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Abstract
A thermo-responsive polymer, poly(N-isopropylacrylamide) (PNIPAM), was anchored on the surface of low-cost natural 
clay nanorods, attapulgite (ATP), through the interactions including hydrogen bonding and coordination. Premixing 
the monomers of NIPAM with ATP before polymerization caused that the obtained PNIPAM could distribute among 
the pore voids of ATP and function as a surface affinity conditioner in response to temperature change. The PNIPAM/
ATP composite was then applied in temperature-triggered adsorption and desorption of a hydrophobic drug (typically, 
an agricultural pesticide: acetamiprid). The results indicated a satisfactory adsorption capacity and reusability with the 
strong combination of PNIPAM and ATP. Furthermore, the adsorption mechanism was discussed, and the Sips model was 
employed to explain the adsorption behavior. It was proved to be beneficial for hydrophobic drug loading as well as its 
delivery, which may also have a potential to extend to other natural products and responsive polymers.
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1 Introduction

Adsorption is regarded as an effective method for spe-
cies separation and purification [1]. Adsorbate including 
drugs, metal ions, and the like can be a resource in some 
way. Besides, adsorbate retention on the active sites of 
adsorbent surface can decline its reusability. Thus, proper 
release of the adsorbate is desired for resource saving and 
reborn of the adsorbent. Release of the adsorbate can be 
modulated via the concept of “smart adsorbents” with pore 
voids for uptake and delivery of cargo molecules upon the 
responsive surface sites, which can be triggered by exter-
nal stimulus including redox, pH value, and ionic strength 

contributing to chemical valves [2–4]. For instance, it was 
reported that polymers like alginate-chitosan were used 
as nanocapsules for controlled release of acetamiprid at 
different pH by responsive swelling [5]. Whereas to date, 
polymer textures with a reversible phase transition within 
the physiological temperature range are considered as the 
most promising responsive surfaces for external interac-
tion, due to its convenient responsive operation and good 
reusability [6]. Especially, thermo-responsive polymers 
exhibit a temperature-dependent solution behavior that 
can change their surface hydrophilicity in response to a 
slight temperature change, and gain immerse attentions 
in responsive surface adsorption.
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Poly(N-isopropylacrylamide) (PNIPAM) with a lower crit-
ical solution temperature (LCST) around 32 °C represents 
one of the most popular thermo-responsive polymer sur-
faces for smart applications in optical film, hydrogel, cell 
attachment, micro-organism culture, and so on [7, 8]. At 
temperature lower than LCST, PNIPAM is soluble in water, 
because its polar segments (carbonyl and amino) can form 
hydrogen bond with the polar-oriented water molecules 
around. On the contrary, at temperatures above LCST, the 
hydrogen bonds turn unstable so that PNIPAM is uneasy to 
be dissolved by water. Without surface hydrogen bonding, 
the nonpolar regions (alkyl groups) surrounded by reori-
ented water molecules display a clathrate-like structures, 
which was known as the hydrophobic effect of PNIPAM 
[9]. Also, PNIPAM undergoes a volume phase transition 
and attains the collapsed conformation of minimum size 
at above LCST, which can be further employed to alter the 
surface structure of pore voids [6, 10]. Therefore, thermo-
responsive PNIPAM is a competent candidate for preparing 
smart adsorbent by which the adsorbate molecules can be 
loaded or released through the equilibrium partitioning 
between the solution and polymer surfaces [11, 12].

Moreover, a facile tactic to smart adsorbent for mol-
ecule delivery can be based on anchoring stimuli-respon-
sive polymers accessible to the pore voids of natural 
porous inorganic nanomaterials. Natural inorganic nano-
materials born with affluent porosity can potentially act as 
an adsorbent scaffold, having advantages of rich resource, 
low cost, and excellent durability [13]. For example, atta-
pulgite (ATP) mines are abundant in nature, and quite inex-
pensive, which is a hydrous and porous magnesium–alu-
minum silicate fibrillar mineral with a molecular formula 
of  [Mg5Si8O20(OH)2(OH2)4·4H2O] [14]. With the aid of such 
nanoparticles like ATP, polymers can improve their thermal 
conductivity and mechanical stability dramatically [15, 16]. 
Meanwhile, composites of thermo-responsive PNIPAM and 
inorganic nanoparticles can also receive amplified thermo-
responsiveness by which PNIPAM can rapidly response to 
environmental temperature and finish molecular affinity 
transition, due to increased thermal conductivity by inor-
ganic component [17].

On the other hand, the use of pesticides identified with 
toxicity and carcinogenicity will lead to chemical persis-
tence in agricultural products and environmental prob-
lems, though it can protect the agricultural cultivation 
from insects and ensure mass production of food to feed 
the growing population [18, 19]. For example, acetamiprid 
[(E)-N1-[(6-chloro-3-pyridyl) methyl]-N2-cyano-N1-methy-
lacetamidine, Fig. 1] with limited water solubility is a com-
monly-used active neonicotinoid insecticide against insects, 
which is now widely applied in crops, vegetables, fruits, and 

tea all over the world [5]. However, its toxicity is also pro-
jecting a giant threat to human-being health and ecosys-
tem. Thus, the release of such hazardous agrochemicals to 
food products and environment must be restricted. And 
the above-mentioned combination of ATP pore voids with 
PNIPAM hydrophobic effect may provide hydrophobic aceta-
miprid with an efficient temperature-responsive adsorption, 
and alleviate its harmful effect. With respect to the combi-
nation methods, inorganic nanomaterials incorporated 
with the polymers can be simply realized without covalent 
bonding, but facilely via physical blending or intercalation 
[20, 21]. However, the blending mechanism and interaction 
between nanomaterial and polymer are not very clear, which 
are significant for anchoring polymer on inorganic surface 
for modulated affinity of an adsorbent. At the same time, 
the dispersion stability of rod-like ATP in polymers is a key 
problem for physical blending [22].

In present work, a facile and universal method to pre-
pare smart adsorbent has been proposed through anchor-
ing thermo-responsive PNIPAM on the low-cost natural clay 
nanorods of ATP. The monomers of NIPAM are pre-mixed 
with ATP aiming at a better intercalation before polymeri-
zation. Afterwards, the obtained PNIPAM is filled into the 
pore voids of ATP and functions as a surface affinity condi-
tioner by temperature change. Consequently, the PNIPAM/
ATP composite displays a temperature-responsive adsorp-
tion for agricultural pesticide: acetamiprid, simultaneously 
with a favorable stability. Meanwhile, in this way, the natural 
nanorods of ATP can act as a structural strengthening agent, 
anchorage and cross-linker for the linear PNIPAM in solu-
tion (Scheme 1). The relevant surface interaction strengths 
are discussed and Sips model is employed to explain the 
temperature-responsive adsorption mechanism. The pre-
pared composite is proved to be promising for reducing 
agricultural dependency on synthetic pesticides and deal-
ing with pesticide residue problems, and this strategy may 
be extended to other natural products and responsive 
polymers.

Fig. 1  Molecular structures of a (E)-N1-[(6-chloro-3-pyridyl) 
methyl]-N2-cyano-N1-methylacetamidine and b poly(N-isopropy-
lacrylamide)
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2  Experimental methods

2.1  Materials

N-isopropylacrylamide (NIPAM) and N,N,N’,N’-tetrameth-
ylethylenediamine (TEMED) were provided by Shanghai 
Aladdin Biochemical Technology Co., Ltd.. Potassium per-
sulfate (KPS) and absolute ethanol (EtOH) were purchased 
from Tianjin Damao Chemical Co., Ltd. Deionized water 
was produced by a domestic equipment. All reagents used 
were of analytical-reagent grade.

2.2  Synthesis of PNIPAM/ATP composite

This synthesis procedure partially referred to the article 
[10]. Typically, 0.6 g of ATP mineral was first dispersed in 
a beaker with 20 mL of deionized water. The mixture was 
ultrasonically treated for 40 min for a good dispersion of 
ATP in water. Afterwards, 2 g of NIPAM monomers, 0.02 g 
of KPS as the oxidized initiator, and 50 μL of TEMED as the 
accelerator were added to the above mixture with continu-
ous stirring (Scheme 1). After polymerization and reaction 
for 7 h at room temperature, the obtained gel was washed 
by EtOH and dried in vacuum for a day to powders. The 
preparation of pure PNIPAM was conducted as the above 
procedure without adding ATP as well as any cross-linker.

2.3  Quantum chemical calculations

The quantum chemical calculations based on density func-
tional theory (DFT) have been carried out using Gaussian 
09 program package to predict the molecular orbitals, 
optimized geometry of molecular geometry, and Mulliken 
atomic charges at B3LYP functional and 6-31G(d, p) basis 
set. Gauss–View 6.0 program is used for visualization of 
molecular orbitals and optimized geometry of molecule.

2.4  Adsorption performance

The adsorption thermodynamic studies were carried out 
by dispersing nanocomposite adsorbent powders (each 
dosage of 0.02 g, marked as m) in a 20 mL of acetamiprid 
solution (solvent: EtOH aqueous solution of 50 v.%, the 
volume marked as V) with different acetamiprid con-
centrations (0.8, 1.0, 2.0, 2.5 and 3 g/L, marked as C0), 
respectively. After stirred at 25, 35 and 45 °C for 24 h, the 
remained acetamiprid concentrations (Ce) in the solu-
tions were used to calculate the equilibrium adsorption 
capacity (qe = (C0−Ce)·V/m). The obtained experimental 
data of qe and Ce were analyzed with the Sips model, 
which shared both attributes of Langmuir and Freun-
dlich models. It is defined as follow:

where qm is the maximum adsorption capacity, Ks is the 
Sips isotherm constant related to the energy of adsorption, 
and ns is the sorbent surface heterogeneity parameter. If 
the value of ns is 1, the Sips model describes the typical 
Langmuir monolayer homogeneous adsorption behavior 
[23], otherwise the Sips model reflects a multilayer favora-
ble adsorption condition (ns > 1). Besides, as the value of 
Ce or Ks is small enough (approaching 0), the Sips isotherm 
describes Freundlich isotherm behavior (a nonhomogene-
ous surface adsorption isotherm) [24].

2.5  Characterization

The morphologies of the ATP and PNIPAM/ATP were 
observed by field emission scanning electron micros-
copy (SEM, S-4800, operated at 5.0 kV). Infrared absorp-
tion spectra were recorded on a Fourier transform 
infrared (FT-IR) spectrometer (Thermo Fisher Scientific: 
Nicolet 6700) in the range of 400–4000 cm−1 with a reso-
lution of 4 cm−1 (using KBr pellet). Thermogravimetric 
analysis (TGA) was performed with a Perkin-Elmer TGA-7 
system at a scan rate of 10 °C min−1 and a  N2 flow of 
20 mL min−1. The phase transitions were measured by 
a differential scanning calorimeter (DSC) microcalo-
rimeter (MicroCal, Inc.) at a heating rate of 10 °C min−1. 
Absorbances of the solutions were examined by UV–VIS-
NIR spectrophotometer (Lambda750, USA Perkin Elmer 
Company).

(1)q
e
=

q
m
K
s
C
ns
e

1 + K
s
C
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e

Scheme 1  Schematic Illustration of the Synthesis Procedure of the 
PNIPAM/ATP Nanocomposite
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3  Results and discussion

The preparation procedure of anchoring PNIPAM on ATP 
is illustrated in Scheme 1. ATP is a kind of natural mine 
with inner-connected nano-pore voids that are created 
by the spatial stacking of ATP rods. Premixing of the 
monomer NIPAM with ATP can benefit the access of the 
obtained polymer to the pore voids due to the easier 
migration of monomers. As a result, after polymerization, 
the final chain-like PNIPAM is likely to go throughout 
the inner-connected pore voids and distributes along 
the pore canals, which depends on a strong combina-
tion of PNIPAM and ATP clay. Such presuppose of the 
strong combination in Scheme 1 is firstly verified by typi-
cal field emission scanning electron microscopy (SEM) 
images (Fig. 2). Figure 2a shows that the agglomerates of 
ATP nanorods produce particles in size of ~ 10 μm. With 
amplified view, the inset reflects that ATP nanorods have 
a diameter of dozens nm and a length of 200–1000 nm. 
The stacking of ATP nanorods create pore voids of doz-
ens nm. After polymerization of NIPAM previously inter-
calated in ATP, the pore voids in ATP can be filled by 

PNIPAM (in Fig. 2b and the inset). This result indicates a 
compatible mixing of PNIPAM and ATP.

The interaction between PNIPAM and ATP is verified 
by DSC techniques. Figure 3 depicts DSC curves of ATP, 
PNIAM, and PNIPAM/ATP composites with increasing tem-
perature. For pure ATP, a broad endothermic peak appears 
in the temperature range of 100–200 °C, which can be 
attributed to the desorption of free and structural water. 
For PNIPAM, an endothermic peak located around 105 °C 
may be due to the phase transition of melting. However, 
when complexed with ATP, the melting point increases to 
130 °C, implying the surface interaction (hydrogen bond 
and coordination) between PNIPAM and ATP. In accord-
ance with the above SEM observation, DSC analysis again 
argues the access of PNIPAM to the pore voids of ATP via 
surface interaction.

To explore the surface interaction, FTIR spectroscopy 
is carried out (Fig. 4). In the case of pure ATP, the absorp-
tion bands at 3561 and 3430 cm−1 are assigned to the O–H 
stretching vibrations of free water and structural water 
molecules (including zeolitic and adsorbed water) [25]. 

Fig. 2  SEM images of a pure 
ATP and b the prepared 
PNIPAM/ATP nanocomposites 
(the insets are amplification of 
local areas)

Fig. 3  DSC curves under  N2 for pure ATP, PNIPAM, and the PNIPAM/
ATP nanocomposite

Fig. 4  FTIR spectra of pure ATP, PNIPAM, and the PNIPAM/ATP 
nanocomposite
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The adsorption peaks at about 1657 and 1450 cm−1 are 
ascribed to the stretching of C = O and C−O, which may 
be resulted from the impurity of carbonate [26]. The defor-
mation vibration of O–H on ATP surface may appear at 
about 1450 cm−1. The bands located at 1036 and 516 cm−1 
possibly derive from the stretching vibration of Si–O–Si 
and δSi–O [27]. In terms of PNIPAM, the bands at 3482 and 
3309 cm−1 are attributed to N–H stretching. In addition, 
it shows two characteristic peaks for PNIPAM at about 
1650 (carbonyl and amide stretching) and 1542  cm−1 
(N–H stretching) [28]. In the range of 2860–3100 cm−1, 
the absorption bands represent the C–H vibrations respec-
tively at 3073 (-CH3), 2983 (-CH-), 2930 and 2879 cm−1 
(-CH2) [29]. For PNIPAM/ATP composites, the bands cen-
tered at 1650 and 1542 cm−1 (carbonyl and amide vibra-
tion) move to 1660 and 1551 cm−1, respectively, indicating 
that the amide section of PNIPAM probably have hydro-
gen bonds with the hydroxyls on ATP clay surface, or have 
coordination with the exposed  Mg2+ on ATP facets.

In order to further confirm the surface interaction 
sites and mechanisms, quantum chemical calculations 
based on DFT (see experimental) are used for visualiza-
tion of the molecular orbitals and optimized geometry, 
and the values of Fukui functions. Molecular orbital plots 
of PNIPAM (polymerization degree, n = 1) are shown in 
Fig.  5a for observing chemical reactivity of the atoms 
on repeating unit. The vicinal orbitals of HOMO and 
LUMO mainly distribute within the area around amide 
(O = C–N), playing a key role of electron donor and accep-
tor, respectively. Fukui functions (fk

+, fk
−) describe the 

nucleophilic and electrophilic ability of the atoms, using 
Mulliken atomic charges given in Table S1. In accordance 
with the above orbital distribution, O and N atoms have 
the greatest fk

+ and fk
−, denoting the interaction sites of 

amide. However, O atom with greater Fukui functions 
(fk

+  = 0.2501, fk
− = 0.2140) has higher chemical reactivity 

(higher nucleophilic and electrophilic possibility) than N 
atom (with fk

+  = 0.1688, fk
− = 0.0583) [30]. Thus, the inter-

action sites of PNIPAM with ATP surface should be mainly 
ascribed to the carbonyl (O = C) that may have hydrogen 
bonding and coordination with the ATP surface. On the 
other side, the optimized molecular geometry of PNIPAM 
(n = 3) is obtained through the same calculation method 
(Fig. 5b). The distance between two adjacent O atoms of 
O = C is equal to 0.33 nm, approximately, while the inter-
val of three O atoms is about 0.63 nm. It is reported that 
the lattice spacing of (002) plane on ATP clay is close to 
0.65 nm (according to Bragg equation) [31], revealing a 
distance match between three O atomic interval and the 
(002) plane spacing. As a result, the nucleophilic carbonyl 
(O = C) is easy to coordinate with  Mg2+ on (002) plane 
exposed to the ATP surface. In general, the surface inter-
action mechanism of anchoring PNIPAM on ATP can be 
interpreted by hydrogen bonding of carbonyl or amino 
with the ATP hydroxy, and carbonyl coordinating with 
 Mg2+ on the natural clay plane.

The thermal stability of the PNIPAM/ATP composites is 
investigated by thermal gravimetric analysis (TGA). The 
mass loss curves for ATP, PNIPAM, PNIPAM/ATP are shown 
in Fig. 6. For pure ATP, the tiny weight losses below 120 °C 
and at around 200 °C can be attributed to the release of 
free water and the structural water of ATP, respectively 
[32]. For the PNIPAM/ATP composites, similar to that of 
ATP, the main weight loss below 120 °C can be assigned to 
the loss of free water, and, in the range of 150 and 200 °C, 
to the loss of the structural water. The weight of PNIPAM/

Fig. 5  Visualization of DFT calculation of a PNIPAM (n = 1) molecu-
lar orbitals (HOMO, LUMO), and b the optimized PNIPAM (n = 3) 
geometry labeled with O atomic distance

Fig. 6  TGA curves under  N2 for pure ATP, PNIPAM, and the PNIPAM/
ATP nanocomposite
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ATP composites remain almost constant between 200 and 
340 °C, but show a sudden decrease above 340 °C which 
can be attributed to the decomposition of PNIPAM (the 
same as that of pure PNIPAM). Eventually, the residual 
weight of PNIPAM/ATP holds a proportion of 23 wt% as 
calculated from TGA analysis. The result further reveals that 
the proportion of ATP clay in the prepared PNIPAM/ATP 
composites is approximately 23 wt%.

The adsorption abilities of ATP, PNIPAM, and PNIPAM/
ATP composite towards acetamiprid are evaluated by pro-
gressive contact of the above adsorbents (in powder state, 
each dosage of 0.02 g) with 20 mL of acetamiprid solution 
(concentration: 3 g/L, solvent: EtOH/water 50 v.%) for 24 h 
at 25 °C. Their adsorption capacities are exhibited in Fig. 7. 
In this condition, natural ATP with surface hydroxyl has 
the smallest adsorption capacity of 94.24 mg/g, in spite 
of a number of pore voids inside. In comparison, due to 
the limited solubility of acetamiprid in water, PNIPAM with 
alkyl on the main carbon chain has a better surface affin-
ity to hydrophobic acetamiprid and thus a much greater 
adsorption capacity of 245.48 mg/g. When incorporated 
with ATP, PNIPAM molecule has hydrogen bonds and 
coordination with the surface hydroxyls and  Mg2+ on ATP, 
which chemically modified the inner wall of pore voids and 
improved the adsorption capacity of ATP to 185.46 mg/g.

Surface affinity plays a key role in adsorption. The LCST 
of both PNIPAM and PNIPAM/ATP composite are deter-
mined by water contact angle versus temperature (S2), 
reflecting their LCST dwelling at about 32.1 °C (Figure S2). 
Therefore, around 32.1 °C, the surface affinity of PNIPAM/
ATP composite can be modulated by its hydrophobic 
effect. Meanwhile, PNIPAM compatibly mixed with inor-
ganic nanomaterials (ATP) will receive amplified thermo-
responsivity [17], thus the surface affinity of PNIPAM/ATP 
composite can be sensitive and rapidly responsive to tem-
perature change.

The effect of temperature on the adsorption behavior 
of PNIPAM/ATP composite is continued to be explored in 
Fig. 8. The relationship between the residual amount (Ce) 
of acetamiprid and the adsorbed acetamiprid amount 
per unit mass of adsorbent (qe) at different temperature 
(25, 35, and 45 °C) are well fitted by the Sips model with 
correlation coefficient  R2 of 0.95, 0.97, and 0.99, respec-
tively. Listed in Table 1, the fitted value of the Sips isotherm 
adsorption constant (Ks) and heterogeneity (ns) decrease 
with increasing temperature. The ns in the Sips equation 
represents the heterogeneity of adsorbent surface, and 
the  ns value being closer to 1 indicates that the adsorbent 
surface is more homogeneous [33]. At higher temperature, 
the molecule collapse of PNIPAM with the hydrophobic 
effect results in the ATP surface sites wrapped and the 
pore voids packed by PNIPAM, leading to a more homo-
geneous adsorption surface. On the other hand, Ks is posi-
tively correlated to the adsorption strength [33], reveal-
ing that higher temperature may intensify the thermal 
motion and thus weaken the interactions (van der waals 
force) between acetamiprid and the adsorbent. However, 
regardless of the weakened adsorption strength, hydro-
phobic effect of PNIPAM beyond LCST render PNIPAM/
ATP composite with lower polar affinity [9]. Consequently, 
low-polar PNIPAM/ATP composite can accumulate more 

Fig. 7  Adsorption of acetamiprid (3 g/L) by pure ATP, PNIPAM, and 
PNIPAM/ATP nanocomposite in EtOH solution (50 v.%) for 24  h at 
25 °C

Fig. 8  Isotherm sorption of acetamiprid by PNIPAM/ATP nanocom-
posite in EtOH solution (50 v.%) at different temperature

Table 1  Fitted parameters of Sips model isotherm adsorption 
behavior of PNIPAM/ATP composite towards acetamiprid at 25, 35, 
and 45 °C

Temperature 
(°C)

qm (mg/g) Ks ns R2

25 298.22 0.23 1.90 0.95
35 503.61 0.14 1.67 0.97
45 698.89 0.11 1.64 0.99
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acetamiprid (with hydrophobic groups like phenyl, methyl, 
and methylene) from EtOH solution, which accounts for 
the largest fitted maximum adsorption capacity qm of PNI-
PAM/ATP composite at 45 °C.

When in water, hydrogen bonds between PNIPAM 
polar groups and water molecules are the main reason 
for polymer dissolution. Temperature beneath LCST 
facilitates the formation of hydrogen bonds with the 
exothermic formation enthalpy, but not beyond LCST. 
In addition, acetamiprid has a limited solubility in water. 
Thus, the hydrophobic effect of PNIPAM in water is more 
obvious for the adsorption of acetamiprid than in EtOH 
solution. At 25 °C, water-compatible PNIPAM/ATP com-
posite is expected to have close affinity to water, lead-
ing to no distinguished distribution preference of aceta-
miprid (Fig. 9a). But at 45 °C, hydrophobic effect may 
cause phase separation and precipitation, where poly-
mer-water contacts are replaced by polymer–polymer 
and water-water contacts [34]. In this case, acetamiprid 
tends to enrich in PNIPAM/ATP composite from water 
(Fig. 9b). This mechanism can be applied in temperature-
controlled release of acetamiprid in water, dealing with 
excessive pesticide contamination. For this purpose, 

pure water is used as the solvent instead of the above 
EtOH solution, aiming at simulation of natural environ-
ment. Besides, 0.5 g of the composite as adsorbent are 
dispersed in acetamiprid solution (30  mL, 0.6  g/L in 
water) with temperature switch at 45 °C (beyond LCST) 
for 24-h adsorption and at 25 °C (beneath LCST) for 24-h 
desorption. As shown in Fig. 9c, after 5 times of adsorp-
tion/desorption cycles, above 95% adsorption capacity 
and the corresponding desorption rate are remained, 
compared with those of the first cycle. The result indi-
cates that the PNIPAM/ATP composite performs a good 
reversibility with satisfactory stability.

4  Conclusions

In summary, a temperature-responsive smart adsorbent 
of PNIPAM/ATP composite has been prepared by anchor-
ing PNIPAM on the surface of ATP clay. Pre-mixing of 
NIPAM with natural ATP before polymerization results in 
a good interpenetration between the obtained PNIPAM 
and ATP, where the PNIPAM distributes along the pore 
canals in ATP, due to the amide interaction of hydrogen 
bonding with the hydroxyls and coordination with  Mg2+ 
on ATP surface. An ideal blend renders the PNIPAM/ATP 
composite with excellent stability and amplified thermo-
responsivity. Thus, the PNIPAM/ATP composite presents 
an outstanding temperature-responsive adsorption of 
acetamiprid with a considerable reversibility, where 
adsorption and desorption can be modulated by the 
temperature switch of 45 and 25  °C. The adsorption 
behavior is well fitted by Sips model, and hydropho-
bic effect of PNIPAM is responsible for the equilibrium 
partitioning of acetamiprid from solution. Last but not 
the least, the surface interaction between natural clay 
products and responsive polymer can be regarded as a 
low-cost and convenient tactic for smart adsorption in 
future applications.
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