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Template-Directed Synthesis
of Nanoporous Carbons
JONG-SUNG YU, SEUNG JAE LEE and SUK BON YOON
Department of Chemistry, Hannam University, Taejon, 306-791, Korea
Ordered porous carbons were synthesized by replication of colioidal crystal templates
made fiom silica spheres 50 nm in diameter.  The pores in the templates were filled with
carbon precursor soltion of divinylbenzene (DVB) and a fiee radical initiator,
azbisisobutyronitrike (AIBN). Polymerization, carbonization, and subsequent dissolution

of the silica templates kave a polycrystalline network of cabon with interconnected
unifbrm pores.

Keywords: carbon with unifrm pore size; colloidal arystal template; pore replication

INTRODUCTION

Enormous effort has been given to synthesis of new ordered nanoporous materials mainly
due to findamental and technobogical interests™  The synthesis of porous carbons with
uniform pore sizes is extremely important fr their applications o adsorberts in many
separation and purification processes ™ Recently, a fow studies have used colboidal silica
spheres as templates to meke three dimensional porous carbon replicas™? Interestingly,
the meso- and macroscopic regimes of 30 to 100 nm still represent a largely unfilled gap
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for three dimensionally ordered porous carbon and thus are of immediate irterest for the
preparation of mesoscopic devices such as ordered amays of metal or semiconductor
quantum particles and for various sorption and separation processes” In this work, we
report the novel synthesis of nanoporous carbons with three-dimensionally interconnected
uniform pores 30 nmto 100 nmin diameter through colloidal sifica terplates.

EXPERIMENTAL

Several monodisperse silica particles ffom 30 nm to 100 nm in diameter were synthesized
based on sol-gel method (Step 1) To create inorganic templates, dry monodisperse
partickes were pressed into pellets a a pressure of 1 x 10° KPa.  The partickes were then
sintered sfightly at their points of cortact by heating the pallets to 800 °C in order to
provide pore comnectivity in the carbon replica through which the silica was removed affer
infiltration with carbon precursor (Step 2). Polymer precursor solution of divinylberzene
(DVB) and a free radical initiator, azobisisobutyronitrile (AIBN) with 10 : 1 moke ratio
was added dropwise to the silica pellets, and the polymers were first formed by heating
1060 °C for 12 hto produce a polymer-siica composite (Step 3) according to the reaction

@
OO 0o @] Press Monomer + AIBN
> —_——P
QQQ O@ Sintenng - Polymerization

1. Silica Spheres 2. Silica Template 3. Polymer-Silica Composite
o —
Carbonization HF etching

4. Carbon-Silica Composite 5. Porous Carbon

Scheme 1. Synthetic strategy for uniform porous carbons of tunable pores. Number
indicates each of the synthetic steps explamed in the Experimental
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shownin Fig, 1. The polymer and silica composite was then carbonized by heating the
composite at 850 °C indry inert gas flow to obtain a carbonsilica composite (Step 4).
The silica was subsequently dissotved in aqueous HF and resulting porous carbon pellets
were washed and dried inair (Step 5). Overall scheme for the synthesis of ordered porous
carbons is shown inscheme 1.

DVB(Divinylbenzene) PDVB(Polydivinylbenzene)

Figure 1. Polymerization of divinylbenzene.

RESULTS AND DISCUSSION

Fig. 2a shows the transmission electron microscope (TEM) imeges of  dried silica
perticks 50 nm in diameter prepared in this work.  Note that the sifica particles are
uniform spheres. The pertickes then formed close-packed polycrystalline aggregates in
colloidal arystal template. The vohume fraction of space filled by close-packed spheres in
such arrangemert is approximately 75%.  Fig. 1b shows the TEM image of a thin edge
of porous carbon replicas synthesized in this work.  The replica consistsof pores close
10 50 nm in diameter with a volume-filling faction up to about 25 %.  The pores are
closo-packed, roughly spherical, and interconnected. This shows that the degree of order
ofthe polycrystalfine template is Bithifilly reproduced in the carbon replica

Elemental analysis of porous carbon replica shows C:H moke ratio of about 27 (C,
98.18 wi% and H, 0.33 wt%). Brunaver-Emmett-Teller (BET) surfioe area of the porous
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Figure 2. TEM images (a) of silica particles (50 nm in diameter) used for colloidal crystal
temphates and (b) of the thm edge of porous carbon replica.

carbon, calculated from nitrogen adsorption isotherms, was found o 484 g, The N,
adsorption and desorption isotherms exhibited a curve characteristic of the presence of
macropores.  Silica spheres with different diameters in the range from 30 to 100 nmcan
be prepared by the same methods and thus  we anticipate that the replication method
ocover an even smaller or larger range of pore sizes.  Affer all, the unifrm pore sizes of
porous carbon materils can be easily controlled through template synthesis by
monitoring the szes of silica sphexes.

Admowledgement: This wark was supported by Korean Ministry of Science and Technalogy (1997)

References

[1]. C.G. Weand T Beln, Science 266, 1013 (1954).

[2]. H.C.Foly, ACSSymp Ser, W.H.Flank and T. E. Whyte, Jr Eds. 368,335 (1998).
{3] A- A. Zakhidov, R. H. Boughman, et. al, Scicnce 282, 897 (1998).

{4). S.Hanand T. Hyeon, Chem Commun. 1955 (1999).

(5]- C. B.Murray, C. R. Kagan and M. G. Bawerdi, Science 270, 1335 (1995).

{6]. K Osseo-Asareand F J. Amiagada, Colloids. Surf.  50,321(1990).



