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Adsorption and Release Behavior of Vitamin B12 in Tubular
Structured Ordered Mesoporous Carbon

WANG Xiao-Rong HAO Guang-Ping LU An-Hui LI Wen-Cui’
(State Key Laboratory of Fine Chemicals, School of Chemical Engineering, Dalian University of Technology,
Dalian 116023, Liaoning Province, P. R. China)

Abstract: Ordered mesoporous carbon with hexagonal arrays consisting of tubular-type pores (CMK-5)
was synthesized via a nanocasting process by the direct use of SBA-15 as a template, furfuryl alcohol as a
carbon source and oxalic acid as the catalyst. The structure of CMK-5 was analyzed by different
techniques including scanning electron microscopy, powder X-ray diffraction and N, adsorption analysis.
The specific surface area and pore volume were found to be 1856 m?- g~ and 2.10 cm®- g™, respectively,
with mesopore sizes concentrated at 3.1 and 5.5 nm. Because of the unique structure the adsorption
capacities of CMK-5 towards vitamin B12 was found to be as high as 943 mg-g™ in a short period of 120
min, which is significantly higher than that of commercial activated carbon. The composites of CMK-5 and
vitamin B12 without any treatment gave slow-release performance in a simulated body fluid. The
concentration of the release solutions remained 9 mg - L™ under dynamic conditions. A high loading
capacity and slow release rate of vitamin B12 on the CMK-5 support suggested that CMK-5 might have a
potential application in drug delivery.
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1 (a) SBA-15, SBA-15/C, CMK-5 #9771 XRD [E; (b) CMK-5 #1345 8 i [E
Fig.1 (a) XRD patterns of SBA-15, SBA-15/C, and CMK-5; (b) SEM image of CMK-5
Inset in Fig. 1(b) is the TEM image of SBA-15,
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Fig.2 N, adsorption-desorption isotherms (a) and BJH pore size distributions (b) of SBA-15, SBA-15/C, and CMK-5
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Table 1 Textural parameters of the samples and
equilibrium adsorption capacities

Seer' melb Vuie” Dpcz\kd q. 5
Sample 2q o) e ! 3eg! -1
(m'eg™) (cm’eg™) (cm’-g™) nm (mg+g™)
SBA-15 643 1.085 0.040 73 -
SBA-15/C 297 0.371 0.026 5.6 -
CMK-5 1856 2.103 - 3.1,55 943
CMK-3" 979 0.987 - 3.6 471
ACt 1764 1.018 0.298 3.8 200

‘The specific surface areas were calculated from the adsorption data in
the relative pressure range of 0.05 to 0.3 using the BET method,
°The total pore volume was estimated from the amount adsorbed at a
relative pressure of 0.90, ‘“The micropore volume was calculated using
the z-plot method, ‘Pore sizes at maxima of the pore size distribution
calculated based on the adsorption branch using the BJH method,
“The amount of adsorbed VB12 was calculated using the equation g.=
(Co—C.)V/m, where, C, and C. are the initial and equilibrium
concentrations of VB12 (mg+L™"), m is the mass of adsorbent (g), and
V is the volume of the solution (L), ‘ordered mesoporous carbon,
*factivated carbon with disordered mesoporous.
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Fig.4 Cumulative release of VB12 under static
condition (a) and dynamic condition (b)



No.9

FNEE: RALIEE A P FLIRXTAEAE 2R B12 (I R 2 R e

2243

[ ) AR A i 2, 9 & B, VAT VR JE AR FFAE 9 mge
L2247 (G B 2 g R 2 YR BBURE I 2 1) P-4 1), 3X
T2/ =R RS ZE B, CMK-5 K 1Y VB12
OB k. SRS RN VB12 25k B F1L
T PIEB M FLBE Y. Znt 6 RINZERE, HOk e A
Ay, FE B FLIE P8 K FLRE bW BfF B VB12 S LUIAH R
(R B R WD, CMK-5 A FLBEHE S VB12
(R R 2 TR, TES SR B P AR — B EAS
W b 22 %, I HLILWR R VB2 J5 st fE B4 T2 8%,
N T AR Ath A B Qn B 1 B pH MR R F A A
Y25 R R CMK-5 A FL A BHE 3 3l X VB2
HA W2 0 BAT R, IF AR08 O 15 1% 8l i b
VBI12 [k BESEAE 2. AR A S s, I
HXTVBI12 & —ANTHFER R 2. A8, Gl T
NEZGY R, BB — A THFE D B R A e A4
£ VB12 W FE AR 1Y . JEFRERS TE S sh Al P K
ISk [ A 43 245 2 ) VA 1 X — I R R, CMIK-5 119
PEREZEOL T e P RR 24 W 1 G2 AR 4R,
T 248 102 B T X A LA B A P A 25 1
K FE VRS o AN A, DR RE T A R 20 i %
BRI TS B g, 875 BT R 5 2 i o
T AR ST TR T AERE S Ak Wl 2 1= 40
2 I N R R — 5 S5

4 &

PUAE A FL 3 707 SBA-15 g #5440 5 b Bk
U8, HR R R A A A ) CMK-5 BATALIE S
RAT P A FLEEA, RALEE S t R M. CMK-5 X
KITF 254 VB12 [P B & 7553k 943 mge g™, & —Ff
5 H I v R 2 R R O R VB 12 ) RE L
TR HEA R r T Ve e, shS R B RE 4k £
TE—E IR EE, 1A T AR VB12 43 F 19 /8
REHL.

References

(1) Hartmann, M. Chem. Mater. 2005, 17, 4577.

(2) Wang, S. B. Microporous Mesoporous Mat. 2009, 117, 1.

(3) Uhrich, K. E.; Cannizzaro, S. M.; Langer, R. S.; Shakesheff, K.
M. Chem. Rev. 1999, 99, 3181.

(4) He, Q.J.; Shi, J. L. J. Mater. Chem. 2011, 21, 5845.

(5) Vallet-Regi, M.; Ramila, A.; Real, R. P.; Pérez-Pariente, J.
Chem. Mater. 2003, 15, 500.

(6) Yang, J. B,; Ling, L. C.; Liu, L.; Kang, F. Y.; Huang, Z. H.; Wu,
H. Carbon 2002, 40, 911.

(7) Lu,Y.M.; Gong, Q. M.; Liang, J. Acta Phys. -Chim. Sin. 2009,

®

(€]

10)

(11)

(12)

(13)

14

(15)

(16)
an

(18)

(19)

(20)

@1

(22)

(23)

24

(25)

(26)

@7
28

29

(30)
(€3]

(32

25 (8), 1697.
25 (8),1697.]
Yang, J. B.; Kang, F. Y; Huang, Z. H. J. Tsinghua.Univ. (Sci.
Tech.) 2002, 16 (5), 688. [MfRfs, HE KT, BIER. WEHR¥~
2R (A RBHER), 2002, 16 (5), 688.]

Sheng, W. Z.; Zheng, J. T. J. Mater. Sci. 2004, 39, 4693.

Yang, Q.; Wang, S. C.; Fan, P. W.; Wang, L. F.; Di, Y.; Lin, K.
F.; Xiao, F. S. Chem. Mater. 2005, 17, 5999.

Doadrio, A. L.; Sousa, E. M. B.; Doadrio, J. C.; Pariente, J. P.;
Izquierdo-Barba, 1.; Vallet-Regi, M. J. Control. Release 2004,
97, 125.

Arcos, D.; Lopez-Noriega, A.; Ruiz-Herndndez, E.; Terasaki,
O.; Vallet-Regi, M. Chem. Mater. 2009, 21, 1000.

Yu, H.; Zhai, Q. Z. Microporous Mesoporous Mat. 2009, 123,
298.

Lu, A. H.; Nitz, J. J.; Comotti, M.; Weidenthaler, C.; Schlichte,
K.; Lehmann, C. W.; Terasaki, O.; Schiith, F. J. Am. Chem. Soc.
2010, 732, 14152.

Peng, X.; Cao, D. P.; Wang, W. C. Langmuir 2009, 25 (18),
10863.

Kordnyi, T. I; Vit, Z. K.; Nagy, J. B. Catal. Today 2008, 130, 80.
Hao, G. P;; Li, W. C.; Wang, S.; Zhang, S. F.; Lu, A. H. Carbon
2010, 48, 3330.

He, J. L. Preparation of Porous Carbons and Its Performance on

D5 H 2, JURTHL, 2 3. W RRAkaA2at, 2009,

Adsorption. Master Dissertation, Hunan University, Changsha,
2006.  [fiT . HhfLok i A K O R BE R ST [D]. b
IR K2, 2006.]

Lu, A. H.; Li, W. C.; Schmidt, W.; Kiefer, W.; Schiith, F. Carbon
2004, 42, 2939.

Oyane, A.; Kim, H. M.; Furuya, T.; Kokubo, T.; Miyazaki, T.

J. Biomed. Mater. Res. A 2003, 654 (2), 188.

Lu, A. H.; Schmidt, W.; Spliethoff, B.; Schiith, F. Adv. Mater.
2003, /5, 1602.

Zhuo, G.; Zhu, G. S.; Gao, B.; Zhang, D. L.; Tian, G.; Chen, Y.;
Zhang, W. W.; Qiu, S. L. Carbon 2005, 43, 2344.

Zhuo, G.; Wang, L. F.; Gao, Z.; Zhang, W. W. Chin. Chem. Lett.
2007, 18, 233.

Liu, C. Y.; Wang, S.Y.; Rong, Z. H.; Wang, X. Q.; Gu, G. N,;
Sun, W. J. J. Non-Cryst. Solids 2010, 356, 1246.

Joo, S. H.; Choi, S. J.; Oh, I.; Kwak, J.; Liu, Z.; Terasaki, O.;
Ryoo, R. Nature 2001, 412, 169.

Ryoo, R.; Joo, S. H.; Kruk, M.; Jaroniec, M. Adv. Mater. 2001,
13,677.

Lu, A. H.; Schiith, F. Adv. Mater. 2006, 18, 1793.

Lund, K.; Muroyama, N.; Terasaki, O. Microporous Mesoporous
Mat. 2010, 128, 71.

Luo, B.; Song, X. J.; Zhang, F.; Xia, A.; Yang, W. Y.; Hu, J. H.;
Wang, C. C. Langmuir 2010, 26, 1674.

Shome, A.; Debnath, S.; Das, P. K. Langmuir 2008, 24, 4280.
Song, F.; Zhang, L. M.; Shi, J. F.; Li, N. N. Colloids. Surf. B:
Biointerfaces 2010, 79, 142.

Wen, X.; Cao, X. L.; Yin, Z. H.; Wang, T.; Zhao, C. S.
Carbohydr. Polym. 2009, 78 (5), 193.



