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The light induced behaviour of siloxane substituted azobenzene compounds in the presence of alkylene spacers is reported for the
first time. Firstly, these photosensitive compounds were synthesized and elucidated the molecular structure by spectral analysis such
as NMR, FTIR, and UV/Vis. Photoisomerization effect was evaluated in solution and also in nematic phase. The photosaturation
occurred exactly at 29 seconds, whereas thermal back relaxation was observed ranging from 19.8 to 23.8 hours. Long duration of
the thermal back relaxation is due to the presence of sterically hindered siloxane group substituted to the azobenzene molecules.
Decrease in the duration of cis-trans isomerization was found when the number of alkylene spacers was increased. These siloxane

based azobenzene derivatives are useful for the fabrication of optical storage device and molecular switches.

1. Introduction

The data can be optically stored by a device with the influence
of suitable light. The phenomenon is called optical storage
and the gadget is known as optical storage device [1]. Many
photosensitive organic compounds have been employed to
fabricate the optical storage device [1-4]. Mainly, perfor-
mance of the optical storage device is based on the nature
of chemical structure [4] and functional group [2] of the
organic compounds which are used. Also the properties of
illuminated light [5] are another important factor which gives
impact in the device capabilities. However, the chromophoric
functional groups are responsible for the isomerization [6]
and molecular reorientation [7]. Azobenzene is a good
candidate to study the photo-induced effects among other
light sensitive compounds and this is due to the excellent
photo-active behaviour of azobenzene chromophores [7].
The molecular structure of azobenzene facilitated the delo-
calization of 7 electrons and lone pair of electrons between
the acceptor and donor functional groups [8]. One of the
important features of azobenzene is trans-cis isomerization.
So many researchers reported the light induced effects and
liquid crystal properties of azobenzene derivatives [6, 9-11].

Mainly, azobenzene compounds have great importance in lig-
uid crystal research [4,12,13] and the special characteristics of
azobenzene can be employed in many areas of research such
as photoalignment [14, 15], holographic media [16, 17], and
optical storage [18, 19]. Moreover, some of the azo dyes are
not liquid crystals in nature. But most of the azo dyes which
show photoisomerization can be used in guest-host system
[20, 21]. It means that the guest azobenzene derivatives can
mix with hostliquid crystal compounds and the light induced
properties can be analysed. However, alkyl chains affect the
photoisomerization of azobenzene derivatives in a significant
extent [22-24].

Generally, light induced properties of azobenzene differ
with varieties of structure, spacers, and functional group
associated with it. Mainly, optical activity depends on the
number of alkylene spacers present in the molecular structure
[22-24]. Recently, the photoisomerization of azobenzene
with aliphatic and aromatic spacers was also reported [8].
Therefore, the cis-trans isomerization of azobenzene with
spacers is quite interesting to study. Azobenzene has trans
configuration at room temperature and normal conditions
[6]. Thermodynamically more stable trans form isomerizes
to give cis form, when UV light of suitable wavelength



is illuminated on the system of molecules [7]. Then, cis
isomers comes back to the original state (trans isomeric form)
spontaneously in most of the cases and the process is known
as thermal back relaxation [6]. Even back relaxation phe-
nomenon is fast, when exposing white light (say wavelength
of 450 nm). However, the functional group effects the pho-
toisomerization process of azobenzene in a significant extent
[25, 26]. Particularly, organosilicon has peculiar contribution
with azobenzene moiety in light induced studies.

Organosilicons are the derivatives of silane (SiH,). Gen-
erally, silane is spontaneously flammable and hydrolyses
rapidly with atmospheric moisture [27]. Electronegativity of
the silicon (1.64) is less than carbon (2.35) and hydrogen
(2.79). In other words, silicon is more electropositive than
carbon. Hence, Si-H bond is more polar than C-H bond.
The covalent radius of silicon (177 pm) is bigger than carbon
(77 pm). So nucleophile can attach silicon nucleus more
easily than carbon [27]. Therefore, silicon derivatives are
extensively synthetic chemistry to follow the simple and
easy synthetic pathways [28]. Mainly, synthesis of organosil-
icon has great importance in material chemistry research,
due to the thermal and electrical conductivity of silicon
derivatives [29]. However, organosilicon has great role in
several research areas, such as fluorescent chemosensing
[30], antimicrobial activity [31], organometallic synthesis
[32], medicinal chemistry [33], liquid crystals [29, 34-36],
and electronics and photonics [29]. Liquid crystal properties
of siloxane substituted azobenzene play main role in the
liquid crystal display (LCD) research. Several liquid crystal
phases were identified and characterized from the siloxane
substituted azobenzene compounds [29, 34-36]. However,
siloxane substituted azobenzene derivatives are interesting to
evaluate the morphologies of N=N photoisomerization.

The azobenzene derivatives are sterically hindered by
bulky siloxane group [37, 38]. Thus, photoisomerization of
N=N in the molecular structure shows significant effect
in presence of siloxane substitution [37]. Along with this,
variable spacers (alkyl chains) are present in between siloxane
and azobenzene moieties. Tacitly, our interest is to evaluate
the effect caused by alkyl chains in the photoisomerization
of siloxane substituted azobenzene derivatives. In this work,
we have investigated the photoisomerization of siloxane
substituted azobenzene with various alky spacers between
siloxane and azobenzene moieties. This might show dramatic
optical activities because of the spacers and bulky siloxane
substitution.

2. Experimental

2.1. Raw Materials and Instruments Used. The materials in-
clude ethyl-4-aminobenzoate (Fluka), sodium nitrite (Aldrich),
hydrochloric acid (Fluka), sodium hydroxide (Fluka), metha-
nol (Fluka), phenol (Aldrich), 4-bromo-1-butene (Fluka), 5-
bromo-1-pentene (Fluka), 6-bromo-1-hexene (Fluka), potas-
sium carbonate (Aldrich), potassium iodide (Aldrich), ace-
tone (Fluka), potassium hydroxide (Aldrich), toluene
(Fluka), Karstedt’s catalyst (Aldrich), and 1,1,1,3,5,5,5-hep-
tamethyltrisiloxane (Aldrich). Acetone was dried over
phosphorus pentoxide (Fluka) and dichloromethane was
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dried over calcium hydride (Fluka) and distilled out before
the use. Other solvents and chemicals were used as such.

Instrumental details are as follows. IR spectra were
recorded using a Perkin Elmer (670) FTIR spectrometer. 'H
NMR (500 MHz) and *C NMR (125 MHz) were recorded in
Bruker. The photoswitching study was performed using UV-
visible spectrophotometer from Ocean Optics (HR2000+).
For photoswitching studies in solutions, the compounds were
dissolved in chloroform at fixed concentration of C = 1.1 x
10~ mol L™". Photoisomerization of these compounds was
investigated by illuminating it with an OmniCure S2000
UV source equipped with a 365nm filter and heat filter
was used to avoid unwanted heat from the radiation. The
intensity used for measuring E/Z is around 5.860 mW/cm®
measured using UV meter. The absorption spectra were taken
in both solutions and solid state for all the synthesized com-
pounds. The photoswitching behaviour of these compounds
was studied by shining UV light of suitable wavelength.
Mesomorphic properties were investigated using polarized
optical microscopy (Nikon, Olympus BX 51 POL) along with
Linkam hotstage.

2.2. Synthesis and Elucidation. The siloxane substituted
azobenzene derivatives (Va-Vc) can be synthesized by five
steps. Firstly, 4-ethyl aminobenzoate was diazotized using
sodium nitrite in the presence of acid medium. Then, the
diazonium ion (I) produced in the first step was coupled by
phenol to get II. Next, free hydroxyl group of the compound
IT was methylated with bromo-alkene in the presence of
mild basic medium. On the other hand, the substituted ester
group was hydrolysed using potassium hydroxide and water.
Lastly, the carboxylic acid group which is present in IVa-
IVcwas further treated with siloxane derivative. The synthetic
strategy is given in Scheme 1.

2.2.1. General Procedure for Diazotization of Aniline Deriva-
tive (II). The solution of 4-ethyl amino benzoate (759 g,
46.00 mmol) was prepared by methanol (40 mL) and cooled
to 0-2°C. 25% HCI was added dropwise to the solution at
2°C. The solution of sodium nitrite (3.03 g, 44.6 mmol) was
prepared in water and added to the reaction mixture dropwise
at 2°C for 15 minutes. Then, phenol (4.19 g, 44.6 mmol) was
dissolved in methanol and slowly added to the reaction
mixture at 2°C. Next, 1N NaOH solution was added to the
reaction mixture to increase the pH (around 8.5-9.0) and
reaction mixture was stirred for 4 hours. Finally, the reaction
mixture was poured into the beaker containing crushed ice
with methanol (250 mL). The solution was filtered to collect
the reddish brown precipitate and it was dried and recrystal-
lized with methanol. A red coloured solid; yield: 82%; melting
point: 160.2-160.5°C; IR (KBr Pellet) v, in cm™': 3321 (OH),
1728 (C=0, ester), 1602, 1484 (C=C, Ar), 1248, 1140 (C-O, Ar),
829 (Ar-H); "H NMR (500 MHz, acetone-d6): 8 8.17 (d, ] =
8.2Hz, 2H, Ar), 792 (d, ] =75 Hz, 2H, Ar), 788 (d, ] = 75 Hz,
2H, Ar), 701 (d, ] = 8.2 Hz, 2H, Ar), 5.54 (s, 1H, OH), 4.42 (q,
J =72Hz,2H, OCH,), 1.44 (t, 3H, CH;).

2.2.2. General Procedure to Alkylate the Phenyl Group of
Azo Dye (Illa-IIlc). The solution of II (4.77 g, 18.5 mmol)
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ScHEME I: Synthetic scheme for halogen substituted azo dyes.

and 6-bromo-1-hexene (6.12 g, 371 mmol) was prepared by
acetone (30 mL). The catalytic amounts of potassium iodide
(50mg) and also potassium carbonate (2.55g, 18.5 mmol)
were added to the reaction portionwise and refluxed. The
reaction mixture was monitored during the reflux by TLC.
After 24 hours, the reaction mixture containing IITa was
dried and used for the next step. The similar procedure was
followed to synthesize ITIb-IIlc.

2.2.3. General Procedure to Hydrolyse the Ester of Azo Dye
(IVa-1Vc). Dried precipitate (IITa) from the previous step
was dissolved in methanol (100 mL) and the solution of potas-
sium hydroxide (3.48g, 62.2mmol) in water (20 mL) was
added dropwise. The reaction mixture was refluxed for four
hours and the completion of the reaction was confirmed by

TLC. Then, the reaction mixture was washed with n-hexane
to remove the nonpolar impurities. Dilute HCI was added to
the crude solution until the pH of the solution becomes 6. The
compound was extracted with ethyl acetate and brine wash
was given to remove ionic impurities. The crude solution
was dried over anhydrous sodium sulphate and solvent was
removed by rotor vapour. The crude solid (IVa) obtained
was recrystallized by methanol. A dark yellow coloured solid;
yield: 75%; melting point is 153.2-153.6°C; IR (KBr Pellet) v,
in cm™": 3380 (OH), 2942, 2840 (CH,), 1681 (C=0, acid),
1600, 1421 (C=C, Ar), 1289, 1248 (C-O, Ar), 837 (Ar-H); 'H
NMR (500 MHz, DMSO): § 8.12 (d, ] = 8 Hz, 2H, Ar), 7.93 (d,
J = 765Hz, 2H, Ar), 791 (d, ] = 75Hz, 2H, Ar), 714 (d, ] =
72Hz, 2H, Ar), 4.22 (t, ] = 4.3 Hz, 2H, OCH,), 5.85-5.93 (m,
3H, olefinic), 1.73 (q, 2H, CH,).



2.2.4. General Procedure to Silylation of the Olefinic Group
Substituted Azo Dye (Va-Ve). IVa (0.25g, 0.84 mmol) and
1,1,1,3,3,5,5-heptamethyltrisiloxane (0.18 g, 0.84 mmol) were
dissolved in 4 mL of toluene. Catalytic amount of Karstedt’s
catalyst was added to the solution. The reaction mixture
was stirred for 2 days at room temperature and the com-
pletion of reaction was monitored by TLC. The solvent was
evaporated under the fume-hood after completion of the
reaction. Next, crude product Va was purified by column
chromatography using chloroform as mobile phase. The dark
yellow compound was recrystallized using chloroform (R
= 0.18). The compounds Vb-Vc were synthesized according
to the procedure described for Va. The representative 'H,
BC NMR, and IR spectra are given in the supplementary
information (Figure S1, S2, and S3 in Supplementary Material
available online at http://dx.doi.org/10.1155/2016/4715230).

Va: a dark yellow coloured solid; yield: 46%; melting
point is 118.2-118.9°C; IR (KBr Pellet) v,,,, in cm™': 3416
(OH), 2922, 2850 (CH,), 1683 (C=0, acid), 1599, 1500 (C=C,
Ar), 1418 (CHj;), 1295, 1250 (C-O, Ar), 839 (Ar-H); '"H NMR
(500 MHz, DMSO): & 8.21 (d, J = 8 Hz, 2H, Ar), 795 (d, ] =
7.65Hz,2H, Ar), 793 (d, ] =75Hz, 2H, Ar), 703 (d, ] = 7.2 Hz,
2H, Ar), 4.07 (t, ] = 4.37 Hz, 2H, OCH,), 2.23 (q, 2H, CH,),
1.48 (g, 2H, CH,), 1.29 (s, 3H, CH,), 0.97 (s, 3H x 6, CH,).

Vb: a dark yellow coloured solid; yield: 46%; melting
point is 124.3-124.8°C; IR (KBr Pellet) v, in cm™: 3410
(OH), 2920, 2844 (CH,), 1678 (C=0, acid), 1600, 1500 (C=C,
Ar), 1423 (CH,), 1247, 1140 (C-O, Ar), 837 (Ar-H). '"H NMR
(500 MHz, DMSO): 6 8.21(d, ] = 8.1Hz, 2H, Ar), 795 (d, ] =
7.65Hz,2H, Ar), 793 (d, ] =75Hz, 2H, Ar), 703 (d, ] = 7.2 Hz,
2H, Ar), 4.07 (t, ] = 4.3 Hz, 2H, OCH,), 2.23 (q, 2H, CH,), 1.48
(g, 2H, CH,), 1.39 (g, 2H, CH,), 1.29 (s, 3H, CH,), 0.97 (s, 3H
x 6, CH;).

Vc: a dark yellow coloured solid; yield: 46%; melting
point is 129.8-130.3°C; IR (KBr Pellet) v, in cm™': 3417
(OH), 2935, 2848 (CH,), 1679 (C=0, acid), 1600, 1500 (C=C,
Ar), 1422 (CH,), 1247, 1142 (C-O, Ar), 838 (Ar-H). "H NMR
(500 MHz, DMSO): § 8.21 (d, ] = 8.1Hz, 2H, Ar), 7.95 (d, ]
= 7.65Hz, 2H, Ar), 7.93 (d, J = 75 Hz, 2H, Ar), 703 (d, ] =
72Hz, 2H, Ar), 4.07 (t, ] = 4.3 Hz, 2H, OCH,), 2.23 (q, 2H,
CH,), 151 (q, 2H, CH,), 148 (q, 2H, CH,), 1.39 (q, 2H, CH),
1.29 (s, 3H, CH,), 0.97 (s, 3H x 6, CH,); >C NMR (100 MHz,
Acetone-d6): § 168 (COOH), 160, 154, 145, 136, 129, 123, 120,
112, 66 (OCH,), 29, 27, 24, 21, 15, 12.

3. Result and Discussion

3.1. Photoswitching Properties. These azo bridged compounds
consist of siloxane substitution at one side and carboxylic
acid substitution at another side. Tacitly, these compounds
were characterized using UV-Vis light to evaluate the photo-
switching properties. The compounds Va-Vc were showing
same absorption maxima at 357.91 nm, due to their similar
molecular structure. Photoisomerization studies were carried
out for the siloxane substituted azobenzene derivatives by
using solution of them and also with cell filled with nematic
host-guest mixture. In case of liquid crystal cell, the commer-
cial liquid crystal MLC 6873-100 was used as host, whereas

International Journal of Spectroscopy

357.91 nm

1.0 |

Absorbance (a.u.)

300 350 400 450 500 550
Wavelength (nm)

— 0.0sec —— 9.0sec

— 0.2sec —— 11.0sec
—— 0.4ssec —— 13.0sec
—— 1.8sec —— 16.0sec
—— 4.0sec —— 24.0sec
—— 6.0sec —— 29.0sec

FIGURE 1: Trans to cis photoisomerization of Va with UV light
irradiation.

Va was used as guest sample. The result obtained by the
liquid crystal cell analysis supports the construction of optical
storage device.

In photoisomerization of Va-Vc solutions, 5.8 mW/cm?
UV-Vis intensity was used and the solution concentration
was fixed at 1.1 x 10> mol L™'. E-Z isomerization of Va-Vc
was showed in Figure 1. The absorption maxima at 357.91 nm
(A0 correspond to 7r-m* transition of trans isomer of the
compounds at room temperature [9]. The absorption maxima
decrease, when the UV-Vis light of wavelength 357 nm is
illuminated on the system of molecules [6, 11, 39, 40]. The
process is called E-Z isomerization or trans-cis isomerization.
It means that the conversion of trans to cis form of the
azobenzene molecule takes place during the irradiation of
UV-Vis light of suitable wavelength. The absorption maxima
go to the lower level and even absorption maxima disappear
in most of the times at the stage of photosaturation [2, 31].
The low level of the absorption maxima at photosaturation
corresponds to cis isomeric form [6]. The photosaturation
occurring for the compounds Va-Vc is 29 seconds (Figure 1).

The absorption of the solutions of Va-Vc with respect
to the wavelength was considered and the graph was plotted
(Figure 1). The curves show trans to cis isomerization of the
compounds with the time interval of 29 seconds. The reverse
process to trans to cis isomerization is called back relaxation
or Z to E conversion [6, 39]. Firstly, Z to E conversion
can be achieved by irradiating the visible light of 450 nm
wavelength. Secondly, keeping the solution or sample in dark
place also resulted in trans to cis isomerization and it is
known as thermal back relaxation process [6, 40]. Usually,
the solution or sample is illuminated with the UV light of
suitable wavelength to get the photostationary state (to get
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FIGURE 2: Thermal back relaxation of the compounds Va, Vb, and Vc after the photosaturation.
cis isomeric form) and kept in a dark place to study the
absorption parameter in subsequent time interval.
Spectroscopic studies showed that thermal back relax- 2y Va
ation of the compounds Va-Vc is 23.8, 20.6, and 19.8 hours,
respectively (Figure 2). Additionally, the time interval was = 23r
also recorded with respect to the absorbance at threshold e
energy of illuminated photons. Clearly, all the three siloxane S nr
substituted azobenzene derivatives showed different interval E
of thermal back relaxation due to the variation in number of 21+ Vb
alkyl chains (CH, units) or spacers. Hence, optical activity Ve
of the compounds depends on the presence of spacers 20
associated with each molecule. Consequently, the long-time
thermal back relaxation is because of the presence of silox- - : L

ane moiety. Generally, photoswitching effect is significantly
affected by steric hindrance of siloxane group. So variation
in thermal back relaxation is due to steric hindrance and
alkylene spacers, which are linked between azobenzene and
siloxane moieties.

Number of spacers

—k— Back relaxation

FIGURE 3: Comparison of thermal back relaxation with spacers.
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FIGURE 4: Fabricated optical storage device by using the compound Va: (a) before illuminating UV light and (b) after illuminating UV light
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FIGURE 5: Photoisomerization of Va by using liquid crystal prototype cell.

Usually, the back relaxation decreases when the spacer
length increases [23, 41, 42]. In this case also, thermal back
relaxation was decreased with increasing the number of
spacers present in the molecular structure of the compounds
Va-Vc as shown in Figure 3. However, steric hindrance
decreases when length of alkyl chain increases. So thermal
back relaxation decreases with decrease in steric hindrance.

3.2. Optical Storage. Exactly 5% of Va was mixed with com-
mercial liquid crystal MLC6873-100. The homogeneous mix-
ture was eluted in the unidirectionally rubbed and polyimide
coated cell. The mobility of the mixture follows the principle
of capillary action. This liquid crystal cell (Figure 4) was
irradiated with the UV light of intensity 5.860 mW/cm® and
the absorption parameters were studied. The photosaturation
occurred at 29 seconds for the liquid crystal prototype cell,
which is same as photosaturation of Va-Vc in solutions and

the reverse process (Z to E isomerization) occurred at 154
minutes as shown in Figure 5.

In Figure 4, the first image was captured before illuminat-
ing the UV light on the prototype cell as shown in Figure 4(a).
Then, UV light was irradiated on the same cell with the
photomask “M” as shown in Figure 4(b). The letter “M” is
masked portion (bright area) and it is protected from the UV
radiation in the second image whereas the surrounded blank
area is affected by the UV light irradiation.

The prototype of liquid crystal cell was prepared to
prove the ability of the siloxane substituted azobenzene
compound Va for the application of optical data storage
device (Figure 4). The homogeneous mixture was prepared
by dissolving 5% of Va in MLC 6873-100 (commercial liquid
crystal). The compound was losing its order when the UV
light was illuminated on it. In other words, there is an order to
disorder transition observed after illuminating the UV light
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on the system [4], which was giving high contrast between
dark and bright states through analyser. In Figure 4, dark por-
tion corresponds to the illuminated area and bright portion
corresponds to masked area. The ordered to disordered state
transition is observed via UV light illumination. However, the
chalcone derivatives were also synthesized and studied for the
photoswitching behaviour to compare the photoreactivity of
them with azo dyes.

Figure 6 shows the photostability of the compound Va.
Multiple cycles of photoisomerization is considered here,
irrespective of time of trans-cis and cis-trans isomerization.
The compound Va is dissolved in chloroform with the
concentration 1.1 x 107> mol L. The UV light of intensity
10 mW cm > was illuminated on the solution continuously,
until photostationary state. Immediately, visible light of
10 mW cm™2 (450 nm wavelength) was irradiated on the solu-
tion for back relaxation process after photosaturation state.
This phenomenon was continued several times to evaluate the
photostability of the compound. Thus, these compounds are
stable towards light and do not degrade via light illumination.
Also one can reuse the compound several times in the photo-
induced process without discording the compound as a waste.
Therefore, these siloxane substituted azo dyes are suitable in
optical storage device industries, due to the excellent light
induced characteristics. Mainly, industries may reduce the
chemical wastes by the usage of these compounds.

4. Conclusion

Siloxane substituted azo dyes with various oligomethylene
spacers being synthesized. These spacers play important role
in the variation of cis-trans isomerization of azobenzene
derivatives. Usually, spacers increase the flexibility of the
organic molecules. The increase in flexibility enhances the
free rotation and mobility of the molecules. However, these
spacer substituted azobenzene compounds are suitable for
photochromic studies under UV-Vis light irradiation. The
trans-cis isomerization of these compounds is 29 seconds

whereas the thermal back relaxations were 19.8-23.8 hours
in solutions. However, the back relaxation was studied for
the compound Va in solid state and it was 154 minutes. The
long thermal back relaxation is mainly due to the presence
of steric hindrance of siloxane group. The steric effect was
reduced, when length of the alkyl chain was increased
and time interval of thermal back relaxation also decreases
accordingly. Compound Va was mixed with commercial
liquid crystal and prepared the optical storage device proto-
type. The excellent storage properties were observed in the
prototype cell. Also the photostability of these compounds
was evaluated and these compounds showed the excellent
photostability with the illumination of light (with high
intensity) and the compounds were stable after many cycles
of light illumination process. Therefore, siloxane substituted
azobenzene connected with alkylene spacers can be very
much useful in the fabrication of optical storage device and
molecular switches.
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