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Abstract 
In this work, thermoresponsive polymer grafted magnetic mesoporous silica nanoparticles 
were prepared, fully characterized and tested as controlled drug delivery systems. For this 
purpose, iron oxide nanoparticles coated with mesoporous silica shell were grafted with 
poly(N-isopropylacrylamide-co-3-(methacryloxypropyl)trimethoxysilane) (PNIPAM-co-MPS). 
The grafting and polymerization on the as-prepared nanoparticles were performed in one-step 
procedure. Using this methodology, the polymer was successfully grafted mainly onto the silica 
surface, leaving the mesopores empty for the drug loading. The prepared hybrid nanoparticles 
(MMSNP-PNIPAM-co-MPS) showed high magnetization saturation (19.5 emu g-1) and high 
specific surface area (505 m2 g-1) and pore volume (0.29 cm3 g-1). Ibuprofen was used as a 
model drug to test the performance of the hybrid particles as thermosensitive drug delivery 
systems. For this, in vitro drug delivery tests were conducted below (25°C) and above (40°C) 
the lower critical solution temperature (LCST) of the polymer (PNIPAM-co-MPS). Considerable 
difference (80%) in the ibuprofen release at these two temperatures was observed and a fast 
and complete release of the drug at 40°C was observed. These results suggest that the 
thermoresponsive copolymer acts as a gatekeeper for the temperature-controlled release of 
the drug loaded inside the mesopores. Therefore, MMSNP-PNIPAM-co-MPS are promising 
magnetic and thermoresponsive nanocarriers for targeted delivery of therapeutic substances.  
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1. Introduction 
In recent decades, nanotechnology has been widely used to develop new diagnostic and 

therapeutic strategies for the treatment of various diseases. In this sense, the development of 
drug nanocarriers that deliver the therapeutic substances at target organs in the body, control 
the kinetic release and protect drugs from being metabolized or excreted prematurely from 
the body has become an important issue [1–3]. A wide variety of nanomaterials have been 
designed for this purpose, including liposomes, polymer nanoparticles, micelles, dendrimers, 
inorganic nanoparticles, quantum dots, and metal oxide frameworks [2]. Since their first 
application as drug delivery systems [4], mesoporous silica nanoparticles (MSNPs) have been 
widely studied for various biomedical applications due to their outstanding properties, such as 
controllable particle size and morphology, high specific surface area and pore volume, low 
toxicity, hemocompatibility, and ease of surface modification [5–7]. The ability to control 
precisely the drug release can be achieved by modifying the MSNPs surface with appropriate 
release triggers that specifically react with response to stimuli, which can be either 
endogenous (pH [8,9], chemical agents [10,11], and redox gradients [12,13]) or exogenous 
(temperature [14,15], magnetic field [16], ultrasound intensity [17], and light [18]).  

Thermoresponsive polymers undergo a coil-to-globule transition when the temperature 
is changed. This transition happens at the lower critical solution temperature (LCST) of the 
polymer [19]. Poly(N-isopropylacrylamide) (PNIPAM) is among the most investigated 
thermoresponsive polymers [20], which has its LCST around 30-32°C, interesting for drug 
delivery applications [21]. PNIPAM contains a hydrophobic as well as a hydrophilic moiety. The 
isopropylic moiety is hydrophobic whereas the amide moiety is hydrophilic. Below the LCST, 
the thermoresponsive polymer exhibits a hydrophilic nature and the polymer chains are 
present in extended hydrated “coil” conformation. In contrast, above the LCST, polymer chains 
become hydrophobic and collapse in a compressed “globule” conformation. For most drug 
delivery applications, pure PNIPAM is not suitable since the body temperature is higher than 
their LCST. Thus, the LCST of PNIPAM is commonly adjusted by the addition of salts, 
surfactants or by performing a copolymerization with hydrophilic or hydrophobic co-
monomers [22]. In particular, the hydrophobic monomers decrease the LCST while the 
hydrophilic monomers help to raise the LCST. For instance, reported studies have shown an 
increased in the LCST of PNIPAM after carrying out its copolymerization with methacrylic acid 
[23]. Also, the copolymerization of 3-(methacryloxypropyl)trimethoxy silane (MPS) with N-
isopropylacrylamide (NIPAM) gives an interesting thermoresponsive polymer that can be 
anchored on silica surface with a LCST of 36°C  [24]. This thermo-reversible transition of the 
polymer can be used to apply an on-off gatekeeper mechanism to porous particles containing 
guest molecules. For instance, expanded-pore MSNPs co-functionalized with PNIPAM and 
poly(ethylene glycol) were applied for temperature control release of bovine hemoglobin [25]. 
Although PNIPAM-based systems were the focus of various studies as drug nanocarriers, many 
of them showed an undesirable and significant release of the payload below the LCST [26]. For 
this reason, it is important to improve the gatekeeper performance of these systems for 
medical application. 

Magnetic-responsive nanomaterials are used in biomedical applications such as targeted 
drug delivery and hyperthermia [27,28]. They are also used in magnetic resonance imaging and 
to integrate diagnostics and therapy in a single system [29–32]. In this context, magnetic 
mesoporous silica-based nanoparticles (MMSNPs) can be used as a magnetic targeted drug 
delivery systems. Hegazy and co-workers [33] prepared core-shell MMSNP with a magnetite 
core and a mesoporous silica shell functionalized with PNIPAM copolymer with disulfide bonds 
in a multi-step procedure and tested for the controlled release of doxorubicin (DOX). On the 



other hand, a thermoresponsive copolymer of NIPAM and methacrylic acid was grafted by two 
step procedure on MMSPN by Tian et al. [34] and was used as an on-off drugs release system.  

This work reports the preparation of magnetic and temperature-responsive drug 
nanocarriers based on thermoresponsive polymer (PNIPAM-co-MPS)-grafted magnetic 
mesoporous silica core-shell nanoparticles (MMSNP-PNIPAM-co-MPS). The synthesis approach 
consisted the one-step grafting and polymerization of the polymer on silica surface. The 
thermosensitive behaviour of the copolymer was used to make it act as a gatekeeper for the 
release of the drug loaded inside the pores. Ibuprofen, a well-known anti-inflammatory drug 
was used to test the performance of the hybrid drug delivery systems. An efficient 
temperature controlled on-off release and high magnetic saturation were observed in 
MMSNP-PNIPAM-co-MPS. The results indicate that MMSNP-PNIPAM-co-MPS are promising 
candidates as advanced targeted and stimuli responsive drug delivery systems.  

 
2. Materials and Methods 
2.1 Materials 

Iron (III) chloride hexahydrate (FeCl3.6H2O, purity > 99%) was purchased by Merck, 
ethylene glycol by Riedel-de Haën and sodium acetate trihydrate (purity > 99%) by Fluka 
Chemika. Tetraethoxylsilane (TEOS), ammonium hydroxide (30%), cetyltrimethylammonium 
bromide (CTAB), N-isopropylacrylamide (NIPAM), 3-(methacryloxypropyl)trimethoxy silane 
(MPS), azobisisobutyronitrile (AIBN) and ibuprofen (IBU) were purchased from Sigma-Aldrich. 
All aqueous solutions were prepared using water of Milli-Q grade (Millipore).  

 
2.2. Synthesis of magnetic mesoporous silica nanoparticles (MMSNP) 

Magnetic Iron oxide nanoparticles (NPs) were prepared by solvothermal method [35]. 
Briefly, 1.35 g of FeCl3.6H2O and 6.0 g of sodium acetate trihydrate were dissolved in 50 mL of 
ethylene glycol on a Teflon container. Later, the Teflon container was put on a stainless-steel 
autoclave reactor and heated at 200°C for 8 h. The obtained precipitate was magnetically 
separated by using neodymium magnet and washed with ethanol. This washing step was 
repeated with distilled water three times. In all the washing steps, the solid were separated 
from the supernatant using magnetic separation. Then, the iron oxide nanoparticles (NPs) 
were coated with a first thin non-porous silica layer through the following procedure: 500 mg 
of magnetite were dispersed by ultrasound in a glass flask containing 125 mL of an 
ethanol/water 4:1 solution. Later, 1.25 mL of concentrated ammonia solution was added 
followed by drop wise addition of 1 mL TEOS. The mixture was stirred at 65°C for 5 h. The 
obtained grey solid was magnetically separated and washed with the solvent solution (i.e. 
ethanol/water 4:1) three times. Later, a mesoporous silica coating onto the magnetic NPs was 
performed according to reported procedures [36,37]. Briefly, the as-prepared non-porous 
silica coated magnetite NPs, 500 mg of CTAB and 1.75 mL of ammonia solution were mixed in 
250 mL of water. The suspension was kept under vigorous stirring and heating up to 80°C. 
When the temperature reached 80°C, 2.5 mL of TEOS was added dropwise and the sol-gel 
reaction was kept at 80°C for 2 h. After cooling at room temperature, the solid obtained was 
magnetically separated, washed three times with distilled water and dried in an oven at 70°C 
overnight. Finally, the obtained solid was calcinated in a tubular oven (Carbolite) applying a 
ramp of 2 °C min-1 up to 500°C in nitrogen atmosphere and then the temperature was kept at 
500°C in air flow for 2 h. This product was named MMSNP.  

 
 



2.3. Synthesis of thermoresponsive polymer coated magnetic mesoporous silica 
nanoparticles (MMSNP-PNIPAM-co-MPS) 

The thermoresponsive polymer grafting on MMSNP was carried out by a one-step 
synthesis procedure [24,38]. 500 mg of MMSNP were placed in a two neck round bottom flask 
with 125 mg of NIPAM and 18 mL of dry ethanol. The flask was connected to a condenser 
fitted with a nitrogen balloon and the suspension was stirred under nitrogen atmosphere. 
Thereafter, 13 μL of MPS and 2 mL of AIBN ethanol solution (0.3 wt. %) were added in 
sequence and the reaction mixture was heated for 16 h at 70°C. During this step, a 
simultaneous radical polymerization between the co-monomers and grafting with the silica 
surface of MMSNP occurs. At the end of the reaction, the nanoparticles were washed three 
times with ethanol, magnetically separated and dried overnight at 70°C. These nanoparticles 
were named as MMSNP-PNIPAM-co-MPS. A complete scheme of the synthesis steps for 
obtaining MMSNP-PNIPAM-co-MPS is shown in Fig. 1. 

 

 
Fig. 1. Synthesis procedure of MMSNP-PNIPAM-co-MPS nanoparticles.  
 

2.4. Characterization techniques 
ATR-Fourier transform infrared (FTIR) spectra were measured by using a Spectrum 100 

instrument (PerkinElemer) in the attenuated total reflectance (ATR) mode with a diamond 
crystal in the range 600 – 4000 cm-1. X-ray diffraction (XRD) patterns were performed on a 
X’Pert PRO MPD diffractometer from PANalytical equipped with Cu anode (45 kV, 40 mA). The 
XRD patterns were recorded in the range of 2θ value between 20° and 70°. Data management 
was performed using X’Pert HighScore software. N2 adsorption–desorption isotherms at 77K 
were obtained using a gas adsorption apparatus (ASAP 2020, Micromeritics). Specific surface 
areas (SSA) were calculated using the Brunauer–Emmett–Teller (BET) model. Pore size 
distribution and pore volume were calculated on the adsorption branch of the isotherms 
according to the Barrett–Joyner–Halenda (BJH) method. Thermogravimetric analyses (TGA) 
were performed with a Q500 Thermogravimetric Analyzer (TA Instruments). The samples were 
pre-dried for a short time of 30 min at 100oC before the analysis. The analysis were carried out 
by heating samples at a rate of 10°C min-1 from room temperature to 600°C in a nitrogen 
atmosphere and from 600 to 700°C in air. Transmission electron microscopy (TEM) images 



were recorded with a JEOL 2010 instrument equipped with a LaB6 filament and acceleration 
voltage of 300 kV. Samples were deposited onto holed carbon-coated copper grids by dry 
deposition. A Malvern Zetasizer Nano ZS90 instrument (Malvern) was employed in the 
Dynamic Light Scattering (DLS) measurements. Nanoparticles dispersion in milli Q water (0.1%) 
were sonicated for 20 min before the DLS analysis. Magnetic properties were recorded by 
using a LakeShore 7300 vibrating sample magnetometer. Magnetization curves were 
registered at 300 K with a magnetic field cycled between −10,000 and 10,000 G. 

 
2.5. Ibuprofen loading and release tests 

For the drug loading, nanoparticles were dispersed in a flask with a hexane solution of 
ibuprofen (0.16 M), then the dispersion was put in a chamber at 40°C and kept under stirring 
for 24 h. Later, the nanoparticles were magnetically separated, washed with hexane and 
distilled water and dried at room temperature. Ibuprofen loading was estimated by TGA and 
UV-visible spectroscopy. The loading from TGA was calculated by subtracting the amount of 
polymer, adsorbed water and the loss derived from dehydroxylation process from the total 
weight loss of the loaded nanoparticles. For UV-visible spectroscopy, the loading was 
estimated from the total amount of ibuprofen released from a dispersion of the loaded 
nanoparticles in physiological saline solution (PSS) at 40 °C in 24 h. UV–Vis analyses were 
performed using a T60 UV–Vis spectrophotometer (PG instruments). Ibuprofen quantification 
was performed measuring Abs values at λ = 264 nm (ε264nm = 346.2 cm-1 M-1, this value was 
obtained from the calibration curve, data not shown). 

The in vitro drug release tests were carried out in PSS solution. A proper amount (10 – 
15 mg) of ibuprofen loaded nanoparticles were dispersed in a flask containing 40 mL of PSS 
solution. At defined time intervals, the nanoparticles were magnetically separated and an 
aliquot of the supernatant was withdrawn and analysed by UV–vis spectroscopy at 264 nm. 
The assays were conducted at 25°C (below LCST) and 40°C (above LCST) by triplicate.  

 
3. Results and Discussion 
3.1. Characterization 

The morphology of the as-synthetized nanoparticles were observed with TEM images. 
No significant difference can be seen between MMSNP and hybrid MMSNP-PNIPAM-co-MPS 
(for brevity only of MMSNP-PNIPAM-co-MPS images are shown in Fig. 2A and 2B). The 
polymer-grafting on MMSNP does not affect the primary structure of the particles. The NPs 
seem to be quasi-spherical with a crystalline iron oxide core, visible for the higher optical 
density, and a porous silica shell. The analysis of the fringe patterns in the iron oxide core 
reveals the presence of the crystalline plane dhkl = 2.7 nm corresponding to the (3 1 0) plane of 
maghemite (γ-Fe2O3) (Fig. 2B). The bare iron oxide NPs (Fig. S1, Supporting information) have a 
mean diameter of 76 nm (Fig. 2C). A uniform thickness of circa 15 nm of mesoporous silica 
shell around the particles can be seen. The mean diameter of the MMSNP was 91 nm.  

 



 
 
Fig. 2. TEM Images of (A, B) MMSNP-PNIPAM-co-MPS and size distribution of iron oxide 

NPs (C). 
 
In order to confirm the presence of iron oxide and identify the relative crystalline phases 

formed, XRD diffraction patterns of iron oxide NPs and MMSNP-PNIPAM-co-MPS (Fig. 3) were 
recorded. All peak positions at 2θ = 18.3, 30.1, 34.4, 37.1, 43.0, 53.4, 56.9 and 62.5° can be 
associated with (111), (229), (311), (222), (400), (422), (511) and (440) X-ray diffraction planes 
of cubic magnetite phase (Card number 01-077-1545, ICCD Database). However, the presence 
of maghemite cannot be discarded since XRD is not a suitable technique to distinguish 
between both phases because of XRD patterns of magnetite and maghemite are very similar 
[39]. A broad diffraction halo centred around 2θ = 23.5° in MMSNP-PNIPAM-co-MPS XRD 
diffraction pattern can be attributed to mesoporous silica [40]. As expected, the grafting and 
polymerization step did not modify the iron oxide crystallographic features since the 
diffraction patterns of both samples present the same diffraction peaks associated to iron 
oxides. 

 

 
 



Fig. 3. X-ray diffraction patterns of Iron Oxide NPs (black line) and MMSNP-PNIPAM-co-
MPS (red line).  

 
The presence of the porous silica shell and the polymer-grafting on MMSNPs was 

confirmed by ATR-FTIR analysis. An intense absorption band due to the vibration modes of the 
silica tetrahedral framework between 1300 and 800 cm-1 was observed in MMSNPP and 
MMSNPP-PNIPAM spectrum (Fig. S2, Supporting Material), confirming what evidenced in HR-
TEM images. A sample of neat copolymer of NIPAM and MPS was prepared for comparison 
purposes by following the procedure described in the section 2.3. The thermoresponsive 
polymer characteristic bands at 1710 cm-1 (νC=O, methacryloxypropyl of MPS), 1638 cm-1 (νC=O, 
amide), 1536 cm-1 (νC-N), 1458 cm-1 (νC-H), 1370 cm-1 and 1390 cm-1 (δ deformation and bending, 
C-H) [41] were observed in the spectrum of MMSNP-PNIPAM-co-MPS and PNIPAM-co-MPS. 
(Fig. 4). It is worth mentioning that the higher signal at 1710 cm-1 than expected for the neat 
copolymer PNIPAM-co-MPS indicates that the composition of the free and grafted copolymer 
might not be exactly the same due to the different reaction environment (i.e. presence of 
NPs). Possibly, after the polymerization some of the MPS moieties grafted to the silica NPs 
remain there and do not co-polymerize with NIPAM. 

 

 
Fig. 4. ATR-IR spectra of MMSNP (blue line), MMSNP-PNIPAM-co-MPS (red line) and 

PNIPAM-co-MPS polymer reference (black line) samples. 
 

Thermogravimetric analysis was used to quantify the amount of polymer grafted to 
MMSNP-PNIPAM-co-MPS. The TGA curve of bare nanoparticles (blue solid line, Fig. 5) shows a 
first weight loss at 100°C, because of water molecules desorption, and a smooth weigh loss 
from 100 to 700°C, probably related to surface dehydroxylation. In polymer coated 
nanoparticles (red dashed line, Fig. 5) this second weight loss is increased to about 8.5%, due 
to thermal decomposition of the organic polymer matter. The total weight loss from MMSNP 
and MMSNP-PNIPAM-co-MPS was 2.7% and 8.5%, when the samples were heated up to 700°C. 
Thus, the amount of polymer grafted results to be around 5.8%.  

 
 



 
Fig. 5.  TGA curves of MMSNP (blue solid line), MMSNP-PNIPAM-co-MPS (red dashed 

line) and MMSNPP-PNIPAM-co-MPS ibuprofen loaded (MMSNP-PNIPAM-co-MPS + IBU) (black 
dotted line) samples. 
 

The N2 adsorption-desorption isotherms (Fig. 6A) at 77 K of MMSNP and MMSNP-
PNIPAM are characteristic of mesoporous materials  with a type IV isotherm and H1-type 
hysteresis loop according to IUPAC classification [42]. After grafting of MPS and subsequent 
polymerization, non-significant differences of area and porosity were observed. The specific 
surface area was reduced from 521 m2 g-1 to 505 m2 g-1, the pore volume from 0.33 cm3 g-1 to 
0.29 cm3g-1 and the mean pore size from 29 Å to 27 Å (fig. 6B). These results can be accounted 
for the presence of small fraction of polymer chains inside the mesopores and suggest that a 
PNIPAM-co-MPS layer was mainly grown on top the mesoporous silica surface. Previous results 
from a two-step grafting and polymerization procedure showed a significant grafting of 
PNIPAM inside the silica mesopores [15,43]. Thus, the one-step grafting and polymerization 
approach seems to favour the grafting of the polymer on the external surface of the 
mesoporous silica particles.  
 

 
Fig. 6. A) Nitrogen adsorption-desorption isotherms and B) BJH pore size distribution of 

MMSNP (black circles and dashed line) and MMSNP-PNIPAM-co-MPS (red triangles and solid 
line). 

 



The thermoresponsive behaviour of the polymer grafted on the surface of the particles 
was checked by DLS. The results showed that the average hydrodynamic diameter (Dh) of the 
bare MMSNP was ≈92 nm (Fig. 7A). This diameter did not change with temperature. The 
narrow distribution with an average Dh value similar to the mean diameter of the nanoparticles 
found from TEM images (≈91 nm) indicates that the nanoparticles are reasonably 
monodisperse. Fig. 7B shows the temperature dependence of the Dh of the polymer-grafted 
MMSNPs. The average Dh decreased from 125 nm at 25°C to 105 nm at 40°C, evidencing the 
thermoresponsive behaviour of the polymer grafted on the nanoparticles. At temperature 
below LCST, the polymer chains are in their extended hydrophilic coil form, with their polar 
groups interacting with water molecules by hydrogen bonds, whereas at temperature above 
LCST, the hydrophobic polymer segments start to increase their reciprocal interaction changing 
their configuration to a globular-like hydrophobic form falling on the particles surface. This 
transition results in reduction of the Dh of the nanoparticles.  

  

 
Fig. 7. Particle size distribution of MMSNP (A) and MMSNP-PNIPAM-co-MPS (B) 

nanoparticles at 20 oC (solid blue line) and at 40 oC (dotted red line) as measured by DLS. 
 
Fig. 8 reports the magnetization curves obtained for iron oxide cores and silica-based 

nanocarriers. At 300 K, all samples exhibited soft ferromagnetic behaviour with low coercivity 
and remanence (Table S1 in the supporting material). The magnetic saturation (Ms) for iron 
oxide core, MMSNP and MMSNP-PNIPAM-co-MPS were 79.5 emu g-1, 26.5 emu g-1 and 19.5 
emu g-1, respectively. The smaller Ms values observed for the nanocarriers than pure iron 
oxide nanoparticles can be attributed to silica and subsequent polymer coating [40,44]. 
Despite the decrease in the Ms value, MMSNP-PNIPAM-co-MPS still present high Ms (19.5 
emu g-1) compared with previously reported magnetic nanocarriers based on silica coated iron 
oxide nanoparticles (Ms ∼ 2.1 - 2.6 emu g-1) [33,45], highlighting the potential applicability of 
MMSNP-PNIPAM-co-MPS as a magnetic-targeted drug nanocarriers.  

 



 
 

Fig. 8. Magnetization curves of iron oxide NPs, MMSNP and MMSNP-PNIPAM-co-MPS at 
300 K.  
 
3.2. Ibuprofen release tests 

Ibuprofen was used to test the performance of hybrid MMSNP-PNIPAM-co-MPS as 
magnetic and temperature-controlled drug delivery system. The drug loading was performed 
at 40°C in hexane. The quantitative loading of ibuprofen was estimated by UV-vis spectroscopy 
and TGA. As described in section 2.5 from both analysis similar loading results were obtained. 
The estimated ibuprofen content was 24.0 wt% from UV-Vis and 21.0 wt% from TGA for 
MMSNP and 6.2 wt% from UV-Vis and 4.0 wt% from TGA (Fig. 5) for MMSNP-PNIPAM-co-MPS. 
Although the presence of the polymer did not significantly affect the textural properties of the 
nanoparticles (i.e. surface area, pore volume, etc.), the lower ibuprofen loading in MMSNP-
PNIPAM-co-MPS with respect to the non-functionalized sample, could indicate that the 
polymer chains at the edge of the mesopores hinder to some extent the diffusion of ibuprofen.  

The in vitro drug release tests of ibuprofen were performed below (25°C) and above 
(40°C) the LCST of the thermoresponsive grafted polymer. No temperature effect was 
observed for the quick release of Ibuprofen from bare MMSNP (Fig. 9A), whereas after 
PNIPAM-co-MPS grafting the release profiles become temperature dependent (Fig. 9B). Below 
the LSCT (25°C), the polymer chains are in their fully extended form and they cover the pores, 
thus hindering the ibuprofen release. Only a 20% release of the payload was observed after 16 
h, which is a very good result considering previous studies reporting higher percentages of IBU 
release at temperatures below LCST for other PNIPAM-based materials [24,46–49]. Above the 
LSCT (40°C), the polymer undergoes a coil-to-globule transition by contracting in a compact 
form leaving the pores open, which in turn results in the complete release of the drug in less 
than 24 h (Fig. 9B). The differences observed in the % of IBU release between both 
temperatures at 16 h (around 80%) indicate that the synthesized material presents an 
excellent temperature-controlled release feature. In comparison to other reports that showed 
an incomplete and slow release of drug from similar PNIPAM-based system [33,45], our 
findings highlight the good performance of MMSNP-PNIPAM-co-MPS as a drug delivery 
system. 

 
 



 
 

 
Fig. 9. Ibuprofen release curves by A) MMSNP and B) MMSNP-PNIPAM-co-MPS samples 

at 20 oC (blue circles and solid line) and 40oC (red squares and dotted line).  
 
4. Conclusions  

In this study, we have prepared hybrid thermoresponsive polymer-grafted magnetic 
mesoporous silica-based nanocarriers. A simple one-step procedure to graft the 
thermoresponsive copolymer PNIPAM-co-MPS on the particles was adopted. The hybrid 
nanoparticles have a typical size around 91 nm, a specific surface area of 505 m2 g-1 and a pore 
volume of 0.29 cm3g-1. They present ferromagnetic properties with high magnetic saturation 
(19.5 emu g-1), suggesting that they could be easily guided to a target site by an external 
magnetic field. The hybrid nanoparticles are monodisperse in aqueous medium and show a 
temperature dependence of the average hydrodynamic diameter, which encourage their use 
as drug nanocarriers. They showed excellent temperature-controlled on-off release of the 
model drug. In particular, low % release of ibuprofen below LCST and a complete and fast 
ibuprofen release above the LCST, compared to previous report, was obtained [47–50]. Hence, 
MMSNP-PNIPAM-co-MPS with thermal and magnetic response are promising candidates for 
targeted drug delivery applications.  
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