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ABSTRACT: In this work, syntheses of thermoresponsive poly(N-isopropylacrylamide) (PNIPAM) with different molecular weights were

carried out in ethanol by distillation precipitation polymerization (DPP) technique. The synthesized polymers were fully characterized by

attenuated total reflection Fourier-transform infrared (ATR-FTIR) spectroscopy, nuclear magnetic resonance spectroscopy, and size exclusion

chromatography techniques. The lower critical solution temperatures of the polymers were determined with differential scanning calorime-

try. A simple and versatile method for the in situ synthesis and grafting of PNIPAM on mesoporus silica nanoparticles (MSNs) with

improved control over quantitative grafting is devised. The PNIPAM grafted MSNs were characterized with ATR-FTIR, thermogravimetric

analysis, transmission electron microscopy, and dynamic light scattering analyses. From the results obtained it is showed that quantitative

grafting of PNIPAM on MSNs from 1 to 20% by weight can be tuned by manipulating the in situ DPP reaction conditions. VC 2016 Wiley

Periodicals, Inc. J. Appl. Polym. Sci. 2016, 133, 44181.
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INTRODUCTION

Poly(N-isopropylacrylamide) (PNIPAM) is a water soluble ther-

moresponsive polymer which shows a typical coil-to-globule

transition at its lower critical solution temperature (LCST)

which is around 31–32 8C.1–3 Synthesis of linear, block, and ran-

dom copolymers of PNIPAM and PNIPAM-grafted hybrid par-

ticles or surfaces were carried out by various polymerization

techniques which include atom transfer radical polymerization

(ATRP),4–6 radical polymerization,7–10 and photopolymeriza-

tion.11 Each of these techniques has its advantages and can yield

PNIPAM with different properties such as molecular weight

(Mw) and dispersity. When it comes to the grafting of polymers

such as thermoresponsive PNIPAM or its various copolymers

on nanoparticles of different materials the choice of the poly-

merization technique becomes crucial. The polymerization tech-

nique chosen and the quantitative grafting both play important

roles to tune the properties of the resulting polymer grafted

particles. In the case of porous particles the reversible thermo-

sensitive transition of PNIPAM chains from extended coils to

compact globules above its LCST applies a pore opening and

closing mechanism to the pores, which is very interesting for

controlled and/or targeted delivery of active molecules and

drugs.12,13 The efficiency of polymer grafting is determined by

the polymerization technique and the proper pore opening–

closing mechanism is governed both by the effective grafting

and quantity of the polymer grafted. Thus the polymerization

method should guarantee the polymer formation, its simulta-

neous grafting inside the pores of the particles and control over

the quantitative grafting. All the components of the polymeriza-

tion reaction mixture, such as solvent, initiator, monomer/s,

and the polymerizable group anchored on the particles and

their reactivity play an important role in the synthesis of the

polymer-grafted particles. For this purpose, distillation precipi-

tation polymerization (DPP) technique provides some advan-

tages as it is a relatively simple technique with a combination of

precipitation and radical polymerization and works well with

particles of various materials.14 Some of the interesting reports

about DPP include synthesis of monodisperse poly(methacrylic

acid) microspheres15 and synthesis of superhydrophobic fluori-

nated polystyrene microspheres.16 Instead reports about poly-

mer grafting on nanoparticles by DPP include polymerization

of methacrylic acid on PMMA/TiO2 composite nanospheres,17

synthesis of PNIPAM-grafted silica and mesoporous silica

Additional Supporting Information may be found in the online version of this article.

VC 2016 Wiley Periodicals, Inc.

WWW.MATERIALSVIEWS.COM J. APPL. POLYM. SCI. 2016, DOI: 10.1002/APP.4418144181 (1 of 8)

http://www.materialsviews.com/


nanoparticles,18,19 DPP-mediated grafting of poly(4-vinyl ben-

zylchloride) for the generation of chlorine functionalized Fe3O4

hybrid composites,20 synthesis of poly(acrylic acid)-grafted

magnetite nanoparticles for the generation of magnetic metal–

organic framework nanospheres,21 preparation of erythromycin

molecularly imprinted polymers,22 synthesis of metronidazole-

imprinted polymers,23 and boronate core–shell polymer nano-

particles for glycoprotein recognition via combined DPP and

RAFT media precipitation polymerization.24 All these examples

mentioned show the versatility of DDP technique in synthesis

and grafting of various polymers. So although initially DPP

technique was reported for the synthesis of microspheres of

polymers it is revealed that it also works well for the synthesis

and grafting of polymers, especially PNIPAM, on various

nanoparticles.14,19

Effective polymerization and simultaneous controlled grafting of

polymer on surfaces or particles are two important steps in the

synthesis of polymer-grafted materials. Control over the polymer

grafted on 2D surfaces or particles is of importance as the quantity

of polymer grafted plays an important role to tune the properties

of the resulting composites, hybrid surfaces, or particles. Hence

the reports about controlled grafting of polymers are considered

as important technological advancements and there is a constant

need of evaluation and suitable modification of existing polymeri-

zation techniques for increased control on polymer grafting. In

the present work, we report on the synthesis and characterization

of PNIPAM homopolymers by DPP in ethanol, on the effect of

molecular weight of the synthetized PNIPAMs on their LCST, and

on controlled quantitative grafting of PNIPAM on mesoporous

silica nanoparticles (MSNs) by careful manipulation of the in situ

DPP reaction conditions. The synthesized PNIPAM-grafted

mesoporous silica particles possess several potential applications

in temperature triggered delivery of molecules loaded inside the

porous particles.25 The release (trafficking) of the molecules from

the pores can be controlled by the thermosensitive transition of

PNIPAM. Besides the synthetic improvements presented in this

work on PNIPAM grafting on porous nanoparticles, the results

also have a general scope as the controlled quantitative grafting

technique can be utilized for the grafting of PNIPAM and its

copolymers on micro- or nanoparticles and surfaces of various

materials.

EXPERIMENTAL

Materials

N-Isopropylacrylamide (NIPAM), azobisisobutyronitrile (AIBN),

tetraethoxysilane (TEOS), cetyltrimethylammonium bromide

(CTAB), 1,3,5-trimethylbenzene (TMB), 3-(methacryloxypropyl)

trimethoxysilane (MPS) were purchased from Sigma–Aldrich,

Italy. All the solvents used for the synthesis were of high purity

and used as received. Ethanol was kept on molecular sieves

overnight before using for polymerization reaction.

Instruments and Methods

Fourier-transform infrared (FTIR) spectra were recorded on a

Perkin Elmer Spectrum 100 in the attenuated total reflectance

(ATR) mode with a diamond crystal, using 16 scans per spectrum

and a resolution of 4 cm21 and a spectral range of 4000–

600 cm21. Proton nuclear magnetic resonance (NMR) spectra

were recorded on a Bruker Avance (200 MHz) NMR spectrometer

in deuterated dimethyl sulfoxide (DMSO-d6) using tetramethylsi-

lane (TMS) as reference.

Size exclusion chromatography (SEC) was performed with a

Viscotek modular instrument equipped with a VE 1122 pump,

a VE 7510 degasser, manual injection valve, VE 3580 refractive

index detector, column oven, and two PLgel 10 mm MIXED-B

columns (Polymer Laboratories, UK). N,N-Dimethylformamide

(DMF) (1.0 mL min21) was used as eluent. Due to the density

of DMF, analyses were performed setting the column oven at

70 8C. This allows to keep the backpressure of the system low

and to improve the analysis resolution. In DMF, PNIPAM does

not show a coil-to globule transition; hence chains are solvated

coils also at 70 8C. DMF solutions of the samples (3 mg mL21)

were filtered through 0.45-lm polytetrafluoroethylene (PTFE)

membrane filters. Calibration was obtained with poly(methyl

methacrylate) (PMMA) molecular weight (Mw) standards.

A differential scanning calorimeter (DSC) Q200 from TA Instru-

ments was used to collect DSC thermograms. DSC scans were per-

formed with closed aluminum pans under nitrogen atmosphere and

with a 10 8C min21 heating rate, from 20 8C up to 60 8C. Thermogra-

vimetric analyses (TGA) were carried out on a TA Q500 model from

TA Instruments by heating samples in alumina pans at a rate of

10 8C min21 from 25 to 600 8C in a nitrogen flow and from 600 to

800 8C in air. Change of the gas at 600 8C was used to remove

completely the carbonaceous residues from pyrolysis reactions and

measure the exact organic residue amount.

Powder X-ray diffraction (XRD) patterns were collected on an

X’Pert Pro Bragg Brentano diffractometer (PANalytical) using

Cu Ka radiation (40 mA and 45 kV), with a scan speed of

0.01 8C min21. Gas-volumetric analysis, specific surface area

(SSA), pore volume and size were measured by N2 adsorption–

desorption isotherms at 77 K using an ASAP 2020 (Micromer-

itics) gas-volumetric analyzer. SSA was calculated using the

Brunauer–Emmett–Teller (BET) method; average pore size and

volume were calculated on the adsorption branch of the iso-

therms according to the Barrett–Joyner–Halenda (BJH) method

(Kruk–Jaroniec–Sayari equations). Samples were outgassed at

RT overnight before analyses.

High resolution transmission electron microscopy (HRTEM)

images were obtained with a JEOL 2010 instrument (300 kV)

equipped with a LaB6 filament. For specimen preparation pow-

dery samples were supported onto hole carbon coated copper

grids by dry deposition. Dynamic light scattering (DLS) meas-

urements were carried out by using Malvern ZS 90 Zetasizer

instrument. 0.1% suspensions of nanoparticles were prepared

in deionized water and these suspensions were sonicated for

20 min before the analysis.

Synthesis of PNIPAM Homopolymers

Weighed quantity of monomer NIPAM was dissolved in dry

ethanol in a single neck round-bottom flask equipped with a

distillation apparatus, the solution of monomer was degassed

for 10 min and then AIBN dissolved in dry ethanol was injected

to the flask. The solvent from the flask was disttilled off under

reduced pressure at 70 8C. The sticky mass of polymer obtained
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was dissolved in acetone and reprecipitated from cold hexane.

Reprecipitation was done twice. The polymer obtained was

dried under vaccum. Five samples as reported in Table I were

synthesized with varying mole ratio of NIPAM to AIBN.

Synthesis of MSNs

The synthesis of MSNs was carried out following the same proce-

dure already reported elsewhere.19,26,27 CTAB was used as cationic

micelle forming templating agent, while TMB was used as the

micelle core swelling agent. In a typical reaction CTAB (1 g) was

dissolved in water (480 mL) then NaOH (3.5 mL, 2 M) was added

and the solution was heated at 80 8C. After stabilization of the

temperature, a proper amount of 1,3,5-trimethylbenzene was

added to the system. The mixture was stirred for 30 min for the

formation of a stable white emulsion. TEOS (5 mL) was added

drop wise. The mixture was then stirred for 2 h at 80 8C. After

cooling to room temperature, the powder product was isolated by

filtration, washed with distilled water and methanol, and air-dried

for 24 h. The as-synthesized material was then calcinated at 550 8C

for 7 h in air (2 8C/min from room temperature to 550 8C in nitro-

gen and then isothermally at 550 8C in air).

Synthesis of MSNs-MPS Nanoparticles

MSNs (280 mg) were taken in a single neck round-bottom flask

and to it 10 mL of toluene was added. Then 25 lL of MPS was

injected to the suspension. The suspension was sonicated for 15

min. The flask was then equipped with a condenser and the

suspension was refluxed for �16 h at 125–130 8C under nitro-

gen. At the end of the reaction toluene was separated from the

particles by centrifugation. The nanoparticles were washed two

times with �3 mL of fresh toluene and then with 5 mL of

ethanol to remove excess and physically adsorbed MPS. The

particles were then dried in air and characterized.

Grafting of PNIPAM on MSNs

MSNs-MPS (50 mg) were taken in a 50 mL capacity single neck

round-bottom flask, to it weighed quantity of NIPAM (50 mg),

20 mL of dry ethanol, and 7.2 mg AIBN initiator were added.

The suspension was sonicated for 10 min and then heated to

70–80 8C. Then measured quantity of ethanol was distilled off

from the flask under reduced pressure. After distillation of the

desired quantity of ethanol from the flask the heating was con-

tinued for �20 min. Then the obtained milky suspension of

PNIPAM-grafted MSNs was cooled and centrifuged to recover

the polymer grafted particles. The particles were washed twice

with 3 mL ethanol to remove unattached polymer and

other impurities and then dried in air. Four samples as listed in

Table II were synthesized.

RESULTS AND DISCUSSION

Synthesis of PNIPAMs

In DPP, a suitable solvent is the one which solubilizes complete-

ly the monomers and the initiator and will be a non-solvent for

the polymer formed, hence the term precipitation is used in the

name of this technique.15 Acetonitrile is found to fulfill this

requirement and it is used frequently for DPP of vinyl mono-

mers.18,20 Use of acetonitrile works well for the synthesis of

microspheres of polymers and to obtain very high Mw poly-

mers. However as the aim of this work was to obtain PNIPAM

homopolymers with low or moderate Mw; ethanol was used as

the solvent for the synthesis of PNIPAMs. The radical chain

transfer reactions with the solvent help to obtain low or moder-

ate Mw homopolymers. This control on Mw was desired due to

two main reasons: first is to obtain PNIPAMs with different Mw

to study the effect of Mw on LCST and second as the ultimate

aim of the work is to graft PNIPAM inside the mesopores of

MSNs in order to modulate their capability of hosting mole-

cules by thermal stimuli, while high molecular weight polymers

would completely block the pores by fully occupying the pore

volume. As reported in Table I five PNIPAM homopolymer

samples with varying ratios of AIBN initiator with NIPAM were

synthesized and, as expected from the general dependence of

the degree of polymerization from the monomer to initiator

ratio in radical chain polymerization,28 Mw was found to

increase from 33,600 to 148,700 Da with decrease in the

amount of initiator.

The ATR-FTIR spectra of NIPAM monomer and PNIPAMs 1–5

are shown in Figure 1. The spectrum of NIPAM shows an

important peak due to C@C stretching at 1620 cm21 which dis-

appears upon polymerization. Its disappearance is not that evi-

dent as upon polymerization a new broad peak appears around

1638 cm21 due to amide carbonyl group stretching. Each spec-

trum of PNIPAM 1–5 clearly showed the main characteristic

peaks of the polymer at 1459, 1536, and 1638 cm21 which are

attributed to ACH3 (bend.), CAN (stretch.), and C@O (stretch.),

Table I. List of Synthesized Poly(N-isopropylacrylamide)s

PNIPAM NIPAM/AIBN mole ratio Mw (Da) Mn (Da) Dispersity Onset (8C) LCST (8C)

1 10:1 33,600 14,400 2.3 30.8 31.2

2 20:1 60,100 20,300 2.9 30.7 31.1

3 30:1 78,900 27,000 2.9 30.6 31.0

4 40:1 86,400 26,400 3.2 30.5 30.9

5 50:1 148,700 39,700 3.7 30.7 31.0

Table II. Grafting of PNIPAM on MSNs

MSNs-
PNIPAM

MSNs-MPS/
NIPAM
weight ratio

NIPAM/
AIBN
mole ratio

Distilled
EtOH
(mL)

Grafting
(wt %)

MP1 1:1 10:1 8 1

MP2 1:1 10:1 12 3

MP3 1:1 10:1 17 7

MP4 1:1 10:1 20 20
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respectively.29 The formation and structure of the polymer was

further confirmed by 1H-NMR spectroscopy. The NMR spectrum

of PNIPAM 1 is illustrated in Figure 2 which shows the

assignment of proton signals according to the polymer structure

shown in the inset of the figure.30,31 A representative TGA curve

of homopolymer PNIPAM 3 is shown in Supporting Information

Figure S1 and is characterized by a weight loss of �14% due to the

loss of water up to 100 8C and complete degradation of the poly-

mer between 390 and 450 8C.

Transition of PNIPAM from the hydrophilic coil form to the

relatively hydrophobic globule form is governed by various fac-

tors such as Mw, concentration, and end groups.4,8 LCST and

onset temperatures of synthesized PNIPAMs 1–5 were deter-

mined by DSC and are enlisted in Table I. It can be seen that a

slight decrease of LCST was observed with increase in the Mw of

the polymers. This slight decrease is attributed to the reduced

entropy of mixing of the polymer chains with increased chain

length.4,8 PNIPAM 5 being the sample with high dispersity has

not followed the order of decrease of transition temperature

and its LCST is at 31 8C. The dispersity of polymers is found to

increase with decreasing amount of the initiator. The role of

dispersity in varying the LCST cannot be neglected as PNIPAM

samples of the same molecular weights prepared by different

polymerization techniques with different dispersity can have dif-

ferent LCST. It also depends upon the predominant presence of

long or small polymer chain fractions in the sample. DSC

curves of PNIPAMs 1–4 in Figure 3 showed the endothermic

transitions at LCST of the polymers.

Synthesis of MSNs and PNIPAM Grafting

MSNs used in this work were synthesized by sol–gel synthesis

method.26,27 Quasi-spherical particles with hexagonal pore chan-

nels were obtained. The average size of the particles was 100–

Figure 1. ATR-FTIR spectra of monomer NIPAM and PNIPAM homopol-

ymers 1–5.

Figure 2. 1H-NMR spectrum of PNIPAM 1 in DMSO-d6. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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110 nm. Additional structural characterizations of particles were

carried out by X-ray diffraction (XRD) and nitrogen adsorption–

desorption analyses. The XRD spectrum of MSNs (Supporting

Information Figure S2) confirmed the typical hexagonal pore

channel structure with long range order. The SSA of particles cal-

culated by Brunauer-Emmet-Teller (BET) method was 1021 m2/g,

cumulative pore volume was 2.42 m2/g, and the pore diameter

was 4.9 nanometers (Supporting Information Table S1). This pore

size was tuned purposely so as to extend potential applications of

the PNIPAM grafted porous particles prepared. Due to the suffi-

ciently big pore size large drug molecules, fluorescent indicators

(dyes) and also biomolecules can be loaded inside the mesopores

of the silica particles used. A two-step synthetic procedure used

for the grafting of PNIPAM on MSNs is depicted in Scheme 1.

First MSNs were functionalized with polymerizable acryloxy

groups (MPS monomer) by the alkoxysilane grafting protocol.32

MPS being a small organic molecule diffuses easily inside the mes-

opores of silica. Its grafting inside the mesopores in the first step

guarantees the preferential grafting of PNIPAM inside the

mesopores in the polymerization reaction. In the second step DPP

of NIPAM in the presence of MSNs-MPS was carried out in etha-

nol by using AIBN as the initiator. The monomer to initiator ratio

was 10:1, same as that used for the synthesis of homopolymer

PNIPAM 1 from Table I. This ratio was chosen to obtain a poly-

mer with similar Mw, LCST, and other properties as that for PNI-

PAM 1. The moderate Mw polymer formed in the presence of the

particles gets grafted preferentially inside the mesopores of the

nanoparticles than on its surface. The starting concentrations of

NIPAM and AIBN in ethanol were 2.5 mg/mL and 0.36 mg/mL,

respectively. Grafted quantity of polymers (quantitative grafting)

is of great importance both in case of solid and mesoporous par-

ticles. In case of solid particles the amount of polymer grafted on

the surface of particles determines the polymer shell thickness in

the core–shell nanoparticles.33 While in the case of mesoporous

particles the amount of polymer grafted inside the pores is directly

related to the decrease in pore volume. Hence precise control on

the quantity of the grafted polymer is necessary.19 One of the pos-

sible ways to tune the quantity of grafted polymer is to change the

Figure 3. DSC curves of PNIPAM 1–4 from Table I showing LCSTs.

Scheme 1. Two step post-synthesis grafting of PNIPAM on mesoporous silica. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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monomer to particle ratio but it may not be feasible in certain

cases. In this work it is shown that the other possible method to

control quantitative grafting and which is feasible with DPP is to

adjust the concentration of the reaction mixture by distilling out

the solvent used for polymerization. As reported in Table II, by

distilling out measured quantities of ethanol and by changing the

starting concentrations of NIPAM (2.5 mg/mL) and AIBN

(0.36 mg/mL) in the reaction mixture it was observed that the

quantitative grafting of polymer can be changed. This observation

therefore is of importance where change in monomer to particle

ratio is not feasible to tune the quantitative grafting for practical

reasons. Additionally as ethanol is one of the best solvents for

PNIPAM, the non-grafted polymer chains remain in solution and

the obtained hybrid nanoparticles are free from physisorbed poly-

mer chains. The grafting of the PNIPAM on MSNs was confirmed

by ATR-FTIR spectroscopy. The results obtained are shown in Fig-

ure 4 which shows ATR-FTIR spectra of MSNs-MPS and MSNs-

PNIPAM samples MP1 to MP4.

The spectrum of MSNs-MPS showed two peaks at 1633 and

1702 cm21 due to C@C stretching and carbonyl stretching from

the acryloxy group. The PNIPAM grafted samples (B–E) showed

the characteristic absorption peaks of the polymer. Twin peaks of

CAH bending coming from the isopropyl group were observed

at 1370, 1390 cm21. Additional characteristic peaks of the poly-

mer at 1462, 1539 and 1643 cm21 are attributed to ACH3

(bend.), CAN (stretch.), and C@O (stretch.), respectively.29 The

carbonyl stretching peak at 1702 cm21 from the acryloxy group

is present in the PNIPAM grafted MSNs samples which is shifted

to 1707 cm21 upon polymerization (refer to the structure of

grafted PNIPAM in Scheme 1). An increase in the intensities of

PNIPAM peaks with increase in grafting was observed. Quantita-

tive grafting of PNIPAM on MSNs was determined by TGA and

the results are shown in Figure 5. Bare MSNs showed only 1%

weight loss upon programmed heating up to 800 8C.

MPS-grafted MSNs showed a weight loss of 10% indicating 9%

by weight grafting of MPS. Instead PNIPAM-grafted MSNs

samples MP1–MP4 showed 11, 13, 17, and 30% weight loss,

respectively. The results of quantitative grafting by TGA are

shown in Table II. TEM images of the bare (as such synthesized)

and PNIPAM grafted particles are shown in Figure 6 (right side)

and (left side) respectively, which confirmed that polymer graft-

ing by DPP does not affect the stability of the particles and the

pore structure. This observation was further supported by the

nitrogen adsorption–desorption analyses (Supporting Informa-

tion Table S1). The SSA of bare particles was changed from

1021 m2/g to 662 m2/g for the highest quantity (20%) of PNI-

PAM grafted sample MP4. While the pore diameters and pore

volumes were changed from 4.9 nm to 4.3 nm and 2.42 to

1.06 cm3/g, respectively. This data confirmed the grafting of

PNIPAM inside the mesopores of the silica nanoparticles. So in

comparison with other classical polymerization and grafting

techniques for PNIPAM, the DPP technique provides an addi-

tional advantage of tuning quantitative grafting by manipulating

the in situ polymerization reaction conditions.

DLS analysis of MP4 sample with 20% PNIPAM grafting was

carried out. The particle size distributions of the sample at

25 8C and at 40 8C are shown in Figure 7. The transition of the

PNIPAM chains grafted on the surface of the MSNs from

extended coils to collapsed globules above LCST of PNIPAM

Figure 4. ATR-FTIR spectra of MSNs-MPS (A), MSNs-PNIPAM MP1-4

(B–E) and (F) Poly(NIPAM-co MPS).

Figure 5. TGA curves of MSNs (A), MSNs-MPS (B), and MSNs-PNIPAM MP1 to MP4 (C–F respectively).
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was clearly evident as the average hydrodynamic diameter (HD)

of the hybrid particles at 25 8C was 164 nm which at 40 8C was

decreased to 122 nm due to the shrinkage of PNIPAM chains

on the surface of the particles.34 The zeta potential values for

bare MSNs and PNIPAM-grafted MSNs were 239.1 mV and

234.1 mV respectively, indicating slight reduction of free sila-

nols upon polymer grafting. These results confirmed PNIPAM

grafting and its thermoresponsive behavior on the surface of the

MSNs.

CONCLUSIONS

In this work, PNIPAMs with different molecular weights were

synthesized by DPP technique and fully characterized. Effect of

Mw on LCST of PNIPAM homopolymers was reconfirmed as

LCST of the polymers was slightly decreased with increase in

Mw. In the two-step post-synthesis grafting procedure of PNI-

PAM on MSNs by DPP technique, it is showed that quantitative

grafting of the polymer can be tuned by adjusting the concen-

tration of monomer and initiator in the reaction mixture by

distilling out a measured quantity of the solvent used for the

polymerization reaction. By keeping constant the MSNs to

monomer ratio the grafting of PNIPAM on MSNs was tuned

from 1 to 20 by weight. Thus synthetic improvement and in

situ control over the quantitative grafting of PNIPAM on

porous silica nanoparticles was achieved. This observation is of

importance to synthesize various composite and hybrid

polymer-grafted nanoparticles with desired quantitative grafting

of PNIPAM or its copolymers for various applications.
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