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In this information age, different kinds of photosensitive materials have been used in the manufacture of information storage
devices. But these photosensitive materials have the bane of low diffraction efficiency. In order to solve this problem, we have
synthesized a novel photosensitive polymer from epoxy-based azopolymers (with three types of azochromophores). Furthermore,
we have studied the interaction between this newly synthesized azopolymer and ionic liquids (ILs). For this purpose, we have used
the ammonium and imidazolium families of ILs, such as diethylammonium dihydrogen phosphate (DEAP), tributylammonium
methyl sulfate (TBMS), triethylammonium4-aminotoluene-3-sulfonic acid (TASA), and 1-methylimidazoliumchloride ([Mim]Cl).
To investigate themolecular interaction between azopolymer and ILs, we have used the following spectroscopicmethods of analysis:
UV-visible spectroscopy, photoluminescence (PL) spectroscopy, Fourier transformed infrared spectroscopy (FT-IR), and confocal
Raman spectroscopy. In this study, we have developed new photosensitive materials by combining polymer with ILs.

1. Introduction

In this study, we have described cost-effective methods used
to store, generate, and transmit data speedily [1]. Although
diverse technologies are being used for information storage,
photosensitive materials are the most popular ones.The opti-
cal reflection of photosensitive materials can be modified by
metallic and polymeric lasers [2, 3]. Photopolymers and silver
halide materials have high sensitivity and excellent resolu-
tion, so they are used as holographic recording materials [4].
However, in the past few years, azopolymers have attracted
the attention of several researchers as they have applica-
tions in diverse fields [1–4]. An azopolymer film induces
anisotropic effect when exposed to light. Therefore, this
nonlinear polymer film is one of the most promising holo-
graphic recording materials. Azopolymers also have many
other advantageous properties, such as photoinduced bire-
fringence, photoinduced phase transition, photomechanical
deformation of thin films, and surface relief-grating (SRG)

formation [5–11]. These properties can be correlated with
photoinduced anisotropic effects through which the transi-
somer (more stable) of azo group gets excited and undergoes
a transition to the cis-form (less stable). The energy for the
transition is provided by the following diverse phenomena:
the dipolar interaction with the optically induced electric
field gradient [12, 13], the photoisomerization of azobenzene
chromophores that undergo a translational diffusion [14],
the molecular alignment that brings about a mean-field
force [15], and the photomechanical effect occurring in thin
films [16]. The polymer with such properties has diverse
applications in sensors, actuators, optical storage devices, and
other data storage devices.

However, some azopolymers still cannot induce high
quality effects through photoinduced anisotropy, which is
essential for the practical use of optical storage devices [17–
19]. Cui and Zhao have reported that a stable photoin-
duced birefringence can be detected in an azopyridine liquid
crystalline polymer [20]. He et al. have devised different
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excitation regimes of nonlinear absorption (NLA) in azo-
containing ion liquid crystal polymer [21]. Li et al. [22] have
explored the photoorientation properties of liquid crystalline
azodendrimer using pulsed irradiation. Ionic liquids (ILs)
are another class of liquid crystals that are currently used
for producing photoinduced anisotropy. ILs are defined
as classical molten salts having low melting point [23–
28]. In recent years, Pan et al. have reported how they
developed reversibility and long-termoptical storage capacity
in azo-containing IL crystals [29]. Furthermore, Zhao et
al. [30] have also reported that the film made from azo-
containing, IL-crystalline polymer exhibited large nonlin-
ear refraction and negligible nonlinear absorption. After
perusing through these research studies involving azopoly-
mer and azo-containing, IL-crystalline polymer, we stud-
ied the interaction between the newly synthesized, epoxy-
based azopolymer and ILs (ammonium and imidazolium
families) using photoluminescence (PL) and UV-visible,
confocal Raman, and FT-IR spectroscopies. In this study,
we have used the ammonium and imidazolium families
of ILs, such as diethylammonium dihydrogen phosphate
(DEAP), tributylmethylammonium sulfate (TBMS), triethy-
lammonium 4-aminotoluene-3-sulfonic acid (TASA), and 1-
methylimidazolium chloride ([Mim]Cl).

2. Experimental Section

2.1. Materials. For conducting this experimental study,
we purchased the following chemicals 4,4-cyclohexylidene
bisphenol, aniline, 4-bromobenzenediazonium tetrafluo-
roborate, and 4-nitrobenzenediazonium tetrafluoroborate
(Sigma Aldrich, Co.; St. Louis, MO, USA). Epichlorohy-
drin was purchased from Sejinic, Co., Korea. All the other
materials, reagents, and solvents were commercially available
products, which were used without carrying out any further
purification procedures.

2.2. Characterization. 1H and 13C NMR spectra were
recorded at 400 and 100MHz, respectively (JEOL, Tokyo,
Japan). Infrared (IR) spectra were recorded using an MB104
FT-IR (ABB Bomem, Inc., Zurich, Switzerland). Atomic
force microscopy (AFM) images were obtained using an XE-
100 AFM (Park Systems, Suwon, Republic of Korea). The
major products were isolated by performing flash column
chromatography on silica gel (230–400 mesh ASTM; Merck
& Co., Inc.; White House Station, NJ, USA) using a mixed
solvent of chloroform/acetone (v/v = 95/5) as the eluent. Gel
permeation chromatograph (GPC) data was obtained using
a Waters 1515 (Waters). Differential scanning calorimetry
(DSC) curve was obtained using Jade DSC (PerkinElmer,
Waltham, MA, USA). In this experiment, the samples were
analyzed on a diode-pumped solid state (DPSS) laser (Gene-
sis CX-Series SLM; Coherent Lasers, Santa Clara, CA, USA).

Figure 1 illustrates the synthesis of the polymer. The
detailed experimental procedure of synthesis is described
below.

2.3. Synthesis of the Polymer

2.3.1. Synthesis of Monomer. 4,4-Cyclohexylidene bisphenol
was dissolved in epichlorohydrin, and the solution was
stirred at room temperature. Then, an aqueous solution of
sodium hydroxide was added, and the resultant homoge-
neous mixture (solution) was stirred for 6 h. This solution
was evaporated to isolate epichlorohydrin, which was then
dissolved in ethyl acetate. Finally, the solutionwaswashedfive
times with deionized water. The combined organic extracts
were dried over MgSO

4
and evaporated to discard ethyl

acetate and deionized water from the homogeneous mixture
(solution). The residue was purified by column chromatog-
raphy using silica gel as the absorbent and the mixed solvent
of chloroform/acetone (v/v = 95/5) as the eluent. With this
chromatographic technique, we obtained about 48.9% of
colorless viscous oil. The structure of this viscous oil was
characterized by 1HNMR, 13C NMR, and FT-IR. The results
of NMR spectroscopic analysis were as follows: 1H NMR
(400MHz, CDCl

3
) 𝛿 7.14 (d, 4H), 6.80 (d, 4H), 4.15 (d, 1H),

4.12 (d, 1H), 3.91 (q, 2H), 3.29 (m, 2H), 2.84 (t, 2H), 2.71 (q,
2H), 2.20 (s, 4H), 1.53 (s, 6H); 13C NMR (100MHz, CDCl

3
)

𝛿 156.09, 141.34, 127.77, 114.07, 77.19, 68.36, 49.66, 44.13, 37.15,
26.08, 22.66; IR (KBr) 3053, 3001, 2933, 2856, 1606, 1579, 1508,
1454, 1348, 1243, 1184, 1035, 912, 823 cm−1.

2.3.2. Synthesis of Precursor Polymer. Equimolar quantities
of synthesized monomer and aniline were homogeneously
mixed at room temperature, and then this mixture was
gradually heated at 110∘C. Thereafter, this homogeneous
mixture was stirred at 110∘C for 48 h. The product was
washed several times with pure methanol to remove the
moiety of low molecular weight. The polymer was then
collected and dried under vacuum at 50∘C for 12 h. Using
differential scanning calorimetry (DSC), we found that 𝑇

𝑔
of

polymer was 90.28∘C.The number average molecular weight
and weight average molecular weight of the polymer were
estimated to be 6,720 and 10,670, respectively. With the help
of gel permeation chromatography (GPC), we found that
the polydispersity index of the polymer was 1.58. The results
of NMR spectroscopic analysis were as follows: 1H NMR
(400MHz, DMSO-d

6
) 𝛿 7.12 (d, 2H), 7.03 (d, 2H), 6.80 (d,

2H), 6.70 (d, 2H), 6.53 (m, 1H), 5.33 (s, 1H), 5.13 (s, 1H), 4.04
(m, 2H), 3.85 (s, 4H), 3.43–3.68 (broad, 4H), 2.14 (s, 4H), 1.41
(s, 6H); 13C NMR (100MHz, CDCl

3
) 𝛿 156.18, 148.12, 148.02,

140.51, 129.18, 128.92, 127.99, 127.59, 114.16, 112.32, 112.06, 111.66,
70.03, 66.35, 55.02, 54.75, 48.56, 44.61, 44.22, 36.58, 36.31,
22.48; IR (KBr) broad 3328, 3064, 3035, 2933, 2858, 1598, 1509,
1465, 1363, 1247, 1184, 1108, 1037, 908, 823, 732, 692 cm−1.

2.3.3. Synthesis of Azopolymer-A. Aniline was dissolved in
a homogeneous mixture of tetrahydrofuran, glacial acetic
acid, sulfuric acid, and deionized water. Thereafter, an
aqueous solution of sodium nitrite was added dropwise
to this homogeneous mixture (solution) at 5∘C. Then, this
homogeneous mixture solution was stirred at 5∘C for 10
minutes. We prepared a diazonium salt of sulfanilic acid
solution. Subsequently, this synthesized precursor of polymer
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Figure 1: Schematic view of the synthesis of azopolymers.

was dissolved in 60mL of tetrahydrofuran, and this mixture
was stirred at 0∘C. Furthermore, the diazonium salt solution
was added dropwise to the mixture of precursor polymer and
stirred vigorously at 0∘C for 18 h. The resultant mixture was
evaporated to eliminate tetrahydrofuran. The product was
washed with pure diethyl ether and deionized water several
times. Then, we dried this product under vacuum at 70∘C
for at least 24 h. Using DSC, we found that the 𝑇

𝑔
of the

polymer was 86.77∘C.The number average molecular weight
and weight average molecular weight of the polymer were
estimated to be 5,860 and 8,300, respectively.With the help of
GPC, we found that the polydispersity index of this polymer
was 1.37. The results of NMR spectroscopic analysis were as
follows: 1H NMR (400MHz, DMSO-d

6
) 𝛿 7.71 (d, 2H), 7.44

(d, 2H), 7.12 (d, 4H), 7.07 (d, 2H), 6.83 (d, 4H), 6.69 (d, 2H),
5.76 (s, 1H), 5.33 (s, 1H), 4.06 (m, 2H), 3.87 (s, 4H), 3.13–3.68
(broad, 4H), 2.13 (s, 4H), 1.42 (s, 6H); 13C NMR (100MHz,
CDCl

3
) 𝛿 156.22, 148.85, 147.66, 141.11, 140.55, 129.89, 129.22,

128.67, 127.64, 115.39, 115.01, 114.68, 114.20, 112.55, 111.70, 111.12,
79.29, 70.07, 66.39, 54.79, 53.56, 44.25, 36.35, 30.82, 25.95,

22.52; IR (KBr) broad 3361, 3060, 3037, 2937, 2862, 1600, 1503,
1460, 1361, 1243, 1182, 1114, 1060, 908, 823, 748, 694 cm−1.

2.3.4. Synthesis of Azopolymer-B. We dissolved 4-bromoben-
zenediazonium tetrafluoroborate in a solution of tetrahydro-
furan and deionized water. Then, we prepared a diazonium
salt solution.Thereafter, the synthesized precursor of polymer
was dissolved in 60mL of tetrahydrofuran and stirred at 0∘C.
The diazonium salt solutionwas added dropwise to a solution
of precursor polymer, and then it was stirred continuously
at 0∘C for 18 h. The resultant mixture was evaporated to
eliminate tetrahydrofuran. The product was washed with
pure diethyl ether and deionized water several times. Finally,
the product was dried under vacuum at 70∘C for at least 24 h.
The results of spectroscopic analysis were as follows: 1HNMR
(400MHz, DMSO-d

6
) 𝛿 7.68 (d, 2H), 7.66 (d, 2H), 7.36 (d,

2H), 7.11 (d, 4H), 6.80 (d, 2H), 6.68 (d, 4H), 5.39 (s, 1H), 5.28
(s, 1H), 4.08 (m, 2H), 3.77–3.88 (broad, 6H), 3.54 (m, 2H), 2.14
(s, 4H), 1.38 (s, 6H); IR (KBr) broad 3362, 3063, 3034, 2935,
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2861, 1601, 1502, 1461, 1363, 1242, 1181, 1117, 1061, 907, 824, 748,
695 cm−1.

2.3.5. Synthesis of Azopolymer-C. We dissolved 4-nitroben-
zenediazonium tetrafluoroborate in a solution of tetrahydro-
furan and deionized water. Thus, we prepared a diazonium
salt solution. Subsequently, the synthesized precursor of
polymer was dissolved in 60mL of tetrahydrofuran, and the
resultant mixture was stirred at 0∘C. Then, the diazonium
salt solution was added dropwise to the mixture of precursor
polymer. The resultant suspension was stirred at 0∘C for
18 h. The resultant mixture was evaporated to eliminate
tetrahydrofuran. The product was washed with pure diethyl
ether and deionized water several times. Finally, we dried this
product under vacuum at 70∘C for at least 24 h. The results
of NMR spectroscopic analysis were as follows: 1H NMR
(400MHz,DMSO-d

6
)𝛿 8.31 (d, 2H), 7.87 (d, 2H), 7.75 (d, 2H),

7.11 (d, 4H), 6.89 (d, 2H), 6.80 (d, 4H), 5.42 (s, 1H), 5.30 (s,
1H), 4.08 (m, 2H), 3.78–3.89 (broad, 6H), 3.56 (m, 2H), 2.13
(s, 4H), 1.38 (s, 6H); IR (KBr) broad 3355, 3051, 3035, 2931,
2861, 1600, 1511, 1460, 1367, 1247, 1187, 1111, 1044, 901, 827, 743,
692 cm−1.

2.4. Synthesis of ILs. In our previous study, we have
described the synthesis of tributylammonium methyl sulfate
[N
1444

][MeSO
4
] and diethylammonium dihydrogen phos-

phate (DEAP) [24, 27, 28].

2.4.1. Synthesis of Triethylammonium 4-Aminotoluene-3-
sulfonic Acid (TASA). The synthesis of ionic liquids was
carried out in a 250mL round-bottomed flask, which was
immersed in a water-bath and fitted with a reflux condenser.
4-Aminotoluene-3-sulfonic acid (1mol) was added dropwise
to triethylamine (1mol) at 70∘C for 1 h. Then, this reaction
mixture was heated at 80∘C and continuously stirred for 2 h.
Thus, we ensured that the synthesis reaction proceeded to
completion. Thereafter, this reaction mixture was dried at
80∘C till the weight of the residue became constant. The
sample was analyzed by Karl Fisher titration, which detected
very low levels of water (below 70 ppm). The total yield
of TASA was 91% with this method. The results of NMR
spectroscopic analysis were as follows: 1H NMR (CDCl

3
): 𝛿

(ppm) 1.13 (s, 9H), 2.22 (s, 3H), 3.10 (s, 6H), 5.14 (s, 2H), 6.60
(s, 1H), 6.91 (s, 1H), 7.57 (s, 1H), 10.39 (s, 1H).

2.5. Preparation of Polymer Film. The concentration of azo-
polymer-C was typically 12 wt% in a homogeneous solution
of anhydrous tetrahydrofuran. This solution was filtered
through 0.45 𝜇m membranes and bar-coated onto normal
glass slides. The average thickness of this film was 10 𝜇m.
Before being used, these coated films were dried at 100∘C in
an oven for 24 h.

3. Results and Discussion

3.1. Synthesis and UV-Vis Studies of the Azopolymers. In this
work, we have synthesized three novel azopolymers that can
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Figure 2: UV-visible absorption spectra of azopolymer-A (blue
color), azopolymer-B (red color), and azopolymer-C (black color)
in THF solution.

be used as holographic recording materials. Three differ-
ent types of azochromophores (azopolymer-A/azopolymer-
B/azopolymer-C) were developed from the precursor poly-
mer using azo coupling reaction (see Figure 1). Using the
functionality of a polymer, we incorporated different types
of azochromophores into the precursor polymer [31, 32].
The polymers exhibited 𝑇

𝑔
value at around 80–90∘C. While

carrying out polymerization of precursor polymers, wemain-
tained a temperature of 110∘C to eliminate side reactions,
such as cross-linking polymerization. Had the temperature
risen above 110∘C, cross-linking polymerization would have
occurred, and the solubility of azopolymers in common
organic solvents would have been very low. Therefore, the
synthesized azopolymers were not long chain polymers.
Instead, they were short chain polymers, having a molecular
weight of around 10,000. The degree of functionalization
in the three series of azopolymers was determined by 1H
NMR analysis. In this analysis, we found that the peak at the
p-position of precursor polymers disappeared, while peaks
ascribed to the new benzene ring appeared.

For understanding the efficiency of these polymers
(azopolymer-A/azopolymer-B/azopolymer-C), we used UV-
visible spectroscopy. Figure 2 displays the 𝜆max values for the
azopolymer in THF solution. The 𝜆max value of the 𝜋-𝜋∗
absorption band is shifted to a longer wavelength in the visi-
ble region, thereby indicating the presence of donor-acceptor
type azochromophores. The 𝜆max values for azopolymer-
A, azopolymer-B, and azopolymer-C were 414 nm, 426 nm,
and 502 nm, respectively. This indicates that 𝜆max values get
strongly influenced by the p-position of azobenzene units,
which act as electron acceptors. Hence, we decided to use
azopolymer-C, which exhibited a maximumwavelength shift
with ILs. To investigate the molecular interaction between
ILs and azopolymers, we used PL, UV-visible, and Raman
spectroscopies.
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Figure 3: (a) UV-visible absorption spectra, (b) photoluminescence (PL) spectra, and (c) confocal Raman spectra of azopolymer-C (black),
azopolymer-C + DEAP (red), azopolymer-C + TBMA (green), azopolymer-C + TASA (blue), and azopolymer-C + [Mim]Cl (cyan).

3.2. Molecular Interaction Study of Azopolymer with ILs Using
PL, UV-Visible, and Confocal Raman Spectroscopies. The
miscibility factor is governed by the molecular interaction
between azopolymer-C and ILs. With the help of UV-visible
spectroscopy, we found that there was a significant molecular
interaction between the synthesized azopolymer-C and ILs.
As shown in Figure 3(a), compared to only polymer, there
is a slight red shift in case of all ILs interacting with the
polymer. The azopolymer depicted a maximum absorbance
at 502 nm, while azopolymer-C +DEAP exhibited maximum
absorbance at 518 nm. Compared with the azopolymer, the
intensity of absorption was much higher for azopolymer-C +
DEAP. Moreover, azopolymer-C + TASA showed maximum
absorbance at 511 nm, but there was no increase in the
intensity of absorbed light. Instead, the [Mim]Cl (protic imi-
dazolium IL) + polymer exhibited red shift with a maximum
absorbance at 513 nm; this solution mixture also showed a
slight increase in the intensity of absorbed light. The red shift
and slight increase in intensity of absorption by [Mim]Cl +
azopolymer suggest that [Mim]Cl interacts with azopolymer.

A red shift with maximum absorbance at 513 nm is due to
the interaction of aprotic ammonium IL TBMA, with the
polymer.

In order to have in-depth knowledge of optical prop-
erties of polymer and polymer + ILs, we conducted PL
spectroscopy. The results of this analysis are displayed in
Figure 3(b). The PL for the polymer was observed approxi-
mately at 509 nm. On the other hand, azopolymer-C +DEAP
showed maximum PL at approximately 510 nm with quench-
ing intensity. This indicates that DEAP undergoes a slight
change in its PL properties after chemically interacting with
azopolymer-C. Furthermore, ammonium IL TBMA interacts
with azopolymer-C, showing a decrease in its intensity of
absorption and red shift as compared to the polymer (alone).
But, in this case, there is no shift when compared with
azopolymer-C + DEAP. Moreover, the ammonium IL TASA
combination with azopolymer-C exhibited a red shift and
an increase in intensity. But there was no significant shift
in wavelength and intensity for the imidazolium based IL
[Mim]Cl when compared with the polymer alone. To further
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Table 1: FT-IR spectroscopy analysis of the azopolymer-C and azopolymer-C + ILs.

Azopolymer-C Azopolymer-C
+ DEAP

Azopolymer-C
+ [Mim]Cl

Azopolymer-C
+ TBMS

Azopolymer-C
+ TASA

O–H 3500–3150
(broad) 3500 3650–3200

(broad)
3600–3150
(broad) 3500

C=C–H 3037 3036 3137 3137 3029
C–H 2931, 2856 2975, 2905 2956, 2860 2968, 2873 2989, 2927
C=C (aromatic) 1598, 1454 1600, 1460 1583, 1450 1600, 1469 1600, 1454
–NO2 (symmetric) 1336 1336 1330 1334 1336
–NO2 (asymmetric) 1508 1512 1512 1512 1506
C–N (phenyl) 1313 1313 1311 1310 1307
C–N (alkyl) 1135 1134 1135 1135 1141
C–O (phenyl) 1242, 1039 1242, 1045 1247, 1010 1255, 1016 1232, 1012
C–O (alkyl) 1101 1103 1087 1103 1107
Aromatic para substituent 823 821 825 823 829

elucidate the interaction between polymer and ILs, we used
confocal Raman spectroscopy.

Confocal Raman microscopy is a more sophisticated
technique; it estimates the vibrational energy of target solutes
and eliminates the need of invasive monitoring aids [33–
35]. However, owing to the penetration of the polymeric
membrane, the Raman signal was strongly diminished and
the excited laser’s signal was also strongly attenuated. Thus,
the highly selective and sensitive laser can be directed
inside azopolymer-C without causing any damage. As seen
in Figure 3(c), significant peaks appear at 1136, 1202, 1402,
and 1599 cm−1, corresponding to C–OH, C–O–C, 𝛿(CH

2
),

𝛿(CH
3
) asymmetric, and 𝜐(C–NO

2
) groups, respectively, in

the polymer. On other hand, the polymer + ILs showed
a slight red shift, confirming the interaction between the
polymer and ILs. In the case of protic ammoniumDEAP IL +
polymer, the Raman peaks were observed at 1141, 1202, 1403,
and 1602 cm−1. These peaks also exhibited higher intensity
when compared to the polymer alone. In case of TASA +
polymer, Raman peaks were observed at 1142, 1202, 1403,
and 1452 cm−1 with quenching intensity. These shifts clearly
indicate that both protic ammonium ILs have interactions
with azopolymer-C. Furthermore, wavelength shifts were
also observed between protic imidazolium [Mim]Cl IL and
polymer at 1141, 1201, 1402, and 1598 cm−1. In case of aprotic
ammonium IL TBMA + polymer, high intensity peaks were
observed at 1139, 1201, 1401, and 1601 cm−1.

3.3. The Study of Molecular Interaction between Poly-
mer and ILs Using FT-IR Spectroscopy. To understand the
interaction between azopolymer-C and ILs, FT-IR spec-
troscopy study seemed to be useful tools. Figures S1–
S4 (FT-IR data of polymer and polymer-ILs mixture can
be seen in Supplementary Material available online at
http://dx.doi.org/10.1155/2015/461974) and Table 1 display the
FT-IR spectra of azopolymer-C in the absence and presence
of various ILs, respectively. Some shifts in the wavelength of
azopolymer-C were observed after its interaction with ILs.

Theband assignment is as follows: the absorption bands ofO–
H, C=C–H, C–H, C=C (aromatic), NO

2
(symmetric), NO

2

(asymmetric), C-N (phenyl), C–N (alkyl), C–O (phenyl),
C–O (alkyl), and aromatic p-substituent are at 3500–3150
(broad), 3037, (2931, 2856), (1598, 1454), 1336, 1508, 1313, 1135,
(1242, 1039), 1101, and 823 cm−1, respectively (Figure S1a).
After the interaction of protic ammonium IL DEAP with the
polymer, the absorption bands shifted to longer wavelength.
For example, C–H peak appeared at 2975, 2905 cm−1, while
C=C (aromatic) peak appeared at 1600, 1460 cm−1. The
NO
2
(asymmetric) peak occurred at 1512 cm−1, while C–

O (phenyl) peaks appeared at 1242, 1045 cm−1. The C–O
(alkyl) appeared at 1103 cm−1 (Figure S1b). However, the
remaining peaks did not change their intensity and posi-
tion even after interaction with DEAP. Similarly, for other
protic ammonium IL TASA, some peaks shifted to longer
wavelength: the C–H peak appeared at 2989, 2927 cm−1,
while the C=C (aromatic) peak appeared at 1600, 1454 cm−1.
Furthermore, C–N (alkyl) was detected at 1141 cm−1, while
C–O (alkyl) was conspicuous at 1107 cm−1 (Figure S2). As
seen in Table 1, some peaks shifted to lower wavelength but
most peaks retained the same positions. Moreover, some
peaks of protic imidazolium IL [Mim]Cl also shifted to longer
wavelength: C=C–H peak appeared at 3137 cm−1, while C–H
peaks appeared at 2956, 2860 cm−1. The NO

2
(asymmetric)

peak appeared at 1512 cm−1, while the peak at 825 cm−1 was
ascribed to aromatic p-substituent. As seen in Figure S3,
the remaining peaks either shifted to a lower wavelength or
remained at the same position. In the aprotic ammonium IL
TBMA + polymer, there were peaks that shifted to longer
wavelength: theC–Hpeak appeared at 2968, 2873 cm−1, while
C=C (aromatic) peak appeared at 1600, 1469 cm−1. As shown
in Figure S4, the peak at 1512 cm−1 was attributed to NO

2

(asymmetric vibration).
Among the three synthesized azopolymers, azopolymer-

C exhibited the longest wavelength shift in UV-visible spec-
troscopic analysis, which was attributed to the conjugative
and inductive effects of both ground state (𝜋) and excited
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state (𝜋∗) electrons. The results of UV-visible spectroscopy
revealed that both protic and aprotic ILs interacted exten-
sively with the polymeric surface. However, the high intensity
peaks of protic ammonium ILs appeared at longer wave-
length after interacting with the polymer. Moreover, UV-
visible spectroscopy showed that both protic ammonium ILs
(DEAP and TASA) interacted with azopolymer-C to different
extents. Similarly, the PL spectroscopy results revealed that,
compared with imidazolium IL, the change in PL properties
was significant in ammonium ILs. On the other hand, peak
shifts in the Raman spectra reveal that both protic and aprotic
ILs of ammonium and imidazolium families strongly interact
with azopolymer-C and modify polymeric properties. The
FT-IR results also support the Raman data, indicating that
there is an interaction between all ILs and azopolymer-
C due to which the absorption peaks shift to longer or
shorter wavelengths. In various spectroscopic studies, the
shift in the wavelengths of peaks has been attributed to the
various kinds of interaction between the azopolymer and ILs,
such as hydrogen bonding, Van der Waal’s interaction, and
Coulombic interaction. Hence, azopolymer + IL can be used
as a holographic material for capturing images. This study
provides new outlook to the combined use of azopolymer +
IL in various holographic devices.

4. Conclusion

In this extensive experimental study, we successfully syn-
thesized three new photosensitive materials. Among them,
azopolymer-C has the maximum 𝜋-𝜋∗ emission. Further-
more, to explore the interactions between polymer and ILs,
we used the following analytical techniques: UV-visible, FT-
IR, and confocal Raman spectroscopies. Then, we inferred
that, compared to protic imidazolium ILs, protic and aprotic
ammonium ILs had a greater tendency to form hydrogen
bonds. To the best of our knowledge, the azopolymer and IL
mixture has not been analyzed for this first time in this study.
Hence, the results of this novel study seem to be beneficial in
the field of polymer chemistry and holographic research.
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