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> A one-step strategy for thermal- and pH-responsive graphene oxide
interpenetrating polymer hydrogel networks ¢

- Sun ef al. & GO/PNIPAM IPN (Graphene oxide/ poly(N-isopropylacrylamide)
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Fig. 1 (a) Formation of GO/PNIPAM interpenetrating
hydrogel networks via the reaction between ECH

and carboxyl groups in GO sheets and PNIPAM-
co-AA microgels

(b) Structural sketch of GO/PNIPAM IPN hydrogel

(c) The sealed reaction tube was placed at 98 C for
incubation while ECH would permeate into the
aqueous phase to induce the cross-linking reaction
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Fig. 2 Top: (a) Photographs of swollen PNIPAM microgel

network in water at different temperatures
from 20 C to 50 C during heating and
cooling. The volume and color changes are
completely reversible. Bottom: DSC

(b) heating and (c) cooling curves (10 C minl)

of GO/ PNIPAM IPN hydrogel and PNIPAM
microgel network at different pHs compared
to PNIPAM microgel aqueous dispersion (3.7wt%)



> Stimuli-responsive polymer covalent functionalization of graphene oxide by
Ce(lV)-Induced redox polymerization’

233 =202l polylacrylic acid)2t poly(N-isopropylacrylamide)=
St Ce(lV)-induced redox polymerization®l| 2|5t 2 Tl AtgtE HE MO
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sample code  nitrogen content (wt %) graft ratio of PNIPAM (wt %)

GO 0.67
GO-PNIPAM:-1 3.90
GO-PNIPAM-2 4.89
GO-PNIPAM-3 581

26.05
34.03
41.45

Table 1 Graft ratio of PNIPAM evaluated by elemental analysis
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Fig. 4 (A) Photographs of aqueous solutions of GO-PAA-3 Fig. 5 (A) Photographs of aqueous solution of GO-PNIPAM-3
upon standing for 3 h at different pH values: (a)

pH= 3

(b) pH= 4, (c) pH= 5, and (d) pH = 6 (B)

Schematic illustration of pH responsibility of GO-PAA

at (@) 25 C for 3 h and (b) 35 C for 10 min

(B) Schematic illustration of thermal responsibility of

GO-PNIPAM



> Graphene-polymer hydrogels with stimulus-sensitive

volume changes?
-7t9 X0l B ol HetE JH X[ = 2 &/ poly(N-isopropylacrylamide)
stolE A 3D HHE S + X &= hydrothermal &80l 2|5t =H[SIR L
PNIPAAM Q12 T2 T2t Cry¥ 2 /g g,
S MO o oi5tX 2t M7|M MEZE, 7t Xl 81| Bigt

TE22oT mT 4+, ' | — ’
swelling/shrinking /g E' S = LIEIH.

- M7 & Xt=9 EEPEF 19Xl 2o BigtE LEIHOEMN Qg 2= ZF2 Hfo| 2
X2 Hofo] 2242

-
—
=]
=
L
=

& i g 006t
: z
3 \ £ 0o
0 A 3
002} —
002}
000} R
o % w w m m wm
tis)
Fig. 6 FESEM images for the freeze-dried P@G gels, and Fig. 7 (a) Electrical conductivity and volume changes (inset) for the
photographs (inset) of the hydrogels. (a) and (b) the as-prepared P@Ghydrogel (25:2 mg/mL PNIPAAM/GO) at 21V; length in
sample; (c) the shrunk sample and (d) the swelled sample mm;

(b) the extended electrical conductivity change experiment
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> Water-Soluble Poly( N -isopropylacrylamide)-Graphene Sheets Synthesized
via Click Chemistry for Drug Delivery?

-50% Z2|lH 2 & A U= PNIPAM-GS(PNIPAM-grafted grophene sheets)
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Fig. 8 A) Schematic drawing for the CPT loaded PNIPAM- Fig. 9 (A) Relative cell viability of A-5RT3 cells treated with
GS, and, B) UV-vis absorption spectra of PNIPAM-GS PNIPAMGS-CPT and free CPT versus CPT oncentration.
and PNIPAM-GS-CPT with different concentrations.

The inset represents the linear relationship between (B) Relative cell viability of A-5RT3 cells treated with
drug and carrier’s concentration for samples 1-4 PNIPAM-GS and PNIPAM-GS-CPT at various concentrations.

(C) Optical microscopic images of A-5RT3 cells before and
after incubated with free CPT and PNIPAM-GS-CPT



4. 4=

> T/ A2 248 Z2|0f 2eA O HIO|Q S 82 OfX W atel & stoj
T2 2 A WA N L ZFOILF inviroAfoll M2l 2 HETt HEof X8 & of
21 50 D invivool MO S 8ol CHst BN BFE G| K| OfQFCH
o|2{5t 25t JHEt M X HiE{o|Lt S A FEALS CHQFSH 2ofof| =25t A2
S 8ol o & zolck

> AT/ Xt =2 283 Z2|0] SBoA /e 2 Hiol2 &8 o|2lo MM AXHO
HM7]|H M8 100|L} magnetic graphene/ PNIPAAm microgels
hybrids= microreactors®||l A1 switch materials22 &8 2 A= g
Ao A3HE/ infrared-light 2883 PNIPAAM SO E 2 H LI ETHH =
microfluidic actuators 125 CFS Tt '=’°F_| 2 Xl @F *XFE_I S 29|
SBaL0 QICE,

> 0|25t Z It in vitrooll M 2] HEO|.Q S 28Tt ofL|2t in vivooll M & &5t
S 20|22 HMUE J|ThE 4 YO0 0|0 T HIO|Q MA{Lt XX
M gol T2 ZutE Jthel Bot



k -

. S. P. Zhao, M. J. Cao, L. Y. Li, W. L. Xu, “Synthesis and properties of biodegradable thermo- and pH-
sensitive poly[(N-isopropylacrylamide)-co-(methacrylic acid)] hydrogels”, Poly. Degrad. Stab. 95 (2010) 719-724

2. K. Katalin, W. Erzsebet, G. Erik, L. Krisztina, “Distribution of phenols in thermoresponsive hydrogels.”
Macromolecules 40 (2007) 2141-7.

3. K. Wang, S. Z. Fu, Y. C. Gu, X. Xu, P. W. Dong, G. Guo, X. Zhao, Y. Q. Wei, Z. Y. Qian, “Synthesis and
characterization of biodegradable pH-sensitive hydrogels based on poly(3-caprolactone),methacrylic
acid, and poly(ethylene glycol).” Polym. Degrad. Stab. 94 (2009) 730-7.

3. Y. Akiyama, A. Kikuchi, M. Yamato, T. Okano, “Ultrathin Poly(N-isopropylacrylamide) Grafted Layer on

Polystyrene Surfaces for Cell Adhesion/Detachment Control” Langmuir 20 (2004) 5506-11

- g20|, 4olg, o|¥dz, £%l, 0| & A=z, A=A, DEX2teta 7| M 20 A 3 5 2009'd 6

o|d=, &%, Z20|, ZOo|E, oY, UEH, AM=, AEM, M=0rIH 223 H2=, 2009'H 4E

. S. Sun, P. Wu, “A one-step strategy for thermal- and pH-responsive graphene oxide

interpenetrating polymer hydrogel networks” J. Mater. Chem. 21 (2011) 4095-97

7. B. Wang, D. Yang, J. Z. Zhang, C. Xi, J. Hu, “Stimuli-responsive polymer covalent functionalization of
graphene oxide by Ce(IV)-induced redox polymerization” J. Phys. Chem. C 115 (2011) 24636-41

8. C. Hou, Q. Zhang, Y. Li, H. Wang, “Graphene-polymer hydrogels with stimulus-sensitive volume
changes” carbon in press

9. Y. Pan, H. Bao, N. G. Sahoo, T. Wu, L. Li ,” Water-Soluble Poly( N -isopropylacrylamide)-Graphene
Sheets Synthesized via Click Chemistry for Drug Delivery “Adv. Funct. Mater. XX (2011) 1-10

10. P. Mukhopadhyay, R. K. Gupta, “Trends and Frontiers in Graphene-Based Polymer Nanocomposites”, PLASTICS

ENGINEERING (2011) 33-42 www.4spe.org
11. C. Hou, Q. Zhang, H. Wang, Y. Li, “Functionalization of PNIPAAm
microgels using magnetic graphene and their application in microreactors as switch materials”, J
Mater. Chem., 21 (2011) 10512-10517
12. C. - W. Lo, D. Zhu, H. jiang, ” Microfluidic actuators based on infrared-light responsive PNIPAAm
hydrogel nanocomposite incorporating graphene-oxide ” Transducers’l1, Beijing, China, June 5-9

(2011) 2430-33

[}

owv A



