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Synthesis and Swelling Behavior of SiO,~HA/PNIPAm Core—shell Structured
Thermoresponsive Microgels

Li, Xiangye Lian, Cheng Zhi, Dongyan Xu, Shouhong* Liu, Honglai
(Key Laboratory for Advanced Materials and Department of Chemistry, East China University of Science and Technology,
Shanghai 200237, China)

Abstract A series of thermoresponsive core-shell microgels were synthesized using SiO, as core and hybrid gel (hyaluro-
nate/poly(N-isopropylacrylamide) (HA/PNIPAm)) as shell. SiO, particles were modified by KH550 to get -NH, groups,
which could be protonized in acid condition. So that they could be covered by HA chains through electrostatic force. Then,
HA was grafted using glycidyl methacrylate (GMA) to obtain C=C groups for the next synthesis of HA/PNIPAm hybrid gel.
The modification degree of C=C was determined through 'H nuclear magnetic resonance spectroscopy (‘H NMR). Fou-
rier-transform infrared spectra (FT-IR) were used to monitor each synthesis step. Transmission electron microscopy (TEM)
images showed that SiO,-HA/PNIPAm microgels were almost monodispersed and possessed perfect core-shell structures.
Thermoresponsive behaviors of microgels were investigated using micro-differential scanning calorimetry (Micro-DSC),
which showed that the lower critical solution temperature (LCST) values were almost the same, around 34+0.1 ‘C, regard-
less of the synthetic parameters. The thixotropy of SiO,-HA/PNIPAm microgels was studied using rheometer. It turned out
that the microgels possessed negative thixotropy. Moreover, when the temperature was higher than LCST, the thixotropy was
better than that of lower temperature. The swelling behaviors of SiO,-HA/PNIPAm microgels were evaluated by combining
experiment methods and theoretical calculation. Dynamic light scattering (DLS) was used to analyze the swelling behavior of
microgels with the increase of temperature. The DLS results showed that microgels possessed good thermoresponsive behav-
ior with a LCST at about 34 °C, which was in accordance with that determined by Micro-DSC. The hydrodynamic diameter
(d) was found to be dependent on the size of core, the M,, of HA and the amount of PNIPAm. Theoretical calculation was
carried out using a lattice molecular thermodynamic model based on our previous works, it showed that the calculated results
were in good agreement with the experimental data. The results indicated that the model could predict the swelling behavior
of thermoresponsive core-shell structured microgel using fewer model parameters. This work will provide fundamental ref-
erence for further research.
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Figure 1 FT-IR spectra of SiO, (a), mSiO, (b), SiO,-HA (c) and
SiO,-HA/PNIPAm (d)
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R SiO-HA/PNIPAm ki, &RSHIIT# 1.

R 1 SiO,-HA/PNIPAm S 1 9230 A B 16 U155 540
Table 1 The experimental and theoretical parameters of
Si0,-HA/PNIPAm microgels

Entry Diameter of SiO,/ My, “ of I:IIA/ DM % Model
nm (gemol ) parameter V*
M1 130 1.1x10* 5.6 7
M2 130 1.1x10* 25.1 20
M3 290 1.1x10* 6.7 3
M4 130 3.0X10° 9.7 10
M5 130 3.0X10° 25.8 28
M6 290 3.0X10° 19.8 9

“HA [5) T4 PR HA T 9T GMA 94, “Molecular weight of HA;
® The amount of methacryloyl groups per HA repeat unit.
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DUHTR s R FH W R 29 1 g (1, 19240 &] 3b F1 3d
Jr7 1 TEM L. (b)F1(d) 73 7 A Te i M4 FTM6 (1] TEM
Bl B, ] DU 4 b 21 5 8 s ROORE R A% 52 45 44,
K425y 5k 250 A1 400 nm 4245, X DLS Ml #5% +
T I RORL R R AR BN, SR RIAE T4l %6 TEM A i 1,
TUEE IS I Ml 0, kL e 2 Ak TR, 1T DLS 4528
SEAE K R 5T 2 A0 T RS N IR, [FIA,
T DR 0 2 Bl e SR TR A AL, 3 2 At e it
WL 78 2 [ VR .

B 3 SiO, il Si0,-HA/PNIPAm ##t/i f) TEM K. (a) SiO, (130 nm);
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Figure 3 TEM images of SiO, nanoparticles and SiO,-HA/PNIPAm
microgels. (a) SiO; (130 nm); (b) M4; (c) SiO, (290 nm); (d) M6

Acta Chim. Sinica 2014, 72, 689—696

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

2.3 RUEEAR AR E SR

I FH ZE 7R 41 8 B T IT T T e e 1 il AU
00 3 0 AL B LS T AR 1 A 3 R I 11 B
I FEAH AL AR S (LCST). & 4 it M1 AT M2 ()
PR gk, BT LA, SRk 34 CAith
i, LIRS B AR, VIR LCST 4 34
C, X5 2 B K PNIPAm LS89 (1l SRR i A
— I, ORI B I R 4 T DA
TREI M1 FI M2 BIAHARRS, 205124 29.71 F138.94 /g,
e WIBR e TR A AR I 1) /N AT LR S e PNIPAm 5§
Hri. B4 PNIPAm ARG, ORI AR 15 48
X.

Heat flow/(mW-mg™)

N
o
N
[&)]
w
o
()
a
N
o
S
[$)]
a
o

Temperature/°C

B 4 SiO,-HA/PNIPAm #EHZ ) DSC 4k
Figure 4 DSC curves of SiO,-HA/PNIPAm microgels
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Figure 5 Evolution of viscosity of SiO,-HA/PNIPAm microgels with
the increase of shear rate at different temperatures (M5, 12 mg/mL)
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Figure 6 Thixotropy of SiO,-HA/PNIPAm microgels (M5, 12 mg/mL)
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Figure 7 Swelling curves of SiO,-HA/PNIPAm microgels with in-
creasing temperature (5 mg/mL)
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Figure 8 Swelling curves of PNIPAm hydrogel, the triangles are ex-
perimental data and the solid line is theoretical prediction by our model
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Figure 9 Swelling curves of SiO,-HA/PNIPAm microgels with in-
creasing temperature (5 mg/mL), the symbols are experimental data and
the solid lines are theoretical prediction by our model
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(a) reference state and (b) swelling equilibrium state
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