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ABSTRACT A novel type of intelligent hollow nanogels was prepared by two–step colloidal template
polymerization, followed by introduction of phenylboronic acid groups and etching of the template, and was
characterized by the Fourier transformation infrared spectroscopy, nuclear magnetic resonance, transmission
electron microscopy and dynamic light scattering. The results show that the hollow nanogels are composed
of poly(N–isopropylacrylamide) and poly(N–phenylboronic acid acrylamide), have interpenetrating polymer
network structure and the morphological structure of inner cavity, and have both temperature and glucose
stimuli responsive properties.

KEY WORDS organic polymer materials, intelligent hollow nanogel polymerization, interpenetrating
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: (MBA)(G# 98%), &@IB7DG�; 960

(AA)(G# 99%), &0�D�IEEJDJDS+
?; N,N,N’,N’– E@4FF: (TEMED)(G# 98%),

3– K4HK0ÆL0G (APBA)(G# 98%), 1–(3–
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I ('IG), J (U@4) K4@A (Tris)(JHG),
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(11B NMR)[7], Z[�a� 2 s*PY.PQQ#�9
�'L=2�� !�"�)�'L=, NN 2 mL
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1650 cm−1 ! 1544 cm−1 gE_f'faJQ

Q PNIPAM +#�)@: I \h!@: II \
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i 1 Silica/PNIPAM ijjjksilica/(PNIPAM/

PAA IPN) ijjjk silica/(PNIPAM/

PAPBA IPN) k/kijjjhl PNIPAM/

PAPBA IPN =�>?8@:A FTIR lf

Fig.1 FTIR spectra of silica/PNIPAM compos-

ite particles (a), silica/ (PNIPAM/PAA

IPN) composite particles (b), silica /(PNI-

PAM/PAPBA IPN) core/shell composite par-

ticles (c) and PNIPAM/PAPBA IPN hollow

nanogels (d)

i 2 PNIPAM/PAPBA IPN =�>?8@:A 11B

NMR lf

Fig.2 11B NMR spectrum of PNIPAM/PAPBA IPN

hollow nanogels

1339 cm−1 gU)8HK0 (PBA) 4b)cBE_

f, >; SiO2/(PNIPAM/PAA IPN) PQQ#�9
QQD PAA '9h?)h4RV" APBA D)K
4��8g#"#, 058 SiO2/(PNIPAM/PAPBA

IPN) PQQ#�9*a�, PBA 4b!@:4b
da)UhC&#�hQh04b!@:4bda
)UhC&, eG^ 1c D@: I \h��8if,

&@: II \h��8_f ("^ 1b '+)*^

1d D 1102 cm−1 fge8, i;V$ HF 0mj

J SiO2/(PNIPAM/PAPBA IPN)PQQ#�9D)
SiO2 gPRlJD, klP!8 PNIPAM/PAPBA

IPN �� !�"�*^ 2 D 28.34 ! 55.43 ppm

f, 'fb>JD PAPBA +#�'9h?gQk^
Nm@!^Nm@) PBA 4b) B c9*11BNMR

>B79ii;,  PNIPAM/PAPBA IPN �� 

!�"�Di PBA 4b*
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SiO2 gP�O*Jcla, \01D[p4. PNI-

PAM +#�lm, m�+o Q#�9)pX05
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D[) U2+ ! PAA '9h?) –COO− 4bqq
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(^ 3a ! 3b, #T PAA +#�^\'r SiO2/
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86=+#�5: (IPN) 78*G PAA '9h?
) –COO− 4b#$" APBA )K4��g#"#

q�� PBA 4b, q�) SiO2/(PNIPAM/PAPBA

IPN)Q#�9) TEMjZp�mm!PQ78 (^

3c)*PBA 4b7q! U2+ q�:#C&, laQ#

�9QQD05) PAPBA ;'" PNIPAM ;''
., sp4l\01D[lm, lamm!)QQ�

om*G HF 0" SiO2/(PNIPAM/PAPBA IPN) P

QQ#�9"#, 05) PNIPAM/PAPBA IPN �

� !�"�) TEM �^ 3d 3n*#4qU,  

!�"��95%;k)gt�r78*4?79
>;, P!) PNIPAM/PAPBA IPN �� !�"

�5%��)0@78! IPN 78*

2.3 PNIPAM/PAPBA IPN IJKLMNOP
rstuvwx[

^ 4 rU8 PNIPAM/PAPBA IPN �� !

�"�!2M [6] #5) PNIPAM/PAA IPN ��

 !�"� 20 O�#P$pH �� 8.6 ) Tris

cbC=D) Dh pMHIW#(�)sqqr*

-^ 4 #4qU, pyMHIW#)r0, PNI-

PAM/PAPBA IPN�� !�"�)��;ks/,

& PNIPAM/PAA IPN �� !�"�)��"&
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i 3 Silica/PNIPAM k/kijjjksilica/(PNIPAM/PAA IPN) k/kijjjksilica/(PNIPAM/

PAPBA IPN) k/kijjjhl PNIPAM/PAPBA IPN =�>?8@:A TEM ts

Fig.3 TEM images of silica/PNIPAM core/shell composite particles (a), silica/(PNIPAM/PAA IPN)

core/shell composite particles (b), silica/(PNIPAM/PAPBA IPN) core/shell composite particles

(c) and PNIPAM/PAPBA IPN hollow nanogels (d)

i 4 uusA9:tBA Tristvtv (pH=8.6)%
PNIPAM/PAPBA IPN =�>?8@: (a) ;

PNIPAM/PAA IPN =�>?8@: (b) A8

wu�wv (T=20 x)

Fig.4 Hydrodynamic diameters (Dh) of PNI-

PAM/PAPBA IPN hollow nanogels (a) and

PNIPAM/PAA IPN hollow nanogels (b) in

the Tris buffer solutions (pH=8.6) of different

glucose concentrations at 20 x

nu"PX)vw*x>;, PNIPAM/PAA IPN �

� !�"�QQD) PAA +#�q�� PAPBA

+#�J, 05) PNIPAM/PAPBA IPN �� !

�"�5%MHI"�(#�*Jcla, PAPBA

+#�'9h? PBA 4b)^NDB pKa=8.2,  

pH �� 8.6 )cbC=DgQ#wed)h^u)
x�@!7h^u)x�@, �^ 5 3n [10]*yC

=Di MHI'9�, m%h^u) PBA 4b"

MHI'9��:#C&0516)h^u):#
�4b, -&Gedy05)8h^u) PBA 4b

)Ryf_, 79je PAPBA +#�5:)x�

�sN, PNIPAM/PAPBA IPN�� !�"�QQ

Dy$Vs/, -&q�&BCb*&qDMHI)
W#z0, PAPBA +#�5:)x��zf, la

PNIPAM/PAPBA IPN �� !�"�)��iy

z/*

2.4 PNIPAM/PAPBA IPN IJKLMNOP
z{uvwx[

^ 6 >;, y�#- 10 OSO 40 O�, ��

Dh sv{, i;#5) PNIPAM/PAPBA IPN ��

 !�"�5%�#"�(#�*za,  MHIW

#� 50 mmol/L ! pH �� 8.6 ) Tris cbC=

D PNIPAM/PAPBA IPN �� !�"���(�

kF)�#w3z)&B'q(�# (V PTT ),;k

{Q] DN9�D) V PTT*�eWDi ^x
W2x��%y�#�s#�G PNIPAM  !�"
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i 5 |z{z|;A9:�j|{A{j||
Fig.5 Complexation equilibrium between phenylboronic acid group and glucose molecule

i 6 PNIPAM/PAPBA IPN =�>?8@:uA

9:tB} 50 mmol/L A Tris tvtv

(pH=8.6) %;u~}j8%A8wu�wv}
;BA}~

Fig.6 Temperature dependent hydrodynamic diame-

ters of PNIPAM/PAPBA IPN hollow nanogels

in the Tris buffer solution (pH=8.6) with

50 mmol/L glucose concentration (a) and in

deionized water (b)

�2""�) VPTT U)PX [11], l�^xW2x
��%y�#�"�'9da%(f)UhC&, G

PNIPAM '9h?@:4b"�'9da)UhC
&vh, je] '.({)�#P��'q(*M
HIax��~f)%y�#�, Tris cbC=D)
JU@4K4@Aiax��~f)%y�#�, 8

JW9�05)TGa??^xW*la, #�a'

.)clje PNIPAM/PAPBA IPN �� !�"

�) V PTT  MMHI) Tris cbC=DPX*
3 X d

M&~U)6}�&B~+#"##5U

SiO2/(PNIPAM/PAA IPN) PQQ# !�9, S

#$ APBA ! PAA da)g#"# Q#�9Q
QDLN PBA 4b, kJ& HF 0JDQ#�9D
)FD�KgPB~, #A;U PNIPAM/PAPBA

IPN �� !�"�*�� !�"�8 PNIPAM

! PAPBA 6?+#�;5, 5%gt�r78!Q

Q) IPN 78*PNIPAM/PAPBA IPN �� !�

"�5%MHI!�#1B"�(#�*
| } 5 ~
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