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Abstract
In the present study, poly(acrylamide-co-itaconic acid) hybrid nanocomposites were synthesized via free radical copolym-
erization method. Octavinyl polyhedral oligomeric silsesquioxane (OV-POSS) with different weight ratio (0, 4, 8, 12 and 
14 wt%) was utilized as a cross-linker. Dye adsorption properties of the as-prepared hybrid nanocomposites were investigated 
for crystal violet (CV) elimination from aqueous solution. The effect of various parameters, such as OV-POSS content, adsor-
bent amount, pH, temperature, contact time and initial dye concentration, on the adsorption of CV was studied. Moreover, 
adsorption kinetic, isotherm and the thermodynamic of the CV adsorption on the so-called hybrid nanocomposites were 
studied.
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1  Introduction

In the past decades, rapid industrialization has led to rise dra-
matically human and environmental exposure to discharged 
wastewater containing toxic organic dyes and heavy metals. 
Among them, remarkable efforts have been devoted to the 
removal of toxic synthetic dyes due to their high stability and 
complicated aromatic structures in which caused substantial 
environmental problems [11, 35]. Crystal violet (CV) as a 
cationic dye was not only widely used as a purple dye in 
coloring papers, cottons and wools [17], but also used as an 
active ingredient in Gram’s stain as well as bacteriostatic 
agent in medical community [23]. Beside these applica-
tions, some serious detrimental side effects of CV involving 
vomiting, cyanosis, heartbeat increase and tissue necrosis 
in humans were observed [15]. All above mentioned dan-
gerous effects inspired the human community to eradicate 

the CV from industrial effluents before releasing it into the 
environment. Various conventional techniques such as phys-
icochemical and biological treatments have been exploited 
for the elimination of CV from wastewaters [12, 26]. Among 
them, adsorption could be recognized as a superior tech-
nique in comparison with other techniques for dye traces 
decontamination from wastewater because of its low cost, 
ease of operation, regeneration possibility of used adsor-
bent, simplicity of design and lack of secondary pollution 
[21, 28, 38]. Until now, various materials have been inves-
tigated for dye removal, such as activated carbon, polysac-
charides, clay, zeolite, hydrogels, and polymeric materials. 
Out of the mentioned materials, hydrogels and polymeric 
compounds with various functional groups (–NH2, –OH 
and –COOH) have gained much more concerns as effective 
adsorbents [10]. Although polymeric materials have many 
advantageous in pollutants removal, the low thermal and 
mechanical strength of these materials could be assumed as 
the major drawback and limited their practical applications 
in the adsorption processes. So incorporation of inorganic 
nano fillers into the polymeric materials structure can be 
assumed as an efficient strategy for solving the problem [5, 
37]. In this way, the exploration and application of new nano 
fillers is still desirable.

Over the years, design and fabrication of novel 
organic–inorganic polymeric nanocomposites has been 
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the focus of research for materials scientists [18, 20, 27]. 
Recently, polyhedral oligomeric silsesquioxane (POSS), as 
a new type of nanostructured hybrid materials, has gained 
considerable interests in the preparation of hybrid poly-
meric nanocomposites. POSS nano-bulding has the general 
formula of (RSiO1.5)2n. It is often considered as an inter-
mediate between silica (SiO2) and silicones (R2SiO) with a 
symmetrical cage-like three dimensional structure and eight 
organofunctional groups in outer shell [2, 3, 31]. Compared 
with other nanoparticles such as metal oxides, silica, layered 
silicates and carbon nanotubes, the advantageous of POSS 
nanobuildings lie mainly in their versatile reactivity, nano-
sized structure from 1 to 3 nm in diameter and well-disper-
sion in polymeric matrices. POSS units can be introduced 
to all polymer types either by grafting [14, 30], blending 
[34] or copolymerization reactions [19, 36]. Due to their 
simplicity processing and the excellent physicochemical 
properties, POSS-based materials are becoming the focus of 
many applications including electronics, tissue engineering, 
catalysis, energy, mechanics, sensors, medicine and so forth 
[16]. Among these applications, using POSS-based hybrid 
polymeric materials as adsorbents for environmental waste-
water remediation has gained less attention. For instance, 
just in one report, Akbari and Arsalani utilized organic–inor-
ganic hybrid of incompletely condensed polyhedral oligo-
meric silsesquioxane (IC-POSS) nanoparticles and poly 
(acrylamide-co-hydroxyethyl methacrylate) for cleaning 
wastewaters from methylene blue as toxic dye [1]. In addi-
tion, some other adsorbents based on POSS materials have 
been reported. For example, in recent years, Filho and cow-
orkers directly functionalized the eight arms of completely 
condensed POSS with organic functional groups, including 
2,2-dipyridylamine [32], 2-amino-1,3,4-thiadiazole [29], 
3-amino-1,2,4-triazole [6] and thiourea [33], and used for 
the adsorption of heavy metals from aquatic systems. To the 
best of our knowledge, there has been no precedent report 
on the use of completely condensed POSS-based polymeric 
materials as adsorbent in the elimination of toxic dyes from 
wastewaters.

In this contribution, for the first time we have designed 
and synthesized an organic–inorganic adsorbent, includ-
ing completely condensed silsesquioxane with eight vinyl 
groups (OV-POSS) and copolymer of acrylamide (AAm) 
and itaconic acid (IA) monomers by precipitation polymeri-
zation, as a new adsorbent for the adsorption of crystal violet 
(CV). Incorporation of the sole building blocks of OV-POSS 
in the structure of the poly(AAm-co-IA) matrices increased 
the hydrophobicity of the copolymer and makes them as an 
ideal candidate in adsorption processes.

2 � Experimental

2.1 � Materials

Itaconic acid (IA), acrylamide (AAm) and octavi-
nyl polyhedral oligomeric silsesquioxane (OV-POSS) 
monomers were purchased from Sigma-Aldrich. 
Azobis(isobutyronitrile) (AIBN), also from Sigma-
Aldrich, was recrystallized from methanol before use. Sol-
vents such as tetrahydrofuran (THF), acetone, acetonitrile, 
and n-hexane were obtained from Merck Co. THF was 
dried on Na/benzophenone under a nitrogen atmosphere 
immediately before use.

2.2 � Instrumentation

Fourier transform infrared (FT-IR) spectra were carried out 
on a Win-Bomem spectrometer, version 3.04 Galactic Indus-
tries Corporation over the range of 400–4000 cm−1. The 
scanning electron microscopy (SEM) analyses were done by 
a VWGA3 TESCAN (20.0 KV) microscope field emission 
scanning electron microscope (FE-SEM) at an accelerating 
voltage of 20 kV with an energy-dispersive X-ray (EDX) 
spectroscopy. The XRD diffraction patterns of samples was 
collected with a Bruker D8 Advance diffractometer using 
a Cu Kα radiation source (λ = 0.154059 nm) at 30 keV in 
the scan range (2θ) from 4° to 70°. Thermogravimetric 
(TGA) analyses were performed using a Linseis L81A1750 
(Germany) at a heating rate of 10 °C/min under high purity 
nitrogen atmosphere from 50 to 800 °C. UV–Vis absorp-
tion spectra were recorded on a Shimadzu UV-1800 model 
spectrophotometer.

2.3 � Preparation of Hybrid Nanocomposites

Hybrid nanocomposites, poly(AAm-co-IA)/OV-POSSn, 
were synthesized by precipitation polymerization of acryla-
mide with itaconic acid in the presence of various amount of 
OV-POSS. Typically, 50 mL three-necked round bottom flask 
containing 10 mL dried THF equipped with a reflux condenser 
and N2 inlet was used. First, 0.16 g acrylamide (2.25 mmol), 
0.04 g itaconic acid (0.31 mmol), 1 wt% AIBN relative to the 
monomers and the desired amount of OV-POSS were charged 
into the flask and purged with nitrogen under stirring for 
30 min. Then, the precipitation polymerization was initiated 
by immersing the flask into a 70 °C water bath. The reaction 
mixture became milky after 30 min and a sticky white solid 
was obtained after 3 h. The formed poly(AAm-co-IA)/OV-
POSSn hybrid nanocomposites were centrifuged and washed 
3 times with each THF and n-hexane and dried in vacuum 
at 50 °C for 48 h to obtain a white powder. In addition, The 
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poly(AAm-co-IA) was synthesized without OV-POSS as con-
trol using the same conditions.

2.4 � Dye Adsorption

First of all, in order to have the calibration curve to deter-
mine the concentrations of CV, a series of diluted CV solu-
tions was subjected to a UV–Vis spectrophotometer at 586 nm. 
The equation of calibration curve was A = 0.1779 × C (with 
high regression coefficient value; r2 = 0.9816) in the range 
of 0–16 mg/L of CV concentrations, where C (mg/L) is 
the concentration of CV and A is the absorbance of CV at 
λmax = 586 nm. Various parameters, such as OV-POSS content 
of poly(AAm-co-IA)/OV-POSSn, amount of adsorbent, pH, 
contact time, temperature, CV initial concentrations and salt 
effects were studied in order to evaluate the adsorption effi-
ciency of hybrid nanocomposites. To study the CV adsorption, 
desired amount of hybrid nanocomposites, was added into 
10 mL of CV solutions with identical concentration (mg/L) 
at certain pH in flask. After reaching equilibrium, the concen-
tration of CV left in the supernatant solution was measured 
using UV–Vis spectrophotometer. Equilibrium adsorption, qe 
(mg/g), was calculated using Eq. (1).

(1)qe =

(

C
0
− C

e

)

W
× V

where C0 and Ce are the initial and equilibrium concentra-
tions of CV (mg/L), W is the adsorbent weight (g), and V is 
the volume of the solution (L).

3 � Results and Discussion

3.1 � Synthesis of Hybrid Polymeric Nanocomposites

Having suitable functional groups, water insolubility and 
excellent physical properties are substantial for materials to 
be as an ideal dye adsorbent. In this regard, by embedding 
different feed ratio of OV-POSS into the copolymer of the 
AAm and IA, novel series of hybrid polymeric nanocom-
posites were prepared via precipitation polymerization. The 
synthesis of hybrid polymeric nanocomposite is outlined in 
Fig. 1.

It is noteworthy that with the increasing OV-POSS con-
tent, the hydrophobicity of the as-prepared hybrid nano-
composites, poly(AAm-co-IA)/OV-POSSn, is increased. 
The solubility of the synthesized nanocomposites in vari-
ous solvents was investigated, which was summarized in 
Table 1. Prepared nanocomposites are insoluble in com-
mon organic solvent, except DMSO as a more polar sol-
vent. Presence of amide and carboxylic acid functional 
group led to the solubility of the poly(AAm-co-IA) in 

Fig. 1   Preparation of poly(AAm-co-IA)/OV-POSSn hybrid nanocomposites
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water through hydrogen bonding. By increasing the POSS 
as a cross linker in the nanocomposites structure, the 
water solubility is decreased.

3.2 � Characterization of Hybrid Polymeric 
Nanocomposites

3.2.1 � FT‑IR Spectra

To confirm the functional groups and presence of OV-
POSS nanoparticles in the structure of the poly(AAm-co-
IA)/OV-POSSn, FT-IR spectra of pure OV-POSS, 
poly(AAm-co-IA) and poly(AAm-co-IA)/OV-POSSn 
with n = 4, 8, 12 and 14 wt% are illustrated in Fig. 2. 
FT-IR spectrum of OV-POSS shows some main charac-
teristic peaks. An important peak at 1122 cm−1 is related 
to the stretching vibration of Si–O groups, which is a 
clear witness for the existence of silsesquioxane cages 
[9]. In the case of poly(AAm-co-IA), the peaks at 3427 
and 3205 cm−1 are attributed to N–H and O–H stretch-
ing vibrations, respectively. The stretching and bend-
ing vibrations of methylene groups are found at 2938 
and 1436 cm−1, respectively. Peaks at 1665 cm−1 with 
a shoulder could be related to stretching vibrations of 
C=O of amide and carboxylic acid functional groups. 
Bands at 1330 and 1204 cm−1 are accounting to vibra-
tions of C–N and C–O bonds, respectively. The spectra 
of all poly(AAm-co-IA)/OV-POSSn hybrid nanocompos-
ites are similar to that of poly(AAm-co-IA) except that a 
strong peak appears at 1121 cm−1, which proves success-
ful incorporation of OV-POSS cage into the polymeric 
matrices. Moreover, the intensity of this band increases 
with the increase of the OV-POSS feed ratio, which can 
be assumed as another clear evidence for the incorpora-
tion of OV-POSS into the hybrid nanocomposites [2].

3.2.2 � NMR Spectra

In order to confirm the incorporation of OV-POSS into the 
structure of hybrid nanocomposites, 1H NMR spectrum of 
poly(AAm-co-IA)/OV-POSS8 in DMSO-d6 was recorded. 
As shown in Fig. 3, protons of CO2H groups of IA and 
NH2 of acrylamide moieties are appeared at 12.11 and 
6.85–7.23 ppm, respectively. The ratio of IA/AAm is deter-
mined to be 1/7.1, which is in good agreement with used 
ratio (1/7.2). All protons of aliphatic moieties are shown at 
1.31–1.77 and 2.10 ppm, which are assigned in the Fig. 3. 
Peak at 5.52 ppm is attributed to the unreacted vinyl moie-
ties of OV-POSS, confirming the incorporation of OV-POSS 
in the polymer as cross linker through a number of its vinyl 
groups.

3.2.3 � XRD Analysis

XRD diffraction patterns of OV-POSS, poly(AAm-co-
IA) and poly(AAm-co-IA)/OV-POSSn (n = 4, 8 and 
12 wt%) are depicted in Fig. 4. The XRD patterns of all 
poly(AAm-co-IA)/OV-POSSn hybrid nanocomposites are 
the same as poly(AAm-co-IA), exhibiting a broad amor-
phous diffraction peak at around 2θ = 21.2° related to the 
polymeric matrix of the poly(AAm-co-IA). The disappear-
ance of crystalline peaks of OV-POSS at 2θ = 9.8°, 23.1° 

Table 1   Solubility of the polymeric nancomposites in various sol-
vents

√ soluble, × insoluble
a Soluble in warm water

Solvent Poly(AAm-co-IA) Poly(AAm-co-IA)/OV-POSSn 
(n)

4 8 12 14

CH2Cl2 × × × × ×
DMF × × × × ×
THF × × × × ×
Toluene × × × × ×
DMSO √ √ √ √ √
Water √ √a × × ×

Fig. 2   FT-IR spectra of OV-POSS, poly(AAm-co-IA) and 
poly(AAm-co-IA)/OV-POSSn (n = 4, 8, 12 and 14)
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and 23.9° in the XRD profiles of all poly(AAm-co-IA)/
OV-POSSn hybrid nanocomposites confirmed the uniform 
dispersion of OV-POSS in the structure of organic–inor-
ganic nanocomposites [24].

3.2.4 � Morphologies of Hybrid Nanocomposites

SEM images of poly(AAm-co-IA) and poly(AAm-co-IA)/
OV-POSSn (n = 4 and 8) are illustrated in Fig. 5. Accord-
ing to these images, all materials have similar morphology 
(spherical particles and uniform size distribution) which are 
common for polymers fabricated by precipitation method. 
It is worth to highlight that POSS nanoparticles have very 
small sizes (1–3 nm), so they could not be directly seen in 
SEM images [7]. The elemental analyses of poly(AAm-co-
IA) and poly(AAm-co-IA)/OV-POSSn nanocomposites was 
investigated by energy dispersive X-ray (EDX) analyses. 
EDX data of poly(AAm-co-IA) showed the existence of C, 
68.80%; N, 17.42%; and O, 13.78% elements. In the EDX 
data of poly(AAm-co-IA)/OV-POSSn, in addition to C, N 
and O elements, Si element was also appeared, in which 
the W% of Si was increased by increasing the feed ratio of 
OV-POSS.

3.2.5 � Thermal Properties

The thermal stability of poly(AAm-co-IA) and 
poly(AAm-co-IA)/OV-POSSn nanocomposites was stud-
ied by TGA analyses. As shown in Fig. 6, poly(AAm-co-
IA) shows four steps weight loss at 50–90 °C (5.42%) and 
150–180 °C (4.94%) for removal of physically adsorbed 
water molecules, 200–300 °C (13.92%) for decomposition 
of the side chains and oligomers, and 340–440 °C (47.73%) 
attributing to the carbonation process of the main chain of 

Fig. 3   1H NMR spectrum of poly(AAm-co-IA)/OV-POSS8 in DMSO-d6 at 400 MHz

Fig. 4   XRD patterns of OV-POSS, poly(AAm-co-IA) and 
poly(AAm-co-IA)/OV-POSSn (n = 4, 8 and 12)
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poly(AAm-co-IA). The incorporation of POSS as a cross 
linker in the structure of the poly(AAm-co-IA)/OV-POSSn 
nanocomposites afforded the higher thermal stability. On 
the other hand, the fourth weight loss occurred at higher 
temperature (350–460 °C) and the weight loss was lower 
than poly(AAm-co-IA).

3.3 � Dye Adsorption Studies

As all the hybrid nanocomposites, poly(AAm-co-IA)/
OV-POSSn, have hydrophobicity and abundant carboxylic 
and amine groups, we assume that they can be utilized as 

high-performance nanocomposite adsorbents to eliminate 
pollutants from aqueous media. Herein, crystal violet (CV) 
as a typical cationic dye was selected for the adsorption 
studies. Equilibrium adsorption (qe, mg/g) was calculated 
according to Eq. (1), and utilized to indicate dye removal 
efficiency.

3.3.1 � The Effect of the Cross Linker

The effect of the cross linker (OV-POSS) content on the 
adsorption efficiency was studied by addition of 15 mg of 
adsorbent with different OV-POSS content (4, 8, 12 and 
14%) to a solution of CV (5 mL, 100 mg/L) and stirred 
for 24 h. Nanocomposite with 4 wt% OV-POSS content is 
solved in water over the time, and therefore shows low equi-
librium adsorption. The adsorption efficiency was increased, 
when the OV-POSS content was reached to 8 wt%. By 
increasing the content of OV-POSS to 12 and 14 wt%, the 
dye adsorption capacity of the prepared adsorbents was 
decreased because of high cross-linking degree of polymeric 
nanocomposites (Fig. 7a). Therefore, the effect of various 
parameters including dose of adsorbent, pH, ionic strength, 
contact time, temperature and CV initial concentrations on 
the adsorption of CV was investigated on poly(AAm-co-IA)/
OV-POSS8.

3.3.2 � The Effect of pH

The effect of pH on the adsorption of CV was investigated 
by stirring 5 mL mixture of CV (100 mg/L) and 15 mg 
of poly(AAm-co-IA)/OV-POSS8 at various pH values, 
and equilibrium adsorption (qe) was plotted against the 
pH. Increasing the pH resulted in increasing the qe value. 
Increase at pH 3–7 could be related to the deprotonation 
of carboxylic acid groups and therefore the expansion of 

Fig. 5   SEM images of a poly(AAm-co-IA) and b poly(AAm-co-IA)/OV-POSS4 and c poly(AAm-co-IA)/OV-POSS8

Fig. 6   TGA of poly(AAm-co-IA) and poly(AAm-co-IA)/OV-POSSn 
(n = 4, 8 and 12)
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the space between polymeric network. Second increase at 
pH 9–11 is attributed to the strong electrostatic interaction 
between carboxylate anions and cationic CV molecules 
(Fig. 7b).

3.3.3 � The Effect of the Adsorbent Amount

In order to investigate the effect of amount of the adsor-
bent, various amount of poly(AAm-co-IA)/OV-POSS8 
(10–40 mg) was added to 5 mL solution of CV (100 mg/L) 
at pH 11, and stirred at room temperature for 24 h. As it can 
be seen from Fig. 7c, by increasing amount of the adsorbent, 
CV equilibrium adsorption was decreased, which could be 
attributed to aggregation of nanoparticles in higher dosage. 

10 mg of poly(AAm-co-IA)/POSS8 exhibited high equilib-
rium adsorption (qe), and was selected for further studies.

3.3.4 � The Effect of Ionic Strength

The effect of ionic strength on the CV adsorption was investi-
gated by addition of 10 mg of poly(AAm-co-IA)/OV-POSS8 to 
5 mL of 100 mg/L solutions of CV in the presence of various 
concentrations of NaCl (0.0–0.1 M) at neutral pH and were 
stirred at room temperature for 24 h. Due to the competition 
between Na+ cations and CV as a cationic dye to adsorb with 
anionic carboxylate centers, as well as the shielding effect of 
Na+ on carboxylate anions, which inhibit the reaching CV to 
carboxylate centers, equilibrium adsorption (qe) was decreased 

Fig. 7   Effect of a OV-POSS content, b pH, c adsorbent amount and d ionic strength on the equilibrium adsorption of CV
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by increasing the concentration of NaCl and accordingly the 
ionic strength of the solution (Fig. 7d) [13, 22].

3.3.5 � Kinetic Models of the Adsorption

By optimum conditions (8 wt% of OV-POSS, pH 11 and 
10 mg of adsorbent) in hand, kinetic models of the adsorption 
was investigated by studying the effect of the contact time on 
the CV adsorption. Two kinetic models, pseudo-first-order 
(PFO) and pseudo-second-order (PSO) models were applied 
to study the adsorption kinetic, by measuring adsorbed CV at 
different time until equilibrium reached. The nonlinear expres-
sion of PFO and PSO kinetic models are as Eqs. (2) and (3), 
respectively.

where qe and qt (mg/g) are the amount of CV adsorbed on 
poly(AAm-co-IA)/POSS8, at equilibrium condition and time 
t (min), respectively, and k1 (1/min) and k2 (g/mg min) refer 
to the rate constants of PFO and PSO kinetic models, respec-
tively. Kinetic parameters of PFO and PSO models were 
calculated by fitting the experimental qt in the above Eqs. as 
qe = 24.697 (mg/g) and k1 = 1.693 (1/min) with r2 = 0.9828 
and qe = 24.909 (mg/g) and k2 = 0.358 (g/mg·min) with 
r2 = 0.9843, respectively. As the r2 values for PFO and PSO 
models are approximately equal, both PFO and PSO kinetic 
models were fitted to the experimental data (Fig. 8).

3.3.6 � Thermodynamic of the Adsorption

The effect of the temperature on the adsorption of CV on 
poly(AAm-co-IA)/OV-POSS8 was studied, in which by 
increasing the temperature, qe was increased and reached to 
36.3 mg/g at 60 °C (Fig. 9a). Thermodynamic parameters, 
including enthalpy change (ΔH, kJ/mol), entropy change (ΔS, 
kJ/Kmol) and Gibbs free energy (ΔG, kJ/mol) of the adsorp-
tion of CV on poly(AAm-co-IA)/OV-POSS8, were calculated 
to predict the mechanism of the absorption, using Eqs. (4)–(7). 

(2)qt = qe
(

1 − e−k1t
)

(3)qt =
k
2
q2
e
t

1 + qek2t

(4)Kc =
Cs

Ce

(5)ΔG = −RTLnKc

(6)LnKc =
ΔS

R
−

ΔH

RT

(7)ΔG = ΔH − TΔS

where Kc is the equilibrium constant, Cs and Ce refer to the 
concentrations of CV adsorbed on poly(AAm-co-IA)/OV-
POSS8 and in solution at equilibrium condition, respectively. 
T is absolute temperature in Kelvin (K), and R is the uni-
versal gas constant (8.314 Jmol/K). According to Eq. (6), 
by plotting LnKc versus 1/T, ΔH and ΔS values were cal-
culated from the slope and intercept of the plot (Fig. 9b), 
and were found to be 12.086 kJ/mol and 44.319 J/Kmol, 
respectively. Using Eq. (7), ΔG values were calculated as 
− 1.349, − 1.792 and − 2.679 kJ/mol at 303, 313 and 333 K, 
respectively, which are in good agreement with calculated 
ones using Eq. (5), to be − 1.382, − 1.741 and − 2.698 kJ/
mol at 303, 313 and 333 K, respectively. The feasibility and 
spontaneity of the CV adsorption on poly(AAm-co-IA)/
POSS8 was concluded by negative values of ΔG. Also, the 
positive values of ΔH and ΔS support the endothermic pro-
cess and increase of randomness during the adsorption of 
CV, respectively.

3.3.7 � The Effect of CV Initial Concentration and Adsorption 
Isotherms

In order to peruse the type of interaction between the 
poly(AAm-co-IA)/OV-POSS8 adsorbent and CV molecules, 
the effect of initial CV concentration on the equilibrium 
adsorption was investigated (Fig. 10a). in this regard, two well-
known isotherm models (Langmuir and Freundlich isotherm 
models) [4, 8, 25] were applied to analyze the experimen-
tal equilibrium adsorption data (qe) against the equilibrium 
concentration of CV. Langmuir and Freundlich models are 

Fig. 8   Adsorption kinetic of CV on poly(AAm-co-IA)/POSS8 accord-
ing to calculated PFO and PSO models
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attributed to a monolayer and uniform adsorption of dye, and 
a multilayer adsorption of dye on the surface of adsorbent, 
respectively. The nonlinear expression of Langmuir and Fre-
undlich isotherms are expressed according to Eqs. (8) and (9), 
respectively.

(8)qe =
qLKLCe

1 + KLCe

(9)qe = KFC

1

nF

e

where qe (mg/g) is the equilibrium adsorption and Ce (mg/L) 
is the CV concentration in solution after adsorption at equi-
librium condition. qL (mg/g) and KL (L/mg) refer to the maxi-
mum adsorption capacity and Langmuir constant, the affinity 
of CV for binding centers of poly(AAm-co-IA)/OV-POSS8 
adsorbent, respectively. KF ((mg/g)(L/mg)1/nF) and 1/nF are 
Freundlich constant and heterogeneity factor, respectively. 
Equilibrium parameter (RL), from Eq. (10), indicates that 
Langmuir isotherm is favorable (0 < RL < 1), linear (RL = 1), 
unfavorable (RL > 1), or irreversible (RL = 0).

(10)RL =
1

1 + KLC0

Fig. 9   a Effect of temperature on the equilibrium adsorption of CV on poly(AAm-co-IA)/POSS8, and b plot of LnKc against 1/T

Fig. 10   a Effect of the initial concentration of CV on the equilibrium adsorption, and b the adsorption isotherm and fitted plots according to 
Langmuir and Freundlich models of adsorption of CV on poly(AAm-co-IA)/POSS8
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where C0 is the highest initial CV concentration.
Figure 10b shows the fitted plots according to Lang-

muir and Freundlich models for the adsorption of CV on 
poly(AAm-co-IA)/OV-POSS8 adsorbent and the constant 
parameters (qe = 268.80 mg/g and kL = 0.00472 L/mg with 
r2 = 0.9287 for Langmuir isotherm, and kF = 10.35 (mg/g)
(L/mg)1/nF and nF = 2.2884, with r2 = 0.8412 for Freundlich 
isotherm) were obtained based on the experimental data. r2 
is correlation coefficient, and the high r2 value for Langmuir 
model, revealed that the adsorption occurred homogenously 
through a monolayer adsorption on the surface of adsorbent. 
Also, the value of RL = 0.096, revealed the favorable Lang-
muir isotherm.

4 � Conclusion

In conclusion, a new series of polymeric hybrid nanocom-
posites based on poly(AAm-co-IA) possessing octavinyl 
polyhedral oligomeric silsesquioxane (OV-POSS) as a cross 
linker was synthesized via precipitation copolymerization. 
The solubility of the polymeric hybrid nanocomposites was 
controlled by the feed ratio of OV-POSS. Synthesized nano-
composites were examined for crystal violet (CV) removal 
from aqueous solutions. Polymeric nanocomposite with 
8 wt% OV-POSS content shows a high adsorption capac-
ity toward CV. Pseudo-first-order and pseudo-second-order 
kinetic models were applied to investigate the kinetic of 
the adsorption. The thermodynamic of the adsorption was 
also studied, by measuring equilibrium adsorption at dif-
ferent temperatures. Moreover, the adsorption isotherm of 
the CV adsorption on polymeric hybrid nanocomposite, 
poly(AAm-co-IA)/OV-POSS8, was studied using Langmuir 
and Freundlich isotherm models. Simple preparation of 
nanocomposite using nontoxic POSS cross linker, and high 
equilibrium adsorption (230 mg/g) at high concentrations of 
CV are some advantages of this protocol.
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