, 124.33, 124.06, 123.41, 121.41,
121.94, 121.57, 121.46, 113.84, 113.76, 68 (OCH2), 30, 28, 25, 22,
13; MS (FAB+): m/z for C25H26N4O4, Calculated: 446.50. Found:
446.16; Elemental analysis: Calculated (found) %: C 67.25 (67.34),
H 5.87 (5.81), N 12.55 (12.16) and O 14.33 (14.19).

E3: A pale yellow solid; yield: 60%; melting point is 212.3 oC; IR
(KBr Pellet) γmax in cm−1: 1732, 1099, 2930, 2851, 3002, 1106, 1640,
3328, 1520, 1538, 1448, 1248, 1130, 1092, 835; 1H NMR (400 MHz,
DMSO-d6): δ 8.29 (d, J=8.03 Hz, 2H, Ar), 7.99 (d, J=8.01 Hz, 1H,
CONH), 7.79-7.94 (m, 4H, Ar), 7.64 (d, J=8.01 Hz, 2H, Ar), 7.37
(d, J=8.04 Hz, 2H, Ar), 6.81 (d, J=8.02 Hz, 2H, Ar), 3.41 (m, 2H,
ester), 3.98 (t, J=12.01 Hz, 8.00 Hz, 2H, ether), 0.85-2.00 (m, 14H,
aliphatic); 13C NMR (100MHz, DMSO-d6): δ 163, 161, 130, 126.74,
126.62, 124.33, 124.06, 123, 122.03, 121.66, 121.58, 121.49, 113, 113,
68 (OCH2), 30, 28, 25, 22, 13; MS (FAB+): m/z for C25H26N4O4,
Calculated: 473.56. Found: 473.40; Elemental analysis: Calculated
(found) %: C 7 1.01 (71.22), H 6.60 (6.48), N 8.87 (8.77), O 13.51
(13.39).

E4: A pale yellow solid; yield: 60%; melting point is 185.5 oC; IR
(KBr Pellet) γmax in cm−1: 1700, 2852, 2929, 3004, 1092, 1640, 3326,
1578, 1609, 1449, 1248, 1130, 1092, 835; 1H NMR (400 MHz,
DMSO-d6): δ 8.29 (d, J=8.00 Hz, 2H, Ar), 7.99 (d, J=8.00 Hz, 1H,
CONH), 7.80-7.93 (m, 4H, Ar), 7.64 (d, J=8.02 Hz, 2H, Ar), 7.38
(d, J=8.04 Hz, 2H, Ar), 6.95 (d, J=8.01 Hz, 2H, Ar), 4.00 (t, J=8.00
Hz, 2H, ether), 0.85-2.00 (m, 11H, aliphatic), 3.41 (s, 3H, keto);
13C NMR (100 MHz, DMSO-d6): δ 163, 161, 130, 126.74, 126.62,

124.33, 124.06, 123, 122.03, 121.66, 121.58, 121.49, 113, 113, 68
(OCH2), 30, 28, 25, 22, 13; MS (FAB+): m/z for C27H29N3O3, Cal-
culated: 443.54. Found: 443.18; Elemental analysis: Calculated
(found) %: C 73.11 (73.23), H 6.59 (6.46), N 9.47 (9.33) and O
10.82 (10.73).

RESULTS AND DISCUSSION

1. Synthesis and Characterization
Synthetic route of 4-[(4-hexyloxyphenyl) diazenyl]-N-phenyl-

benzamide (E1-E4) with/without electron withdrawing groups at
the para position to the amide derived from the 4-[4-(4-hexyloxy)
phenylazo] benzoic acid (D) is depicted in Fig. 1. 4-ethyl amino-
benzoate was diazotized to yield Ethyl 4-(4-hydroxyphenylazo)
benzoate (B). Compound (B) then reacted with 1-bromohexane
to give its hexyloxy derivative (C), which on hydrolysis yields acid
derivatives (D). Then the amide linkage was introduced into the
compound (D) by DCC coupled with anilines having electron
withdrawing groups to give the final compounds E1-E4.

The structures of the intermediates and desired products were
confirmed by recording different spectroscopy techniques such as
FTIR, 1H NMR, 13C NMR and CHN elemental analysis. The FTIR
spectra of E1-E4 exhibited characteristic absorption bands at 1,640
cm−1 corresponding to carbonyl group of amide and along with
this E3 and E4 exhibited a band around 1,732-1,700cm−1 correspond-
ing to carbonyl of ester and ketone, respectively. A band which
appeared at 1,449-1,448 cm−1 can be assigned to N=N group. With
this, all other absorption bands are well observed in the FTIR spec-
trum for E1-E4. A doublet observed in the region 7.99-7.95 ppm is
ascribed to amide proton in all the E1-E4 [24]. Aromatic protons of
E1-E4 resonated as multiplets and doublets in the region 8.29-6.61
ppm. Apart from this, all other alkyl, ester and ether protons are

Fig. 1. Scheme of the synthesized compounds reported in this article.
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well observed in the NMR spectrum. The 13C NMR results give
the functional group of the carbon as corroborated from the val-
ues. Thus, 1H and 13C NMR results are in accordance with the ele-
mental analysis values. Hence, the FTIR, NMR and elemental
analysis with mass spectral studies confirms the structures of the
compounds E1-E4. The thermal behavior of all the compounds was
studied using linkam hotstage along with polarized optical micros-
copy (POM) to check the liquid crystalline behavior of the com-
pounds. Generally, POM is used for textural observation of E1-E4

to identify the mesophases. Differential scanning calorimetry was
used under nitrogen atmosphere to check the phase transition tem-
peratures of the obtained products.
2. Mesomorphic Properties

The polarizing optical microscopy (POM) texture of the com-
pound E3 is as shown in Fig. S1. Since all compounds except E1

exhibit nematic phase, we showed only a representative plot for the
same. On cooling from the isotropic state, the nematic (N) phase
appears for a short period of time followed by the crystalline phase.
So it is usually difficult to capture the nematic phase since its range

is too small. Same phenomena are true for all other compounds
except compound E1, which shows only crystal to liquid transition.
It means that addition of electron withdrawing groups will help to
induce liquid crystallinity in the system. The compounds E2-E4

exhibited mesophase both on heating and cooling with enantiot-
ropy. The transition temperatures and associated peak width val-
ues obtained from the DSC studies for the compounds E1-E4 are
summarized in Table 1. DSC thermograms were measured at the
rate of 10 oC/min for second heating and cooling. The melting
temperature (Tm) of the series is observed in the range of 140-
182 oC and the clearing temperature was (Tc) 130-160 oC. The
DSC analysis revealed that Tm and Tc of compounds were highly
dependent on electron withdrawing nature. It is also evident through
DSC thermograms that inclusion of electron withdrawing groups
helps to lower the isotropic temperature and phase transition tem-
peratures in comparison with compounds having no electron
withdrawing groups. Fig. 2 indicates the DSC thermogram of the
representative compound E3. From Fig. 3, it is evident that the
compound E3 has larger temperature range stability for N phase in

Table 1. DSC thermograms of the compounds E1-E4 reported here

Sample code Electron with drawing groups
DSC (oC)

Cr Heating cooling N Heating cooling Iso

E1 H (No substituent groups) * - 197.67 (3.78)
*179.00 (6.17)

E2 NO2 *

167.61 (5.19)0
*

179.58 (8.59)
*133.01 (12.29) 160.06 (5.16)

E3 CO2Et *

167.78 (7.38)0
*

182.75 (5.43)
*137.36 (10.20) 155.89 (4.24)

E4 COCH3 *

168.30 (4.82)0
*

185.52 (6.65)
*147.73 (6.44)0 160.25 (5.89)

Note: Cr=crystalline phase; N=Nematic phase; Iso=Isotropic phase. Values in bracket corresponds to peak width of the phases. (*=Phase
exists; -=phase does not exist)

Fig. 2. Representative DSC thermograms of compound E3.



1484 G. Hegde et al.

April, 2016

comparison with other compounds. All DSC measurements are
given in Fig. S2-S4.
3. Photoswitching Properties

All the four synthesized azodyes (E1-E4) exhibited similar absorp-
tion spectra, which is due to the similarity in their molecular struc-
tures (see supplementary section Fig. S5). Photoswitching studies
were initially performed with solutions and then on solid cells with
guest-host system. Here amide based azodye acts like the guest
and commercial liquid crystal MLC 6873-100 acts like the host.
This gives an insight into the behavior of materials with respect to
UV light, and also these results are indispensable for creating opti-
cal storage devices [25].

The photoswitching properties of E1-E4 were investigated on
solutions with illumination of ~365nm UV light having the intensity
of 5.860 mW/cm2. Fig. 3(a)-(d) depicts the E/Z absorption spectra
of E1, E2, E3 and E4 before and after UV illumination, respectively.

The strong absorbance in the UV region at ~355nm corresponds
to π-π* transition of the E isomer (trans isomer), and a very weak
absorbance in the visible region at ~450 nm represents n-π* tran-
sition of the Z isomer (cis isomer) [16,25-27]. The decrease in ab-
sorption maxima is due to E/Z photoisomerization, which suggests
that the E isomer is being transformed into the Z isomer. The
photosaturation values of all the four compounds in solutions are
18, 20, 22 and 24 s, respectively.

Fig. 4 shows the E-Z absorption of compounds E1, E2, E3 and E4

as a function of exposure time. The peak absorbance were extracted
from Fig. 3(a)-(d) by considering the peak wavelength as a function
of exposure time. The absorption values of these peak wavelengths

Fig. 3. E to Z conversion of E1 (a), E2 (b), E3 (c) and E4 (d) is done by shining UV light at 365 nm.

Fig. 4. The absorbance of E1-E4 with respect to the function of irradi-
ation time for E/Z isomerization. Data abstracted from Fig. 3.
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with different exposure times were recorded. The curve shows that
the time involved in photoisomerization is within 20-24 s.

The Z to E isomerization can be brought by two methods: one
by keeping the solution in the dark, which is called thermal back
relaxation, and second by shining white light of higher wavelength.
In the present study the thermal back relaxation of compounds
was determined by illuminating continuously for ~24 s (photosta-
tionary state) and then kept in the dark. Then the spectral data
were recorded at subsequent intervals of time. The back relaxation
of compounds E1, E2, E3 and E4 is 9.21, 5.73, 10.18 and 10.58 hr,
respectively (Fig. 5(a)-(d)).

The time dependent Z–E absorption spectra of compounds are
as shown in the Fig. 6, which is extracted from Fig. 5(a)-(d). The
absorption peak at ~355 nm was fixed and plotted as a function of
thermal back relaxation time.

All the four compounds show different interval of thermal back
relaxation. A possible reason for the difference in thermal back relax-
ation could be that the properties of terminal functional groups
and the change that occurs are confined to in-plane rotation of the
molecules. Due to the effect of functional groups, the optical activity
of the compounds may change to a significant extent. It is evident
that a mesomeric effect or a hyper conjugation effect plays a signif-
icant role in changing the optical properties, which is explained later.

To check the intensity dependence, compound E4 was studied
typically as a function of UV intensity. E4 was shined for 24 s (photo
saturation state) with UV light at different intensities (Table S1). As

Fig. 5. Thermal back relaxation of Z/E transformation of the compounds E1 (a), E2 (b), E3 (c) and E4 (d). Samples were shined until photosat-
uration state and data is recorded at RT in dark condition.

Fig. 6. The absorbance of E1-E4 with respect to the function of recov-
ery time for Z/E isomerization. Data abstracted from Fig. 5.
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the intensity increased, thermal back relaxation decreased, which is
evidently due to the molecular movement.

Spectral investigations on solid cell involved constructing ITO
coated, polyimide rubbed glass plates. The mixture was prepared
by physically mixing 5% of E4 in 95% of commercial liquid crys-
tal, MLC6873-100. The mixture was filled by using capillary action
into the previously constructed cells. Fig. 7 shows the E/Z pho-
toisomerization of solid cell. The intensity of 5.860 mW/cm2 was
used for achieving photosaturation. The photosaturation occurred
around ~30 s and the complete thermal back relaxation was ob-
served at ~300 min.

To see the potential ability of the reported materials, we fabri-
cated the device, as shown in Fig. 8, by dissolving 5% of E4 in 95%
of commercially available liquid crystal MLC 6873-100. The mate-
rial transforms from the ordered state to the disordered state with
the illumination of light, giving high contrast between bright and
dark states. Dark part of the image corresponds to the shined area,

which transforms from nematic to isotropic state, whereas the lat-
ter corresponds to the masked area in which materials remain in
nematic state only.
4. The Extent of Photoisomerization or Conversion Efficiency
(CE)

The extent of photoisomerization or the conversion efficiency
(CE) of the E/Z photoisomerization is calculated from the equa-
tion below [28].

where, A (t0) and A (t
∞
) are before and after absorbance, respectively.

The conversion efficiency is very important in describing the
photoswitching property of azodyes. The conversion efficiency of
E1-E4 is as presented in Table S2. CE is comparatively less in azo-
dye materials. The extent of isomerization decreases in presence of
amide linkage, in comparison with compounds which do not con-
tain the amide moiety. This decrease in isomerization is due to the
presence of intermolecular hydrogen bonding. To justify the low-
ering extent of isomerization due to hydrogen bonding effect in
the amide linkage, the intermediate compound D was studied. Later,
the CE of compound D was compared with compound E1 to clarify
and confirm the result. The absorption spectra of compounds D
and E1, before and after shining UV light, are depicted in Fig. S6.

In case of compound D, the extent of isomerization is 85%,
whereas 72% of CE was observed in compound E1. This indicates
that the CE decreases with the amide substitution, due to the interac-
tion of electrons and hydrogen atoms in the amide moiety and can
be deduced in terms of hydrogen bonding effect.
5. Hydrogen Bonding and Electronic Properties

Difference in photosaturation and thermal back relaxation for
E2, E3 and E4 along with their electronic properties is as shown in
Table 2. The possible reason for this may be the mesomeric effect as
well as hyper-conjugation effect. Inter-molecular hydrogen bonding
exists between the molecules (Fig. S7), and the hydrogen bonding
restricts the free movement of the molecules to a significant
extent. Also, the different functional groups vary the effect of inter-
molecular hydrogen bonding to a greater extent.

In case of E1, there is no functional group at the para position
with respect to amide moiety. The time required for photosatura-
tion is 18 s and thermal back relaxation is 9.21 hr. So, there is no
electronic effect and hence the hydrogen bonding will remain stable.

A strong electron withdrawing group -NO2 induces positive
mesomeric effect for the compound E2 (refer to Table 1). Once
UV is shined on the system, the molecules gain energy. Also, there
is a strong positive mesomeric effect exerted by the electron with-
drawing -NO2 group. This leads to the hyper-conjugation effect at
N-H moiety of amide as shown in Fig. 9. As a result, inter-molecular
hydrogen bonding breaks and molecular movement will become
easy, resulting in a fast thermal back relaxation time.

In case of E3 (-COOC2H5) and E4 (-COCH3), which are not hav-
ing strong electron withdrawing group like -NO2 get attached to
para position with respect to amide moiety. These functional groups
have less electron withdrawing nature due to the inductive effect
in comparison with -NO2. Hence, the mesomeric effect is not con-
siderable. Due to the presence of excess oxygen atoms in the form

CE = 
A t0( )  − A t

∞
( )

A t0( )
------------------------------ 100×

Fig. 8. Demonstration of the optical pattern storage capability of the
device based on the principle described in this article. The
sample was kept at room temperature and illuminated with
UV radiation through a photomask. The dark regions indi-
cate where the molecules are exposed by the passing of the
UV and the bright regions are where the radiation is masked.

Fig. 7. E/Z and Z/E isomerization of E4 with the solid cell. Intensity
used is 5.860 mW/cm2. Guest-host effect is employed where
E4 act like guest and MLC 6873-100 is act like host.
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Table 2. Description of electronic effect with photoisomerization where electron withdrawing group shows fast and slow thermal back relax-
ation times based on their nature

Compound name & structure Electronic properties with respect
to the terminal functional groups

Photo-isomerization
Photosaturation

(s)
Thermal back
relaxation (hr)

-NO2 causes more “+M effect” 20 05.73

-CO2C2H5 causes less “+M effect” 22 10.18

-COCH3 causes further less “+M effect” 24 10.58

Fig. 9. Hyper conjugation effect in presence of strong electron withdrawing -NO2 group.

Fig. 10. Stable intermolecular H-bonding in presence of ester (a) and ketone (b).
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of ester and ketone, the extent of inter molecular hydrogen bond-
ing will be more as presented in Fig. 10.

Hence, the molecular movement is restricted in these two com-
pounds to a greater extent. As a result, the compounds E3 and E4

show very long back relaxation time of about ~10.5hr. Another rea-
son might be the terminal alkyl chain [19], which helps to restrict
the movement.

Thus, a compound with strong electron withdrawing group
shows fast back relaxation time, whereas the less strong electron
withdrawing group shows slow thermal back relaxation time. Hence,
the H-bonding effect is crucial for tuning molecules for optical
storage device. This structure property relation plays a dominant
role in understanding the phenomena that exist in the molecules
and their light behavior.

CONCLUSION

A new series of amide-based azobenzene having different ter-
minal functional groups were synthesized. The effect of electron
withdrawing groups is quite interesting, as they contribute to the
liquid crystalline nature in the molecules. The photoswitching prop-
erties of these materials showed E-Z isomerization at 18-24 s and
the reverse process occurred at 5-10 hr in solutions, whereas E-Z
photoisomerization took around 10 s and Z-E around 285 min on
solids. The presence of amide linkage in azodyes played an import-
ant role in photoisomerization. The hydrogen bonding effect is
considerable in the optical properties of the compounds and the
insertion of electron withdrawing groups makes a dramatic change.
Thus, the photoswitching behavior of the materials such as E1, E2,
E3 and E4 could be suitably useful in the field of optical data stor-
age devices and in molecular switches.
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Fig. S1. Observed liquid crystalline behaviour for reported com-
pounds. All four compounds showed similar kind of liquid
crystalline texture where suddenly it changed from liquid
crystal to crystalline.

Fig. S2. DSC thermograms for the compound E1.
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Fig. S3. DSC thermograms for the compound E2.

Fig. S4. DSC thermograms for the compound E4.

Fig. S5. The absorption spectra of E1-E4 show same peak absorption
due to the similarity in their molecular structures.
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Fig. S6. The photo-saturation of the intermediate compound D (left) and E1 (right) was determined and measured the conversion efficiency.
Further, the measurement has been done to justify the effect of hydrogen bonding in amide linkage.

Fig. S7. The concept of intermolecular H-bonding in E1-E4.

Table S1. The Photoisomerization properties with different intensi-
ties for compound E4

Intensity
(in mW/cm2)

Photosaturation
(in sec)

Back relaxation
(in hours)

02.380 29 10.93
05.860 24 10.58
09.020 19 08.95
13.200 16 07.84
17.590 10 06.38

Table S2. The extent of photoisomerization or conversion efficiency
(CE) of amide based azodyes

Compounds Extent of isomerization (%)
E1 72
E2 52
E3 75
E4 75
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Fig. S8. 13C NMR for compound D.
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