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Fast Search of Audio Fingerprint using Tesla K40 GPGPU

School of Information Science, Inoguchi — Laboratory

Abstract

Nguyen Mau Toan

Machine:: pcc

Audio fingerprint is the digital fingerprint, that can help to identify the audio content. The most usage

of audio fingerprint is detection the illegal contents to support the artists protect their copyright.

Because nowadays, there are millions audio and video contents are uploaded to internet, so they can’t

detect the intellectual property infringement by hand. This research will help the big companies

analytic the big data and detect illegal contents by searching the fingerprints with the powerful of

GPGPUs. The main principle of our method is using K-modes to divide database into groups with

similar fingerprints, so each group will be stored in one GPGPU. In addition, each GPGPU have a

hashing structure for support find the most similar fingerprint for multiple queries at the same time.

Our method can handle parallel 1000 queries in the 10 million fingerprints database and 50x faster

than the original method with sequence queries.

In the Figure 1, We have two GPGPUs
in one node. Each GPGPU have its own
data and the hash table for support of
Locality-Sensitive ~ Hashing (LSH).
Depend of number cores of GPGPUs we
can choose the best queue length for this
GPGPU. The fingerprints in one queue
will be handle at the same time on its
device. And the role of CPU is cluster the
input fingerprints and choose the most
suitable GPGPU for every fingerprints.
The most significant is that our system
also parallel the threads of CPU and
GPGPU. The CPU can still cluster when
GPGPU is working.

Obtained budget (If you got.)

Main Memory

CPU

Fingerprint 1

Fingperprint2

FingerPrint

Classification/

FingerPrint m

Clustering

Query FP 1

Query FP 2

nil

nil

Queue 1/

/ \

Query FP3 esult ID for each query fingerprint

Query FP 4 ido id1 id2 idm

Queue

Hash table FingerPrints

Hash index Fingerprint 1

Hash index Fingerprint 2

Fingerprint 3

Fingerprint index /

Fingerprint index Fingerprint k

(GPU 1

\

Hash table FingerPrints
Hash index Fingerprint 1
Hash index Fingerprint 2
........... Fingerprint 3
Fingerprint index| /
Fingerprint index| Fingerprint k
GPUn

Figure 1° Fast Search Audio FingerPrint System using GPGPUs Overview

1) 10/2015-3/2016: JASO scholarship ¥ 48,000 /Month

2) 10/2015-3/2016: Lab Assistant (Inoguchi-lab) ¥ 27,000 /Month

10




KB AT 2 F N T D s |2 BA 9~ 2 b 2E

BIR KRN R MEE
15 B+ 1in, pee.

W FEAREE

IMEIARE AN L > CTAT < B FHMIEZ, SV CRESWEBIERRRE2HT D
RABTH D, I, BiRIA % (Computational fluid dynamics: CFD) f##T % VN CHEh
ARIEDOREZE Y 2 7 %5l LT dE D2 5, ABNX, Fiio /e EHEL2 3R TEREN O
streamline # %R L. flow pattern & AFZLY 2 7 & O BB 2 fit 7=,

N ZEB R A BN /3 Iz 098 50 B (240 25 1, RABZYE 25 Bil) & xt5 e L, M#hik
\Z K% CFD it 24T = 7= BIENIR DB KM EE O 50 %LA 4 stream line & L TH/R L,
JEN O flow pattern % 7Fli L 7=, BIRE K — AWIZ stream line N F /RS2 D% Dome
type. BIRIEIEERICOBLEREND H D% Neck type L., MRZLY 27 Z3HEE LT=,
Fio, ENENOD type ETEREFRY « AT I1FHIFHER & OBIEM: 2 3140 L 7=,

50 51, Dome type I 44 5], Neck type i 6 5| Td ¥ . Neck type TiZ 6 I+ 5 {5 (83%)
DEFE TH Y | Neck type THEYEDOEIG 3 mMEM Td -7, Neck type DOEWRIEIL
Dome type &L CTREOE I G FEN/ NS WBRFHIREZ RS, KW EEmRE A
Wik 71, ABRIZR R, 9 oW L7z > Tz, Neck type O flow pattern %79
ARSI LR Y A 7 RV ATREMEDR & 5,

KA CFD RT A —4 —OHE L, dbbiemB 2 KRN grg 4+ 2 LG5 E Yy ——%
ERH L7,

Flow patterns

11



2.2. =T VTNV Ao RGBHOHE Y —F A

12



G0 5 A5 — OHEEPERAIB L IR BT 5 RSO M
AN - A

[#Z)] 2nm L F ORI+ & LTEREND 7 T A —1%, HREFICKT 5 REFAFDOEENE
L@, 77 AZ—=DNEPNIZWECFEREICL > T, SRS - E1TREEZ LV 2O
JEPENE(LT B, BRI R L AN LS | U T A X — RISl S S R AR & S
bleoTRZ D, @&F7 TAX—V A XE/pD 2 L THOTHARMBIEEEZ BT 5 Z L
EENEEF->TWD, LL, BETNCBIT28E7 7 A4 —0i&EZ F+ L~V TEINT S Z
EITBUREE LV, BHELFICB WL, BEEMHDER TH DOy 7 A X —Tr EOREM
BEIZRAIDIR SN TE 72, £ TARIFETIE, BB 703U XA (GA) LEELBEEGHA
(DFT) OfFICESE, &7 T A X —OfEECPERE ISR 2 IR 3 & JERBR IS4~ 5 05
HEa ST LT,

[FHEFIE] AMFZE THESL L 72 515 % Figure 112
R, £9. GA & DFT (GGA-PBE/DNP) % fiu>
T LT Aupas DEZEHIT BT 5 2 E R OYELR E
R 2 JERRBREOICIRE LT-, 7238, ABFZED DFT
IL=EIZ Fujitsu CX250 Cluster THEAITL7=, S5 {

Making most and semi stable
structures (GA & DFT)

IR AR | BRI Y 5 2 5 — Ay hF I e
XL, T AR — b n S RED B %
HIH L7, & P22 o JE D % TAIE5) T (water { v ]

Extraction of representative ’%L\
structures

& 5\ ethanol) | $50 Ciltigs A (A TP, DFT Place solvent
molecules

o & DR R b & FE N L=, 2 D FEIC k- T )
BT L CORBEIER & 35 = 2 b %W v o

SE U TE RN R DRRE S ATRE & T2 o 72, Geometry optimization | & tt\&w,.,,
DRSS - B22)] BRI 4 2 T 2 Z — Ot (DFT in polarizable ;igg;.‘: 4
R < RAE L, Mo L el continuum model) | %' °

DNFEA LTz, BEIERD Auso (2B T, DU AT _ o

DY T AL —HIEFCRIERNICRETH S, [igure 1. & proposed scheme of abrinitio
< T Y L P57 (T structure determination and i1nvestigation

KT 2 FHIZZE /:F— £ e - \I8Ure.  of solvent effects for metal clusters

2.), FITHEEM O FNAX—ZIRE WD L,

WG SARMEDORBLZ RB L=, —J7, O3 Vacuum Water

TlX, FREDUEL ERIEDMES L CTLRE S, A

SR IT T L AT LT, Auises 12351 B &4 lé\é‘& AE=0 keal mol! A&} AE=0 keal mol*

EORERERAET D LR ORRZ o 7o MfED b

Stable

BRI 2 2RI R LT B T L A @%\H” Yol
Mol V. Ny N '
AwH:0 (147) HEERZZE LEEE, Fic : \‘\;A;
HERT oy AT D WBERZR OIS 23R\ 7= w7 BN o7
RBERIBLS, LoL, BERABRTEL L2 52 ‘ h
S —JHFOAKS TR OKFEANREETEAD | ey 82 o 2

KB & & ITBAET DK FOREBDT D70,
BRI RN B8 < 72 %, KER, 7 T A X — AP DK
FEE ARy MU — 2 LIRS ) & WAL % I 7R
R 2 FFORE DS & 0 ZE(L S N D H A A2 R & il
LURLEREY Figure 2. Solvation effects on the
Keywords : Metal cluster; Structure; Solvation stability of most and metastable Auso
effect; Density functional theory clusters.

Unstable
g/j

¥
hAy
o
<)

=]

é&t
%
o

13



BN T 2P AL B IHEE AR OBL I B3 5 BFE
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Phonon study of extremely thin silicon films and carbon dioxide molecule
adsorption on graphene
M. Manoharan
Mizuta Lab, School of Material science, JAIST,
Machines used: Cray XC30, SGI Altix UV1000
Program code: OpenMX, SIESTA
XC30 =» 256 cores/job; Altix UV1000:64-128CPUs/job

As the graphene has the highest surface-to-volume ratio, it is the most attractive candidate for the high
sensitivity gas sensor. In this research, density functional simulations were performed to study the adsorption
of carbon dioxide gas molecules on the graphene for different electric fields. Even though the local density
approximation (LDA) and generalized gradient approximation (GGA) exchange and correlation functionals
are successfully used in many materials properties study, they have poor description in van der Waals bonding.
In the gas molecule physical adsorption, the van der Waals bonding plays a crucial role. In order to do more
accurate gas adsorption calculations, we have used the nonlocal correlation functional proposed by Dion et al.
(referred as vdW-DF). All the vdW-DF calculations were performed with the SIESTA package. vdW-DF
calculations were performed with SIESTA and molecular dynamics simulations were done with OpenMX
package.
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1. Jian Sun, Manoharan Muruganathan, Hiroshi Mizuta “Room Temperature Detection of Individual Molecular
Physisorption using Suspended Bilayer Graphene”, Science Advances, 2, 4 €1501518, 2016.

2. Le The Anh, Nguyen Tien Cuong, Pham Tien Lam, Manoharan Muruganathan, Hiroshi Mizuta, Hideki
Matsumura, Nobuo Otsuka and Dam Hieu Chi “First-principles study of hydrogen-enhanced phosphorus
diffusion in silicon”, Journal of Applied Physics, vol.119, 045703, 2016.
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4. Manoharan Muruganathan, Jian Sun, Tomonori Imamura and Hiroshi Mizuta “Electrically Tunable van der
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(vdW) interaction controlled sensing of CO2* to be presented at the EMN Meeting on Carbon Nanostructures,
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Switch”, KAUST-NSF Research Conference on Electronic Materials, Devices and Systems for Sustainable
Future 2016, Thuwal, 14-16 March, 2016, Saudi Arabia (Invited Talk).

7. H. Mizuta, T. Iwasaki, S. Suzuki, Takechi, A. Hammam, J. Sun, M. E. Schmidt and M. Manoharan,
“Downscaled graphene devices for low-power nanoelectronics and advanced sensing” IISc-JAIST Joint
Workshop on Functional Inorganic and Organic Materials, Nomi, 7-8 March, 2016, Japan (Invited Talk).

8. Hiroshi Mizuta, Ohta Takechi, Takuya Iwasaki, Marek E. Schmidt, Jian Sun, Yoshishige Tsuchiya, Stuart
Boden, Mikio Koyano and Manoharan Muruganathan “NEMS Technology and phonon engineering”, The
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current state of the electronic properties application JSAP meeting ‘“Phonon Engineering Perspectives”,
Kanazawa Institute of Technology Graduate School of Toranomon campus, November 25, 2015, Japan
(Invited Talk).

Hiroshi Mizuta, Takuya Iwasaki, Shunei Suzuki, Ahmed Hammam, Jian Sun, Marek E. Schmidt and
Manoharan Muruganathan “Recent progress of graphene nanoelectronic and NEM device technologies for
advanced applications” Perspectives in Nano Information Processing Cambridge, 14-16 December, 2015, UK
(Invited Talk).

Hiroshi Mizuta, Takuya Iwasaki, Shunei Suzuki, Ahmed Hammam, Jian Sun, Marek E. Schmidt and
Manoharan Muruganathan “Downscaled graphene nanoelectronic and NEM devices for advanced applications”
The 2nd Malaysia-Japan Joint Symposium on Nanotechnology, Ishikawa, 10-12 November, 2015, Japan
(Invited Talk).

Le The Anh, Daniel Moraru, Manoharan Muruganathan, Michiharu Tabe, Hiroshi Mizuta “First-principles
study of the impact of inter-dopants interaction on their wavefunctions in downscaled P-B codoped Si
nanorods” The 63rd JSAP Spring Meeting, 2016, Ookayama Campus, Tokyo Institute of Technology, Tokyo,
Japan, March 19-22, 2016.
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Catalytic Mechanisms for Electrochemical Energy Storage

Name: Guo-Liang Chai
Affiliation: Department of Chemistry, University College London, UK.
Used machines: XC30 and PC cluster (HPCC)

Simulation codes used: Quantum-Espresso and CPMD

Abstract

Fuel cells and metal air batteries are important devices for clean energy storage. Cathode oxygen
reduction reaction (ORR) is crucial to the efficiency of these technologies. In recent years, carbon
materials catalysts (CMC) are extensively investigated to replace expensive noble metal catalysts
(NMC) for electrochemical oxygen reduction reaction (ORR) in electrochemical devices. For further
development of CMC, two issues are urgent to be clarified. First, the CMC are always suffered from
two-electron ORR (2e- ORR) to form H202, and the corresponding mechanism is unknown. Second,
the active sites for ORR on CMC are still under debate. There are at least two types of ORR reaction
pathways for CMC, that is, direct four-electron pathway and two-electron pathway.

It was found that the 2e- ORR on CMC is much more intriguing than traditional ad-Oz mechanism
on NMC at least on two aspects. One is that the Oz adsorption barrier on metal free CMC surface is
relatively high (around or larger than 0.6 eV for N doped graphene), while H202 formation on them
is rather favorable. On the other hand, the maximum half-wave potential expected for the ad-Oz
mechanism is 0.70 V versus reversible hydrogen electrode (RHE), while the half-wave potential for
metal free CMC is around 0.40 V. These contradictions suggest that the dominating mechanism for
the H202 formation on metal free CMC are different from the ad-Oz mechanism. A new mechanism
was derived for H202 formation on CMC based on both DFT and ab initio molecular dynamic
calculation results. The reaction barriers, free energy variations for elementary steps, half-wave
potentials and X-ray photoelectron spectroscopy are simulated for many different catalytic structures.
For CMC, the most favorable reaction pathway is through an indirect Oz activation that do not need
to be adsorbed on catalytic surface for 2e- ORR. The results also indicate that the active sites for this
2e~ ORR mechanism should show low activation barrier and appropriate binding energy to CMC
surface. The calculated half-wave potentials for H2O2 formation via new mechanism also agree well
with experimental results. The current work not only important for developing new CMC for ORR

but also provides insight for electrochemical synthesis of H20x.
Publications:

1) Guo-Liang Chai, Z. Hou, T. lkeda and K. Terakura, Two-electron Oxygen Reduction on Carbon Materials

Catalysts: New Mechanisms and Active Sites, Under submission to J. Am. Chem. Soc. (2016).
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(1) H. Sano and G. Mizutani, “Ab initio calculations of the optical properties of crystalline and liquid InSb”,
AIP Advances 5(11), 117110/1-9 (2015). (&#HiA)

(2) H. Sano, T. Shima, M. Kuwahara, Y. Fujita, M. Uchiyama, and Y. Aono, “Study on response function of
super-resolution readout of an optical disc by multi-physics simulation”, Technical Digest of International
Symposium on Optical Memory 2015 (ISOM15), pp. 74-75 (2015).  (#Fe72 L)
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ACTIVITY REPORT OF FY2016

Ryo Maezono/Assoc. Prof./Information Science

The Investigation of Hydrodeoxygenation (HDO) and Decarbonylation (DCO)
Process of Methyl Butanoate on NiMoS Surfaces: Ab Initio Study

Collaboration with Institut Teknologi Bandung, Indonesia

One of the main problem in palm oil refineries conversion to biofuel is to calculate the
optimized reaction pathways. The reaction pathways are divided into two ways: decarbonylation (DCO)
and hydrodeoxygenation (HDO). If both of the processes can be determined the production of palm oil
based biofuel with a higher cetane number than that of fossil fuel might be a realizable process. This is a
very complex interaction and to uncover the physical phenomena responsible for the interaction is a
real challenge. The basic information needed to do so are:

1. Information of the reaction pathways connecting the reactant and product. Question to be
answered here is how much activation energy required for each elementary reaction.

2. Catalyst material used to increase the rate of these reactions. The main problem here is the
selectivity of catalyst materials that can facilitate the desired reaction pathways. Selectivity
becomes an important issue because it is directly related to the efficiency of the reaction and
the minimization of the unwanted products.

The purpose of this research is to answer two questions above in the context of the formation
reaction of palm oil based biofuel; namely HDO and DCO reactions. In this research, we use transition
metal sulfide catalysts such as MoS, phase promoted by nickel. It is because NiMoS is known to be
selective for the refineries process. Numerous experimentals and theoretical works have provided
atomistic descriptions of the NiMoS active phases. Although some experimental investigations on NiMoS
active phase had been conducted in the recent years, however some problems remain unresolved. The
density functional theory (DFT) based on ab initio computational method will be used to simulate all
possible reactions via calculating the activation energy at the elementary reaction and then screening
against various selective catalyst candidates. Computational methods have been selected for this
research because it can save time and cost when compared with the experimental method which for
now still relies on trial and error. This method also allows us to reveal in detail the processes that take
place at the atomic level that are often difficult to access experimentally.

This research will be performed in three step;

1. Investigation surface interaction between Methyl Butanoate (CsHi00,), Hydrogen (H;) and
NiMoS surfaces. The purpose of this investigation is to find the active site of the molecules on
the surface and also to know the effect of H, molecules on the Methyl Butanoate adsorption
process.

2. Investigation of HDO process. The purpose of this research is to know the elementary reaction
pathways of the HDO process.

3. Investigation of DCO process. The purpose of this research is to know the elementary reaction
pathways of the DCO process.
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GAN Bandgap Calculation Using QMC

Collaboration with IIT Guwahati, INDIA

We studied bandgap of Group 3 Nitrides (AIN,GaN, and InN) using Quantum Monte Carlo
methods motivated by their many possible applications in semiconductor industry especially GaN. After
encouraging preliminary results using large core approximation of electrons, we decided to further study
GaN using small core size such that number of valence electrons in study increased significantly (which
also means higher computational resources required).

The result from first run is very promising when compared to experimental results. Currently we
are investigating GaN with even lower time-step which will allow us to further extrapolate to ideal time
step of 0 which cannot be directly computed with finite computation resources.

This study will lead to :

1) First QMC study of Group3 Nitrides in existing literature.

2)Comparison with other computational methods (most importantly DFT) for Nitrides which are
known to have certain limitations/shortcomings.

3) Understanding of how semicore electron influence bandgap calculation in Group 3 Nitrides as well
as associated computational cost with DMC which will be indicative of performance of DMC as
a general QMC tool .

DMC study of TiO,

Collaboration with hahid Bahonar university of Kerman, Kerman, Iran

Among transition metal oxides, Titanium dioxide (TiO2) is a widely used material with many
applications as photocatalyst, in solar cells for the production of hydrogen and electric energy, as gas
sensor and so on. In addition, its unique properties in the form of nanoparticles such as high
photocatalytic activity due to its large surface area has made it in top of researches. In particular, TiO2
nanotube has received more attention. On the other hand, it is reported that TiO2 nanotube have a
band gap slightly larger than those of bulk structure. Therefore, it is attempted to narrow the band gap
to improve the TiO2 nanotube functionality. Doping is one of the methods which can be referred.
Usually, noble metal nanoparticles are used since they show high catalytic activity. However, they are
expensive and rare. So, the use of non-noble metal catalyst having high activity is of considerable
attention. Copper (Cu) based materials are getting more attention since they are abundant, have
relatively low cost, and great catalytic activity.

In the present work, it is desired to investigate the structural and electrical properties of Cu-
doped TiO2 nanotube in the framework of density functional theory (DFT) using plane wave
pseudopotential method within PBE+U functional as implemented in Quantum ESPRESSO package. On
the other hand, regarding the unique properties of TiO2, having information about its surface and the
way of improving its operation is of great interest. It usually shows wide applications in fields such as
photocatalysts, hydrophilic films and gas sensors. Meanwhile, it is shown that surface modification of
TiO2 is one of the effective methods to improve its performance. In many cases, (110) surface of rutile
TiO2 is used as a model substrate. Here, ab initio investigation of H-doped rutile TiO2 is preferred using
Quantum ESPRESSO package within PBE+U functional and plane wave pseudopotential method.
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Investigation of TiO, surface reactivity

Collaboration with University College London, UK

Materials of the composition SiOx-TiO2 (0<x<2) are of particular interest for many
technologies such as catalysisl, gas sensing2 or water splitting3. Many applications rely heavily on its
surface properties and a good understanding of its surface electronic structure is crucial to build new
and improved technologies. TiO2 is often used as a photocatalyst, be it for self-cleaning glasses, water
purification or hydrogen production. Thus a great amount of research has been conducted investigating
the interaction of water with TiO2 surfaces.4 The formation of Si-O-Ti bonds alters the electronic
structure of the surface leading to unique catalytic properties while maintaining high thermal and
chemical stability.

TiO2 displays superhydrophilic behaviour under UV irradiation. This is commonly attributed to
the generation of electron hole pairs and the charge carriers contribute to the oxidisation of molecules
on the surface and the formation of hydroxyl groups is linked to a reduction in the water contact angle.
Addition of silica may increase the photocatalytic activity if the two substrates are in close contact. In
fact it has been reported that incorporation of SiO2 into TiO2 films will lead to a reduction in the water
contact angle.5 Depositing SiOx on the TiO2 (110) surface in air leads to monolayer growth, nucleating
at step edges and kink sites. Deposition in vacuum results in a much rougher surface. In both cases the
wettability of the surface is reduced. Despite many experimental studies, theoretical work of SiOx on
TiO2 surfaces is still rare.

Previously we modelled a clean rutile TiO2 (110) surface and its interactions with SiO as well
as Si02. The adsorption of single molecules indicated an epitaxial growth of SiO on TiO2. However,
Rutile TiO2 is readily reduced during annealing at 10002C forming surface oxygen vacancies and
interstitial Titanium. Therefore we investigated the adsorption of SiO and SiO2 at an oxygen vacancy on
the surface, elucidating on the structure formed by these compounds upon adsorption.

In a next step we want to continue our work on this system working towards understanding
experimental data of epitaxially grown films of SiOx on TiO2. At high vacuum and high annealing
temperatures the rutile TiO2 (110) surface may also reconstruct and we intend to model the adsorption
of siliconoxide molecules on a reconstructed surface. In a next step we will move from modelling
individual molecules to thin film overlayers. This will build a basis for investigating the interaction of
H20 with such a surface.

Anharmonic Calculations in Hybrid Perovskite Solar Cells
Collaboration with Cambridge University, UK

We are conducting large-scale calculations including anharmonic vibrational effects on hybrid
organic-inorganic perovskite systems. These systems have great potential as solar cell materials, but are
not yet fully understood. Our calculations aim to study the effect of the motion of the organic molecule
contained within the perovskite lattice on the electronic band structure. This is important as the band
structure directly affects these materials’ use in solar cells. It is hoped that by understanding these
systems better we can move towards using them in practical circumstances as solar cells.

TDDFT study of cage clusters

Collaboration with University of Yaounde I, Cameroon

Fullerenes Cn (n being the number of carbon atoms) are allotropes of carbon that possess the
particularity to form empty hollow cages, wide enough to accommodate atomic systems A of small size,
to form complexes A@Cn. This property of encapsulating systems make them to be good candidates for
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interesting applications. Indeed the are predicted to be used as enrollment for drugs pinpoint delivery to
cure cancers for example, or to constitute traps for virus in medicine, and in electronics, they would be
used as building tools for quantum computers. These kinds of applications require a good knowledge of
the way the cage and the confined system interact together, how isolated the encapsulated system is in
the cage and which modifications on the properties of the cage arise from the presence of the dopant
system. How does the presence of the atoms modified the static an dynamical properties of C60 cage ?
Is there any similarity in the behavior of these properties according to the type (centered or off-
centered) of confined atom? How well can the presence of the atom and its type can be notice while
studying external excitation by electron energy lost? How all those results are linked together? This
project intends to study those questions.

Quantum Monte Carlo study of the energetics of rutile, anatase, brookite, and
columbite TiO2 polymorphs

Collaboration with Cambridge University, UK

Titanium dioxide (TiO2) is a technologically preeminent material, which is used in photovoltaics,
photocatalysis, and as a catalyst support. Despite its technological relevance, its fundamental properties
are not fully understood: it is not even known what is the most stable structure of TiO2. In this project,
we study four types of TiO2, the rutile, anatase, brookite, and columbite polymorphs, using state of the
art computational methods. We use quantum Monte Carlo to describe the electrons and density
functional theory to describe the atomic quantum and thermal motion, fully incorporating the effects of
anharmonicity. Our calculations allow us to construct the most accurate phase diagram of this important
material to date, predicting that at low temperatures the anatase structure is the most stable structure,
but the rutile structure is stabilized above about 630 K.

[1] J. Trail, B. Monserrat, P. Lopez Rios, R. Maezono, and R.J. Needs, Physical Review B, in press.
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THE GROUND STATE OF IRON PHTHALOCYANINE (II):
A DIFFUSION MONTE CARLO STUDY

123 and Ryo Maezono®

'School of Information Science, JAIST, Nomi, Ishikawa, Japan

Tom Ichibhal’*, Zhufeng Hou?, Kenta Hongo

’National Institute of Materials Science, Tsukuba, Ibaraki, Japan
3PRESTO, JST, Kawaguchi, Saitama, Japan
"E-mail: ichibha@icloud.com

ABSTRACT:

The ground state of the iron (ll) phthalocyanine (FePc) stands as a several decades of problem [1]
and be still under controversy. Although the ground state is known as triplet state and its candidates
are restricted in these four electronic configurations: Ay, Bag Eg(a) and Eg(b) [2], the previous DFT
works gave different predictions depending on XC functionals [3]. We applied CASSCF+DMC and DFT
(M06, MO6L and M06-2X)+DMC to evaluate the relative energies of those four configurations reliably,
without XC functionals. All of our DMC calculations consistently predicted A, as the ground state and
characteristic 'N-shape' prediction, which can be, we found, also justified by the recent spectroscopy
experiment for gas phase [4].

We considered how DFT predictions depend on XC functionals and perceived the balance of
exchange and correlation is essential to reproduce DMC prediction: Comparing several DFT with DMC,
with different percentages of exact exchange, we found exchange promotes the A, ground state and
'N-shape', where short-range exchange is much more important than long-range one. Whereas,
correlation suppresses this tendency in opposite, found from comparing HF, CASSCF and CASPT2.

We identified the discrepancies being due to the assumptions made in the superposition model [5]
in ligand field theory, which has also been employed in literature to explain the ground state of FePc.
Our orbital analysis shows that the assumptions are too simple to describe the proper stabilizing
mechanism explained by the orbital shapes: Oversimplified symmetry assumptions as well as the
ignorance of outer ligand structures cannot capture the stabilization [destabilization] of b, [eg]
orbitals, those actually realizes A,z as the most stable state.

This work is accepted by Scientific Reports in April, 2017 and the paper is uploaded in arXiv [6].
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ELECTRONIC STRUCTURE CALCULATIONS OF
LAYERED PEROVSKITE COMPOUND, L12LATA206N

Apichai Jomphoak, Kenta Hongo, and Ryo Maezono*
*Graduate School of Information Science, JAIST
E-mail: mwkapj1401@icloud.com

The crystal structure of layered perovskite compound Li,LaTa,0gN, having the tetragonal unit cell
with the space group /4/mmm, has been successfully synthesized and determined from laboratory X-
ray powder diffraction. Li;LaTa,0gN has a layered perovskite structure similar to that of Li,LaTa,0; [1].
All O/N sites consist of mixture of 85.70% O and 14.30% N atoms. The Li-O/N distance of 2.0812 A is in
good agreement with those of Li;,LaTa,0; and other oxides [2].

All the first-principle density functional theory (DFT) calculations described here were performed
using virtual crystal approximation (VCA) in CASTEP [3] implementation based on the generalized
gradient correction (GGA) to exchange-correlation potential in the Perdew-Burke-Ernzerhof (PBE)
functional [4]. The authors restricted and treated the systems as non-spin-polarized in all calculation
steps. The Vanderbilt ultrasoft pseudopotentials (UPP) were used with a plane wave basis set that was
truncated at a kinetic energy of 380 eV. The k sampling with 6x6x1 k-point grid was set in the Brillouin
zone. A sampling of reciprocal space was used such that distance between k-point separations was
about 0.04 A™. The authors specified the convergence threshold for the maximum displacement
during geometry optimization to be 5x10™* A.

As the detailed atomic coordinates for Li;LaTa,0¢N were unknown, at the first stage, the full
structural optimization of this phase was performed both over the lattice parameters and the atomic
positions. However, due to symmetry, there are 3 possible sites of O/N. The BFGS optimization
scheme [5] with the structural symmetries was used to find the stable positions. After the final self-
consistency cycle, the theoretical equilibrium structures were obtained when the remaining forces
acting on all the atoms were less than 0.01 eV/A, and the remaining stress was less than 0.02 GPa. The
present calculations are restricted to the athermal limit, in which temperature effects and zero-point
motions are neglected, and the energy convergence criteria for self-consistent calculations were set to
5x10°° eV/atom. After VCA calculations, the lattice parameters, atomic positions, band structures,
density of states, and partial density of states were obtained. The Li atoms exclusively occupy the four-
coordinated site Wyckoff position 4d with a full occupancy, which is located between the perovskite
layers. Valence and conduction bands of this compound mainly consist of N-2p and Ta-5d, respectively.
On the other hand, their hybridization between N-2p and O-2p from the calculation result seems
smaller than authors’ expectation. For the case of TaON, hybridization between N-2p and O-2p was
known to be large.
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ION DIFUSSION IN LEAD-FREE SOLDER

Genki Prayogo and Ryo Maezono*
*Graduate School of Material Science, JAIST
E-mail: g.prayogo@icloud.com

Usage of Pb-based solder is being phased out because of its negative effects on human health.
However, transition to lead-free solder is not without problems, with replacement alloys having
several unfavorable properties. Of particular concern is formation of voids in CusSn phase of Cu-Sn
alloy, as it compromises solder joint strength. This void formation is known to be caused by
differences in diffusion rate of constituent ions. Although these rates have been studied well, previous
works gave differing conclusions [1].

We investigated how Cu and Sn ion diffuse in CusSn alloy from ab initio approach and estimate their
diffusion constant. lon diffusion is modeled as a Markov chain, and diffusion constant is calculated
from defects formation energy and energy barrier. Phonon frequencies for each diffused ions are also
calculated to predict diffusion constant at finite temperature. The CusSn phase is reported to be a
long-range periodic structure, with €-CusTi and DO;g type structures appear mutually [2]. All possible
diffusions paths within one unit cell of both structure types are considered for Cu and Sn ions. In our
model, each of these diffusion paths are optimized for minimum energy by climbing nudged elastic
band method (c-NEB). Five-frequency model as described by M. Koiwa et al. and T. Ito et al. [3,4] is
used to determine the final diffusion constant.

We have determined that ion diffusion in CuszSn phase occurs mainly in one planar direction. Finite
temperature diffusion constant from phonon calculations also shows comparable result with previous
experimental data.
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The compound Nd,Fe4B is widely used in manufacturing permanent magnets. This interest has
driven much of the research on the Nd-Fe-B system, including its phase diagram as the result of
numerous thermodynamic experiments. Computational calculation of phase diagrams (CALPHAD)
initially exclusively used experimental data, but has since begun to utilize the results of first-principles
calculation. To this end, Density Functional Theory (DFT) is used to calculate formation enthalpies of
Nd-Fe-B compounds.

Hubbard U correction is used to account for the localized nature of Nd 4f electrons, known to be a
failure of the GGA exchange-correlation potential used[1]. Comparison between 2 methods of
choosing Hubbard U value is drawn: a simplified implementation of GGA+U[2] using effective Hubbard
U value (Ue = U-J) and GGA+U+J from constrained random phase approximation (cRPA) for bulk Nd[3].
Formation enthalpies resulting from both Hubbard U values are compared with experimental values
and plain GGA. It is shown that plain GGA fails to obtain good agreement with experimental data,
while both Hubbard U correction methods are sufficient to accurately calculate formation enthalpies
of several Nd-Fe-B compounds.

Besides formation enthalpy, CALPHAD can also use the specific heat under constant pressure (C,) as
thermodynamic data to construct the proper phase diagram. To do this, GGA+U is used to obtain an
energy vs. volume curve for Nd-Fe-B compounds, which is then fitted to the third order Birch-
Murnaghan equation of state. Force constants are calculated using the frozen phonon method. G, is
then obtained for every 10 degrees increment from OK to 1000K, where calculations results begin to
fluctuate and lose reliability. This process has been completed for the compound NdBs.
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A study on the proton conductive organized polyimide thin film

School of Materials Science
Yuki Nagao
Machine: pce (MS 7.0)

Abstract

Advanced polymer electrolyte membranes (PEMs) are developed in recent years due to their wide
range of applications, particularly in the fuel cell application. Sulfonated polyimide (SPI) thin
films shows a high proton conduction and exhibit a lyotropic liquid crystal property. The SPI thin
film shows the organized structure and its organized structure contributes the high proton
transport property. In this study, two sulfonated polyimide (SPI) thin films were prepared with
water and THF/water mixed solvents to investigate the casting solvent effect. The SPI thin film
prepared with THF/water showed more than 5 times higher proton conductivity than that
prepared with water mixed solvent at the low relative humidity (RH) and 298K. To reveal the
origin for the difference of the proton conductivity, geometry optimization by DFT, polarized
optical microscopy (POM), grazing incidence small angle X-ray scattering (GISAXS), and p-
polarized multiple angle incidence resolution spectrometry (pMAIRS) were carried out. The
molecular ordered parts using LC properties in the SPI thin films exhibited almost identical
structure in the low RH condition. On the other hands, the molecular orientation of the imide
C=0 groups in the non-ordered parts, which could not be detected by POM and GISAXS, showed
the different angles. The proton conductivity at the low RH condition is affected by the degree of
the molecular orientation in the non-ordered parts of the SPI thin films. Results of DFT
calculation showed the alternative tilting structure between the imide groups and aromatic rings
with the alkyl sulfonated chains.

Published paper:

1) Effect of Casting Solvent on Interfacial Molecular Structure and Proton Transport Characteristics
of Sulfonated Polyimide Thin Films (Selected as HOT article)
Y. Nagao, K. Krishnan, R. Goto, M. Hara, S. Nagano
Anal. Sci., 33, 35 - 39 (2017) (Published in January 10, 2017)
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Single-Molecule Imaging of a Polymer and All-atom MD Simulations
Tomoyuki Ikai and Ken-ichi Shinohara
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Direct observation of structure and dynamics in a polymer chain (/)

Direct observation of a polymer chain deepens the understanding about its structure and function.
The study of single-polymer-chains was made possible after the scanning probe microscope (SPM) and
the total internal reflection fluorescent microscope (TIRFM) had been developed. The author succeeded
in the direct observation of the long-chain branch (LCB) structure in a low-density polyethylene (LDPE),
and the structural dynamics of a polymer chain in a functionalized styrene-butadiene rubber (SBR) and
an ethylene-propylene (EP) rubber measured by a fast-scanning atomic force microscope (FS-AFM).
Single-molecule imaging of a macromolecular motion in a chiral helical polymer was achieved by the
FS-AFM, and the diffusion coefficient of each part of the polymer chain was measured. Furthermore, a
molecular walking along a rail of a synthetic helical polymer was discovered. This walking such as a
crawling locomotion was observed by the FS-AFM in an organic solvent at room temperature. This
result is a breakthrough that serves as the first step in order to create an artificial life function as a
synthetic molecular motor driven by a thermal fluctuation in non-aqueous media. A working
mechanism of the molecular motor was investigated by all-atom molecular dynamics (MD) simulations.
On the other hand, the photonic function of the light-emission from a rigid-rod conjugated polymer was
measured using TIRFM at room temperature. The light-emission from a single polymer chain as it
slowly and dynamically changes over a cycle lasting a few seconds has been successfully detected using
TIRFM with a built-in spectroscope.

Impact of a minority enantiomer on the polymerization of alanine-based isocyanides with
an oligothiophene pendant (2)

L- and D-Alanine-based enantiomeric isocyanides bearing a quinquethiophene pendant
group were (co)polymerized using a nickel catalyst. The influences of the monomer feed ratio
on the polymerization kinetics and the resulting polymer structures, including molecular
weights and backbone conformations, were investigated by chromatography, circular dichroism
spectroscopy, atomic force microscopy (AFM) and all-atom MD simulations. For
polymerization of the enantiopure monomer, the chain growth reaction was almost complete
within a few minutes and yielded a one-handed helical polyisocyanide. The polymer single
chains of micrometer-order length were directly observed by high-resolution AFM. When the
polymerization feed contained 9 mol% of the antipode comonomer, the monomer consumption
rate and polymer molecular weight decreased to ca. one seven-hundredth and one
one-hundredth of the values obtained in the enantiopure system, respectively. We also found
that the polymer containing only 2 mol% of antipode units did not adopt a helical structure at all
and possessed a totally random-coil conformation.

A cellulose-based chiral fluorescent sensor for aromatic nitro compounds with central, axial, and
planer chirality (3)

Chiral sensing using fluorescent responses as output signals is an attractive technique for
enantiodifferentiation in terms of its rapidity, high sensitivity, simplicity and high-throughput
ability. However, because the reported sensors can only be applied to a limited type of chiral
molecule (mainly compounds with a chiral center), it is still a great challenge to develop a
powerful fluorescent sensor applicable to various types of chirality. Herein, we synthesized a
novel chiral fluorescent sensor (Ce-3) containing a benzo[1,2-b:4,5-b"]dithiophene-based
n-conjugated group as a fluorescent signaling unit through a two-step polymer reaction,
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including carbamoylation and cross-coupling reactions, using microcrystalline cellulose as a
starting material. The enantioselective fluorescence response of this modified cellulose to
aromatic nitro compounds was investigated in solution and in the solid state. Ce-3 exhibited
enantioselective fluorescence quenching for a wide range of aromatic nitro compounds with
central, axial and planar chirality. Visual chiral detection based on a change of the visible
emission color was also achieved with Ce-3 in conjunction with anthracene as an achiral
fluorescent dye. A corresponding model molecule did not show any marked sensing ability,
suggesting that the regular higher-order structure of Ce-3 plays a key role in this efficient chiral
sensing. The Ce-3 structure was also discussed by all-atom MD simulations.

Cellulose derivatives bearing pyrene-based m-conjugated pendants with circularly polarized
luminescence in molecularly dispersed state (4)

A series of novel cellulose derivatives bearing pyrene-based mt-conjugated pendants as a fluorescent
unit was synthesized from microcrystalline cellulose via carbamoylation followed by
Sonogashira-Hagihara cross-coupling, and their photoluminescence and circularly polarized
luminescence (CPL) properties were investigated in solution. The cellulose derivatives Ce-1 and Ce-2
carrying the pyrene units at the 2,3,6- and 2,3-positions of the repeating glucose unit, respectively,
exhibited greenish CPL with dissymmetry factors (gim) greater than 3.0 x 107°. In contrast, the
analogous polymer (Ce-3), carrying the pyrene unit only at the 6-position, and the model molecules
(Gl-1 and Gl-2) mainly emitted bluish monomer fluorescence with lower g, values less than 0.5 x 107,
Both the helical chirality derived from the cellulose backbone and the intramolecular excimer formation
of the pyrene units were considered to play key roles in the efficient CPL. The influence of the
substitution patterns of the pyrene units on the emission properties was investigated by all-atom
MD simulations.
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Active Sites Engineering for Exceptional ORR and OER Bifunctionality Metal-free
Catalysts
School: University College
London
Name: Guoliang Chai
Machine: XC30 and CX250

Bifunctional catalysts for oxygen reduction reaction (ORR) and oxygen evolution reaction (OER) are
highly desirable for rechargeable metal-air batteries and regenerative fuel cells. However, the
commercial oxygen electrocatalysts (mainly noble metal based) can only exhibit either ORR or OER
activity, and also suffer from inherent cost and stability issues. It remains challenging to achieve
efficient ORR and OER bifunctionality on a single catalyst. Metal-free structures offer relatively large
scope for such bifunctionality to be engineered within one catalyst, together with improved cost-
effectiveness and durablility. Herein, by closely coupled computational design and experimental
development, highly effective bifunctionality is achieved in a phosphorus and nitrogen co-doped
graphene framework (PNGF) - with both ORR and OER activities reaching the theoretical limits of
metal-free catalysts, superior to the noble metal counterparts in both (bi)functionality and durability.
In particular, with the identification of active P-N sites for OER and N-doped sites for ORR, we
successfully intensified such sites by one-pot synthesis to tailor the PNGF. The resulting catalyst
reaches an ORR potential of 0.845 V vs. RHE at 3 mA ¢cm™ and an OER potential of 1.55 V vs. RHE
at 10 mA cm2, respectively. Its combined ORR and OER overpotential of 705 mV is much lower than

those reported previously for metal-free bifunctional catalysts.

Published papers:
1) Guo-Liang Chai,*f Kaipei Qiu,t Mo Qiao, Maria-Magdalena Titirici, Congxiao Shang, and
Zhengxiao Guo,” Energy Environ. Sci., 2017, DOI: 10.1039/C6EE03446B. (IF=25.427)
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