Form Approved
OMB No. 0704-0188

Report Documentation Page

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE

2. REPORT TYPE

01 MAY 2007

FInal

3. DATES COVERED

15-06-2005 to 14-12-2005

4. TITLE AND SUBTITLE

5a. CONTRACT NUMBER

Applications of Nanotechnology in Biomimetics and Biocatalysts

FA520905P0502
5b. GRANT NUMBER
5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)

5d. PROJECT NUMBER

Chung-Yuan Mou

5e. TASK NUMBER
5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

National Taiwan University,No. 1, Sec. 4, Roosevelt Rd,Taipei
106,Taiwan,TW,106

8. PERFORMING ORGANIZATION
REPORT NUMBER

N/A

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSOR/MONITOR’S ACRONYM(S)

AOARD, UNIT 45002, APO, AP, 96337-5002

AOARD
11. SPONSOR/MONITOR’S REPORT
NUMBER(S)

AOARD-054082
12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited
13. SUPPLEMENTARY NOTES
14. ABSTRACT

The objectives of the proposed research are to synthesize model compounds to mimic enzymes and to
evaluate enzymatic activities and the stabilities of metal reactive centers and biocatalysts encapsulated in
the nanochannels of MCM-41 and other mesoporous materials. The following spectroscopic techniques to
characterize the materials and to elucidate the reaction mechanism: XRD, FT-IR, UV-visible, EPR and
EXAFS have been applied. Efforts in the first six months of this study were concentrated to elucidate the
mechanistic pathways in the degradation (oxidation) of polycyclic aromatic hydrocarbons of polycyclic
aromatic hydrocarbons by cytochrome c enzymes immobilized in mesoporous materials. Studies of other
parts of the proposed research were to follow.
15. SUBJECT TERMS
16. SECURITY CLASSIFICATION OF:
a. REPORT

b. ABSTRACT

c. THIS PAGE

unclassified

unclassified

unclassified

17. LIMITATION OF
ABSTRACT

18. NUMBER
OF PAGES

Same as
Report (SAR)

2

19a. NAME OF
RESPONSIBLE PERSON

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18

Progress Report for AFOSR on Taiwan – AFOSR Nanoscience Initiative
Project Title: Applications of Nanotechnology in Biomimetics and Biocatalysts
Principal Investigator: Chung-Yuan Mou E-mail address: cymou@ntu.edu.tw
Mailing address: Department of Chemistry, National Taiwan University, Taipei, Taiwan 106
Phone: +886-2-3366-5251 FAX: +886-2-2366-0954
Co-investigator: Tien-Sung Lin, Department of Chemistry, Washington University, St. Louis,
MO 63130 USA E-mail address: lin@wustl.edu
Abstract
The objectives of the proposed research are to synthesize model compounds to mimic
enzymes and to evaluate enzymatic activities and the stabilities of metal reactive centers and
biocatalysts encapsulated in the nanochannels of MCM-41 and other mesoporous materials.
We have applied the following spectroscopic techniques to characterize the materials and to
elucidate the reaction mechanism: XRD, FT-IR, UV-visible, EPR and EXAFS. We have
concentrated our efforts in the first six months of our study to elucidate the mechanistic
pathways in the degradation (oxidation) of polycyclic aromatic hydrocarbons of polycyclic
aromatic hydrocarbons by cytochrome c enzymes immobilized in mesoporous materials (Part c
of the proposed research). Studies of other parts of the proposed research are in progress.
Progress Report
(1) Effect of spin configuration on the reactivity of cytochrome c immobilized in
mesoporous silica.
Cytochrome c (cytc), a heme protein with positive electric charge, is immobilized in the
nanochannels of mesoporous silica (MPS) by either electrostatic force or covalent bonding.
The electrostatic interaction between cytc and MPS arises from the introduction of aluminum
into the framework of MPS to produce the negative charge on the porous surface (Al-MPS).
The covalent bonding arises from the binding between heme iron center and the –SH group of
the mercapto- triethoxysilane in the thiol-functionalized MPS (MPS-SH). The nanochannels of
MPS provide the confining spaces that could prevent cytc from protein unfolding and preserve
its activity. Cytc immobilized in Al-MPS exist in high spin state as inferred from ESR and UVVis studies. This is different from the native cytc, which shows primarily the low spin state. The
high spin state arises from the replacement of Met-80 ligands of heme Fe (III) by water or
silanol group on the silica surface, which could open up the heme groove for easy access of
oxidants to iron center and facilitate the catalytic activity. MPS-SH-supported cytc could exist in
both high and low spin states. The low spin state arises from the replacement of axial ligands
of heme Fe (III) by the –SH group which could cause the poisoning of active site and decrease
the catalytic activity toward the decomposition of H2O2. In ESR spin trapping experiments, we
show that cytc catalyzes a homolytic cleavage of the O-O bond of hydroperoxide and
generates a protein cation radical (g = 2.00). Possible mechanisms for MPS-cytc catalytic
oxidation of hydroperoxide is proposed based on the spectroscopic characterizations of the
systems.
The results of these studies were presented at the 9th Spin Chemistry International
Conference held at Oxford University, England in September 2005. A manuscript based on this
study acknowledging the support of Taiwan – AFOSR Nanoscience Initiative was submitted
and accepted to be published in Molecular Physics (a PDF file is attached herewith).1
(2) Model dinuclear copper center to mimic tyrosinases in mesoporous materials.
The tyrosinases (tyrs) catalyze the initial step in the formation of the pigment melanin from
tyrosine in vertebrates and fungi, and tyrs also oxidize monophenols (like tyrosine) to ortho-
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diphenols and ortho-quinones. Recently, Solomon et al. reported a model binuclear copper
complex, µ-η2:η2-peroxo dicopper(II) (PDC) complex, to mimic tyrs, which was shown to
oxidize phenols to catechols at low temperatures.2 Upon phenolate addition at low
temperatures in solution (–120°C), a reactive intermediate consistent with a bis-µoxodicopper(III)-phenolate complex, with the O–O bond fully cleaved, was observed
experimentally. The subsequent hydroxylation step has the hallmarks of an electrophilic
aromatic substitution mechanism, similar to tyrs. Overall, the evidence for sequential O–O
bond cleavage and C–O bond formation in this model compound suggests an alternative
intimate mechanism to the concerted or late stage O–O bond scission generally accepted for
the phenol hydroxylation reaction performed by tyrs.
We have synthesized the model compound which is air sensitive. We have performed a few
experiments to study the chemical reactivity and the stability of this model compound
immobilized in the nanochannels of MPS materials. We observed that the confining spaces of
the mesopores of MPS solids can provide some protection and stabilize some of the not yet
identified reaction intermediates speculated in Solomon’s study. Detailed studies are in
progress.
(3) Model compounds to mimic superoxide dismutases (SOD).
The role of SOD in biological systems is to convert superoxide anion radicals, O2-, to
hydrogen peroxides. Many model compounds have been synthesized and tested for their
efficacies.3 Most recently, another model compound, imidazolato-bridged complex (Cu(II)diethylenetriamino -µ-imidazolato-Zn(II)-tris(aminoethyle)amine perchloarate) has been also
reported to mimic CuZnSOD.4 Immobilization of this model complex in the silica gel via
hydrogen bonding has shown good SOD activity, but not in zeolite or MCM-41. It has been
indicated that the configuration of paramagnetic center Cu(II) and a weak spin-spin interaction
are important to achieve high SOD activity. We are trying to modify the mesoporous surface
with either amine or other functional groups which could improve the binding with the model
compounds and further improve the SOD activity. The modified surface of MCM-41 should also
provide the needed separation of paramagnetic centers. We plan to apply the EPR techniques to
study the magnetic properties of Cu(II). We also plan to study the details of the reaction pathways
and the factors controlling the potency of free radical scavenging; especially the effects of
immobilization on the SOD activity by different modified MPS materials, i.e., by Al substituted
MPS to affect physical adsorption, or by modifying surfaces with functional groups (such as –
NH2 or –SH) to covalently binding with the model compounds. Detailed studies are in progress.
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