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Opening Speech Dean of Faculty of Science Brawijaya University 

International Conference on Organic and Applied Chemistry or ICOAC is an annual scientific 
meeting organized by Organic Chemistry Laboratory, Chemistry Departement, Faculty 
Mathematics and Sciences. The conference will facilitate researchers and academic 
members from universities, government institutions, and non-government organization to share 
their knowledge through the discussion on plenary session, and parallel session of oral 
presentation.  

This year the topic of ICOAC 2022 is “Advance Perspective on Organic Chemistry.” I believe 
that ICOAC 2022 should bring advantages for all participants. They will learn many new 
aspects of research in the related topics, either from keynote speakers or general participants. 
In addition, collaborations between Brawijaya University and other universities both from 
Indonesia and overseas can be initiated.  

I will also officially open ICOAC 2022, Please enjoy ICOAC 2022 and have a delightful seminar.  

Sincerely yours 
Dean of Faculty of Science-Brawijaya University 

 

 

  

Finally, I would like to express my gratitude to keynote and invited speakers of ICOAC 2022, for 
their expertise and knowledge they will bring to the conference, and of course the warm 
discussion of their talks. Special thanks are also extended to the members of organizing 
committee for their hard work in bringing this conference together. And last but not least, I 
would like to thank all of the conference participants who will contribute to making the most 
memorable ICOAC 2022. 

Wassalamulaikum wr. wb.  

 
Assalamualaikum wr. wb.  
On behalf of organizing committee of ICOAC 2022, I would like to extend my warmest 
welcome to all delegates of ICOAC 2022. Welcome to Malang, one of the educational cities 
in Indonesia, and welcome to Brawijaya University, Faculty of Mathematics and Sciences, 
Department of Chemistry. Brawijaya University is the largest university in Malang. Brawijaya 
University is also included in the top ten best universities in Indonesia. This year, Brawijaya 
University ranks third, behind UI and UGM, in Webometrics rank. 
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About the Symposium 

The symposium is aimed to promote mutual exchange between scientists and experts 
across the nations to disseminate their research findings, discuss innovative ideas to 
tackle the contemporary problems, and encourage their collaboration. The 
symposium is organized with the collaboration between Brawijaya University and 
Okayama University, Ritsumeikan University, Nagoya City University, National Sun Yat-
sen University, National University of Singapore, and CNR SCITEC. The meeting is 
expected to provide an opportunity for young scientists to communicate with the 
senior scientists, and widen their perspective through discussion with their peers across 
the nation borders.  

  

Date and Venue 

Date  : October 14-15th, 2022 

Venue  : MIPA Center, Faculty of Mathematic and Natural Science 

Zoom    

Meeting ID : 932 6256 8340 

Passcode : icoac2022 

URL : 

https://univ-
brawijaya.zoom.us/j/93778597131?pwd=b3FlUEVuaGV0Q0FXRTkvODNtNC9GZz09 
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List of Keynote Speakers 

 

Prof. Toru Amaya 
Nagoya City University 
Japan 

 

Prof. Hideki Okamoto 
Okayama University 
Japan 

 

Prof. Chun-Hu Chen 
National Sun Yat-sen 
University 
Taiwan  

Prof. Nicoletta Ravasio 
CNR SCITEC  
Italy 

 

Prof. Rowan D. Young 
National University of 
Singapore 
Singapore  

Prof. Silvester Tursiloadi 
BRIN, Indonesia 

 

Dr. Sri Fatmawati 
ITS, Indonesia 

 

  

 

 

List of Invited Speakers 

 

Dr. Saki Shirako 
Ritsumeikan University 
Japan 

 

Dr. Elvina Dhiaul Iftitah 
Brawijaya University 
Indonesia 

 

Dr. Rurini Retnowati 
Brawijaya University 
Indonesia 

 

Masruri, Ph.D 
Brawijaya University 
Indonesia 
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CONFERENCE PROGRAM 

FRIDAY, OCT 14th, 2022 

Time 
UTC+7 

PROGRAM 
(OCT 14th, 2022) 

 

07.30 – 08.00 Registration Committee 

08.00 – 08.05 Opening remarks MC: 
Tsaniya Yemima P. 

08.05 – 08.10 Welcome speech by Chairperson Siti Mariyah Ulfa, 
Dr.Sc 

08.10 – 08.20 Welcome speech by Dean of Faculty of 
Science 

Prof. Dr. Ir. M. 
Sasmito Djati, MS., 
IPU, ASEAN Eng 

 Plenary – 1st session 

08.20 – 08.55 Prof. Toru AMAYA  
(JST: 10.20 – 10.55) 
“Organic Synthesis of Geometrically Unique π-
Conjugated Molecules” 

Moderator: 
Anna Safitri, S.Si., 
M.Sc., Ph.D 

08.55 – 09.30 Prof. Chun-Hu Chen 
(Taipe: 09.55 – 10.30) 
“Deposition of Cobalt Manganese Oxides for 
Electrocatalytic Oxygen Evolution” 

09.30 – 09.35 Session break 

09.35 – 10.10 Prof. Rowan D. Young 
(SGT: 10.40 – 11.15)  
"A Frustrated Lewis Pair Solution to a Frustrating 
Problem: Mono-Selective Functionalization of 
C–F Bonds in Di- and Trifluoromethyl Groups " 

Moderator: 
Zubaidah Ningsih, 
Ph.D 

10.10 – 10.45 Prof. Silvester Tursiloadi  
“Preparation of Sulfated Titania Aerogel 
Catalyst for Synthesis of Dimer Eugenol as Anti 
Inflammatory Drugs” 

10.45– 13.00 Lunch Break 

 Plenary – 2nd session 

13.00 – 13.35 Dr. Sri Fatmawati 
“Jamu: Indonesian Traditional Medicines in 
Modern Perspective” 

Moderator: 
Dr. Akhmad 
Sabarudin 
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Time 
UTC+7 

PROGRAM 
(OCT 14th, 2022) 

 

13.35 – 14.10 Prof. Hideki Okamoto  
(JST:15.35 – 16.10) 
" Photochemical Synthesis of Phenacenes and 
Their Application to Organic Electronics " 

14.10 – 14.45 Prof. Nicoletta Ravasio  
(CEST: 09.10 – 09.45 AM) 
"Chemical Solutions for Agrifood Waste 
Upcycling" 

14.45 – 15.00 Session Break 

15.00 – 17.00 Parallel session 

17.00 – 17.05 Closing statement – Main Room 

PARALLEL PROGRAM 

FRIDAY, OCT 14th, 2022 

Time 
UTC+7 

PROGRAM 
(OCT 14th, 2022) 

 

 Parallel Session – Room 1 (Hybrid) 
Topic:  NAT, SYN, ENE, MMD 

15.00 – 15.25 Invited Speaker 
Dr. Elvina Dhiaul Iftitah 
 
Microwave Induced Catalysis for Transforming 
Eugenol to Vanillin under CoO/ZnAl2O4 
Catalyst 

Moderator: 
Ellya Indahyanti, 
M.Eng 
 

15.25 – 15.35 
 

NAT/O-003 
Siti Mariyah Ulfa*[1], Andrian Sucahyo[1], Nur 
Fitriana[2], Widodo[2], Muhaimin Rifa’I[2], 
Masruri[1] 
 
Cytotoxicity of ethyl acetate sub-fraction of 
Curcuma xanthorrhiza and Curcuma zedoaria 
(Berg.) Roscoe) toward T47D breast cancer 
cell 

15.35 – 15.45 NAT/O-004 
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Time 
UTC+7 

PROGRAM 
(OCT 14th, 2022) 

 

Andrian Sucahyo[1], Siti Mariyah Ulfa*[1,2], 
Dinia Rizqi Dwijayanti[3], Widodo[3], Nishizawa 
Mikio[4] 
 
Flavanones from Ethyl Acetate Fraction of 
Caesalpinia sappan heartwood as Anti-
inflammatory and Antioxidant: Isolation, in-
vitro, and in-silico approach 

15.45 – 15.55 NAT/O-005 
Tsaniya Shaquilla Y. P.[1], Zubaidah Ningsih[1], 
Hideki Okamoto[2], Siti Mariyah Ulfa*[1,3] 
 
Photophysical Analysis of Naturally Occurring 
Coumarins Isolated from The Hydrophobic 
Phase of Calophyllum inophyllum Leaves 

15.55 – 16.10 Discussion  

16.10 – 16.20 SYN/O-001 
Dwika Putri Pangesti [1], Warsito Warsito [1]*, 
Masruri Masruri [1] 
 
Synthesis Of Eugenol Esters Derivatives As 
Breast Cancer Drugs 

Moderator: 
Ellya Indahyanti, 
M.Eng 
 

16.20 – 16.30 ENE/O-002 
Ahmad Sholeh Romdlon[1], Yuka Fadana[1], 
Septian Marno[2], Siti Mariyah Ulfa*[1, 3] 
 
The production of bioethanol from ethylene 
glycol as renewable energy using Ni-Cu Based 
Catalyst 

16.30 – 16.40 MMD/O-003 
A. Ghanaim Fasya[1,2], Warsito[3]*, Elvina 
Dhiaul Iftitah[3], Rollando[4] 
 
Molecular Docking of Selected Volatile Active 
Compounds From Hydrilla verticillata on MMP-
2 AND MMP-9 Breast Cancer Proteins 

16.40 – 16.55 Discussion  

 Parallel Session – Room 2 (Online) 
Topic: NAT, SYN 

15.00 – 15.25 Invited Speaker Moderator: 
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Time 
UTC+7 

PROGRAM 
(OCT 14th, 2022) 

 

Dr. Saki Shirako 
(JST: 17.00 – 17.25) 
 
Effect of oral administration of pyroglutamyl-
leucine, found in Japanese traditional 
fermented foods 

Dr. Feri Eko 
Hermanto, M.Si. 

15.25 – 15.35 NAT/O-001 
Listiana Oktavia*[1][2], Dewi Wulandari[1], 
Wichan Eiadthong[3] , Ahmad Randy[1],  
Toshiyuki Takano[4], Hiroshi Kamitakahara[4] 
and Andria Agusta[1],[5] 
 
Chemical constituents and biological 
properties  of the root extracts  from  
Prismatomeris plants that are widely distributed 
in the Southeast Asia region 

15.35 – 15.45 NAT/O-002 
Muhammad Hilmi Afthoni [1], Eva Monica[1], 
Rollando Rollando[1] 
 
Cytotoxic Activity of Flavonoid Compound 
from Endophytic Fungus Athelia Rolfsii Isolated 
from Sterculia quadrifida R.Br Roo 

15.45 – 15.55 NAT/O-006 
Indra Lasmana Tarigan[1], Nindita Clourisa 
Amaris Susanto[2], Sutrisno[3], Madyawati 
Latief*[4] 
 
Preliminary Antioxidant and α-glucosidase 
activity of P. cannecsens jack Extract as 
Functional Food for Antidiabetic Candidate 

15.55 – 16.10 Discussion  

16.10 – 16.20 SYN/O-002 
Khoirun Nisyak*[1], A’yunil Hisbiyah[1], Desi 
Phingkarsa[1] 
 
Synthesis of Acetamide Compounds from α-
Pinene through Sonochemical Ritter Reaction 
With Ni/Natural Zeolite Catalyst 

Moderator: 
Dr. Feri Eko 
Hermanto, M.Si. 

16.20 – 16.30 SYN/O-003 
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Time 
UTC+7 

PROGRAM 
(OCT 14th, 2022) 

 

Emmy Yuanita *[1], Nurul Hidayah [1], 
Muhammad Rizal Umami [1], Baiq Nila Sari 
Ningsih [1], Maria Ulfa [1], Sudirman [1], Ni 
Komang Tri Dharmayani [1]* 
 
Simply Synthesis And Characterization Of 
Sulfonate Ester Substituted Hydroxyxanthone 

16.30 – 16.40 SYN/O-004 
Andriani Furoida*[1], Osamu Tsutsumi [1] 
 
Polymorphism and Mechanochromism 
Behavior of AIE-active Gold(I) Complex 

16.40 – 16.50 SYN/O-005 
Zidni Akbarorrizki[1], Indah Nur Pramesti*[1] and 
Mokhamat Ariefin[2] 
 
Green Synthesis of Chalcones Derivatives Using 
FeCl3.6H2O as A Catalyst Under Solvent-Free 
Conditions 

16.50 – 17.10 Discussion  

 Parallel Session – Room 3 (online) 
Topic: MMD 

15.00 – 15.25 Invited Speaker 
Dr. Rurini Retnowati 
 
The Potency of Natural Coloring Extract for 
Green Identification Methods of Animal Fat 
Through UV-vis Spectrophotometry 

Moderator: 
M. Hermawan, S.Si 
 

15.25 – 15.35 MMD/O-001 
Rizki Rachmad Saputra*[1], Siti Mariyah 
Ulfa*[2], M. Farid Rahman[2], Hideki 
Okamoto[3] 
 
Novel Bromoalkyl-1,4-Benzoquinones as Anti-
Inflammatory Candidate Toward COX 
Signaling: Synthesis, Octanol-Water Solubility, 
and In Silico Drug-Target Profiling 

15.35 – 15.45 MMD/O-002 
Mokhamat Ariefin*[1], Rizki Rachmad 
Saputra[1], Indah Nur Pramesti[3] 
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Time 
UTC+7 

PROGRAM 
(OCT 14th, 2022) 

 

 
In Silico Study of Natural Compound on 
Indonesia Traditional Medicine as A COVID-19 
Therapeutic Agent 

15.45 – 15.55 MMD/O-004 
Agus Susilo1,*, Miftakhul Cahyati2, Nurjannah3, 
Dodyk Pranowo4, Feri Eko Hermanto5,6, Elma 
Putri Primandasari1 
 
Computer-Aided Investigation of Antiviral 
Properties of Propolis-Derived Chrysin against 
Indonesian Serotype of Foot-and-Mouth-
Disease Virus 

15.55 – 16.05 MMD/O-005 
Virtual Screening of Antiviral Properties of 
Bioactive Compounds from Liquid Smoke 
against 2A Protease of Coxsackievirus-A16 
 
Miftakhul Cahyati[1]*, Agus Susilo[2], 
Nurjannah[3], Dodyk Pranowo[4], Feri Eko 
Hermanto[5,6], Elma Putri Primandasari[1] 

16.05 – 16.25 Discussion  

 Parallel Session – Room 4 (online) 
Topic: ENE 

15.00 – 15.25 Invited Speaker 
Masruri, Ph.D 
 

Moderator: 
Ade Dirga 
Rahakbauw, S.Si 

15.25 – 15.35 ENE/O-001 
Gagus Ketut Sunnardianto 
 
Reversibility property of nanographene single 
vacancy for hydrogen storage application 

15.35 – 15.45 ENE/O-003 
Putu Doddy Sutrisna*[1], Juan Anthony 
Prayogo[1], Andreas Wisnu Warsito[1] 
 
The potential of ZIF-7-based mixed matrix 
membranes for biogas purification 

15.45 – 15.55 Discussion   
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ABSTRACT: KEYNOTE LECTURE 
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Organic Synthesis of Geometrically Unique π-Conjugated Molecules  

 
Toru Amaya 

Graduate School of Science, Nagoya City University 
 

amaya@nsc.nagoya-cu.ac.jp 
 

The synthesis of geometrically unique π-conjugated molecules has attracted the 
interest of organic chemists and stimulated their enthusiasm for exploring their 
functions. Here, I would like to present our recent results on the synthesis and properties 
of geometrically unique π-conjugated molecules constructed by spirobifluorene 
linkages. 

Bending p-oligophenyl compounds with normally linear structures is not always easy, 
even in modern organic chemistry. In particular, bending p-oligophenyl compounds 
in opposite directions like an S-shape is difficult and challenging. Recently, we have 
succeeded in the synthesis of such S-shaped p-oligophenyl molecules based on a 
synthetic strategy by the spirobifluorene linkage [1]. In this molecule, two S-shaped p-
oligophenyl chains support each other. 

Furthermore, by linking chiral spirobifluorenes cyclically, we have also achieved a 
structure that represents a textile patterned unit composed of p-quaterphenyls [2]. 
Although such a textile pattern motif molecule composed of p-oligophenyls has never 
been reported before. We also found that these molecules exhibit an unprecedented 
type of spiroconjugation. Specifically, DFT calculations revealed that the orbital 
splitting originating from the spiro-conjugation is clearly affected by the number of 
chromophores in the quaterphenyl unit. 

 

References 

[1] Oniki, J.; Moriuchi, T.; Kamochi, K.; Tobisu, M.; Amaya, T.* J. Am. Chem. Soc. 2019, 141, 
18238. 

[2] Zhu, K.; Kamochi, K.; Kodama, T.; Tobisu, M.; Amaya T.* Chem. Sci. 2020, 11 , 9604. 
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Deposition of Cobalt Manganese Oxides for Electrocatalytic Oxygen 
Evolution 

Chun-Hu Chen  
National Sun Yat-sen University, Kaohsiung, Taiwan 

 

E-mail: chunhu.chen@mail.nsysu.edu.tw 

 
In this presentation a redox-assisted approach will be demonstrated to produce 
binary cobalt manganese oxide electrocatalysts with high elemental homogeneity, 
improved conductivities, and durable stability. This talk will cover nanostructured 
particles and thin films of cobalt manganese oxides in applications of oxygen 
evolution reaction with over potentials as low as 0.30 V. The nanostructures in the 
cobalt manganese oxides can be controlled by varied reaction temperatures, 
strongly related to the hydrogen peroxide sensing performance. Highly continuous 
thin films can be deposited with ultrathin thickness (less than 10 nm) over large area 
(10 x 10 cm2) with simple manners. The thin films demonstrate a strong adhesion on 
arbitrary substrates comprised of plastics, metals, ceramics, and woods with complex 
surface textures. Complex oxide deposition can be successfully done to obtain novel 
thin film electrocatalysts. The film structures, redox reaction principle, and growth 
control mechanism will be also discussed. This redox approach represents an 
unprecedented, generic protocol in creating new multi-metal oxide electrocatalysts 
on diverse electrode surfaces. The water splitting efficiency with anion exchange 
membrane (AEM) devices has reached as high as 74%. 
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A Frustrated Lewis Pair Solution to a Frustrating Problem: Mono-Selective 
Functionalization of C–F Bonds in Di- and Trifluoromethyl Groups 

 
Rowan D. Young 

Department of Chemistry, National University of Singapore, 117543, Singapore 
 

rowan.young@nus.edu.sg 
 

Polyfluoromethyl groups generally suffer from ‘over-reaction’, where multiple C-F 
bonds are uncontrollably functionalized.1 To solve this problem, we have developed 
Frustrated Lewis Pair (FLP) mediated C-F bond activation that allows selective 
monodefluorination via base capture of intermediate fluorocarbocations.2 FLP 
mediated C-F bond activation can be applied to aromatic, heteroaromatic and non-
aromatic difluoro and trifluoromethyl groups to generate selectively fluoride 
substituted phosphonium and pyridinium salts. These salts can be further 
functionalized via Wittig coupling, nucleophilic substitution, photoredox alkylation, 
nucleophilic transfer and hydrogenation reactions (inter alia) to install a range of 
functional groups into the activated C-F position. 

 

 

Figure 1. Selective activation and functionalization of difluoromethyl and 
trifluoromethyl groups mediated by frustrated Lewis pairs (FLPs). 

 

References 

1. O’Hagan, D. Chem. Soc. Rev., 2008, 37, 308. 
2. (a) Mandal, D.; Gupta, R.; Young, R. D. J. Am. Chem. Soc., 2018, 140, 10682; (b) 

Mandal, D.; Gupta, R.; Jaiswal, A. K. ; Young, R. D. J. Am. Chem. Soc., 2020, 142, 2572. 

  



INTERNATIONAL CONFERENCE ON ORGANIC AND APPLIED 
CHEMISTRY (ICOAC) 2022 

Department of Chemistry, Faculty of Mathematics and Natural Sciences, Brawijaya University 
Jl. Veteran Malang, East Java, Indonesia 65145 
Phone: +62-341- 575835, Fax: +62-341- 575839 

 
 

 
 

xv 

Preparation of Sulfated Titania Aerogel Catalyst for Synthesis of Dimer Eugenol 
as Anti Inflammatory Drugs 

 

Silvester Tursiloadi 

Research Center for Chemistry, National Research and Innovation Agency of the 
Republic of Indonesia, Kawasan PUSPIPTEK Serpong, Tangerang Selatan, Indonesia 

15314 

 

The microstructure of mesoporous sulfated titania aerogel prepared by one-step CO2 
supercritical extraction and its catalytic activity has been discussed.  Sulfated titania 
(TiO2-SO42-) aerogel has been prepared through one-step synthesis by the sol-gel 
method using sulfuric acid as catalyst followed by the one-step CO2 supercritical 
extraction.  Highly porous aerogel with a large surface area (469m2/g) and high 
porosity (pore volume 1.6cm3/g) has been obtained.  Thermal evolution of the gels 
were evaluated by TGA-DTA, N2 adsorption, TEM and XRD, and the IR absorption 
spectra measurements were made to discuss the structure of sulfated titania.  The 
bridged bidentate, Ti2SO4 is formed through the sol-gel reaction using sulfuric acid as 
catalyst and it is stable at temperatures up to 700oC.  Due to the presence of surface 
sulfate, the grain growth of anatase and the phase transformation from anatase to 
rutile are restrained.  The anatase phase is stable after calcination at temperatures up 
to 700oC, and the specific surface area, total pore volume and average pore 
diameter of anatase phase do not change significantly after calcination at 600oC.  
Thermally stable and highly acidic sulfated titania aerogel is attractive as catalyst.  
The catalytic activity of the sulfated anatase shows good ability for application as a 
catalyst for synthesis of dimer eugenol.  Dimerization of eugeunol reaction with result 
of Dimer Eugenol crystal, with rendement 10 % (w/w). Dimmer eugenol resulted show 
better inflammatory activity than parent eugenol and commercial inflammatory 
drug. 

 

Keywords: sulfated titania aerogel, one-step CO2 supercritical extraction, dimer 
eugenol, inflammatory drug. 
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Jamu: Indonesian Traditional Medicines in Modern Perspective 

 

Dr. Sri Fatmawati 
Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia 

 
Email: fatma@chem.its.ac.id 

 

Indonesia is among countries having mega-biodiversity in the world and provide a 
prolific source of medicinal plants for therapeutic agents. Indonesian herbal 
medicine, so-called Jamu, is formulated based on traditional knowledge of local 
community for prevention and treatment of various diseases. On the other side, there 
has been a significant rise on demand of phytopharmaca for global need. These give 
an opportunity and challenge for us at the same time as evidence-based medicine 
is required to standardize and support ethnobotanical use. Research on bioactivities 
of various medicinal plants used in Indonesian herbal remedies has been widely 
studied, such as antioxidants, antidiabetic, antibacterial, and antifungal and thus 
becomes our main focus in the Laboratory of Natural Product and Synthetic Chemistry 
at Department of Chemistry – ITS, which include medicinal plants from genus Garcinia, 
Curcuma, Phyllantus, Ganoderma and others. Our extensive projects studying the 
biological properties and chemical constituents of those plants revealed that they are 
useful in increasing immunity, preventing several diseases, and increasing stamina, 
which give us an insight for further development. 
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Photochemical Synthesis of Phenacenes and Their Application to Organic 
Electronics 

 
Hideki OKAMOTO 

Graduate School of Natural Science and Technology, Okayama University, JAPAN 

hokamoto@okayama-u.ac.jp 

 
Aromatic molecules with extended π conjugation attract much attention due to their 
unique chemical and physical properties as well as potential applications to various 
functional materials namely in organic electronics fields. Acenes, possessing the 
linearly fused array of benzene rings, have been extensively investigated as aromatic 
functional materials. Phenacene is another structural category of polycyclic aromatic 
hydrocarbons with a zigzag-fused benzene array. They are referred as one-
dimensional graphene ribbon with the armchair-edge structure. Although 
phenacenes had been recognized as contents in residue of petroleum industry, they 
were not applied as functional materials. We have unexpectedly found that 
phenacenes were promising materials for active layers of organic field effect 
transistors (FETs) and even for aromatic superconductors. It has been established that 
phenacene frameworks can be synthesized by Mallory photoreaction. We have fully 
taken advantages of the Mallory photoreaction and synthesized various phanacenes 
and their derivatives. It was revealed that the phenacenes were applicable to active 
layer of FET devices. In this presentation, photochemical synthesis and electronic 
features of a variety of phenacenes, and their application to organic electronics, such 
as OFET, will be presented. 
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The food supply chain generates enormous amount of waste: veggies residues  left 
over in the fields, side stream of food production, post consumer waste. Most of them 
are used as feed or in bioenergy production, some are disposed off as waste. 

However a green chemistry approach can allow one, once identified the different 
chemical  classes present in the waste, to design specific valorization pathways for 
each of them also outside the food value chain.  Two examples will be reported and 
discussed: the valorization of rice waste carried out in the frame of RiceRes project 
and the upcycling of silverskin, a waste of coffee roasting, in the CirCo project. 

The multivalorization of rice waste led to green building materials, innovative polymer 
matrix composites, sterolesters for nutraceutical use and high added value protein 
hydrolysates1. Both chemical and enzymatic processes were used for the upgrade of  
cellulose,  lignin, the oil and the protein fraction of straw, husk and bran. 

Extraction of silverskin with supercritical CO2 led to a fat of unusual composition that 
was found to be suitable for the formulation of make up products2. The subsequent 
extraction of a powerful antioxidant and its esterification by heterogeneous catalysis 
led to a product with increased antioxidant properties. Finally the residue was used as 
a replacement of virgin cellulose in the production of graphic paper. A detailed LCA 
analysis allowed to state that substitution of 15% virgin cellulose with silverskin derived 
cellulose can reduce the environmental impact of paper production by 10% and 
greenhouse gas (GHG) emissions by 13% compared to conventional production3. 

The hydrogenation of lactose, the main component of cheese whey,  to sorbitol and 
dulcitol will also be discussed4. 
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Food proteins are digested by protease to produce food peptides. Also it has been shown 
that some peptides in foods are modified during processing and storage. Pyroglutamyl-
leucine (pyroGlu-Leu, pEL), a di-peptide, is one of the example of food-derived peptides. 
It is widely present in wheat gluten hydrolysates and Japanese traditional fermented 
foods, such as soy paste (miso), soy sauce (shoyu), and Japanese rice wine (sake). It has 
been shown that treatment of pyroGlu-Leu has some beneficial effect, such as anti-
inflammation, hepato-protective effect, attenuation of DSS-induced colitis and dysbiosis, 
and so on.  

In ICOAC, I will introduce one of our study; Attenuation of high-fat diet induced dysbiosis 
by pyroGlu-Leu. In this study, we used rats divided into four groups, fed normal or high fat 
diet, received vehicle or 1.0 mg/kg body weight of pyroGlu-Leu. Micorbiota was 
evaluated by quantification of Firmicutes and Bacteroidetes in rats’ feces by using qPCR. 
To elucidate the mechanism of how small dose of pyroGlu-Leu attenuated dysbiosis, we 
evaluated antimicrobial peptides which is secreted from ileum as host defense system by 
LC-MS. 

As a result, we found that administration of pyroGlu-Leu attenuated high fat diet-induced 
dysbiosis. Moreover, pyroGlu-Leu increased propeptide form of antimicrobial peptide in 
ileum and active form of it in lumen. These results suggest that oral administration of 
pyroGlu-Leu attenuates dysbiosis in colon by increasing secretion of host antiimicrobial 
peptide in ileum. 
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Microwave induced catalysis process based on CoO/ZnAl2O4 catalysts, was reported 
for the two-step transforming eugenol to vanillin. Effects of catalyst load and 
irradiation time for the efficiency of catalytic oxidation were studied. The products of 
two step transforming were studied by FTIR and GCMS. Results indicated that 
interaction between microwave irradiation and CoO/ZnAl2O4 catalyst showed much 
higher catalytic oxidation activity than under reflux heating. Significantly, transforming 
eugenol to vanillin efficiency reached 67.79 % under optimal conditions with 
microwave power of 400 W, 4% catalyst and reaction time of 15 min. Comparison with 
one pot catalytic oxidation under reflux heating method using ZnO, CoO, dan ZnAl2O4 
catalysts also reported. 

Keywords: eugenol, vanillin, microwave-induced catalysis, CoO/ZnAl2O4 catalyst 

 

  



INTERNATIONAL CONFERENCE ON ORGANIC AND APPLIED 
CHEMISTRY (ICOAC) 2022 

Department of Chemistry, Faculty of Mathematics and Natural Sciences, Brawijaya University 
Jl. Veteran Malang, East Java, Indonesia 65145 
Phone: +62-341- 575835, Fax: +62-341- 575839 

 
 

 
 

xxii 

The Potency of Natural Coloring Extract for Green Identification Methods of 
Animal Fat Through UV-vis Spectrophotometry 

 

Rurini Retnowati1,2 
1. Department of Chemistry, Faculty of Mathematics and Natural Sciences, 

Brawijaya University, Indonesia 
2. LCAMIA: Research Centre for Low Cost and Automated Method & 

Instrumentation Analysis, Brawijaya University, Malang ,65145, Indonesia 
 

Email: rretnowati @ub.ac.id 

Environmental concerns are becoming more widespread. Chemistry must follow the 
trend of sustainable development and be "green" or "clean." Thus, the "Twelve 
Principles of Green Chemistry" guidelines mostly addressed the facets of synthetic 
chemistry, but they also included the foundation of green chemistry. Green Chemistry 
is defined as the exploitation of techniques and methodologies aiming to reduce or 
eliminate the use of chemicals that are hazardous to human health or the 
environment and thus the amounts and toxicity of waste. One method in the 
development of affordable and ecologically friendly green identification is the use of 
natural coloring reagents from plant extracts for chemical analysis. As an alternative 
to the carcinogenic diazonium reagent, this work seeks to identify animal fats by UV-
vis spectrophotometric technique utilizing natural coloring reagents of several 
extracts. The basis for the diazonium reagent test is that red dye is composed of 
hydrophobic molecules. In comparison to plant extracts having polar main 
compounds, extracts containing non-polar major compounds produced good results 
in the identification of fats. Although the UV-Vis spectrum profiles of the animal fats 
with and without the addition of extract reagents showed various UV-vis spectrum 
profiles, the profiles obtained were different. Based on the finding, it can be said that 
utilizing ethylacetate as a solvent, together with a combination of natural coloring 
extracts, and UV-Vis spectrophotometry method can be used to distinguish between 
each type of animal fat. 
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&RUUHVSRQGLQJ�HPDLO��WVXWVXPL#VN�ULWVXPHL�DF�MS

$%675$&7

,Q�WKH�SDVW�WZR�GHFDGHV��WKH�GHYHORSPHQW�RI�DJJUHJDWLRQ�LQGXFHG�HPLVVLRQ��$,(��DFWLYH�PROHFXOHV�
LQ�ZKLFK�WKH�PROHFXOHV�DUH�QRQ�HPLVVLYH�LQ�GLOXWH�VROXWLRQ�DQG�VWURQJO\�HPLVVLYH�LQ�DJJUHJDWHG
VWDWHV �LV �LQFUHDVLQJO\ �DWWUDFWLYH�>�@ �7KH �VROLG�VWDWH �OXPLQHVFHQFH �RI �RUJDQLF �PDWHULDOV �UHOLHV
VWURQJO\�RQ�WKHLU�PROHFXODU�SDFNLQJ�DQG�LQWHUPROHFXODU�LQWHUDFWLRQ��,Q�UHFHQW�\HDUV��WKHUH�KDV
EHHQ�JURZLQJ�LQWHUHVW �LQ�PDWHULDOV �WKDW �FDQ�VKRZ�GLVWLQFW �VROLG�VWDWH�OXPLQHVFHQFH�IURP�RQH
FKURPRSKRUH�E\�WDNLQJ�DGYDQWDJH�RI�SRO\PRUSKLVP�EHKDYLRU��3RO\PRUSKLF�PDWHULDOV�SRVVHVV�PRUH
WKDQ �RQH �FU\VWDOOLQH �SKDVH� �ZKHUH �HDFK �SKDVH �VKRZV �GLIIHUHQW �HPLVVLRQ �FRORU� �(VSHFLDOO\�
PHFKDQRFKURPLF�OXPLQHVFHQFH�KDV�UHFHLYHG�FRQVLGHUDEOH�DWWHQWLRQ�GXH�WR�LWV�ZLGH�SRWHQWLDO�LQ
VHQVRUV� �SUREHV� �DQG �PHPRU\ �GHYLFHV� �,Q �WKHVH �V\VWHPV� �PHFKDQLFDO �IRUFH ��H�J�� �PHFKDQLFDO
JULQGLQJ�DQG�VWUHWFKLQJ��FRXOG�LQGXFH�D�VLJQLILFDQW�FKDQJH�LQ�RSWLFDO�SURSHUWLHV�PRVWO\�GXH�WR�WKH
FKDQJH�LQ �PROHFXODU �DUUDQJHPHQWV� �*ROG �FRPSOH[ �LV �DQ�DWWUDFWLYH �PDWHULDO �WR �LQGXFH�VWURQJ
OXPLQHVFHQFH�LQ�DJJUHJDWHG�VWDWHV�DQG�VWLPXOL�UHVSRQVLYH�OXPLQHVFHQFH�EHKDYLRU�RZLQJ�WR�WKH
XQLTXH �$Xi$X��DXURSKLOLF� �LQWHUDFWLRQ� �,QGHHG� �QXPHURXV �VWXGLHV �KDYH �UHSRUWHG �YDULRXV �JROG
FRPSOH[HV�ZLWK�OXPLQHVFHQFH�FRORU�VHQVLWLYLW\�WRZDUG�H[WHUQDO�VWLPXOL��PHFKDQLFDO�IRUFH��KHDW�
SUHVVXUH��>���@ �,Q �WKLV �VWXG\� �:H�GHVLJQHG�DQG�V\QWKHVL]HG�JROG�FRPSOH[HV�ZLWK�ELSKHQ\O �RU
F\FORKH[\OSKHQ\O�DQG�LVRF\DQLGH�OLJDQGV��7KHVH�W\SH�RI�FRPSOH[HV�KDYLQJ�OLJDQGV�ZLWK�OHVV�VWHULF
EXONLQHVV�DURXQG�$X�DWRPV�LV�IDYRUDEOH�WR�PDQLIHVW�DXURSKLOLF�LQWHUDFWLRQ��3KRWRSK\VLFDO�EHKDYLRUV
RI�WKH�JROG�FRPSOH[HV�LQ�YDULRXV�VWDWHV�ZHUH�GLVFXVVHG�EDVHG�RQ�QRW�RQO\�WKHLU�SULPDU\�VWUXFWXUHV
EXW�DOVR�WKH�VWUXFWXUH�RI�PROHFXODU�DJJUDJDWHV��%RWK�FRPSOH[HV�DUH�$,(�DFWLYH��ZLWK�VWURQJ�URRP�
WHPSHUDWXUH�SKRVSKRUHVFHQFH��573��LQ�WKH�FU\VWDO��,QWHUHVWLQJO\��&3�H[KLELWHG�LQWULJXLQJ�VWLPXOL�
UHVSRQVLYH�OXPLQHVFHQFH�E\�KDYLQJ�ERWK�SRO\PRUSKLVP�DQG�PHFKDQRFKURPLVP�EHKDYLRU��'LVWLQFW
HPLVVLRQ�FRORU�ZDV�REVHUYHG�LQ�&3�FRPSOH[�XQGHU�GLIIHUHQW�UHFU\VWDOOL]DWLRQ�FRQGLWLRQV��6XFK
HPLVVLRQ�FRORU�GHSHQGHQW�LV�OLNHO\�WR�DWWULEXWH�WR�WKH�FKDQJH�LQ�WKH�DJJUHJDWHG�VWUXFWXUH�EHWZHHQ
FU\VWDO�SRO\PRUSKV�DV�ZHOO�DV�WKH�JURXQG�FU\VWDO�����%HQ�=KRQJ�7DQJ�HW�DO���-��0DWHU��&KHP��������
������������+DMLPH�,WR�HW�DO���$QJHZ��&KHP��,QW��(G�����������������������.DRUL�)XMLVDZD�HW�DO���6FL
5HS����������������
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*UHHQ�6\QWKHVLV�RI�&KDOFRQHV�'HULYDWLYHV�8VLQJ�)H&O���+�2�DV
$�&DWDO\VW�8QGHU�6ROYHQW�)UHH�&RQGLWLRQV

=LGQL�$NEDURUUL]NL���,QGDK�1XU�3UDPHVWL
��DQG�0RNKDPDW�$ULHILQ�

�'HSW��RI�&KHPLVWU\��8QLYHUVLWDV�1HJHUL�0DODQJ��,QGRQHVLD
�'HSW��RI�&KHPLVWU\��8QLYHUVLWDV�3DODQJNDUD\D��,QGRQHVLD


&RUUHVSRQGLQJ�HPDLO��LQGDKQXU�SUDPHVWL�IPLSD#XP�DF�LG

$%675$&7

&KDOFRQH�LV�D�SUHFXUVRU�RI�D�JURXS�RI�IODYRQRLG�DQG�LVRIODYRQRLG�FRPSRXQGV�WKDW�DUH�FRPPRQO\
IRXQG�LQ�SODQWV�LQ�,QGRQHVLD��&KDOFRQH�FRPSRXQGV�DQG�WKHLU�GHULYDWLYHV�DUH�UHSRUWHG�WR�KDYH
DQWLEDFWHULDO��DQWLR[LGDQW��DQWL�LQIODPPDWRU\��DQWLPDODULDO��DQWLFDQFHU��DQWLWXPRU��DQDOJHVLF��DQG
DQWLS\UHWLF �DFWLYLWLHV� �&KDOFRQHV �FDQ �EH �V\QWKHVL]HG �WKURXJK �D �&ODLVHQ�6PLGWK �FRQGHQVDWLRQ
UHDFWLRQ�EHWZHHQ�DURPDWLF�DOGHK\GHV�DQG�NHWRQHV�XVLQJ�DQ�DFLG�RU�EDVH�FDWDO\VW�IROORZHG�E\�D
GHK\GUDWLRQ�UHDFWLRQ��7KLV�VWXG\�DLPHG�WR�V\QWKHVL]H�FKDOFRQH�GHULYDWLYHV�XVLQJ�HFR�IULHQGO\�QRQ�
WR[LF�)H&O���+�2�FDWDO\VWV�XQGHU�VROYHQW�IUHH�FRQGLWLRQV� �2XU�H[SHULPHQW�ZDV�FDUULHG�RXW�WR
V\QWKHVL]H �VRPH �FKDOFRQH �GHULYDWLYHV �DW �������� �R& �E\ �VWLUULQJ �SURFHVV� �,Q �WKLV �VWXG\� �WKH
V\QWKHVLV �RI �FKDOFRQH �GHULYDWLYHV �ZDV �VWDUWHG �ZLWK ��� �PPRO �RI �YDULRXV �EHQ]DOGHK\GH ��S�
K\GUR[\EHQ]DOGHK\GH��S�PHWKR[\EHQ]DOGHK\GH��DQG����PPRO�DFHWRSKHQRQH�LQ�WKH�SUHVHQFH�RI����
PPRO�)H&O���+�2�FDWDO\VWV�WKHQ�WKH�PL[WXUH�ZDV�VWLUUHG�IRU��������DQG����PLQXWHV��7KH�SURGXFW
ZDV �WKHQ �SXULILHG �E\ �UHFU\VWDOOL]DWLRQ �XVLQJ �HWKDQRO� �7KH �SXULW\ �RI �FKDOFRQHV �\LHOGHG �ZDV
LQYHVWLJDWHG�E\�7KLQ�/D\HU�&KURPDWRJUDSK\��7/&��DQG�PHOWLQJ�SRLQW�WHVW�ZKLOH�WKH�VWUXFWXUH�ZDV
WKHQ�FKDUDFWHUL]HG�E\�89�9LV�DQG�*&�06�DQDO\VLV�



��



��

6<0326,80

&KHPLVWU\�RI�1DWXUDO�3URGXFWV��1$7�
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&KHPLFDO�FRQVWLWXHQWV�DQG�ELRORJLFDO�SURSHUWLHV�RI�WKH�URRW
H[WUDFWV�IURP�3ULVPDWRPHULV�SODQWV�WKDW�DUH�ZLGHO\�GLVWULEXWHG

LQ�WKH�6RXWKHDVW�$VLD�UHJLRQ

/LVWLDQD�2NWDYLD
����'HZL�:XODQGDUL���:LFKDQ�(LDGWKRQJ����$KPDG�5DQG\���7RVKL\XNL�7DNDQR��
+LURVKL�.DPLWDNDKDUD��DQG�$QGULD�$JXVWD���

��5HVHDUFK�&HQWHU�IRU�3KDUPDFHXWLFDO�,QJUHGLHQW�DQG�7UDGLWLRQDO�0HGLFLQH��1DWLRQDO�5HVHDUFK�DQG
,QQRYDWLRQ$JHQF\��-O��5D\D�%RJRU�.P������&LELQRQJ��:HVW�-DYD��������,QGRQHVLD�

��'HSDUWPHQW�RI�&KHPLVWU\��2UJDQLF�&KHPLVWU\�'LYLVLRQ��8QLYHUVLW\�RI�2[IRUG��0DQVILHOG�5G��2[IRUG�2;�
�7$��8QLWHG�.LQJGRP

��'HSDUWPHQW�RI�)RUHVW�%LRORJ\��)DFXOW\�RI�)RUHVWU\��.DVHWVDUW�8QLYHUVLW\�����3KDKRQ\RWKLQ�5G��/DW�<DR�
&KDWXFKDN��%DQJNRN��������7KDLODQG�

��*UDGXDWH�6FKRRO�RI�$JULFXOWXUH��.\RWR�8QLYHUVLW\��.\RWR��-DSDQ
��)DFXOW\�RI�0HGLFLQH��0DODKD\DWL�8QLYHUVLW\��-O��3UDPXND�����%DQGDU�ODPSXQJ��,QGRQHVLD


&RUUHVSRQGLQJ�HPDLO��OLVW���#EULQ�JR�LG

$%675$&7

7KLV �VWXG\ �DLPV �WR �UHYHDO �WKH �FKHPLFDO �FRQVWLWXHQW �DQG �ELRORJLFDO �DFWLYLWLHV �RI �SUHYLRXVO\
XQUHSRUWHG�3ULPDWRPHULV�EHFFDULDQD��3E���QDWLYHO\�JURZQ�LQ�WKH�%RUQHR�LVODQG�RI�,QGRQHVLD��7ZR
RWKHU �3ULVPDWRPHULV �SODQWV� �3ULVPDWRPHULV �WHWUDQGUD ��3W�� �DQG �3ULVPDWRPHULV �JULIILWKLL ��3J�
FROOHFWHG�IURP�7KDLODQG�ZHUH�FRPSDUHG�FKHPLFDOO\�DV�JXLGDQFH�WR�REWDLQ�WKH�FKHPLFDO�LQIRUPDWLRQ
RI �3E� �0RUHRYHU� �WKH �ELRORJLFDO �SURSHUWLHV ��DQWLPLFURELDO� �DQWLR[LGDQW� �DQG �F\WRWR[LFLW\� �RI
FRPSDULVRQ�ZHUH�DOVR�HVWDEOLVKHG�WR�SUHGLFW�WKH�SKDUPDFRORJLFDOO\�LPSRUWDQW�VXEVWDQFHV�LQ�WKH
URRW�EDUN�H[WUDFW�RI�WKUHH�3ULPDWRPHULV�SODQWV�FROOHFWHG�IURP�GLIIHUHQW�UHJLRQV�LQ�6RXWKHDVW�$VLD�
7KH�FKHPLFDO�SURILOLQJ�REWDLQHG�IURP�+3/&�DQG�/&06�GDWD�GHVFULEHG�WKH�GRPLQDWLRQ�RI�WKH
DQWKUDTXLQRQHV�JURXS�LQ�WKH�WKUHH�3ULVPDWRPHULV�SODQWV��$V�FRPSDUHG�WR�3W�DQG�3J��WKH�FKHPLFDO
GLYHUVLW\ �RI �3E �LV �LGHQWLILHG �DV �UXELDGLQ� �UXELDGLQ���PHWK\O �HWKHU� ���+\GUR[\DQWKUDTXLQRQH���
FDUEDOGHK\GH� ���+\GUR[\DQWKUDTXLQRQH ���FDUEDOGHK\GH� ���K\GUR[\O���������WHWUDPHWKR[\������
DQWKUDTXLQRQH� ����K\GUR[\PHWK\O������GLPHWKR[\�����GLK\GUR[\����� �DQWKUDTXLQRQH �DQG
&��+��2����XQLGHQWLILHG���0RUH�LQWHUHVWLQJO\��/&06�GDWD�UHYHDOHG�WKH�UHODWLYHO\�VLPLODU�FKHPLFDO
FRQVWLWXHQWV�LQ�WKH�WKUHH�3ULVPWRPHULV�VDPSOHV�H[FHSW�IRU�RQH�FRPSRXQG�ZKLFK�ZDV�SXWDWLYHO\
LGHQWLILHG �DV ����K\GUR[\PHWK\O������GLPHWKR[\�����GLK\GUR[\����� �DQWKUDTXLQRQH ��&��+��2���
������7ULPHWKR[\���PHWK\O���K\GUR[\O������DQWKUDTXLQRQH ��&��+��2�� �DQG �&��+��1
�XQLGHQWLILHG��LQ�3E��3W�DQG�3J�UHVSHFWLYHO\��&RQVHTXHQWO\��WKH\�DUH�SRWHQWLDOO\�GHYHORSHG�DV�D
FKHPRWD[RQRPLF �DJHQW �IRU �WKH �UHVSHFWLYH �3ULVPDWRPHULV �VDPSOHV� �7KH �ELRORJLFDO �SURSHUWLHV
GHVFULEHG �WKH �VWURQJ �SRWHQF\ �DV �DQWLEDFWHULDO �DJHQWV �IURP �PHWKDQROLF �H[WUDFWV �RI �WKUHH
3ULVPDWRPHULV�VDPSOHV�DJDLQVW�6��DXUHXV�EDFWHULD��7KH�0LQLPXP�,QKLELWRU\�&RQFHQWUDWLRQ��0,&�
YDOXHV�RI�PHWKDQROLF�H[WUDFW�YDULHG�IURP���cJ�P/�WR����cJ�P/��ZKLOH�WKH�HWK\O�DFHWDWH�H[WUDFW
H[KLELWHG�D�UHODWLYHO\�PRGHVW �DFWLYLW\ �ZLWK�0,&�YDOXHV�RI �PRUH�WKDQ�����cJ�P/��$QWLR[LGDQW
DFWLYLW\�LQYHVWLJDWLRQ�VKRZHG�QR�VLJQLILFDQW�DFWLYLW\�DJDLQVW�'33+�UDGLFDO�VFDYHQJLQJ�DVVD\��2Q�WKH
RWKHU�KDQG��WKH�F\WRWR[LFLW\�WHVW�DQQRXQFHG�D�UHODWLYHO\�JRRG�SRWHQF\�RI�HWK\O�DFHWDWH�H[WUDFW�RI
3E��:KLOH�WKH�JURZWK�RI�+HS�*��FHOO�OLQHV�ZDV�REVHUYHG�WR�EH�VXSSUHVVHG�SURSRUWLRQDOO\�E\�HWK\O
DFHWDWH�H[WUDFW�RI�3E�DQG�3W�.H\ZRUGV��DQWKUDTXLQRQHV��DQWLEDFWHULDO��DQWLR[LGDQW��F\WRWR[LFLW\�
/&06��3ULPDWRPHULV
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&\WRWR[LF�$FWLYLW\�RI�)ODYRQRLG�&RPSRXQG�IURP�(QGRSK\WLF
)XQJXV�$WKHOLD�5ROIVLL�,VRODWHG�IURP�6WHUFXOLD�4XDGULILGD�5�%U

5RR

0XKDPPDG�+LOPL�$IWKRQL����(YD�0RQLFD���5ROODQGR�5ROODQGR�

��3URJUDP�RI�3KDUPDF\��)DFXOW\�RI�6FLHQFH�DQG�7HFKQRORJ\��8QLYHUVLWDV�0D�&KXQJ��0DODQJ��9LOOD�3XQFDN
7LGDU�1�����0DODQJ��,QGRQHVLD


&RUUHVSRQGLQJ�HPDLO��UR�OODQGR#PDFKXQJ�DF�LG

$%675$&7

$�IODYRQRLG�FRPSRXQG�ZDV�REWDLQHG�IURP�WKH�HQGRSK\WLF�IXQJXV�$WKHOLD�UROIVLL�ZKLFK�ZDV�LVRODWHG
IURP�WKH�PHGLFLQDOO\�VLJQLILFDQW�SODQW��6WHUFXOLD�TXDGULILGD�5�%U�URRW��7KH�FKHPLFDO�VWUXFWXUHV�RI�D
IODYRQRLG�ZHUH�HOXFLGDWHG�RQ�WKH�EDVLV�RI�+5�(6,�06�DQG�105�GDWD�LQFOXGLQJ��+����&��DQG
+04&�VSHFWUD�QDPHO\�SLQRVWURELQ��&\WRWR[LFLW\�ZDV�HYDOXDWHG�DJDLQVW�EUHDVW�FDQFHU�FHOO�OLQHV
7��'��3LQRVWURELQ�VKRZHG�VLJQLILFDQW�F\WRWR[LFLW\�RQ�7��'�FHOO�OLQHV�ZLWK�,&���YDOXH�UDQJHG�IURP
�����cJ�P/�
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&\WRWR[LFLW\�RI�HWK\O�DFHWDWH�VXE�IUDFWLRQ�RI�&XUFXPD
[DQWKRUUKL]D�DQG�&XUFXPD�]HGRDULD��%HUJ���5RVFRH��WRZDUG

7��'�EUHDVW�FDQFHU�FHOO

6LWL�0DUL\DK�8OID
���$QGULDQ�6XFDK\R���1XU�)LWULDQD���:LGRGR���0XKDLPLQ�5LIDj,���0DVUXUL�

�'HSW��RI�&KHPLVWU\��%UDZLMD\D�8QLYHUVLW\��0DODQJ
�'HSW��RI�%LRORJ\��%UDZLMD\D�8QLYHUVLW\��0DODQJ


&RUUHVSRQGLQJ�HPDLO��XOID�PV#XE�DF�LG

$%675$&7

$�ORQJ�KLVWRU\�RI�WKH�XVHV�RI�KHUEDO�PHGLFLQH�LQ�$VLD��LQFOXGLQJ�,QGRQHVLD�FRPHV�IURP�IRONORUH�ZLWK
OLPLWHG�LQIRUPDWLRQ�DERXW�WKH�FRQVWLWXHQWV�UHVSRQVLEOH�IRU�WKH�SKDUPDFRORJLFDO�HIIHFWV��+HUH��ZH
UHSRUWHG�WKH�H[WUDFWLRQ�RI�&XUFXPD�[DQWKRUUKL]D��&;��DQG�&XUFXPD�]HGRDULD��%HUJ���5RVFRH���&=�
URRW�XVLQJ�DOFRKRO�IROORZHG�E\�VROYHQW�SDUWLWLRQ�XVLQJ�HWK\O�DFHWDWH�DQG�GHWHUPLQHG�WKH�DFWLYH
FRQVWLWXHQW�IRU�DQWLFDQFHU��7KH�SDUWLWLRQ�RI�&;�DQG�&=�FUXGH�H[WUDFW�JDYH��������DQG�������HWK\O
DFHWDWH�IUDFWLRQV��UHVSHFWLYHO\��&\WRWR[LFLW\�VFUHHQLQJ�RI�&;�DQG�&=�HWK\O�DFHWDWH�IUDFWLRQ�VKRZHG
WKDW�ERWK�FXUFXPDV�KDG�KLJK�WR[LFLW\��3XULILFDWLRQ�XVLQJ�6L2��FROXPQ�FKURPDWRJUDSK\�JDYH��
VXEIUDFWLRQV�RI�&;�DQG����VXEIUDFWLRQV�RI�&=��%LRDFWLYLW\�DQDO\VLV�RI�HDFK�VXEIUDFWLRQ�XVLQJ�WKH
7��'�EUHDVW�FDQFHU�FHOO�OLQH�VKRZHG�D�SURVSHFWLYH�UHVXOW��6XEIUDFWLRQ�&;�)��DQG�&;�)��KDYH�WKH
KLJKHVW �WR[LFLW\ �ZLWK �,&�� ����� �b ���� �hJ�P/�DQG ����� �b ���� �hJ�P/� �UHVSHFWLYHO\� �)RU �&=�
VXEIUDFWLRQV�&=�)���&=�)���&=�)���&=�)���DQG�&=�)��KDYH�,&���EHWZHHQ�������hJ�P/��%DVHG�RQ
WKLV�UHVXOW��WKH�FRQVWLWXHQW�LQ�WKH�HWK\O�DFHWDWH�IUDFWLRQ�RI�&;�DQG�&=�LV�VXJJHVWHG�WR�KDYH�D�KLJK
SRWHQF\�DV�DQ�DQWLFDQFHU�DJHQW�
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)ODYDQRQHV�IURP�(WK\O�$FHWDWH�)UDFWLRQ�RI�&DHVDOSLQLD�VDSSDQ
KHDUWZRRG�DV�$QWL�LQIODPPDWRU\�DQG�$QWLR[LGDQW��,VRODWLRQ��LQ�

YLWUR��DQG�LQ�VLOLFR�DSSURDFK

$QGULDQ�6XFDK\R���6LWL�0DUL\DK�8OID
�����'LQLD�5L]TL�'ZLMD\DQWL���:LGRGR���1LVKL]DZD�0LNLR�

��&KHPLVWU\�'HSDUWPHQW��)DFXOW\�RI�6FLHQFH��%UDZLMD\D�8QLYHUVLW\��-O��9HWHUDQ��0DODQJ���������,QGRQHVLD
��6\QWKHVLV�DQG�&DWDO\VLV�RI�1DWXUDO�3URGXFW�5HVHDUFK�*URXS��)DFXOW\�RI�6FLHQFH��%UDZLMD\D�8QLYHUVLW\��-O�

9HWHUDQ��0DODQJ���������,QGRQHVLD
��%LRORJ\�'HSDUWPHQW��)DFXOW\�RI�6FLHQFH��%UDZLMD\D�8QLYHUVLW\��-O��9HWHUDQ��0DODQJ���������,QGRQHVLD


&RUUHVSRQGLQJ�HPDLO��XOID�PV#XE�DF�LG
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&DHVDOSLQLD�VDSSDQ��FRPPRQO\�NQRZQ�DV�VHFDQJ�E\�,QGRQHVLDQ�SHRSOH��KDV�EHHQ�ZLGHO\�XVHG�IRU
LWV �DQDOJHVLF� �DQWLR[LGDQW� �DQWL�GLDEHWHV� �DQWL�LQIODPPDWRU\� �DQWL�PLFURELDO� �DQG �DQWLFDQFHU
DFWLYLWLHV��)ODYRQRLGV�DUH�UHSRUWHG�DV�WKH�PRVW�UHVSRQVLEOH�FRQVWLWXHQWV�IRU�WKDW�SKDUPDFRORJ\
HIIHFW��)ODYDQRQH��RQH�RI�WKH�IODYRQRLG�FODVVHV��KDV�D�SDUWLFXODU�LQWHUHVW�EHFDXVH�LW�KDV�D�ZLGH
UDQJH�RI�FRPSRXQGV�ZLWK�2�VXEVWLWXHQWV��VXFK�DV�K\GUR[\��PHWKR[\��DQG�2�JO\FRV\O��,Q�WKLV�VWXG\�
WKH�LVRODWLRQ�RI�FRQVWLWXHQWV�LQ�&��VDSSDQ�ZDV�FDUULHG�RXW�E\�0H2+��IROORZHG�E\�VROYHQW�SDUWLWLRQ
XVLQJ �HWK\O �DFHWDWH� �&RQWLQXLQJ �WKH �SXULILFDWLRQ �RI �HWK\O �DFHWDWH �IUDFWLRQ �ZLWK �6L2� �FROXPQ
FKURPDWRJUDSK\�JDYH���VXE�IUDFWLRQV��$��$����$QDO\VLV�RI�DQWLR[LGDQWV�VXJJHVWHG�WKDW�$���$���DQG
$��KDYH�WKH�KLJKHVW�DQWLR[LGDQW�DFWLYLWLHV�ZLWK�,&���YDOXHV�RI������b������������b�������DQG������b
�����SSP��UHVSHFWLYHO\��$Q�DQWL�LQIODPPDWRU\�WHVW�ZDV�FDUULHG�RXW�LQ�YLWUR�XVLQJ�5$:�������FHOO
PDFURSKDJH�WR�HYDOXDWH�WKH�VXSSUHVVLRQ�RI�QLWULF�R[LGH��12��LQGXFHG�E\�/36��)UDFWLRQV�$���$��
DQG�$��DUH�JLYLQJ�SURPLVLQJ�UHVXOWV�LQ�WKH�VXSSUHVVLRQ�RI�12�SURGXFWLRQ��)XUWKHU�DQDO\VLV�XVLQJ
/&�06�WR�WKHVH�IUDFWLRQV�JDYH�SRULRO�DQG�SLQRVWURELQ��IODYDQRQH�GHULYDWLYHV��DQG�K\GUR[\EUD]LOLQ
FRQVLVW�LQ�IUDFWLRQV�$���$���$���DQG�$���+RZHYHU��EUD]LOLQ�LV�QRW�GHWHFWHG�E\�WKLV�DQDO\VLV��,Q�VLOLFR
DQDO\VLV�E\�PROHFXODU�GRFNLQJ�UHYHDOHG�WKDW�SLQRVWURELQ�DQG�SRULRO�VKRZ�D�EHWWHU�UHVXOW�WR�LQKLELW
L126��&2;����&2;����,/��f��DQG�71)�e��7KH�K\GUR[\O�JURXS�IURP�SRULRO�DQG�SLQRVWUREULQ�DUH
UHVSRQVLEOH�IRU�WKHLU�DQWLR[LGDQW�DFWLYLWLHV��ZKLOH�WKH�PHWKR[\�JURXS�LQ�SLQRVWURELQ�FDQ�LQFUHDVH�LWV
DQWL�LQIODPPDWRU\�DFWLYLW\�VKRZQ�E\�WKH�EHWWHU�ELQGLQJ�DIILQLW\��7DNHQ�WRJHWKHU��WKH�UHVXOW�VXJJHVWV
WKDW�WKH�IODYDQRQHV�IURP�&��VDSSDQ�KDYH�SRWHQW�DQWLR[LGDQW�DQG�DQWL�LQIODPPDWRU\�DFWLYLWLHV�WKDW
PD\�EH�XVHIXO�LQ�SUHYHQWLQJ�YDULRXV�GLVHDVHV�
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3KRWRSK\VLFDO�$QDO\VLV�RI�1DWXUDOO\�2FFXUULQJ�&RXPDULQV
,VRODWHG�IURP�7KH�+\GURSKRELF�3KDVH�RI�&DORSK\OOXP

LQRSK\OOXP�/HDYHV

7VDQL\D�6KDTXLOOD�<��3����=XEDLGDK�1LQJVLK���+LGHNL�2NDPRWR���6LWL�0DUL\DK�8OID
���

�&KHPLVWU\�'HSDUWPHQW��)DFXOW\�RI�6FLHQFH��%UDZLMD\D�8QLYHUVLW\��-O��9HWHUDQ��0DODQJ���������,QGRQHVLD
�'HSDUWPHQW�RI�&KHPLVWU\��2ND\DPD�8QLYHUVLW\��2ND\DPD������������-DSDQ

�6\QWKHVLV�DQG�&DWDO\VLV�RI�1DWXUDO�3URGXFW�5HVHDUFK�*URXS��)DFXOW\�RI�6FLHQFH��%UDZLMD\D�8QLYHUVLW\��-O�
9HWHUDQ��0DODQJ���������,QGRQHVLD
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&RXPDULQ�PRLHW\�IURP�WKH�QDWXUDO�SURGXFW�ZDV�UDSLGO\�REVHUYHG�EHFDXVH�RI�LWV�SKRWRFKHPLFDO�DQG
SKRWRSK\VLFDO �SURSHUWLHV �WKDW �VKRZ�H[FHOOHQW �SRWHQWLDO �DV �ODVHU �G\HV �DQG�IOXRUHVFHQW �SUREHV�
5HFHQWO\��IRXU�QHZ�FRXPDULQV�IURP�WKH�OHDYH�RI�&DORSK\OOXP�LQRSK\OOXP�KDYH�EHHQ�LGHQWLILHG�
6LQFH�VWUXFWXUH�GLIIHUHQFHV�JUHDWO\�DIIHFW�WKH�SKRWRSK\VLFDO�DQG�SKRWRFKHPLFDO�SURSHUWLHV��LQ�WKLV
UHVHDUFK�WKH�LVRODWLRQ�RI�FRXPDULQ�IURP�WKH�OHDYH�RI�&��LQRSK\OOXP�FXOWLYDWHG�LQ�,QGRQHVLD�ZDV
FDUULHG�RXW��/RZ�SRODULW\�VROYHQWV��WKDW�LV�KH[DQH�DQG�FKORURIRUP�ZHUH�XVHG�IRU�SDUWLWLRQLQJ�FUXGH
0H2+�H[WUDFW�RI�&��LQRSK\OOXP��)URP�����J�RI�&��LQRSK\OOXP�GU\�OHDYH���������RI�0H2+�H[WUDFW
REWDLQHG��6ROYHQW�SDUWLWLRQ�XVLQJ�KH[DQH�DQG�FKORURIRUP�JLYHV�������DQG��������UHVSHFWLYHO\�
4XDOLWDWLYH�SK\WRFKHPLFDO�DQDO\VLV�RI�KH[DQH�IUDFWLRQ�VXJJHVWHG�WKDW�FRXPDULQ�GHULYDWLYHV�DUH
FROOHFWHG�PRUH�LQ�KH[DQH�IUDFWLRQ�WKDQ�LQ�FKORURIRUP��)XUWKHU�SXULILFDWLRQ�RI�KH[DQH�IUDFWLRQ�XVLQJ
6L2��DQG�DQDO\VLV�RI�LVRODWHG�FRPSRXQG�XVLQJ�/&06��105�VSHFWURVFRS\�DQG�VSHFWURIOXRURPHWHU
LV�FRQGXFWHG�WR�H[SODLQ�WKH�SKRWRSK\VLFDO�SURSHUWLHV�RI�QDWXUDOO\�RFFXUULQJ�FRXPDULQV�IURP�&�
LQRSK\OOXP�
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3UHOLPLQDU\�$QWLR[LGDQW�DQG�b�JOXFRVLGDVH�DFWLYLW\�RI�3�
FDQQHFVHQV�MDFN�([WUDFW�DV�)XQFWLRQDO�)RRG�IRU�$QWLGLDEHWLF

&DQGLGDWH

,QGUD�/DVPDQD�7DULJDQ���1LQGLWD�&ORXULVD�$PDULV�6XVDQWR���6XWULVQR���0DG\DZDWL�/DWLHI
�


������'HSDUWPHQW�RI�&KHPLVWU\��)DFXOW\�RI�6FLHQFH�DQG�7HFKQRORJ\��8QLYHUVLWDV�-DPEL
��'HSDUWPHQW�RI�3KDUPDF\��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV��8QLYHUVLWDV�1HJHUL�6HEHODV�0DUHW
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'LDEHWHV�PHOOLWXV�LV�D�PHWDEROLF�V\QGURPH�GLVHDVH�FKDUDFWHUL]HG�E\�D�K\SHUJO\FHPLF�VWDWH�GXH�WR
WKH�SDQFUHDV
�LQDELOLW\��QRW�EHLQJ�DEOH�WR�SURGXFH�HQRXJK�LQVXOLQ��7KH�ERG\�LV�XQDEOH�WR�XVH�WKH
LQVXOLQ�SURSHUO\�WKDW�LV�SURGXFLQJ�HIIHFWLYHO\��'HOD\LQJ�WUHDWPHQW�RI�WKH�GLVHDVH�ZLOO�FDXVH�VHYHUDO
FRPSOLFDWLRQV�DQG�HYHQ�FRXOG�OHDG�WR�SUHPDWXUH�GHDWK��2QH�RI�WKH�DQWLGLDEHWLF�DOWHUQDWLYHV�E\
XWLOL]LQJ�PHGLFLQDO�SODQWV�DV�ERWK�H[WUDFWV�DQG�IXQFWLRQDO�IRRGV�IRUPXODWHG��*HQHUDOO\��IXQFWLRQDO
IRRG�LV�D�WHUP�IRU�IRRG�GULYHQ�IURP�ELRDFWLYH�FRPSRQHQWV��ZKLFK�FDQ�SURYLGH�KHDOWK�EHQHILWV�
EH\RQG�WKH�EHQHILWV�SURYLGHG�E\�WKH�QXWULHQWV�FRQWDLQHG�WKHUHLQ��%DVHG�RQ�HWKQRPHGLFLQH��RQH�RI
WKH�SODQWV�WKDW�NQRZQ�WKH�SRWHQWLDOLW\�WR�EH�GHYHORSHG�DV�DQ�DOWHUQDWLYH�WR�K\SRJO\FHPLF�IXQFWLRQDO
GULQNV�LV�WKH�6XQJNDL��3HURQHPD�FDQHVFHQV�-DFN���3��FDQHVFHQV�OHDYHV�FRQWDLQ�VHYHUDO�VHFRQGDU\
PHWDEROLWHV�WKDW�SOD\�D�UROH�LQ�LPSURYLQJ�LQVXOLQ�VHQVLWLYLW\�E\�LPSURYLQJ�VXJDU�PHWDEROLVP�LQ�WKH
ERG\��7KLV�VWXG\�DLPV�WR�GHYHORS�D�IXQFWLRQDO�WHD�DQWLR[LGDQW�ULFK�IURP�3��FDQHVFHQV�OHDYHV�H[WUDFW
DV�D�KHDOWK\�GULQN�IRU�GLDEHWHV��7KH�FKDUDFWHUL]DWLRQ�RI�ELRDFWLYH�FRPSRXQGV�XVHG�WKH�'33+
PHWKRG�DQG�$OSKD�JOXFRVLGDVH�LQKLELWLRQ��7HD�ZDV�IRUPXODWHG�E\�DGGLQJ�IRXU�GLIIHUHQW�H[WUDFW
FRQFHQWUDWLRQV� ���������������DQG������UHVSHFWLYHO\� �WKHQ�GHWHUPLQHG�WHD�RUJDQROHSWLF�DQG
DQWLR[LGDQW�DFWLYLW\� �7KH�UHVXOWV�VKRZHG�WKDW�WKH�,&���YDOXH�RI �WKH�DQWLR[LGDQW�DFWLYLW\�RI �3�
FDQHVFHQV�OHDYHV�H[WUDFW�LQ�Q�KH[DQH�DQG�HWK\O�DFHWDWH�ZDV�LQDFWLYH�����������DQG���������SSP
UHVSHFWLYHO\�ZKLOH�,&���YDOXH���������SSP�IRU�HWKDQRO�VROYHQW��6RPHKRZ��WKH�LQKLELWRU\�DFWLYLW\
WHVW�VKRZHG�WKDW�WKH���SSP�HWKDQRO�H[WUDFW�KDG����������LQKLELWLRQ�EHORQJV�WR�ZHDN��ZKLOH�WKH
DFDUERVH�FRQWURO�ZDV������7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�HWKDQRO�H[WUDFW�RI�3��FDQHVFHQV�OHDYHV
ZDV�LQKLELWV�WKH�e�JOXFRVLGDVH�HQ]\PH��,&�����SSP��7KH�DQWLGLDEHWLF�DFWLYLW\�ZDV�WKHQ�YHULILHG�E\
PHDVXUHG�RQ�WKH�EORRG�VXJDU�OHYHOV�RI�PLFH��7KH�WHVW�UHVXOWV�VKRZHG�WKDW�WKH�KLJKHVW�GHFUHDVH�LQ
EORRG�VXJDU�OHYHOV�ZDV�DW�3(���H[WUDFW����PJ�NJ�%:���2XU�ILQGLQJ�LQ�WKLV�UHVHDUFK�LV�WKDW�LQ
IXQFWLRQDO�GULQNV��WKH�KLJKHVW�GHFUHDVH�LQ�EORRG�VXJDU�OHYHOV�ZDV�DW�7)�������H[WUDFW��



��

6<0326,80

0ROHFXODU�0RGHOLQJ�LQ�'UXJ�'HVLJQ
�00'�



��



��

00'�2����

1RYHO�%URPRDON\O�����%HQ]RTXLQRQHV�DV�$QWL�,QIODPPDWRU\
&DQGLGDWH�7RZDUG�&2;�6LJQDOLQJ��6\QWKHVLV��2FWDQRO�:DWHU

6ROXELOLW\��DQG�,Q�6LOLFR�'UXJ�7DUJHW�3URILOLQJ

5L]NL�5DFKPDG�6DSXWUD
���6LWL�0DUL\DK�8OID
���0��)DULG�5DKPDQ���+LGHNL�2NDPRWR�

�'HSDUWPHQW�RI�&KHPLVWU\��)DFXOW\�RI�0DWKHPDWLF�DQG�1DWXUDO�6FLHQFHV��8QLYHUVLW\�RI�3DODQJND�5D\D�
3DODQJND�5D\D��&HQWUDO�.DOLPDQWDQ��,QGRQHVLD

�'HSDUWPHQW�RI�&KHPLVWU\��)DFXOW\�RI�0DWKHPDWLF�DQG�1DWXUDO�6FLHQFHV��8QLYHUVLW\�RI�%UDZLMD\D��0DODQJ�
(DVW�-DYD��,QGRQHVLD

�'LYLVLRQ�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\��*UDGXDWH�6FKRRO�RI�1DWXUDO�6FLHQFH�DQG�7HFKQRORJ\��2ND\DPD
8QLYHUVLW\��7VXVKLPD�1DND��������.LWDNX�2ND\DPD������������-DSDQ
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7KH�PDLQ�VWUXFWXUH�RI�QRYHO�EURPRDON\O�����EHQ]RTXLQRQHV�LV�TXLQRLG�ULQJ�WKDW�FDQ�EH�PRGLILHG�WR
LQFUHDVH�WKH�ELRDYDLODELOLW\�DV�D�GUXJ�FDQGLGDWH��,Q�WKLV�UHVHDUFK��WKH�PRGLILFDWLRQV�ZHUH�FDUULHG
RXW�DV������EURPREXW\O������GLPHWK\O�����EHQ]RTXLQRQH��&��� ������EURPRKHSW\O������GLPHWK\O�����
EHQ]RTXLQRQH ��&��� �DQG �������EURPRGHF\O������GLPHWK\O�����EHQ]RTXLQRQH ��&��� �E\
EURPRDON\ODWLRQ�UHDFWLRQ��7DUJHW�FRPSRXQGV�ZHUH�VXFFHVVIXOO\�V\QWKHVL]HG�LQ����������������
DQG��������\LHOG� �UHVSHFWLYHO\� �&KHPLFDO �FRQVWLWXHQWV�RI �SURGXFW �ZHUH�LGHQWLILHG�E\�)RXULHU�
WUDQVIRUP�LQIUDUHG�VSHFWURVFRS\��)7,5���QXFOHDU�PDJQHWLF�UHVRQDQFH�VSHFWURVFRS\���+�105�DQG
��&�105���DQG�OLTXLG�FKURPDWRJUDSK\��/&��06��7KHQ��V\QWKHVL]HG�FRPSRXQGV�ZHUH�LQYHVWLJDWHG
LWV�SURSHUWLHV�E\�LQ�YLWUR�VROXELOLW\�WHVW�LQ�RFWDQRO�ZDWHU�XVLQJ�+3/&��6ROXELOLW\�WHVW�UHVXOWV�VKRZHG
WKDW�WKH�SURGXFWV�&���&���DQG�&���KDG�JUHDWHU�VROXELOLW\�LQ�RFWDQRO�SKDVH�WKDQ�LQ�WKH�ZDWHU�SKDVH�
$FFRUGLQJ�WR�VROXELOLW\�DVVD\��&���&���DQG�&���VKRZHG�SDUWLWLRQ�FRHIILFLHQWV�RI�����������������DQG
FRPSDUH�WR�WK\PRTXLQRQH��SRVLWLYH�FRQWURO��SDUWLWLRQ�FRHIILFLHQW�ZDV������DW�S+������3RWHQF\�DV
GUXJV�RI�V\QWKHVL]HG�FRPSRXQGV�ZHUH�HYDOXDWHG�E\�PROHFXODU�GRFNLQJ�XVLQJ�&2;����,'��(4*��DQG
&2;����,'��&;���DV�&2;�VLJQDOLQJ�UHFHSWRU��,Q�VLOLFR�VWXGLHV�GHSLFWHG�WKDW�&��DFWLYLW\�KDV�JUHDW
ELQGLQJ�DIILQLW\�WRZDUG�&2;���DQG�&2;����UHVSHFWLYHO\��(VSHFLDOO\�IRU�WKH�DFWLYLW\�WRZDUG�&2;��
UHFHSWRU��WKH�ELQGLQJ�DIILQLW\�RI�&��ZDV�HTXDO�WR�,EXSURIHQ�QDWLYH�OLJDQG�������NFDO�PRO�����7KH�&�
KDV�WZR�PROHFXODU�LQWHUDFWLRQV�WRZDUG�&2;����RQH�K\GURJHQ�ERQG��7\U�����DQG�RQH�K\GURSKRELF
�6HU���� �/HX���� �$OD���� �6HU���� �,OH���� �9DO���� �3KH���� �/HX���� �7US���� �3KH���� �*O\����
7\U���� �/HX���� �$UJ���� �9DO���� �7\U����� �2WKHUZLVH� �VLJQDOLQJ�DFWLYLW\ �RI �&��WRZDUG�&2;��
UHFHSWRU�LQ�ELQGLQJ�DIILQLW\�VKRZHG������NFDO�PRO���WKDW�VOLJKWO\�ORZHU�WKDQ�6&�����QDWLYH�OLJDQG
������NFDO�PRO����)XUWKHUPRUH��SURILOLQJ�GUXJ�WDUJHW�LQWHUDFWLRQ�EHWZHHQ�&��DQG�&2;���UHFHSWRU
ZDV�LOOXVWUDWHG�E\�ELQGLQJ�VLPLODULW\��7KH�ELQGLQJ�VLPLODULW\�RI�&��ZDV���������$GGLWLRQDOO\��WKH
$'0(�SDUDPHWHUV�DQG�/LSLQVNL
V�UXOH�RI�ILYH�VXJJHVWHG�WKDW�WKHVH�FRPSRXQGV�ZRXOG�KDYH�JRRG
GUXJ�OLNHQHVV��.H\ZRUG��$QWL�LQIODPPDWRU\��%HQ]RTXLQRQHV��%URPRDON\ODWLRQ��LQ�YLWUR��3DUWLWLRQ
&RHIILFLHQW��/RJ3��LQ�VLOLFR��&2;�VLJQDOLQJ��'UXJ�OLNHQHVV��$'0(��/LSLQVNL
V�UXOH�RI�ILYH
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,Q�6LOLFR�6WXG\�RI�1DWXUDO�&RPSRXQG�RQ�,QGRQHVLD�7UDGLWLRQDO
0HGLFLQH�DV�$�&29,'����7KHUDSHXWLF�$JHQW

0RNKDPDW�$ULHILQ
���5L]NL�5DFKPDG�6DSXWUD���,QGDK�1XU�3UDPHVWL�

��'HSW��RI�&KHPLVWU\��8QLYHUVLW\�RI�3DODQJND�5D\D��3DODQJND�5D\D�
��'HSW��RI�&KHPLVWU\��6WDWH�8QLYHUVLW\�RI�0DODQJ��0DODQJ�


&RUUHVSRQGLQJ�HPDLO��PRNKDPDWDULHILQ#PLSD�XSU�DF�LG
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,Q�������WKH�FRURQDYLUXV�GLVHDVH��&29,'������ZKLFK�VWDUWHG�LQ�:XKDQ��&KLQD��VSUHDG�WKURXJKRXW
WKH �ZRUOG� �&29,'��� �LV �D �GLVHDVH �WKDW �LQIHFWV �WKH �KXPDQ �UHVSLUDWRU\ �WUDFW� �&29,'��� �KDV
GHYHORSHG�PRUH�ZLGHO\�DQG�LV�UHSRUWHG�WR�KDYH�PXWDWHG�LQWR�VHYHUDO�YDULDQWV��RQH�RI�ZKLFK�LV
2PLFURQ��8QWLO �QRZ��QR�VSHFLILF�DQWLYLUDO �GUXJ�FRPSRXQG�XVHG�WR�FXUH�&29,'�����7KHUHIRUH�
VHYHUDO�GUXJV�DUH�XVHG�WR�WUHDW�&29,'�����VXFK�DV�DQWLYLUDO�GUXJV��DQWLELRWLFV��DQG�LQWHUIHURQV�
ZLWKRXW�HYLGHQFH�RI�KXPDQ�HIILFDF\��+RZHYHU��WKH�XVH�RI�WKLV�GUXJ�LV�OLPLWHG�GXH�WR�VLGH�HIIHFWV�
7KHUHIRUH��WKH�XVH�RI�QDWXUDO�SURGXFWV�DV�WKHUDSHXWLF�DJHQWV�IRXQG�LQ�QDWXUH�FDQ�EH�H[SORUHG�IRU
WKH�WUHDWPHQW �RI �&29,'���� �)RUPXODWLQJ�YDULRXV �KHUEV �ZLWK �WKH�LQJUHGLHQW �URVHOOD ��+LELVFXV
VDEGDULIID�� �VDSSDQZRRG ��&DHVDOSLQLD �VDSSDQ�� �JLQJHU ��=LQJLEHU �RIILFLQDOH� �DQG �KRQH\ �LV �RQH
WUDGLWLRQDO�GULQN�IURP�,QGRQHVLD��7KHVH�LQJUHGLHQWV�FRQWDLQ�D�ORW�RI�QDWXUDO�SURGXFWV�WKDW�SRWHQW�WR
EH�GUXJ�FRPSRXQGV��VXFK�DV�URVPDULF�DFLG������IURP�URVHOOD���EUD]LOLQ������FRQWDLQHG�LQ�VDSSDQ
ZRRG������JLQJHURO������IRXQG�LQ�JLQJHU���DQG�NDHPIHURO������IRXQG�LQ�KRQH\��KDV�EHHQ�H[SORUHG
WKHLU�SRWHQF\�WR�EH�D�&29,'����WKHUDSHXWLF�DJHQW��7KH�GRFNLQJ�PHWKRG�KDV�EHHQ�YDOLGDWHG�E\
UHGRFNLQJ�WKH�QDWLYH�OLJDQG�WR�WKH�0SUR�RI �&29,'����RPLFURQ�YDULDQW��3'%�,'���72%��DV�D
UHFHSWRU�SURWHLQ��&RPSRXQG������k*� ������NFDO�PRO��KDV�D�PRUH�QHJDWLYH�ELQGLQJ�HQHUJ\�WKDQ�WKH
QDWLYH�OLJDQG��k*� ������NFDO�PRO��RI��72%��2Q�WKH�RWKHU�KDQG��WKH�ELQGLQJ�HQHUJ\�RI�FRPSRXQGV
����������DQG�����DUH������NFDO�PRO�������NFDO�PRO��DQG������NFDO�PRO��%DVHG�RQ�WKH�FRPELQHG�DQDO\VLV
RI�ELQGLQJ�DIILQLW\�DQG�ELQGLQJ�VLPLODULW\�RI�DFWLYH�VLWHV��WKH�FRPSRXQG�LQ�WKH�WUDGLWLRQDO�GULQNV
IURP �,QGRQHVLD �LV �H[SHFWHG �WR �EH �D �SRWHQWLDO �WKHUDSHXWLF �DJHQW �IRU �&29,'���� �.H\ZRUGV�
&29,'�����2PLFURQ��0SUR
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&203281'6�)520�+\GULOOD�YHUWLFLOODWD�21�003���$1'

003���%5($67�&$1&(5�3527(,16

$��*KDQDLP�)DV\D�����:DUVLWR�
��(OYLQD�'KLDXO�,IWLWDK���5ROODQGR�

��'RFWRUDO�6WXGHQW��&KHPLVWU\�'HSDUWPHQW��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV��%UDZLMD\D
8QLYHUVLW\��0DODQJ��,QGRQHVLD

��'HSDUWPHQW�RI�&KHPLVWU\��)DFXOW\�RI�6FLHQFH�DQG�7HFKQRORJ\��0DXODQD�0DOLN�,EUDKLP�6WDWH�,VODPLF
8QLYHUVLW\��0DODQJ��,QGRQHVLD

��&KHPLVWU\�'HSDUWPHQW��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV��%UDZLMD\D�8QLYHUVLW\��0DODQJ�
,QGRQHVLD

��3KDUPDF\�'HSDUWPHQW��)DFXOW\�RI�6FLHQFH�DQG�7HFKQRORJ\��0D�&KXQJ�8QLYHUVLW\��0DODQJ��,QGRQHVLD


&RUUHVSRQGLQJ�HPDLO��ZDUVLWRXE��#\DKRR�FRP

$%675$&7

+\GULOOD �YHUWLFLOODWD �LV �DQ�DTXDWLF �SODQW �WKDW �FRQWDLQV �YDULRXV �YRODWLOH �DFWLYH �FRPSRXQGV�WKDW
SRWHQWLDO�DV�FDQGLGDWHV�IRU�EUHDVW�FDQFHU�LQKLELWRUV��6HYHUDO�DFWLYH�FRPSRXQGV�FDQ�LQKLELW�FDQFHU
WKURXJK �WKH �PHFKDQLVP �RI �PHWDVWDVLV �DQG �DQJLRJHQHVLV� �LQFOXGLQJ �E\ �LQKLELWLQJ �0DWUL[
0HWDOORSURWHLQ��003��UHVHSWRUV��7KH�GRFNLQJ�RI�YRODWLOH�DFWLYH�FRPSRXQGV�LQ�+\GULOOD�YHUWLFLOODWD
RQ�003���DQG�003���SURWHLQV�KDV�EHHQ�FDUULHG�RXW�WR�GHWHUPLQH�WKH�ELQGLQJ�DIILQLW\�DQG�W\SH�RI
ELQGLQJ�EHWZHHQ�WKH�OLJDQG�DQG�WKH�UHFHSWRU��6L[�YRODWLOH�DFWLYH�FRPSRXQGV�+\GULOOD�YHUWLFLOODWD
ZKLFK �KDYH �WKH �SRWHQWLDO �WR �LQKLELW �WKH �JURZWK �RI �EUHDVW �FDQFHU �FHOOV �ZHUH �WDNHQ�IURP�WKH
3XE&KHP�GDWDEDVH� �0ROHFXODU�GRFNLQJ�RI �WKHVH�FRPSRXQGV�WR�003���DQG�003���UHFHSWRUV
��$<8�DQG��+�4��ZDV�FDUULHG�RXW�XVLQJ�VRIWZDUH�VXFK�DV�56&%�3URWHLQ�'DWD�%DQN��3\U;�9LUWXDO
6FUHHQLQJ�7RRO �DQG�%,29,$�'LVFRYHU\�6WXGLR�9LVXDOL]HU� �7KH�UHVXOWV �VKRZHG�WKDW�SK\WRO� ����
PHWK\OSHQWDGHFDQRLF �DFLG� �����%HQ]HQHGLFDUER[\OLF �DFLG�EXW\O �RFW\O �HVWHU� �FLV����2FWDGHFHQRLF
DFLG� �WUDQV����2FWDGHFHQRLF �DFLG �DQG �(UJRVW���HQ���RO� �������GLPHWK\O�� �DFHWDWH �KDG �ELQGLQJ
DIILQLWLHV�RI������������������������������DQG�����NFDO�PRO�WRZDUGV��$<8�003���UHFHSWRU�DQG������
�����������������DQG�����NFDO�PRO�WRZDUGV��+�4�003���UHFHSWRU��:KLOH�WKH�QDWLYH�OLJDQG�KDV�D
ELQGLQJ�DIILQLW\�RI�����DQG�����NFDO�PRO��6RPH�YRODWLOH�DFWLYH�FRPSRXQGV�IURP�+\GU\OOD�YHUWLFLOODWD
KDYH�D�EHWWHU�ELQGLQJ�DIILQLW\�WKDQ�QDWLYH�OLJDQG��VR�LW�FDQ�EH�FRQFOXGHG�WKDW�WKHVH�FRPSRXQGV
KDYH�WKH�SRWHQWLDO�DV�DQWL�FDQFHU
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&RPSXWHU�$LGHG�,QYHVWLJDWLRQ�RI�$QWLYLUDO�3URSHUWLHV�RI
3URSROLV�'HULYHG�&KU\VLQ�DJDLQVW�,QGRQHVLDQ�6HURW\SH�RI�)RRW�

DQG�0RXWK�'LVHDVH�9LUXV

$JXV�6XVLOR��
��0LIWDNKXO�&DK\DWL���1XUMDQQDK���'RG\N�3UDQRZR���)HUL�(NR�+HUPDQWR�����(OPD
3XWUL�3ULPDQGDVDUL�

�)DFXOW\�RI�$QLPDO�6FLHQFH��8QLYHUVLWDV�%UDZLMD\D��0DODQJ��,QGRQHVLD
�'HSDUWPHQW�RI�2UDO�0HGLFLQH��)DFXOW\�RI�'HQWLVWU\��8QLYHUVLWDV�%UDZLMD\D��0DODQJ��,QGRQHVLD�

�'HSDUWPHQ�RI�6WDWLVWLFV�W��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV��8QLYHUVLWDV�%UDZLMD\D��0DODQJ�
,QGRQHVLD�

�'HSDUWPHQW�RI�$JURLQGXVWULDO�7HFKQRORJ\��)DFXOW\�RI�$JULFXOWXUDO�7HFKQRORJ\��8QLYHUVLWDV�%UDZLMD\D�
0DODQJ

�'HSDUWPHQW�RI�%LRORJ\��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV��8QLYHUVLWDV�%UDZLMD\D��0DODQJ�
,QGRQHVLD

�%LRPROHFXODU�DQG�%LRLQIRUPDWLFV�5HVHDUFK�&HQWHU��,QGRQHVLDQ�,QVWLWXWH�RI�%LRLQIRUPDWLFV��0DODQJ�
,QGRQHVLD


&RUUHVSRQGLQJ�HPDLO��DJXVVXVLOR#XE�DF�LG

$%675$&7

3URSROLV�KDV�EHHQ�HYDOXDWHG�IRU�EURDG�ELRDFWLYLWLHV��$PRQJ�VHYHUDO�FRPSRXQGV�IRXQG�LQ�SURSROLV�
&KU\VLQ�LV�RQH�RI�WKH�PRVW�DEXQGDQW�FRQVWLWXHQWV�LQ�WKH�SURSROLV��$OWKRXJK�WKH�DQWLYLUDO�SURSHUWLHV
RI�&KU\VLQ�DJDLQVW�WKH�)RRW�DQG�0RXWK�'LVHDVH�9LUXV��)0'9��KDG�EHHQ�UHSRUWHG��WKH�ELRDFWLYLW\
DJDLQVW�WKH�,QGRQHVLDQ�VHURW\SH�UHPDLQV�XQNQRZQ��7KXV��WKLV�VWXG\�ZLOO�HYDOXDWH�WKH�HIIHFWLYLW\�RI
&KU\VLQ�LQ�LQKLELWLQJ�UHSOLFDWLRQ�RI�,QGRQHVLDQ�VHURW\SH�)0'9��)LUVW��'HQVLW\�)XQFWLRQDO�7KHRU\
�')7��ZDV�HPSOR\HG�WR�REVHUYH�WKH�HOHFWURQHJDWLYLW\�RI�WKH�&KU\VLQ�VWUXFWXUH�EHIRUH�WKH�PROHFXODU
GRFNLQJ�DQDO\VLV��%HVLGHV��WKH�VWUXFWXUH�RI��&�3URWHDVH���&3��ZDV�KRPRORJ\�PRGHOHG��WKHQ�GRFNHG
ZLWK�&KU\VLQ��DQG�FRQWLQXHG�WR�WKH�PROHFXODU�G\QDPLFV�DQDO\VLV��7KH�FDWDO\WLF�UHVLGXHV�RI��&3
ZHUH�SUHGLFWHG�XVLQJ�WKH�&2)$&725�ZHEVHUYHU�WR�JXLGH�WKH�JULG�ER[�SRVLWLRQ�IRU�PROHFXODU
GRFNLQJ�DQDO\VLV��7KH�UHVXOW�VKRZHG�WKDW�&KU\VLQ�KDG�D�JUHDW�HOHFWURQHJDWLYLW\�PDS�WR�SHUIRUP�LWV
LQWHUDFWLRQ�DJDLQVW��&3��0ROHFXODU�GRFNLQJ�DOVR�UHYHDOHG�WKH�ORZ�HQHUJ\�UHTXLUHPHQW�RI�&KU\VLQ
WR�ELQG�ZLWK�WKH�FDWDO\WLF�VLWH�RI��&3��7KH�ELQGLQJ�RI�&KU\VLQ�DOVR�GLG�QRW�DIIHFW�WKH�VWUXFWXUDO
LQWHJULW\�RI��&3�FRPSDUHG�WR�WKH�XQERXQG�VWUXFWXUH��&KU\VLQ�DOVR�KDG�H[FHOOHQW�VWDELOLW\�GXULQJ
WKH�ELQGLQJ�WR ��&3� �DORQJ�ZLWK�D �VWDEOH�QXPEHU�RI �K\GURJHQ�ERQGV�DQG�ELQGLQJ�HQHUJ\� �,Q
VXPPDU\� �&KU\VLQ �KDV �H[FHOOHQW �SRWHQWLDO �WR �SUHYHQW �)0'9�LQIHFWLRQ �VHYHULW\ �WKURXJK �YLUDO
UHSOLFDWLRQ�LQKLELWLRQV�
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9LUWXDO�6FUHHQLQJ�RI�$QWLYLUDO�3URSHUWLHV�RI�%LRDFWLYH
&RPSRXQGV�IURP�/LTXLG�6PRNH�DJDLQVW��$�3URWHDVH�RI

&R[VDFNLHYLUXV�$��

0LIWDNKXO�&DK\DWL�
��$JXV�6XVLOR���1XUMDQQDK���'RG\N�3UDQRZR���)HUL�(NR�+HUPDQWR�����(OPD�3XWUL
3ULPDQGDVDUL�

�'HSDUWPHQW�RI�2UDO�0HGLFLQH��)DFXOW\�RI�'HQWLVWU\��8QLYHUVLWDV�%UDZLMD\D��0DODQJ��,QGRQHVLD
�'HSDUWPHQW�RI�$QLPDO�3URGXFWV�7HFKQRORJ\��)DFXOW\�RI�$QLPDO�6FLHQFH��8QLYHUVLWDV�%UDZLMD\D��0DODQJ�

,QGRQHVLD
�'HSDUWPHQ�RI�6WDWLVWLFV�W��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV��8QLYHUVLWDV�%UDZLMD\D��0DODQJ�

,QGRQHVLD�
�'HSDUWPHQW�RI�$JURLQGXVWULDO�7HFKQRORJ\��)DFXOW\�RI�$JULFXOWXUDO�7HFKQRORJ\��8QLYHUVLWDV�%UDZLMD\D�

0DODQJ
�'HSDUWPHQW�RI�%LRORJ\��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV��8QLYHUVLWDV�%UDZLMD\D��0DODQJ�

,QGRQHVLD
�%LRPROHFXODU�DQG�%LRLQIRUPDWLFV�5HVHDUFK�&HQWHU��,QGRQHVLDQ�,QVWLWXWH�RI�%LRLQIRUPDWLFV��0DODQJ��,QGRQHVLD


&RUUHVSRQGLQJ�HPDLO��PLIWDFDK\DWL�IN#XE�DF�LG

$%675$&7

+DQG��IRRW��DQG�PRXWK�GLVHDVH��+)0'��LV�D�FRQWDJLRXV�GLVHDVH�LQ�WRGGOHUV�DQG�\RXWK��PDLQO\
FDXVHG�E\�&R[VDFNLHYLUXV�$����&$����LQIHFWLRQ��2Q�WKH�RWKHU�KDQG��OLTXLG�VPRNH��/6��FRQWDLQV
QXPHURXV�ELRDFWLYH�PROHFXOHV��ZKLFK�LPSURYH�WKH�YDOXH�EH\RQG�LWjV�PDLQ�DSSOLFDWLRQ�DV�IRRG
VHDVRQLQJV��$OWKRXJK�WKH�ELRDFWLYLW\�RI�OLTXLG�VPRNH�DJDLQVW�PRXWK�GLVHDVH�ZDV�UHSRUWHG��LWjV�H[DFW
PHFKDQLVP�UHPDLQV�LQFRQFOXVLYH��7KURXJK�FRPSXWDWLRQDO�DQDO\VLV��WKLV�UHVHDUFK�ZLOO�H[SORUH�WKH
SRWHQWLDO�ELRDFWLYLW\�RI�VHYHUDO�FRPSRXQGV�IURP�/6�DV�DQ�DOWHUQDWLYH�WKHUDSHXWLF�DJHQW�IRU�+)0'�
7KH�LQYHVWLJDWLRQ�VWDUWHG�ZLWK�H[SORULQJ�ELRDFWLYH�FRPSRXQGV�IRU�WR[LFLW\�HYDOXDWLRQ�XVLQJ�3UR7R[�
,,��7KH�SDVVHG�FRPSRXQGV�ZHUH�WKHQ�GLUHFWHG�IRU�PROHFXODU�GRFNLQJ�DJDLQVW��$�3URWHDVH���$3��RI
&$���WR�SUHGLFW�WKHLU�DQWLYLUDO�SURSHUWLHV��&RPSRXQG�ZLWK�VSHFLILF�ELQGLQJ�DJDLQVW�WKH�FDWDO\WLF
VLWH�RI��$3�DQG�UHVHPEOH�WKH�ELQGLQJ�HQHUJ\�RI�%HQ]\GDPLQH�DV�WKH�PDLQ�PHGLFDWLRQV�RI�+)0'�
WKHQ�GLUHFWHG�IRU�PROHFXODU�G\QDPLFV�DQDO\VLV��$V�D�UHVXOW��RQO\����FRPSRXQGV�RI�/6�KDYH�IHZHU
WR[LFLW\�SURSHUWLHV��0ROHFXODU�GRFNLQJ�DOVR�GLVFRYHUHG�WKDW�$FHWRV\ULQJRQH�DQG�+RPRV\ULQJLF�$FLG
KDG�ORZHU�ELQGLQJ�HQHUJ\�WKDQ�RWKHU�SUH�VFUHHQHG�FRPSRXQGV��7KRVH�FRPSRXQGV�DOVR�LQWHUDFWHG
ZLWK�+,6����7<5����352�����DQG�&<6����DV�WKH�VXEVWUDWH�ELQGLQJ�VLWH�RI��$3��$GGLWLRQDOO\��WKH
ELQGLQJ�RI�WKRVH�FRPSRXQGV�WR��$3�VKRZHG�VWUXFWXUDO�VWDELOLW\�IURP�SURWHLQ�DWRP�EDFNERQH�DQG
OLJDQGV�VWUXFWXUH�DFFRUGLQJ�WR�WKH�PROHFXODU�G\QDPLFV�VLPXODWLRQV��7KH�IOXFWXDWLRQV�RI�SHU�UHVLGXH
ZHUH�DOVR�PLQLPXP��DQG�WKH�ELQGLQJ�HQHUJ\�UHPDLQHG�VWDEOH�DORQJ�WKH�VLPXODWLRQV��7KH�VROYHQW�
DFFHVVLEOH�VXUIDFH�DUHD��6$6$��DOVR�GLVSOD\HG�D�UHODWLYHO\�VWDEOH�FRQIRUPDWLRQ�DW�WKH�FDWDO\WLF�FOHIW
SRVLWLRQ�XSRQ�ELQGLQJ�ZLWK�WKH�$FHWRV\ULQJRQH�DQG�+RPRV\ULQJLF�$FLG�FRPSDUHG�WR�%HQ]\GDPLQH�
7KHUHIRUH��WKH�SURWHFWLYH�HIIHFW�RI�/6�DJDLQVW�+)0'�PD\�RFFXU�WKURXJK�DQWLYLUDO�DFWLYLW\�DJDLQVW
&$���E\�LQKLELWLRQ�RI�YLUDO�UHSOLFDWLRQV��.H\ZRUGV���$�3URWHDVH��$FHWRV\ULQJRQH��&R[VDFNLHYLUXV�
$����+DQG��)RRW��DQG�0RXWK�'LVHDVH��+RPRV\ULQJLF�$FLG��/LTXLG�6PRNH�
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5HYHUVLELOLW\�SURSHUW\�RI�QDQRJUDSKHQH�VLQJOH�YDFDQF\�IRU
K\GURJHQ�VWRUDJH�DSSOLFDWLRQ

*DJXV�.HWXW�6XQQDUGLDQWR

5HVHDUFK�&HQWHU�IRU�4XDQWXP�3K\VLFV��1DWLRQDO�5HVHDUFK�DQG�,QQRYDWLRQ�$JHQF\��%5,1�


&RUUHVSRQGLQJ�HPDLO��JDJXV��#JPDLO�FRP

$%675$&7

:H�DUH�DLPLQJ�WR�ILQG�WKH�EHVW�VWUXFWXUH�RI�QDQRJUDSKHQH�IRU�K\GURJHQ�VWRUDJH�DSSOLFDWLRQ�
$OWKRXJK�YHU\�ORQJ�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�IRU�VROLG�VWDWH�K\GURJHQ�VWRUDJH�DSSOLFDWLRQ��WKH
HIILFLHQF\�RI�K\GURJHQ�DGVRUSWLRQ�GHVRUSWLRQ�SURFHVV�KDV�QRW�\HW�EHHQ�ILQDOL]HG��:H�IRXQG�D�QHZ
VHOI�FDWDO\VW�LQ�QDQRJUDSKHQH�VLQJOH�YDFDQF\�WR�LPSURYH�WKH�UHYHUVLELOLW\�RI�K\GURJHQ�DGVRUSWLRQ�
GHVRUSWLRQ�SURFHVV�E\�FRPELQLQJ�WKH�HIIHFW�RI�HGJH�VWDWH�DQG�VLQJOH�YDFDQF\�LQ�QDQRJUDSKHQH�IRU
RSWLPL]LQJ�WKH�UHYHUVLELOLW\�SURFHVV�RI�K\GURJHQ�DGVRUSWLRQ�GHVRUSWLRQ�
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(1(�2����

7KH�SURGXFWLRQ�RI�ELRHWKDQRO�IURP�HWK\OHQH�JO\FRO�DV�UHQHZDEOH
HQHUJ\�XVLQJ�1L�&X�%DVHG�&DWDO\VW

$KPDG�6KROHK�5RPGORQ���<XND�)DGDQD���6HSWLDQ�0DUQR���6LWL�0DUL\DK�8OID
>����@

�'HSDUWPHQW�RI�&KHPLVWU\��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV��%UDZLMD\D�8QLYHUVLW\��-O��9HWHUDQ�
0DODQJ��,QGRQHVLD�������

�6\QWKHVLV�DQG�&DWDO\VLV�RI�1DWXUDO�3URGXFW�5HVHDUFK�*URXS��)DFXOW\�RI�6FLHQFH��%UDZLMD\D�8QLYHUVLW\��-O�
9HWHUDQ��0DODQJ���������,QGRQHVLD

�5HVHDUFK�DQG�7HFKQRORJ\�,QQRYDWLRQ��37�3HUWDPLQD


&RUUHVSRQGLQJ�HPDLO��XOID�PV#XE�DF�LG

$%675$&7

5HQHZDEOH�HQHUJ\�LV�HQHUJ\�VRXUFHV�IURP�QDWXUDO�SURFHVVHV�ZKLFK�FRQWLQXRXVO\�UHSOHQLVKHG��DQG
WKH�UHVRXUFHV�DUH�LQH[KDXVWLEOH��7KH�XVH�RI�UHQHZDEOH�HQHUJ\�LV�SURPLVLQJ�VLQFH�LW�FDQ�UHGXFH�JDV
HPLVVLRQV�FRPSDUHG�WR�IRVVLO�IXHOV��%LRPDVV�LV�RQH�RI�WKH�UHQHZDEOH�UHVRXUFHV�VLQFH�LWV�FRQWHQW
ZLWK�WKH�SRO\PHU�RI�FDUERQ��VXFK�DV�FHOOXORVH��KHPLFHOOXORVH��DQG�OLJQLQ��&DWDO\WLF�K\GURJHQDWLRQ
RI�FHOOXORVH�UHVXOWHG�LQ�HWK\OHQH�JO\FRO�DV�DQ�LQWHUPHGLDWH�SURGXFW��7KHQ��FRQWLQXH�WKLV�UHDFWLRQ
JLYHV�HWKDQRO��,Q�WKLV�UHVHDUFK��FDWDO\WLF�K\GURJHQDWLRQ�RI�HWK\OHQH�JO\FRO�ZDV�FDUULHG�RXW�XVLQJ
1L�&X�EDVHG�FDWDO\VWV��7KH�UHDFWLRQ�ZDV�FRQGXFWHG�LQ�DQ�DXWRFODYH�EDWFK�UHDFWRU�XVLQJ���03D�+�
JDV�DW����R&�IRU�����KRXUV��$QDO\VLV�RI�WKH�SURGXFWV�XVLQJ�JDV�FKURPDWRJUDSK\�JDYH�������
HWKDQRO�XVLQJ�WKH���1L����&X�6L2��DIWHU���K�RI�UHDFWLRQ�WLPH��7KH�RWKHU�SURGXFWV�GHWHFWHG�DUH
DOLSKDWLF �K\GURFDUERQV� �VXFK �DV ���SURSDQRO� ���EXWDQRQH� ���K\GUR[\O���EXWDQRQH� �DQG �F\FOLF
K\GURFDUERQV�VXFK�DV�����GLR[DQH��DQG�F\FORKH[DQH��)URP�WKLV�UHVXOW��LW�LV�VXJJHVWHG�WKDW�WKH
FRPELQDWLRQ �RI �1L�&X �FDWDO\VW �LV �LPSRUWDQW �WR �SURPRWH �K\GURJHQDWLRQ �DQG�RU �K\GURJHQRO\VLV
UHDFWLRQ�RI�HWK\OHQH�JO\FRO�LQWR�HWKDQRO��)XUWKHU�H[SHULPHQW�SURSRVHV�WR�LQFUHDVH�WKH�HWKDQRO�\LHOG
DQG�FODULI\ �WKH �PHFKDQLVP�RI �WKRVH �UHDFWLRQV �FDWDO\]HG�E\ �1L�&X� �.H\ZRUGV� �K\GURJHQDWLRQ�
K\GURJHQRO\VLV��1L�&X�EDVHG�FDWDO\VW��IRVVLO�IXHOV��ELRPDVV
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7KH�SRWHQWLDO�RI�=,)���EDVHG�PL[HG�PDWUL[�PHPEUDQHV�IRU
ELRJDV�SXULILFDWLRQ

3XWX�'RGG\�6XWULVQD
���-XDQ�$QWKRQ\�3UD\RJR���$QGUHDV�:LVQX�:DUVLWR�

��'HSW��RI�&KHPLFDO�(QJLQHHULQJ��8QLYHUVLW\�RI�6XUDED\D��8%$<$���6XUDED\D��,QGRQHVLD


&RUUHVSRQGLQJ�HPDLO��SXGRG#VWDII�XED\D�DF�LG
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*DV�VHSDUDWLRQ�WHFKQRORJ\�XVLQJ�PHPEUDQHV�LV�DQ�LPSRUWDQW�UHTXLUHPHQW�IRU�ELRJDV�XSJUDGDWLRQ
SURFHVV �WR �HQVXUH �WKH �DOWHUQDWLYH �HQHUJ\ �SRVVHVVHV �KLJK �FDORULILF �YDOXH �GXH �WR �ORZ �&2�
FRQFHQWUDWLRQ��+RZHYHU��SRRU�RSHUDWLQJ�VWDELOLW\��PDLQO\�DW�KLJK�SUHVVXUH�DQG�SODVWLFL]DWLRQ�RI
PHPEUDQHV��DUH�FRQVWUDLQWV�WR�WKH�XVH�RI�PHPEUDQHV��HVSHFLDOO\�SRO\PHULF�PHPEUDQHV��7KH�WUDGH�
RII �FRQVWUDLQW �ZKHUH�KLJK�VHOHFWLYLW\ �ZLOO �KDYH�DQ�LPSDFW �RQ�PHPEUDQH�SHUPHDELOLW\ �FDQ�EH
RYHUFRPH�E\�XVLQJ�PL[HG�PDWUL[�PHPEUDQHV��000V��ZKLFK�DUH�PDGH�RI�QDQRILOOHU�SDUWLFOHV�LQ�WKH
SRO\PHU�PHPEUDQH�PDWUL[��,Q�PDNLQJ�000V��WKH�DFFXUDWH�W\SH�DQG�FRQFHQWUDWLRQ�RI�SDUWLFOHV�DUH
QHHGHG �WR �SURGXFH �D �JRRG �PHPEUDQH� �7KH �REMHFWLYH �RI �WKLV �UHVHDUFK �LV �WR �V\QWKHVLV �DQG
FKDUDFWHUL]H �000V�IURP�WKH�SRO\PHU�PDWUL[ �RI �FHOOXORVH�DFHWDWH �DQG�=,)���SDUWLFOHV� �=,)��
SDUWLFOHV�DUH�SUHSDUHG�DW�URRP�WHPSHUDWXUH�E\�WZR�GLIIHUHQW�PHWKRGV� �7KH�GLIIHUHQFH�LQ�WKH
PHWKRG�LV�WKH�W\SH�RI�VROYHQW�XVHG��QDPHO\�'0)�DQG�HWKDQRO�ZDWHU�PL[WXUH��7KH�V\QWKHVL]HG
PHPEUDQH �ZDV �DQDO\]HG �XVLQJ �6(0�(';� �)7,5� �;5'� �DQG �'6&� �7KH �UHVXOWV �RI �WKH �000V
PRUSKRORJLFDO�DQDO\VLV�XVLQJ�6(0�(';�VKRZHG�WKDW�=,)���SDUWLFOHV�FRXOG�EH�HYHQO\�GLVWULEXWHG
ZLWK �OLWWOH �DJJORPHUDWLRQ� �7KH �LQFUHDVH �LQ �WKH �FRQFHQWUDWLRQ �RI �=,)�� �XVHG �DOVR �VKRZHG �DQ
LQFUHDVLQJ�WUHQG�RI�DJJORPHUDWLRQ�WKDW�RFFXUUHG�LQ�ERWK�000V��,Q�000V�FHOOXORVH�DFHWDWH��
=,)���'0)�VROYHQW��DQ�LQFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�=,)���VKRZHG�DQ�DGGLWLRQDO�SHDN�DQG�D
GHFUHDVH�LQ��WUDQVPLWWDQFH�ZLWK�)7,5�DQDO\VLV�ZKLFK�LQGLFDWHG�WKH�VWURQJHU�WKH�ERQG�EHWZHHQ
=,)���SDUWLFOHV�DQG�FHOOXORVH�DFHWDWH�SRO\PHU��ZKHUHDV�LQ�000V�FHOOXORVH�DFHWDWH���=,)���HWKDQRO�
ZDWHU�VROYHQW��SHDN�DGGLWLRQ�VHHPV�OHVV�VLJQLILFDQW��7KH�;5'�DQDO\VLV�VKRZHG�WKDW�WKH�KLJKHU�WKH
=,)���FRQFHQWUDWLRQ��WKH�KLJKHU�WKH�YDOXH�RI�WKH�GHJUHH�RI�FU\VWDOOLQLW\��7KLV�FDQ�DOVR�EH�FRQILUPHG
E\�LQFUHDVLQJ�WKH�JODVV�WUDQVLWLRQ�WHPSHUDWXUH��7J��IRU�HDFK�LQFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�=,)��
EDVHG�RQ�WKH�'6&�DQDO\VLV�
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