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Abstract Hydrogels from either 2-acrylamido-2-methylpropane sulfonic acid (AMPS) or 2-hydroxyl ethyl
methacrylate (HEMA) have been prepared by gamma radiation at irradiation dose of 10 kGy. Different volume ratio
(v/v) of the starting materials were used to obtain crosslinked hydrogels of variable compositions and crosslink
density. UV-VIS absorption spectra indicated that there is a variation in intensity as well as in optical energy gap
with different doping levels. Therefore, values of direct and indirect energy gaps were calculated and discussed. The
reflectance and transmittance were collected for the as-prepared hydrogels and analyzed in the incident photon
energy range from 0.1 to 1.6 eV at a temperature range 300 to 500 K. The optical investigation revealed that the
optical transition is directly allowed.
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1. Introduction
Commonly, Hydrogels are considered a hydrophilic
polymer networks which may absorb from 10–20% (an
arbitrary lower limit) up to thousands of times their dry
weight in water [1,2]. Hydrogels are mostly chemically
stable or they may degrade and eventually disintegrate
and dissolve. Besides, they are called “reversible,” or
“physical” gels when the networks are held together by
molecular entanglements, and/or secondary forces including
ionic, H-bonding or hydrophobic forces. The interest in
hydrogels derives from their characteristics, particularly
biocompatibility and non-toxicity [3,4]. Hydrogels
based on Poly (2-hydroxyethylmethacrylate) (PHEMA)
have been effective in ophthalmology field, due to high
refractive index at room temperature (n= 1.512), their
mechanical stability, and oxygen permeability. Swollen
PHEMA possess high light transmission capability in the
visible and near-visible region, and its swelling behavior
depends on temperature and penetrating solution. Only a
limited number of reports are known combining synthetic
polymeric hydrogels with opto-electronic materials
[5,6,7,8]. The confinement of electro-optical materials in
polymeric materials has raised special interest due to their
technological applications [9,10]. They are promising

devices of light control and electrooptical applications
because they can be switched electrically from a lightscattering “off state” to a highly transparent ‘‘on state.’.
2- Acrylamido-2-methyl-1-propanesulfonic acid (AMPS)
is a relatively strong acid that has a wide variety of
applications such as packaging, water absorbents, films
foam stabilization,, photographic materials, electrocatalysis,
and ion-exchange voltammetry [11-23]. AMPS has received
attention in the last few years due to its strongly ionizable
sulfonate group. AMPS was selected as ionic comonomer
to AAm and the optical properties of solutions incorporating
copolymers formed by 2-acrylamido-2-methylpropanesulfonic
acid and acrylamide, P(AMPS-AAm) were studied by
Valueva et al. [24].
Therefore, attention has recently turned to
2-acrylamido-2-methylpropane sulfonic acid (AMPS-+H)
which is a strongly acidic ionic monomer that easily
dissolves in water. The polymer properties enhanced by
AMPS-+H include hydrophilicity, thermal stability,
stability over a broad pH range, resistance to hydrolysis
and ionic character. The advantages of this synthetic
hydrogel are its softness and flexibility compared to
HEMA. Further, any residual unreacted monomer can be
more easily removed by water due to the polymerisation is
being performed in an aqueous system. The result is that
an already hydrated hydrogel is obtained because water is
retained within a 3-dimensional crosslinked structure [25].
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In view of the above, the present study attempts to explore
the optical and electrical properties of HEMA by forming
hydrogel with AMPS using gamma irradiation.
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Materials:

HEMA is a hydrophilic, hydrolytically stable derivative
of acrylate with a primary hydroxyl (OH) functionality
at the end of an ethyl spacer. Accordingly, HEMA
and AMPS are of interest as their copolymerization
leads to an amphoteric hydrogel incorporating hydroxyl
functionality along with -NH2 and -SO3H groups. Scheme
1 illustrates the copolymerization reaction of AMPS with
2-hydroxyethylacrylamide (HEMA).

2.1. AMPS

2.5. Measurement

2-acrylamido-2-methyl propane sulfonic acid produced
by Merck, Germany, Molecular formula C7H13NO4S,
M.wt.= 207.25 g/mol, was used without any purification.

A Shimadzu model UV-1650PC UV-visible double beam
spectrophotometer was employed to collect the reflectance
and transmittance spectra over the incident photon energy
of the wavelength range from 500 to 1060 nm.

2. Experimental Set up

2.2. HEMA
2- hydroxy ethyl methacrylate (HEMA) was supplied in
the form of liquid by Fluka chemical with acetylation degree
of 14%. The viscosity average- molecular weight is 70000 kDa.

2.3. Gamma Radiation Source
Irradiation of samples was carried out using 60Co gamma
source installed at the National Centre for Radiation Research
and Technology (NCRRT), Egypt with a dose rate of
5.54 kGy/h using doses ranged from 5 kGy to 30 kGy.

2.6. Physical Characteristics
Solution casted polymer films were clear and transparent,
but brittle in the dry state. When hydrated, the films
became more flexible. For hydrogels with high contents of
AMPS (e.g., 80 wt%), the swelling results in a soft gel
which disintegrates easily, whereas intact flexible film
derive when using less than 20% of AMPS. Films
containing 20% AMPS were relatively breakable when
hydrated and were unable to withstand rough handling.

2.7. Water Adsorption
2.4. Preparation of AMPS / HEMA Hydrogel
2-acrylamido-2-methyl propane sulfonic acid (AMPS)
at a concentration of 50 % (w/v) was prepared by dissolving
AMPS powder in bi-distilled water and from this precursor
different composition ratios of AMPS/HEMA (V/V) were
prepared. AMPS/ HEMA mixture with a total volume of
10 mL was transferred into a 20 cm3 glass tube, closed tightly
and then subjected to different doses of γ- irradiation
(3 kGy- 30 kGy) at fixed irradiation rate (5.54 kGy/h).
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Scheme 1. The proposed mechanism of prepared HEMA/AMPS
hydrogel using gamma irradiation

The conductivity of protons depends on the ability of
the membrane to remain hydrated especially at elevated
temperatures. It is expected that water uptake to increase
with increasing wt% of the hydrophilic AMPS in the
copolymer and a maximum took place for membranes
comprising 80% AMPS. This may be also related to the
increase in SO3-H+ content in the copolymer.

3. Results and Discussion
The most direct method to investigate the band structure of
polymers is the measurement of the UV-Vis. absorption
spectrum of this material. In the absorption process, an
electron is excited from a lower to higher energy state by
absorbing a photon of known energy. The changes in the
transmitted radiation can decide the types of possible
electron transitions. Fundamental absorption is referred to
as band-to-band or exaction transition. The fundamental
absorption shows a sudden rise in absorption, known as
absorption edge, which can be used to determine the
optical band gap (Eg = hc/λ). Absorption is expressed in
terms of a coefficient α (absorption coefficient), which is
defined as the relative rate of decrease in light intensity.
The absorption coefficient α was calculated from the
absorbance (A), where α = 2.303A/x and x are the sample
thickness.
Absorption coefficient for polymer materials can be
related to the energy of the incident photon as follows [26]:

(ahu) =
b(hu − Eg )r for hu > Eg .

=
(ahu) 0 for hu < Eg .

(1)
(2)
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Where β is a constant, Eg is the optical energy gap and
r is an exponent that can take the value 1, 2, 3, 1/2 and 3/2,
depending on the nature of the electron transitions
responsible for optical absorption. It is well known that r
takes the value of 1/2 in case of direct electronic transition
across direct energy gap in the k space and 2 in case of indirect
electronic transition across indirect energy gap. Davis and
Shalliday [27] reported that near fundamental band edge,
both direct and indirect transitions occurs and can be observed
by plotting (αhυ)2 and (αhυ)1/2 versus photon energy (hυ).
Figure 1 shows a plot of (αhυ)2 as a function of photon
energy (hυ) which can be used to calculate its optical
energy gap and the relevant values are shown in the figure.
The nature and width of the band gaps can be evaluated
form both Figure 1 a and Figure 2 and the absorption edge
values were obtained by extrapolating the linear portions.
The indirect band gap values were obtained from the
plots of (αhυ)1/2 versus hυ as the absorption coefficient of
indirect electron transitions depends on the phonon
assistance while direct band gap values were obtained
from the plots of (αhυ)2 versus hυ (Figure 1).
The values of direct and indirect band gap are displayed
in Figure 2. It is apparent that the direct and indirect band

gap values showed a decrease with the increase in doping
level. This decrease may be attributed to the formation of
defects in the polymeric matrix. These defects produce
the localized states in the optical band gap. These overlaps
are responsible for decreasing energy band gap when
temperature is increased in the 2-acrylamido-2-methyl
propane sulfonic acid (AMPS) polymer matrix [28].
Conduction in the surface layers of AMPS based
polymer material is often sensitive to ambient humidity
and surface contamination. The surface resistivity is
determined from the flow of current between two
electrodes in contact with one surface of a thin specimen
of AMPS based polymer material. The valency electrons
in the polymer chains (with a few exceptions) are
localized in covalent bonds between pairs of atoms. The
small currents which are observed to flow in weak
fields arise from the movement of electrically charged
species present as structural defects and impurities. The
concentration of defects increases as the temperature rises,
so that the resistivity falls (Figure 3). Exposure to ionizing
radiation and absorption of AMPS based polymer can also
lead to an increase in the concentration of charge carriers
which is associated with increase in conductivity.

Figure 1. (αhυ)2 vs. hυ (photon energy) for 2-acrylamido-2-methyl propane sulfonic acid (AMPS)/HEMA hydrogel at different composition ratios
A) 80: 20 HEMA/ AMPS, B) 50: 50 HEMA/ AMPS, C) 20: 80 HEMA/ AMPS
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Figure 2. Optical energy gap vs. temperature for 2-acrylamido-2-methyl
propane sulfonic acid (AMPS)/HEMA hydrogel at different composition
ratios: A) 80: 20 HEMA/ AMPS, B) 50: 50 HEMA/ AMPS, C) 20: 80
HEMA/ AMPS
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Figure 3. Resistivity vs. temperature for 2-acrylamido-2-methyl propane
sulfonic acid (AMPS)/HEMA hydrogel at different composition ratios:
A) 80: 20 HEMA/ AMPS, B) 50: 50 HEMA/ AMPS, C) 20: 80
HEMA/AMPS
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Figure 4. Reflectance vs. hυ (photon energy) for 2-acrylamido-2-methyl
propane sulfonic acid (AMPS)/HEMA hydrogel at different composition
ratios: A) 80: 20 HEMA/ AMPS, B) 50: 50 HEMA/ AMPS, C) 20: 80
HEMA/ AMPS
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Based on the increased water content of the AMPS
copolymers in saturated water vapor atmosphere, we
anticipated high ionic conductivity. AMPS-HEMA copolymer
containing 80% AMPS were too soft when hydrated to
allow rough handling, as were 20% copolymer although to
a lesser extent. Consequently, copolymer had to be handled
carefully to prevent tearing, and impedance measurements
were difficult since the voltage-measuring pins of the
conductivity cell could easily penetrate/puncture the films
if too much pressure was applied. As AMPS content to
increased from 20 to 80% the ionic conductivity increased.
Considering the physical characteristics associated with
various levels of AMPS, 80% AMPS is the maximum
level that provides an easily handled hydrated membrane,
and gives rise to maximized conductivity we can expect
from a copolymer film containing these two polymers.
The studied samples consist of AMPS polymer layer
and are shown schematically in Figure 4. Light incident on
AMPS polymer surface reflects from all layers; the
absorption within layers as well as the reflection from the
interface contribute to the measured reflectance and
transmittance spectra.
We estimated the optical constants of AMPS polymers
using fittings to dielectric functions model for a layer. The
reflectance and transmittance spectra for the polymers are
exhibited in Figure 4, Figure 5, respectively, along with
fittings to the multilayer Drude-Lorentz model as discussed
below. All layers contribute to these spectra, with
the electrochromic contribution most evident in the
visible-region transmittance spectra. As is known from
spectroelectro-chemistry, the neutral state shows a strong
optical transition at about 2.5 eV, due to the transition of
the undoped polymer. This feature is seen in our
transmittance data as a deep minimum at this energy. In
the infrared region, the spectrum is affected by all
materials in the sample. The polymer prevents any
transmission at energies lower than 0.3 eV and has
high reflectance at energies lower than about 0.4 eV,
especially in the polymer that is highly transparent; the
infrared-active vibrational modes of the polymer are
evident between 800 and 1600.
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Figure 5. Transmittance vs. hυ (photon energy) for 2-acrylamido-2methyl propane sulfonic acid (AMPS)/HEMA hydrogel at different
composition ratios: A) 80: 20 HEMA/ AMPS, B) 50: 50 HEMA/ AMPS,
C) 20: 80 HEMA/ AMPS

Table 1. Optical energy gap for specimen A, B, and C at different temperature
Optical energy gap (eV)

300 K

350 K

400 K

450 K

500 K

Specimen A (80: 20 HEMA/ AMPS)

4.88

4.83

4.80

4.75

4.72

Specimen B (50: 50 HEMA/ AMPS)

4.21

3.90

3.70

3.65

3.63

Specimen C (20: 80 HEMA/ AMPS )

3.85

3.75

3.58

3.51

3.46

Table 2. Resistivity for specimen A,B, and C at different temperature.
Resistivity ρ(ohm.m)

50 K

100 K

150 K

200 K

250 K

Specimen A (80: 20 HEMA/ AMPS)

9.50E13

8.50E13

7.00E13

5.60E13

4.20E13

Specimen B (50: 50 HEMA/ AMPS)

8.61E13

7.61E13

6.11E13

5.11E13

3.71E13

Specimen C (20: 80 HEMA/ AMPS )

7.50E13

6.00E13

4.30E13

2.90E13

2.00E13

300 K

350 K

400 K

450 K

500 K

Specimen A

3.00E13

1.70E13

1.00E13

7.00E12

5.00E12

Specimen B

2.81E13

1.80E13

1.20E13

8.80E12

4.00E12

Specimen C

1.30E13

8.00E12

4.00E12

2.00E12

4.00E11

Resistivity ρ(ohm.m)
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In the high absorption regions (linear increase in α with
increase in incident photon energy), the relationship
between the absorption coefficient and the incident
photon energy is governed by the relation shown in Eq. 3
[29,30].

(

=
α B hυ − E g

)

n

/ hυ ,

(3)

where B is a constant that depends on the transition
probability, Eg is the width of the band gap, and n is an
index that characterizes the optical absorption processes in
(AMPS) polymer. Analysis of experimental results show
that a proportionality exist between the absorption
coefficient and the frequency of the photon energy in the
form (hυ-Eg)n. The exponent n can take one of the four
values: 2, 1/2, 3 and 3/2, which define the type of the
optical transition. Theoretically n is equal to 2, 1/2, 3 or
3/2 for the indirect allowed, direct allowed, indirect
forbidden and direct forbidden transitions, respectively
[31].
On other hand, the usual method for determining the
type of optical transition includes plots of (αhυ)1/n
as a function of incident photon energy hυ. These
proportionalities gives a set of plots with four values
of the exponent n: (αhυ)1/2 - hυ, of (αhυ)2 - hυ, of
(αhυ)1/3 - hυ and of (αhυ)2/3 − hυ. One of these plots
satisfies the widest linearity of data, and hence its
exponent determines the type of the optical transition.
In the present study, values of n indicate that the
dominant transition is direct-allowed. A plot of (αhυ)2 as a
function of hυ is shown in Figure 4. In this work, the
optical band gaps were calculated by linear fitting in the
high absorption regions. These fits intersect the hυ-axis at
the values of the optical band gap widths, and show that
the direct allowed band gap width of AMPS based
polymer decreases with the increase in the temperature.

4. Conclusions
AMPS was chosen based on the sulfonic acid groups
contained in its structure, which are responsible for proton
conductivity. HEMA was chosen as a comonomer because
it is water-insoluble and provides mechanical stability. Solution
casted films were found to be brittle in the dry state.
Hydrogels with only 20 wt% AMPS exhibited poor
ionic conductivity. Increasing AMPS content to 80 wt%
greatly improved the conductivity. Physical properties
also need to be improved as they suffer brittleness in the
dry state which limits an easy handling and processing of
resulting membrane electrode assemblies.
The optical band gaps can be calculated by linear fitting
in the high absorption regions. These fits intersect the
hυ-axis at the values of the optical band gap widths, and
show that the direct allowed band gap width of AMPS
based polymer decreases with increase in the temperature.

[2]
[3]
[4]
[5]
[6]

[7]
[8]
[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]
[21]

References
[1]

N. A. Peppas and J. J. Sahlin, "Hydrogels as mucoadhesive and
bioadhesive materials: a review," Biomaterials, vol. 17, pp. 1553-1561,
1996.

[22]

E. Ruel-Gariepy and J.-C. Leroux, "In situ-forming hydrogels—
review of temperature-sensitive systems," European Journal of
Pharmaceutics and Biopharmaceutics, vol. 58, pp. 409-426, 2004.
L. R. Hirsch, A. M. Gobin, A. R. Lowery, F. Tam, R. A. Drezek,
N. J. Halas, et al., "Metal nanoshells," Annals of biomedical
engineering, vol. 34, pp. 15-22, 2006.
K. Y. Lee and D. J. Mooney, "Hydrogels for tissue engineering,"
Chemical reviews, vol. 101, pp. 1869-1880, 2001.
R. Yamaguchi and S. Sato, "Memory effects of light transmission
properties in Polymer-Dispersed-Liquid-Crystal (PDLC) films,"
Japanese journal of applied physics, vol. 30, p. L616, 1991.
R. Yamaguchi, N. Sudo, and S. Sato, "Effects of UV Irradiation in
Memory-Type PDLC Films Formed by a Photo-Induced Phase
Separation," Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals,
vol. 262, pp. 119-127, 1995.
S. Chang, C. Lin, and A. Fuh, "Studies of polymer ball type
polymer dispersed liquid crystal films," Liquid crystals, vol. 21,
pp. 19-23, 1996.
S.-J. Chang, Y.-C. Yin, C.-M. Lin, and A. Y. Fuh, "Relaxation
time of polymer ball type PDLC films," Liquid crystals, vol. 21,
pp. 707-711, 1996.
F. Gyselinck, U. Maschke, A. Traisnel, and X. Coqueret, "PDLC
films prepared by electron beam and ultraviolet curing: influence
of curing conditions on the electro-optical properties," Liquid
Crystals, vol. 27, pp. 421-428, 2000.
U. Maschke, X. Coqueret, and M. Benmouna, "Electro‐Optical
Properties of Polymer‐Dispersed Liquid Crystals," Macromolecular
rapid communications, vol. 23, pp. 159-170, 2002.
P. Adhikary and S. Krishnamoorthi, "Synthesis, characterization,
and application of amylopectin‐graft‐poly (AM‐co‐AMPS),"
Journal of Applied Polymer Science, vol. 126, pp. E313-E318,
2012.
P. K. Rastogi, S. Krishnamoorthi, and V. Ganesan, "Synthesis,
characterization, and ion exchange voltammetry study on
2‐acrylamido‐2‐methylpropane sulphonic acid and N‐(hydroxymethyl)
acrylamide‐based copolymer," Journal of Applied Polymer
Science, vol. 123, pp. 929-935, 2012.
P. K. Rastogi, V. Ganesan, and S. Krishnamoorthi, "A promising
electrochemical sensing platform based on a silver nanoparticles
decorated copolymer for sensitive nitrite determination," Journal
of Materials Chemistry A, vol. 2, pp. 933-943, 2014.
M. K. Hassan, Y. Mohammed, T. Salem, and A. Hashem, "Prediction
of nominal strength of composite structure open hole specimen
through cohesive laws," Int. J. Mech. Mech. Eng. IJMME-IJENS,
vol. 12, pp. 1-9, 2012.
M. Y. Abdellah, M. K. Hassan, and H. A. El-Ainin, "Plasticity and
formability controlling of cast iron using thermo-mechanical
treatment," American Journal of Materials Engineering and
Technology, vol. 2, pp. 38-42, 2014.
Y. Mohammed, M. K. Hassan, and A. Hashem, "Analytical model
to predict multiaxial laminate fracture toughness from 0 ply
fracture toughness," Polymer Engineering & Science, vol. 54, pp.
234-238, 2014.
Y. Mohammed, M. K. Hassan, and A. Hashem, "Effect of stacking
sequence and geometric scaling on the brittleness number of glass
fiber composite laminate with stress raiser," Science and
Engineering of Composite Materials, vol. 21, pp. 281-288, 2014.
A. Sheikh, E. Silva, L. Moares, L. Antonini, M. Y. Abellah, and C.
Malfatti, "Pd-based catalysts for ethanol oxidation in alkaline
electrolyte," Am. J. Min. Metal, vol. 2, pp. 64-69, 2014.
M. Y. Abdellah, M. S. Alsoufi, M. K. Hassan, H. A. Ghulman,
and A. F. Mohamed, "Extended finite element numerical analysis
of scale effect in notched glass fiber reinforced epoxy composite,"
Archive of Mechanical Engineering, vol. 62, pp. 217-236, 2015.
M. K. Hassan, M. Y. Abdellah, S. K. Azabi, and W. Marzouk,
"Fracture Toughness of a Novel GLARE Composite Material,"
2015.
K. H. Mohamed, Y. A. Mohammed, S. Azabi, K., and W. W.
Marzouk, "Investigation of the Mechanical Behavior of Novel
Fiber Metal Laminates," International Journal of Mechanical &
Mechatronics Engineering IJMME-IJENS, vol. 15, pp. 112-118,
2015.
M. K. Hassan, A. El Ameen, A. F. Mohamed, and M. Y. Abdellah,
"Effect of Adding Nanostructured LaGdSmO2-Based Electrolyte
on The Electric Performance of Solid Oxide Fuel Cell," 2017.

American Journal of Materials Science and Engineering
[23] M. Y. Abdellah, H. I. Fathi, A. M. Abdelhaleem, and M. Dewidar,
"Mechanical Properties and Wear Behavior of a Novel Composite
of Acrylonitrile–Butadiene–Styrene Strengthened by Short Basalt
Fiber," 2018.
[24] S. Valueva, I. Silinskaya, and A. Kipper, "Optical properties of
semidilute solutions of poly-2-acrylamido-2-methylpropanesulfonic
acid at varied ionic strength of the medium," Russian journal of
applied chemistry, vol. 75, pp. 286-291, 2002.
[25] K. Nalampang, N. Suebsanit, C. Witthayaprapakorn, and R.
Molloy, "Design and preparation of AMPS-based hydrogels for
biomedical use as wound dressings," Chiang Mai Journal of
Science, vol. 34, pp. 183-189, 2007.
[26] A. Mudroch and S. D. MacKnight, Handbook of techniques for
aquatic sediments sampling: CRC Press, 1994.

36

[27] J. E. Mark, Physical properties of polymers handbook vol. 1076:
Springer, 2007.

[28] A. Tawansi, A. El-Khodary, H. Zidan, and S. Badr, "The effect of
MnCl2 filler on the optical window and the physical properties of
PMMA films," Polymer Testing, vol. 21, pp. 381-387, 2002.
[29] S. Hosseini, "Optical properties of cadmium telluride in zincblende and wurzite structure," Physica B: Condensed Matter, vol.
403, pp. 1907-1915, 2008.
[30] H. Pathan and C. Lokhande, "Deposition of metal chalcogenide
thin films by successive ionic layer adsorption and reaction (SILAR)
method," Bulletin of Materials Science, vol. 27, pp. 85-111, 2004.
[31] A. Abdelghany, H. ElBatal, and L. Marei, "Optical and shielding
behavior studies of vanadium-doped lead borate glasses,"
Radiation Effects and Defects in Solids, vol. 167, pp. 49-58, 2012.

