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ABSTRACT: Herein, we report the preparation of robust polyacrylic acid hydrogel using rod-like amidodiol as physical crosslinker.

Polyacrylic acid–amidodiol hydrogels were characterized for its chemical structure, rheology, swelling, diffusion, and adsorption prop-

erties. Kinetics and mechanism of adsorption were investigated by UV–visible spectroscopy using dyes such as rhodamine 6G and

methylene blue as adsorbate. Results suggested pseudo second-order kinetics of multilayer adsorption and hydrogel could retain its

shape even after swelling. Effect of amidodiol on the adsorption of dyes was investigated. Extent of interaction between adsorbate–

adsorbate and adsorbent–adsorbate was studied using Gile’s model. The generated results may provide a low cost simple technology

for developing robust polymeric hydrogel adsorbent. The adsorption characteristics results can be exploited for setting up pilot plant

adsorbent for the removal of such organic toxic materials. Finally, we have demonstrated its application for the removal of dyes from

waste water collected from textile and paper industries. VC 2014 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2014, 131, 40908.
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INTRODUCTION

Hydrogels are stimuli responsive three-dimensional networks of

flexible polymeric chains which can absorb and retain water and

solute molecules. They respond to various stimuli such as temper-

ature, pH, electric field, magnetic field, electrolyte, and so forth.

Thus, they are receiving importance in physiological, biological,

and chemical systems and find applications in the area of medi-

cine, water treatment, food industry, and agriculture.1,2 The

higher water content and porous structure of the hydrogel net-

work allow solute to diffuse into the interstices of the hydrogel.3

Various non-covalent interactions include hydrogen bonding, p–

p stacking, van der Waals interactions are involved during organi-

zation of these molecules into 3D architectures that enables the

solute molecules to be trapped inside the gel matrix. Polyacryl-

amide, polyvinyl pyrrolidone, chitosan, polyacrylic acid, and its

derivatives are the most commonly used systems for developing

hydrogels due to their nontoxicity, flexible long chains, and

capacity in preserving their shape. A large number of investiga-

tions have been reported for improving the mechanical and

chemical properties of these hydrogels through reinforcing with

nanofillers such as inorganic nanoclays, metal nanoparticles, cel-

lulosic particles, carbon nanotubes, and so forth.4–7

In this study, we are using a simple organic molecule, amidodiol,

which is prepared through aminolysis of lactone at room temper-

ature. It is endowed with two terminal hydroxyl groups and dia-

mide linkage connected through hexamethylene bridge. The

liquid crystalline properties attributing from the rigidity of this

rod-shaped molecule were earlier reported from our group.8 The

rigidity along with the presence of functional groups such as

amide and hydroxyl moieties is expected to adsorb solute mole-

cules through various van der Waals interactions apart from act-

ing as reinforcing agent. The adsorption capability of various

adsorbents with respect to various aromatic functional groups

was usually tested by checking its adsorption efficiency using dye

molecules in aqueous solution. Large amount of dyes and toxic

organic molecules are discharged into the aquatic systems from

various textile and paper industries. Methylene blue (MB) is a

thiazine type cationic dye and rhodamine 6G (R6G) is a cationic

amine type fluorescent xanthene dye and are included in the cate-

gory of hazardous dyes. Removal of dyes is important since they

Additional Supporting Information may be found in the online version of this article.
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affect life due to its carcinogenic and mutagenic effects.9,10 More-

over, they are not biodegradable and mainly aromatic in struc-

tures. Various strategies such as adsorption, chemical oxidation,

chemical flocculation, froth flotation, ultrafiltration, reduction,

chemical destruction, and membrane filtration have been used

for the color removal of water.11–16 Among these, adsorption pro-

cess is considered to be highly efficient due to its sludge free clean

operation, simplicity of design, and complete removal of dyes.

Crini reviewed adsorbents such as activated carbon, clays, sili-

ceous materials, and agricultural wastes for the removal of dyes.17

Literature showed a number of reports on the adsorptive removal

of cationic dyes using various sorbents.18–24

Investigations on the mechanism, kinetics of adsorption, swelling,

and diffusion process of hydrogels are receiving importance when

considering its applications as an adsorbent in a pilot plant scale.

Diffusion process of solute particles from water to the hydrogels

depends on the relative rate of relaxation of polymeric chain and

the rate of diffusion of water. It can be classified as Fickian or non

Fickian type of diffusion based on the rate of relaxation process.

Hydrogels are also expected to show different swelling index

which depend upon the physicochemical interactions established

between the solute molecules and polymer networks. The adsorp-

tion process can be monolayer or multilayer and it can be studied

by applying Langmuir or Freundlich absorption isotherm. During

the diffusion of solute molecules, there may be competition

between adsorbate–adsorbent and adsorbate–adsorbate interac-

tion and it can be studied using Gile’s model.

Thus, the development of adsorbent based on robust polymeric

hydrogel and studies on its adsorption/diffusion characteristics

and mechanism is receiving importance. In this work, we have

developed robust polymeric hydrogel based on polyacrylic acid

physically crosslinked by multifunctional amidodiol by simulta-

neous polymerization of acrylic acid and cross linking with

amidodiol at room temperature using ammonium persulfate as

initiator. Thus, the prepared polyacrylic acid–amidodiol (PAG)

hydrogels are endowed with hydrophilic groups such as

hydroxyl, carboxyl, and diamide groups which can enhance the

adsorbate–adsorbent interaction through extensive hydrogen

bonding and electrostatic interactions and ionic interactions.

The mechanism of swelling and diffusion has been studied. The

adsorption efficiency of the hydrogels was monitored by meas-

uring the decrease in absorption intensity using UV–visible

spectroscopy and fitted the generated data in different isotherms

and kinetic model equations. Effect of amidodiol, pH, and tem-

perature on the adsorption efficiency was studied and also

experiments were performed with the mixture of dyes and also

with real waste water samples.

EXPERIMENTAL

Materials

Hexamethylenediamine, rhodamine-6G (Sigma Aldrich),

c-butyrolactone (Fluka), isopropanol, ammonium persulfate,

acrylic acid (E-Merk, India), and methylene blue (Nice Stains)

were used without any further purification. Amidodiol was

prepared by the aminolysis of c-butyrolactone and hexamethy-

lene diamine as per the reported procedure8 and given in Sup-

porting Information (Supporting Information Scheme S1).

Preparation of PAG Hydrogel

Acrylic acid (1 mL) and 10% amidodiol (1 mL) (in water) were

mixed. Two drops of 10% ammonium persulfate were added to

the above mixture. The contents were shaken well and kept at

80�C for about 1 h. The gel formed was washed several times

with distilled water to remove residual monomers and ions.

Experiments were repeated with different compositions of ami-

dodiol and the details of preparation of PAG hydrogel is given

in Supporting Information (Supporting Information Table S1).

Swelling and Diffusion Studies

Experimental details are given in supporting information.

Adsorption Studies

Aqueous solutions of cationic dyes R6G and MB were prepared in

the various concentrations ranging from 20 to 400 mg/L. The uni-

form size of dried PAG hydrogel (0.1 g) was immersed in 20 mL of

each dye solution and stirred for 3 days at room temperature. The

pH of the solution is �7.5 and the adsorption experiment is

performed at room temperature (30�C). Concentration of the dye

present in the filtrate was periodically calculated by measuring

absorption intensity from the UV–vis spectra at kmax 5 665 nm

and 525 nm for MB and R6G, respectively. The absorbance, chemical

formula, molar mass, and color index number for these dyes were

listed in Supporting Information (Supporting Information Table

S2). Adsorption isotherm was studied by calculating the am ount of

dye adsorbed per gram of the hydrogel using the equation

qe5
ðC02Ceq ÞV

m
;

where C0 is the initial concentration of dyes, Ceq is the equilib-

rium concentration, and V is the volume of solution (L), and m

is the mass of the dry hydrogel (g).

Decolorization efficiency of hydrogel was calculated using the

equation

Decolorization efficiency 5
C02C

C0

3100;

where C0 is the initial concentration of dye and C is the con-

centration of dye at time t.

The experiments were performed to study the effect of pH

(2–10) and temperature (30–70�C).

Characterization Techniques

Optical properties were studied by UV–Vis spectra in the range

300–800 nm using UV–Vis spectrophotometer (Shimadzu

model 2100). For SEM measurements, samples were subjected

for thin gold and platinum coating using a JEOL JFC-1200 fine

coater. The probing side was inserted into JEOL JSM-5600 LV

scanning electron microscope. Rheological properties were

measured using Anton Paar Rheometer-MCR-150. Experiments

were performed with parallel plate sensor under oscillatory

mode in the linear viscoelastic region.

RESULT AND DISCUSSION

Preparation, Characterization, Swelling, and Diffusion

Behavior of PAG

PAG hydrogels were prepared by the simultaneous polymeriza-

tion of acrylic acid and physical cross-linking with amidodiol
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and obtained as a transparent hydrogel. Various types of interac-

tions among polyacrylic acid–amidodiol were studied by FTIR

spectroscopy. FTIR spectra of PAA, PAG, and amidodiol are

shown in Supporting Information Figure S1a. FTIR spectra of

amidodiol exhibited the characteristic amide band at 1636 cm21,

1545 cm21, and the AOH stretching frequency at 3300 cm21.

FTIR spectra of PAA exhibited a broad band at 3600 cm21 and

3100 cm21 which is attributed due to the AOH and ACH

stretching. The band observed at 1714 cm21 corresponds to

AC@O stretching vibration of the carboxylic acid and band at

1399 cm21 matches with ACAH stretching vibrations which are

distinct to the varying micro environments in PAA. The broad

band of the hydroxyl group observed at 3600–3200 cm21 in PAG

revealing the formation of extensive hydrogen bonding among

interaction between polyacrylic acid and amidodiol molecules in

both compounds. The AC@O band shifted to 1700 cm21 in

PAG is also attributed to the formation of hydrogen bonding.

The band at 2930 cm21 in PAG is suggested for stretching vibra-

tions of ACH2 group present in the amidodiol moiety. The band

at 1450 cm21 in PAG corresponds to the ANH vibrations of the

amide group. Thus, the observed shift in the positions of bands

in PAG compared to PAA revealed the formation of extensive

hydrogen bonding among acrylic acid and amidodiol.

Thus, the PAG hydrogel is endowed with many carboxyl and

hydroxyl group which interact with the cationic groups of the

dyes and may enhance the diffusion process. The characteristic

band of the hydroxyl group at 3600–3200 cm21 of PAG hydro-

gels adsorbed with R6G and MB is slightly broadened when

compared with PAG, revealing the formation of extensive

hydrogen bonding between the PAG and the dye molecules and

is shown in Supporting Information Figure S1b. These observa-

tions confirm the presence of various ionic and hydrogen bond-

ing interactions between the hydrogel and dye molecules. The

scheme for gelation of PAG and the adsorption of dyes onto

these gels is given in Figure 1.

Further, the visco-elastic property of the gel was measured and

the rheogram of the same is given in Figure 2(a). It was

observed that in the low frequency region, the variation of G0

and G00 is independent of angular frequency as the applied fre-

quency does not affect considerably the three-dimensional struc-

ture of the gels which is the signature for the gel formation.

The storage modulus, loss modulus, and complex viscosity of

the PAG5 observed as 3130 Pa, 792 Pa, and 427 Pa, respectively.

The gap between the storage and loss modulus was measured as

2338 Pa suggesting a solid like behavior. The value of storage

modulus increases with increase in the percentage of amidodiol

in PAG gel and is shown in Figure 2(b). It is confirmed that

rod-like amidodiol molecules possessing both hydroxyl and

amide functional group can effectively crosslink with polyacrylic

acid and enhances the strength of the gel.

Figure 1. Scheme for mechanism of gelation of PAG hydrogel and adsorption of dyes. [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com.]
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Equilibrium swelling values of hydrogel in distilled water and dye

solutions were evaluated as per the procedure given in the exper-

imental section and the graph showing the variation of percent-

age of swelling against time is shown in Supporting Information

Figure S2. It is observed that swelling percentage increased with

time and reached a plateau after a particular time. The observed

swelling behavior could be associated with absorption mecha-

nism, which, in turn, is determined by the diffusion process.

When PAG hydrogel brought in contact with water, water mole-

cules diffused in to the hydrogel and it swells. The equilibrium

swelling percentage of hydrogel was measured as 76% in water,

and 120% and 140% in aqueous solutions of MB and R6G,

respectively. In dye solutions, PAG exhibited an enhancement in

the equilibrium swelling index due to their interaction with the

amino group present in the dye molecules which can form

hydrogen bond interaction with the functional moieties present

in the hydrogel. However, diffusion process depends upon the

rate of solvent diffusion (Rdiff) and rate of relaxation (Rrelax) of

molecular chains in the polymer. This behavior is classified as

Fickian and non-Fickian by Alfrey et al.25 Fickian diffusion is

characterized by a solvent diffusion rate, Rdiff, slower than the

polymer relaxation rate (Rdiff<Rrelax). In non Fickian diffusion,

the solvent diffusion rate is faster than the polymer relaxation

process (Rdiff>Rrelax), whereas in anomalous diffusion, the sol-

vent diffusion rate and the polymer relaxation are about the

same order of magnitude (Rdiff � Rrelax).

The following equation can be used to determine the nature of

diffusion rate

F5ktn;

where F is the amount of solvent fraction at time t, k is a con-

stant related to the structure of the network, and n is called the

diffusional exponent which is indicative of the type of diffusion.

The plot of log t versus log F of the PAG gels in water and dye

solutions is shown in Figure 3.

This equation is applied to the initial stages of swelling and plot

of log F versus log t will give straight line. The exponent n and

k values were calculated from the slope and intercept of the

lines, respectively. It was observed that value of n is 0.54 for

water and 0.7 for MB solution and R6G solution suggesting

non-Fickian character26,27 (when n 5 0.45–0.50—Fickian diffu-

sion, whereas 0.5> n< 1 indicates that diffusion is non-Fick-

ian). When the polymer is in the rubbery state (elastic state),

the polymer chains have a higher mobility that allows an easier

penetration of the solvent and dye molecules. The high elastic

modulus of PAG gel was strengthened by the rheological

studies.

Adsorption Studies

Dye adsorption and decolorization efficiency were studied with

MB and R6G dye solutions of varying the initial dye concentra-

tions ranging from 20 to 400 mg/L. Experiments were per-

formed with 20 mL of dye solution for 3 days using 0.1 g of

PAG hydrogel and the decrease in the UV–visible absorption

intensity of the solution was measured at regular intervals of

time. The experiment is performed at room temperature (30�C)

and the pH of the solution is �7.5. Representative spectra of

dye solutions of R6G and MB at regular intervals of time are

shown in Figure 4 (a) and (b), respectively. The photographs of

the same before and after adsorption are shown in the inset.

It has been observed that the decrease in the absorption inten-

sity of the band of MB (665 nm) and R6G (525 nm) revealing

Figure 2. (a) Visco-elastic diagram showing storage modulus and loss modulus of PAG5 gel, and (b) variation of storage modulus with increase in con-

centration of amidodiol.

Figure 3. Swelling kinetic curves of PAG hydrogel in dyes and distilled

water with respect to time.
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the adsorption of the dye by PAG hydrogel. It was also observed

that as time lapses, gel swelled due to diffusion of water and

dye molecules. The functional groups such as carboxyl, amide,

and hydroxyl groups present in the PAG hydrogel can interact

with the cationic groups of the dyes through electrostatic and

hydrogen bonding interaction which leads to the effective

adsorption dyes on the hydrogel.

The adsorption of solute from the solution and the adsorbate–

adsorbent interaction were studied under Gile’s classification

system. Amount of MB and R6G adsorbed per dry mass of the

hydrogel (qe, mg dye/g hydrogel) as a function of equilibrium

concentration of dyes (ce, mg/L) is shown in Figure 5. Initial

direction of adsorption curve shows that adsorption becomes

easier with increasing concentration. The type S-isotherm

observed may be originating from the relatively weak adsorb-

ate–adsorbent force compared to adsorbate–adsorbate interac-

tions. The weak adsorbate and adsorbent force will cause the

slow uptake of dye components initially. However, once the

molecule is adsorbed, the adsorbate–adsorbate force will pro-

mote the adsorption of more molecules through a cooperative

process where the isotherm becomes convex to the concentra-

tion axis. These studies show that the adsorption capacity of the

gel increases with increase in concentration of dyes. Gile’s curve

showed the high absorption capacity of PAG hydrogels which

revealed that 1 g of dye can adsorb up to 100 mg of dye.

Experiments were performed to study the adsorption capacity

of the PAG hydrogel for the mixture of dyes. The experiments

were performed with 20 mL of the dye solution at room tem-

perature (30�C) and at pH � 7.5. The initial dye concentration

varied from 20 to 400 mg/L. The representative UV–visible

spectra and the Gile’s curve are shown in Figure 6. Same decol-

orization efficiency for PAG hydrogel was observed in the case

of experiments performed with mixture of dyes.

Figure 4. UV–visible spectra of aqueous solution of (a) MB and (b) R6G in the presence of PAG recorded periodically (initial dye concentration: 20 mg/

L, adsorption time: 3 days, pH: 7). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 5. Gile’s curve for the equimolar mixture of MB and R6G showing

S type adsorption (initial dye concentration: 20–400 mg/L, adsorption

time: 3 days, pH: 7). [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]

Figure 6. UV Spectra of mixture of R6G and MB and Gile’s curve are

shown in the inset (initial dye concentration of R6G and MB: 20 mg/L,

adsorption time: 3 days, pH: 7). [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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Effect of amount of amidodiol in PAG on the adsorption effi-

ciency was studied.

Kd5
ðC02CÞ

C
;

where Kd is the empirical partition coefficient which relates

the total concentration of the dissolved species to the total

concentration of adsorbed species.28 The decolorization effi-

ciency and Kd values for PAA and PAGs were listed in Sup-

porting Information Table S3. The Kd values increased with

increasing amidodiol content indicating it as a better adsorb-

ent. The graph showing the adsorption efficiency versus per-

centage of amidodiol is shown in Figure 7. It has been

observed that adsorption efficiency is enhanced with increasing

amount of amidodiol due to the presence of higher number of

hydroxyl and amide groups which may interact with the cati-

onic groups of dyes. Above 10 wt %, amidodiol forms highly

crosslinked networks and reduces the adsorption process. Pure

PAA hydrogel showed decolorization efficiency of 83% for

R6G and 81% for MB. As the amidodiol content increased,

PAG5 exhibited decolorization efficiency of 99% for R6G and

98% for MB.

Mechanism of Adsorption

Mechanism of adsorption of dye in hydrogels was studied by

Langmuir and Freundlich adsorption isotherms. Langmuir iso-

therm assumes monolayer adsorption while Freundlich model,

the mechanism of adsorption is multilayer sorption. Langmuir

model can be represented by the equation29

ce

qe

5
ce

qm

1
1

qmb
;

where ce is the equilibrium dye concentration in the solution

(mg/L), b is the Langmuir adsorption constant (L/mg), and qm

is the theoretical maximum adsorption capacity (mg/g).

Langmuir plot of ce versus (ce/qe) is shown in the Supporting

Information Figure S3 and it exhibited a correlation value of

(0.88 for R6G and 0.75 for MB).

The Freundlich adsorption isotherm is mathematically repre-

sented by the equation

log
x

m

� �
5log K1

1

n
log C

ln qe5Kf 1
1

n
ln ce ;

where Kf is the equilibrium adsorption coefficient and n is the

empirical constant.

The linear plot of the Freundlich isotherm for R6G and MB is

shown in Figure 8. The Kf and n values can be calculated from

intercept and slope. The values of n for MB and R6G are 1.7

and 1.1, respectively, and Kf values are 1.42 and 1.6 for MB and

R6G. The value of Kf for R6G is higher than MB which shows

the PAG hydrogel has more affinity towards R6G than MB. The

high value of the correlation coefficient obtained in the Freund-

lich isotherm for MB (0.98) and R6G(0.99) compared with the

correlation coefficient of Langmuir isotherm (0.88 for R6G and

0.75 for MB) suggested that Freundlich adsorption isotherm is

the best fit for the adsorption of dyes.30,31

Kinetics of Adsorption

Kinetics of dye adsorption was studied with different model

equations. Adsorption of dyes R6G and MB (20 mg/L) onto

PAG5 gel as a function of time is given in Supporting Informa-

tion Figure S4. Kinetics of adsorption was studied by fitting

these values in pseudo first-order and pseudo second-order

equations. The pseudo first-order kinetics was studied using

Lagergren equation32

log ðqe2qt Þ5log qe2
k1t

2:303
;

where qe and qt are the amounts of dyes adsorbed at equilib-

rium and at time t, k1 is the rate constant. Pseudo first-order

model was checked by plotting log (qe 2 qt) versus time and is

given in Supporting Information Figure S5. The rate constant

and qe were calculated from the slope and intercept and are

listed in the Table I. The values calculated from the pseudo

first-order model differ considerably from the experimental

Figure 7. Effect of amidodiol in the adsorption of R6G and MB (initial

dye concentration: 20 mg/L, adsorption time: 3 days, pH: 7). [Color figure

can be viewed in the online issue, which is available at wileyonlinelibrary.

com.]

Figure 8. Freundlich adsorption isotherms of R6G and MB (initial dye

concentration: 20 mg/L, adsorption time: 3 days, pH: 7). [Color figure

can be viewed in the online issue, which is available at wileyonlinelibrary.

com.]

ARTICLE WILEYONLINELIBRARY.COM/APP

WWW.MATERIALSVIEWS.COM J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.4090840908 (6 of 9)

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com
http://wileyonlinelibrary.com
http://wileyonlinelibrary.com
http://onlinelibrary.wiley.com/
http://www.materialsviews.com/


values suggesting that the pseudo first-order model fails to

describe the adsorption of dyes.

Then tested for the pseudo second-order equation,33

t

qt

5
t

k2q2
e

1
1

qe

;

where k2 is the pseudo second-order rate constant. The plot of

t/qt versus t gives a straight line and is shown in Supporting

Information Figure S6. The values of k2 and qe can be calculated

from the slope and intercept and is presented in the Table I.

Here, the calculated value of qe matches well with the experi-

mental values. Further, the high value of regression coefficient

obtained for pseudo second-order model compared with the

pseudo first-order also suggested that the adsorption of dyes

onto PAG gel follows pseudo second-order kinetics.

Effect of pH and Temperature

The pH of dye solution can change the surface charge of the

dye molecule which may suppress or promote the ionization of

the adsorbent and dye molecule. Effect of pH on the dye

removal efficiency is shown in Figure 9(a). It showed an

increase in the removal efficiency with increase in the pH of

the dye solution. At lower pH value ACOOH groups are in

the nonionized state. On increasing the pH value, ACOOH

group ionizes and it generates an electrostatic repulsion among

the adjacent ionized groups. This causes an expansion of the

polymer chain within the hydrogel network.34 Hence, the

decolorization efficiency of the PAG hydrogel increases. For

most of the waste water, pH is in the alkaline region and hence

PAG hydrogel can be applied effectively in waste water treat-

ment. Figure 9(b) shows the dye removal efficiency of the PAG

hydrogel with increase in the temperature. The rate of diffu-

sion increases with increase in temperature and enhances the

dye adsorption.

Morphology of the PAG hydrogel was studied by SEM and was

observed as cross linked fibrillar networks in the xerogel state as

shown in Figure 10(a). During swelling, they will imbibe large

amount of water and the SEM image of swelled network is

shown in Figure 10(b). A collapsed morphology of swollen gel

after the entrapment of dye molecules in the pores of PAG gel

networks is shown in Figure 10(c,d). This may be due to the

hydrogen bonding interaction between the amine and carboxyl

group of the hydrogel and the amine group and oxygen atom

of the dye molecules. Thus, it can be inferred from the morpho-

logical analysis that PAG hydrogels are porous functional three-

dimensional fibrillar network structures which allow the diffu-

sion of solutes and solvent into the interior network.

Real Sample Analysis

The suitability of the PAG hydrogel for the dye adsorption in

real sample is checked using the mixture of waste water col-

lected from various industries such as food, paper, and textiles.

The PAG hydrogel (0.5 g) was dipped in 20 mL of the waste

water and stirred for 3 days. The concentration of the dyes pres-

ent is estimated as �20–30 mg/L. The pH of the solution was

found to be �8.5 and the experiment was performed at room

temperature (30�C). The solution became almost colorless indi-

cating the capability of hydrogel to adsorb dyes and other

impurities. The extent of adsorption was monitored by record-

ing UV–Vis spectra at regular intervals and is depicted in Sup-

porting Information Figure S7. The photograph of waste water

before and after treatment with PAG is given in the inset. The

above results suggested that PAG hydrogel could be an excellent

candidate for the color removal of waste water and the various

kinetic parameters and adsorption mechanism studied can be

exploited for the pilot scale waste water purification process.

Moreover, desorption of dye was not observed even after few

months. Hence, this can be considered as an efficient polymeric

Table I. Parameters of Pseudo First-Order and Pseudo Second-Order Model

Pseudo first-order parameters Pseudo second-order parameters

Dye
qe (mg/g),
experimental k1 (min21)

qe (mg/g)
calculated R2 k2 (min21)

qe (mg/g)
calculated R2

R6G 3.97 1.69 3 1026 1.05 0.983 7.78 3 1023 4.05 0.999

MB 3.96 1.38 3 1026 0.65 0.955 1.05 3 1025 4.00 0.999

Figure 9. (a) Effect of pH (initial dye concentration: 20 mg/L, adsorption time: 3 days, temperature: 30�C, pH: 2–10) and (b) effect of temperature (ini-

tial dye concentration: 20 mg/L, adsorption time: 3 days, pH: 7, temperature: 30–70�C).
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filtration membrane for the removal of dyes from aqueous solu-

tions. These studies can be used for the removal of other aro-

matic toxic material present in our environment generated from

various industries.

CONCLUSION

A series of robust hydrogels based on acrylic acid (PAGs) have

been prepared using rigid rod like functional amidodiol as an effi-

cient physical crosslinker as evident from FTIR spectral results and

elastic modulus measured using rheology. Swelling and diffusion

studies of PAG showed non-Fickian characteristics and the kinetics

of adsorption were observed as pseudo second order. Adsorption

was investigated with Langmuir and Freundlich isotherm and sug-

gested multilayer adsorption. The adsorbate–adsorbent interaction

studied using Gile’s classification system showed an s type

adsorption and better adsorption efficiency of PAG hydrogels.

Morphological studies revealed that dye molecules could effec-

tively diffuse to the fibrillar network of the hydrogel and retain its

shape even after high percentage of swelling. The adsorption effi-

ciency of the PAG hydrogel showed an enhancement with increase

in the amidodiol content, pH, and temperature. Moreover, PAGs

are observed to be robust at high pH and temperature and hence

it can be used in the real water purification system. Because of the

absence of desorption of dyes from the gel, it can be efficiently

used as a polymeric filtration membrane for the removal of dyes

from waste water. All these results suggested PAGs as a potential

candidate for the water purification and the generated data can be

used for pilot plant usage.
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