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Properties of Poly(acrylic acid) Hydrogel by the Surface Charge of Magnetite Nanoparticles
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Abstract : The superparamagnetic nanoparticles were prepared by coprecipitation of FeCls and NaxSO3
with NH4,OH and the surface charge on hydroxyl group by chemisorption was changed depending on
pH. We studied correlation between surface charge of magnetite and pH. Using this correlation the
properties of poly (acrylic acid) (PAAc) hydrogel embedded with magnetite was studied. The magnetite
was characterized by XRD, AFM, and FTIR. The zeta—potential of magnetite was influenced by pH:
great positive charge was shown high under the pH 4 and isoelectric point was found at pH 7. The
hydrogen bond formed by combining of PAAc hydrogel and magnetic colloid under pH 4 caused tensile
strength to increase, while swelling and elongation at break to decrease. The result confirmed that the

magnetic moment was increased proportionally to the content of magnetite.
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Figure 1. XRD pattern. (a) Prepared magnetite and (b) JCPDS
card NO. 19—625.
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Figure 2. AFM image of magnetic nanoparticles.
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Figure 3. Water chemisorptions on magnetite surface.
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Figure 4. FTIR spectra of magnetite: (a) vacuum dried at
room temp and (b) vacuum dried at 150 C.
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Figure 6. Tensile strength and elongation at the break of the
PAAc hydrogel with magnetite.
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Figure 7. Swelling behaviors of the PAAc hydrogel with
magnetite depending on the content of magnetite and pH.

Figure 8. Dispersion of the magnetite depending on pH in the
PAAc hydrogel. (a) Less than pH 4 and (b) Higher than pH 5.
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Figure 9. Magnetic moment of the PAAc hydrogel with
magnetite depending on the content.

oI AI1EIE Mok 2 & % ek L AR T
o] 1, 3, 5 Wtz Z7Fe uf xp7|o|Ex Y- 239 ko] 1)
dAefo] 2713He BT 5 Atk

4

r

& Aelle v APge Alxshal, pH Rislel] ukE v 2
d3ge] skl Wisks Atelglon, oled rEbdll PAAC
Foplel] v APddE 7S we) U, AlE Yl 3
£ 7St mgh v APdage] e ekl A olEE 5
“gooink. pH Wslel] whs v APdage] suidshs shelge
oJall P38 abr]e] 2= o)Fe] oa ®skH 1AL, pH 4=
71Eo% Wity pH Wste] whE v AR 4 pH
7oI13T. W APdgo)] Sl ] A APdEe] ok
ol F7FFS I TUHECH, AEI Banls st
Atk ol e AFdHo] PAAc T3] A7 9} o] 2 eE
@Fsto] 7t S she o AlREh & SN
o] pH7F RishaA e APdge) st gho] WskAl H o
pH7} 7185 a73to] 3haslo] &7t S7EE Ao
AbRETh B v APdge] e esbl) AplelEE S
o Ayt AR 87Fs S ARSI

Nl

ZIARS] 2 o] =R 2003 FR (1A o] Ao
2 AL AT AP wo} FaE AT THKRF-
2003—041-D00308). AR} oJewA Ak -8 =YL

il

P

O
et

1. M. Doi, M. Matsumoto, and Y. Hirose, Macromolecules,
25, 5504 (1992).

2. S.Y. Kim, S. M. Cho, Y, M, Lee, and S. J. Kim, /. Appl.
Polym. Sci.,, 78, 1381 (2000).

3. X. Z. Shu, K. J. Zhu, and W. Song, Int. J. Pharm., 212, 19
(2001).

4. A. Richter, A. Bund, M. Keller, and K.—F. Arndt, Sensor.
Actuat. B—Chem., 99, 5799 (2004).

Polymer (Korea), Vol. 30, No. 5, 2006



41

10.

11.

12.

13.

14.

15.

16.

)

6

kS

i)

. H. C. Chiu, Y. F. Lin, and Y. H. Hsu, Biomaterials, 23,
1103 (2002).

. M. Dio, M. Matssumoto, and Y. Hirose, Macromolecules,
25, 5504 (1992).

. T. Shiga, “Advances in Polymer Science”, in Deformation
and Viscoelastic Behavior of Polymer Gels in Electric
Fields, Springer—Verlag GmbH, Vol. 134, 131 (1997).

. M. Kohl, D. Brugger, M. Ohtsuka, and T. Takagi, Sensor.
Actuat. A—Phys., 114, 445 (2004).

. P. Farber and H. Kronmiiller, J. Magn. Magn. Mater., 214,

159 (2000).

Y. Bar—Cohen, Electroactive Polvmer [EAP] Actuators as

Artificial Muscles, SPIE, Washington, 2001.

S. M. Aharoni, Synthesis, Characterization, and Theory of

Polymeric Networik and Gels, Plenum US, New York, 1992.

K. Makino, Y. Fujita, K. Takao, S. Kobayashi, and H.

Ohshima, Colloid Surface B, 21, 259 (2001).

S. J. Kim, H. I. Kim, S. J. Park, and S. I. Kim, Sensor.

Actuat. A=Phys., 115, 146 (2004).

L. M. Schwarte and N. A. Peppas, Polymer, 39, 6057

(1998).

Y. Yang and Jan B. F. N. Engberts, Physicochemical and

Engineering Aspects, 169, 85 (2000).

1. J. Kim, H. W. Kang, and C. N Jeong, Polyvmer (Korea),

27,195 (2003).

=2/, A30¢¥ A5%, 2006

18

19.

20.

21.

22.

23.

24.

25.

26.

27.

. M. Zrinyi, L. Barsi, and A.Biiki, Polym. Gels Netw., 5,
415 (1997).

. M. Zrinyi, D. Szabé, and H. G. Kilian, Polym. Gels Netw.,

6, 441 (1998).

D. Szabo, G. Szeghy, and M. Zrinyi, Marcromolecules, 31,

6541 (1998).

P. A. Dresco, V. S. Zaitsev, R. J. Gambino, and B. Chu,

Langmuir, 15, 1945 (1999).

R. Hiergeist, W. Andri, N. Buske, R. Hergt, 1. Hilger, U.

Richter, and W. Kaiser, /. Magn. Magn. Mater., 201, 420

(1999).

F. Y. Cheng, C. H. Su, Y. S. Yang, C. C. Yeh, C. Y. Tsai,

C. L. Wu, M. T. Wu, and D. B. Shieh, Biomaterials, 26,

729 (2005).

J. M. Gallo and E. Eldin Hassan, Pharmaceut. Res., 5, 300

(1998).

B. F. Pan, F. Gao, and H. C. Gu, J. Collord Interf. Sci.,

284, 1 (2005).

S. Qu, H. Yang, D. Ren, S. Kan, G. Zou, D. Li, and M. Lij,

J. Colloid Interf. Sci., 215, 190 (1999).

F. J. Micale and K., Zettlemoyer, J. Colloid Interf. Scr.,

105, 570 (1985).

J. P. Jolivet, Metal Oxide Chemistry and Synthesis, John

Wiley & Sons, New York, 2000.



