a2 United States Patent
Feldheim et al.

US006602932B2

(10) Patent No.:
5) Date of Patent:

US 6,602,932 B2
Aug. 5,2003

(549) NANOPARTICLE COMPOSITES AND
NANOCAPSULES FOR GUEST
ENCAPSULATION AND METHODS FOR
SYNTHESIZING SAME

(75) Inventors: Daniel L. Feldheim, Cary, NC (US);
Stella M. Marinakos, Raleigh, NC
(US); David A. Shultz, Raleigh, NC
(US)

(73) Assignee: North Carolina State University,
Raleigh, NC (US)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 14 days.

(21) Appl. No.: 09/738,060

(22) Filed: Dec. 15, 2000

(65) Prior Publication Data
US 2002/0115747 Al Aug. 22, 2002

Related U.S. Application Data
(60) Provisional application No. 60/171,013, filed on Dec. 15,
1999.

(51) Int. CL7 oo CO8K 9/00
(52) US.CL .o 523/201; 523/205; 523/210;,

523/216; 523/217
(58) Field of Search ...........c.cccoceuvveiine. 523/201, 205,

523/210, 216, 217

(56) References Cited
U.S. PATENT DOCUMENTS

5,219,577 A 6/1993 Kossovsky et al.
5,462,751 A 10/1995 Kossovsky et al.
6,159,620 A 12/2000 Heath et al.

6,322,800 B1 * 11/2001 Barron et al. ............... 428/402
OTHER PUBLICATIONS

Donath et al., “Novel Hollow Polymer Shells by Col-
loid—Templated Assembly of Polyelectrolytes,” Angew.
Chem. Int. Ed., vol. 37 (No. 16), p. 2202-2205, (1998).

Caruso et al., “Nanoengineering of Inorganic and Hybrid
Hollow Spheres by Colloidal Templating,” Science, vol. 282
(No. 6), p. 1111-1114, (1998).

Marinakos et al., “Gold Nanoparticles as Templates for the
Synthesis of Hollow Nanometer—Sized Conductive Polymer
Capsules,” Adv. Mater., vol. 11 (No. 1), p. 34-37, (1999).

Marinakos et al., “Gold Particles as Templates for the
Synthesis of Hollow Polymer Capsules. Control of Capsule
Dimensions and Guest Encapsulation,” J. Am. Chem. Soc.,
vol. 121 (No. 37), p. 8518-8522, (1999).

Marinakos et al., “Template Synthesis of One—Dimentional
Au, Au-Poly(pyrrole), and Poly(pyrrole) Nanoparticle
Arrays,” Chem. Mater., vol. 10, p. 1214-1219, (1998).

* cited by examiner

Primary Examiner—Edward J. Cain
(74) Antorney, Agent, or Firm—Jenkins, Wilson & Taylor,
PA.

(7) ABSTRACT

Nanoparticle composites and nanocapsules for guest encap-
sulation and methods for synthesizing same. One synthesis
method includes providing a nanoparticle template; and
forming a shell on the nanoparticle template by polymeriz-
ing a monomer on the nanoparticle template to form a
nanoparticle composite defined by the shell and the nano-
particle template. Another synthesis method includes pro-
viding a nanoparticle template; forming a shell on the
nanoparticle template by polymerizing a monomer on the
nanoparticle template; and dissolving the nanoparticle tem-
plate to thereby form a hollow nanocapsule defined by the
shell. Another synthesis method includes providing a nano-
particle template carrying a guest molecule; and forming a
shell on the nanoparticle template by polymerizing a mono-
mer on the nanoparticle template to thereby encapsulate the
guest molecule. This method can also include dissolving the
nanoparticle template to form a nanocapsule defined by the
capsule shell material, wherein the guest material resides in
the nanocapsule.
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