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Observation of neuromorphic behavior in Cu-based metal-organic
framework

(!Graduate School of Engineering, The University of Tokyo, *Graduate School of Science,
The University of Tokyo) ODildora Khakimboeva,' Takashi Kitao,! Ryo Nakayama,? Taro
Hitosugi,” Takashi Uemura!

Keywords: Artificial synapse; Neuromorphic system; Proton conductivity; Metal-organic
framework

Neuromorphic systems have gained attention as a solution to the limitations of
silicon-based computing, which faces challenges in scaling and slow memory access.! One
of the key components of a neuromorphic system is the artificial synapse, which adapts to
stimuli by adjusting synaptic plasticity. Among various emerging materials, metal-organic
frameworks (MOFs) offer advantages such as tunable porosity and adaptable chemical
properties, both of which are essential for modulating synaptic plasticity.> However, the
neuromorphic behavior of MOFs remains elusive. Herein, a neuromorphic devise based on
a MOF was fabricated to investigate conductance changes in response to pulse stimulation.

Cu3(BTC), (1; BTC = 1,3,5-benzentricarboxylate) thin films were synthesized using an
in-situ growth method. The copper substrate
was dipped into a DMF/ethanol solution

Au wires

In foil
Cu,(BTC),
Cu foil

containing H;BTC, and then heated under air e

Semiconductor
parameter analyzer

2

at 80 °C for 6 hours, producing a uniform thin
film. The formation of 1 was confirmed by
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XRD and SEM measurements. Alternating 10.ms
. . VAL
current impedance measurements were carried 5 b
£ AN A
out under vacuum and water vapor, g 0 ¢
demonstrating the proton-conducting 3 P !
properties of MOF 1. Two repetitive pulse §
voltages (1 V, 10 ms) were applied to evaluate 2
changes in conductance under water vapor, T A e s 10 12
which is crucial for constructing a Time (s)
neuromorphic system. Notably, a change in Fig 1 (top) Device fabrication for pulse
conductivity =~ measurements. (bottom)

conductance responding to pulse stimuli was
observed, and the second stimulus induced a
larger change. These results suggest short-term
plasticity of MOF 1 based on proton
conductivity (Fig. 1).

REFERENCES

1.Y. V. D. Burgt, et al., Nat. Electron., 2018, 1, 386.

Paired-pulse facilitation function emulated
by 2 consecutive pulses under water vapor.
Conductivity ~ was  measured by
evaluating the current when applying a
voltage of 0.01 V.

2. S. V. Bachinin, et al., Commun. Mater., 2024, 5, 128.
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Polymerization of cubane in a MOF toward synthesis of carbon nanothreads
(‘Graduate School of Engineering, The University of Tokyo, *JST-PRESTO) O Ryo
Takahashi,' Takashi Kitao,'? Takashi Uemura'

Carbon nanothreads (CNThs) are an emerging class of one-dimensional (1-D) sp? carbon
nanomaterials that have recently attracted increasing attention due to their exceptional
properties, such as high thermal conductivity and tensile strength. Although the production of
CNThs was achieved by compressing molecular precursors at high pressure in diamond anvil
cells, this method lacks scalability due to the limited available reaction areas.! Metal-organic
frameworks (MOFs) can provide an ideal compartment for controlling the arrangement of guest
species within the nanochannels. Here, we report controlled polymerization of cubane utilizing
a MOF toward bulk-scale synthesis of a CNTh (Fig. 1). Molecular dynamics simulations show
that cubane molecules are densely aligned along the nanochannels of the MOF. A series of
characterization methods for the product, including MALDI-TOF MS, FT-IR, and NMR
spectroscopy measurements, suggest the formation of the CNTh composed entirely of sp?
bonds.

Keywords : Metal—organic frameworks, Carbon nanothreads

J1—ARF ) ALy R(CNTh) &1L sp® fEA DA LIRS LD —IRILT /) IRFEH
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BRENASCNTh THDHZ EMNRE I Fig. 1 Schematic image for preparation of a thinnest
7. CNTh in the bulk scale using an MOF as template.

1) H.T. Huang, et al., J. Am. Chem. Soc., 2020, 142, 17944-17955
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Construction of Sn-based perovskite/Sn MOF composites

(Department of Nanobiochemistry, Frontiers of Innovative Research in Science and
Technology, Konan University) ocHaruka Nishijima, Yohei Takashima, Kensuke Akamatsu,
Takaaki Tsuruoka

Recently, perovskite semiconductors have attracted much attention because of their optical and
electronic properties. Until now, development of perovskite materials has focused on lead (Pb)-
based perovskites. On the other hand, there are many reports on perovskite semiconductors
based on the non-toxic element tin (Sn) as an alternative material. However, the properties of
Sn-based perovskites can be readily changed due to the oxidation from Sn** to Sn*" state. In
this study, we study the formation of Sn-based perovskite/Sn MOF ([Snz(dobdc)]) composites
and the characterization of properties of the resulting composites.

Keywords : Sn perovskite semiconductor , Sn metal-organic frameworks, Nanocomposites
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Development of functional materials utilizing properties exhibited in sub-nanoscale spaces
(}Tokyo Metropolitan Industrial Technology Research Institute, 2Faculty of Science and
Engineering, Keio University) OKosei Hayashi,! Hiroto Watanabe,? Hiroaki Imai?

In recent years, development of a functional material using a material having a nano space
has attracted attention. Since various substances taken into the nano-space show physical
properties different from those in the bulk state, they are likely to show novel characteristics.
The porous silica (super microporous silica, SMPS) we have developed has a pore size of
around 1 nm, heat resistance, and visible light transmission. Using SMPS, we have been
developing functional materials such as catalyst carriers? and fluorescent materials?. It was
suggested that within the pores of SMPS, not only are molecules supported in isolation, but
strong hydrogen bonds, which can only be formed within SMPS, are also involved®. By
utilizing this property, it becomes possible to change the energy levels of molecules as well as
to immobilize and stabilize molecular structures (Figure 1). This study reports on previous
development of functional materials utilizing this property.

Keywords . Porous Silica gel; Nanoscale Spaces; Hydrogen Bonds; Stable Immobilization
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1) R. Kitamura, H. Watanabe, Y. Oaki, H. Imai, Langmuir, 2019, 35, 5594.
2) K. Hayashi, S. Ogawa, H. Watanabe, Y. Fujimaki, Y. Oaki, H. Imai, Bull. Chem. Soc. Jpn., 2019, 92,
1170.
3) K. Hayashi, Y. Fujimaki, K. Mishiba, H. Watanabe, H. Imai, Chem. Commun., 2021, 57, 13150.
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Fabrication of Fluorinated Polymer Hybrid Materials with Highly
Fluorinated POSS Fillers for Reducing the Refractive Index
(Graduate School of Engineering, Kyoto University) O Tatsuaki Kunimitsu, Masayuki Gon,

Kazuo Tanaka
Keywords: POSS; Fluorinated polymer; Organic—inorganic hybrid material; Fluorine;

PFAS
Fluorinated polymers have a low refractive index and play a R s R
significant role in optical fibers and antireflective coatings, and R\S_/Oali—sl_-o—/&/

e
further reduction of the refractive index is desired to improve the i 0 b
performance of the fluorinated polymers. The refractive index and d /_Oo”é -
chemical structure are related by the Lorentz-Lorenz equation, and r” % R

the low refractive index property is achieved by a low molecular  Figure 1. Chemical
structure of POSS.

refraction derived from the fluorine atom and a large molar volume FF
originating from the molecular structure. Since fluorinated polymers

. . N . X y
already have a remarkably high fluorine content, creating space in the Fs

material should be effective for reducing the refractive index. Herein,  gigure 2. Chemical

we propose an approach using fillers, which can tune the physical  structure of PVDF-HFP.
properties by the content of the fillers. On the other hand, fluorinated polymers are insoluble
in common organic solvents and incompatible with other materials, which hinders the
possibility of controlling physical properties with additives.

By focusing on the structural features of polyhedral oligomeric silsesquioxane (POSS)
(Figure 1), we have demonstrated that POSS can be used as a filler owing to its cubic
structure that exhibits durability unique to inorganic materials and its high compatibility
with polymers derived from organic substituents at eight vertices.” When a skeleton with
such a bulky structure can be placed in a fluorinated polymer, it is expected to promote the
reduction of the refractive index because of its looser packing of the material. In addition, as
for the problem of fluorinated polymers being difficult to mix with other materials, the
substituents at the eight vertices of POSS can be used to increase compatibility.

In this study, we synthesized POSS fillers with high fluorine content (F7POSS) to
further lower the refractive index of fluorinated polymers. F7POSS was mixed with a
fluorinated polymer, PVDF-HFP (Figure 2), to fabricate a freestanding film. The results of
refractive index measurements of the freestanding films showed that their refractive indices
were reduced to n = 1.3787 from pristine PVDF-HFP film (n = 1.4236) depending on
the filler content. We confirmed the usefulness of F7POSS as a filler for reducing the
refractive index.

Scheme 1. Synthesis of F7POSS

R R
R R R R H
NH, R O—%i—JO—SI/ o, R o_¥i—6/- —s? BT RN R
R Conc. HCI aq. \ii’— d‘)—g' (g iPr,NEt (DIEA) j)i/_oé_[O J) \g/
—
FFFEFFF
' MeOH © ) Ch.Cl Lol }
cofon N R/gi_o@és!i#\R R/giegés!fw*\r{ SRS
APTES R= i~ NHCI F7POSS

1) Tanaka, K.; Adachi, S.; Chujo, Y. J. Polym. Sci. A Polym. Chem. 2010, 48, 5712-5717.
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Development of gas separation membranes utilizing intramolecular vacancies in caged
silsesquioxanes (' Faculty of Science and Technology, Tokyo University of Science, *AIST)
OHaruki Ogawa', Masayasu Igarashi?, Kazuki Yamamoto!, Takahiro Gunji!

Inorganic gas separation membranes are membranes that separate only small molecular size gases
from a gas mixture mainly by molecular sieving. Among them, sodalite (SOD) zeolite membranes
have been reported to selectively permeate hydrogen and helium, and the silicon six-membered
ring (POSS12) in the siloxane bond of the SOD zeolite structure is considered effective for
hydrogen and helium permeation. In this study, caged silsesquioxane, a molecule with the same
six-membered silicon ring as the SOD zeolite structure, was added to polyamide film and
deposited on the film, and a gas separation membrane was prepared and investigated in which
hydrogen selectively permeates through the caged molecules. As a control experiment, polyamide
membranes containing caged silsesquioxane with silicon four-membered rings (POSS8) were also
prepared. The Ho/N» selectivity increased from 2.360 to 2.581 for the polyamide film with no
additives and the film with POSSS8 (5 wt%).

Keywords : POSS, gas separation, polyamide membrane
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1) O. Eterigho-Ikelegbe, S.0.Bada, M.O.Daramola, Membranes 2020,10,312
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Synthesis of polysilsesquioxanes with hexyl groups as side chains and preparation of non-
solvent induced phase separation membranes (Graduate School of Science and Technology,
Tokyo University of Science) O Yu Tomizawa, Kazuki Yamamoto, Takahiro Gunji

Inorganic ultrafiltration membranes can remove viruses and proteins and are resistant to
cleaning chemicals, but they are also expensive and require multiple processes. The NIPS
methods, which induces phase separation by incorporating a non-solvent (water), can be used
with polysiloxane to fabricate inorganic porous membranes easily. However, the membranes
are hard and easily cracked. In this study, we aim to fabricate flexible membranes by using
copolymers of HTES (hexyltriethoxysilane) and TEOS ( tetracthoxysilane ),which have long
side chains of organic groups and the NIPS method.

By varying the ratio of HTES to TEOS and the molar ratio of water to silicon, membrane
was produced, in which the viscous polymer does not peel off from the substrate when
immersed in water. Increasing the molar ratio of water to silicon improves the viscosity and
prevents cracking, while increasing the ratio too much is known to cause wrinkling on the film
surfase. When the polymer was aged immediately after synthesis at room temperature for
several days before deposition, the cross-sectional SEM images the membrane had a porous
structure. Keywords : siloxane; membrane; immersion, hexyltriethoxysilane; non-solvent
induced phase separation
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Synthesis of butene-butyne- bridged alkoxysilanes and preparation of reverse osmosis
membranes ('Graduate School of Faculty of Science and Technology, Tokyo university of
science) OKota Aizawa,' Kazuki Yamamoto,' Takahiro Gunji'

Water treatment using reverse osmosis membranes is a major seawater desalination
technology, and reverse osmosis membranes using organically bridged alkoxysilanes have
attracted attention due to their heat and chlorine resistance. Among them, BTESE2 and
BTESE3 bridged with ethenyl and ethynyl, respectively, have been reported to have high water
permeability. In this study, we synthesized butene and butyne bridged alkoxysilanes (BTESB2
and BTESB3) with increased carbon numbers to investigate their physical properties and to
improve water permeability, and evaluated reverse osmosis membranes using these materials.
BTESB2 was obtained from trans-1,4-dichloro-2-butene and trichlorosilane in 39% yield, and
the reverse osmosis membrane using BTESB2 showed a water permeance of 1.2x107"¥ m*/(m?-
Pa-s) and a NaCl rejection of 98 %. However, the water permeation rate was lower than that
of BTESE2. This is because the molecular chains became more flexible and the contribution
of the molecular sieve mechanism to permeation was reduced.

Keywords : Reverse osmosis membranes; Alkoxysilanes;
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W5, & ZTARIIE TR, WEORE L BAREOR B2 B E L TRERZ NS
T T e TFUBERIT Va2 T L (BTESB2, BTESB3) D&k & Z iz v -
MR BEOFNZ B &3 5,

BTESB3 1A W% A 7= D S O TIIMER SN2 b OO HBERREECTH - 7=,
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Cl—X—Cl ——2| Cl3Si—X—8iCl3 | —— (Et0)3Si— X—Si(OEt); ;/_/
CucCl Et;N X= __ % :BTESB3
Et;N Lo

1) F. T. Zheng, K. Yamamoto, M. Kanezashi, T. Gunji, T. Tsuru, J Ohshita, Chem. Lett. 2018, 47, 1210—
1212.
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Curing of polysilsesquioxane films using boron catalyst
(‘Faculty of Science and Technology, Tokyo University of Science) (OHaruto Sato ', Kazuki
Yamamoto !, Takahiro Gunji !

Polysilsesquioxane is a generic term for a three-dimensional crosslink of an organic chain
and a siloxane bond to a silicon atom and is widely used as an organic-inorganic hybrid
material because of its properties. In this study, a boron catalyst is used as a curing catalyst
for polysiloxane, and the Piers-Rubinsztajn reaction), a decarbonation condensation of
hydrosilane and alkoxysilane, is used to achieve excellent materials.

Triethoxysilane and vinyltriethoxysilane were used as starting materials, and copolymers
(M, around 10000) were synthesized by sol-gel method by changing the composition ratio. A
boron catalyst was added to the resulting sol solution, and a freestanding film was prepared
by heating and drying. Evaluation methods included FT-IR and TG-DTA measurements.
When 0.1 mol% boron catalyst was added to the polymer, the ceramic yield increased from
75 % to 90 %, suggesting the progress of the PR reaction.

Keywords: Polysilsesquioxanes, Boron catalyst, Piers-Rubinsztajn reaction

ﬁvywﬁx%ﬁ#%yi TARIRFIZ—DOFEE L FHDO T v X% F5E
ZWRTTAEE LT b DO T, mWINEWERRE A /T2 Z LIz CTHix OfF
*&%%%A@“é L TUMEAZERA DND 2D AE- RN 7 U > FAEFE L TIAL
NS5, AFZETIEARY a3 O bl b U TR 7 #EE (~ ) 220
ZI7)NFn T x=)LiR7 ) B FEHL, e ka7 axy v T o OfixRsE
3 CTd> 5 Piers-Rubinsztajn(PR)S 2 FIH U CHEIL MBI Z HEfs L7,
m%ﬁﬂ&LTF)iF#vv7/kt:wFJ£F#yy7/%%w\ﬁ&w
AR L“C‘/“/l/-/fll/if RV ILEAE (M, 110000 F2E) &L, fFonik
Y IVEHRIZ m%ﬁ%ﬁ%b BN 5 Z & TN ZERL L 7=, Rl 514
L LTI FT—IR*?D TG-DTA fIiE72 £ %247V, AR Y ~—IZ%F LT 0.1 mol%?D 7 7 Ffid
BEATMUTZE Z AT 1w ZUEEMN 75 %035 90 %ITHEM Lz Z & )5 PR LD

EATH R STz,
R=H, EtorSi
0.1 mol% B(CgFs); 1) Casting
Toluene 2)4
OR OR
Poly(TES-co-VTES) Gel film

© The Chemical Society of Japan - [G]3402-2am-09 -



[G]3402-2am-10 BAILES B1055FES (2025)

REEMFT/ O— br2RAVEBRKO—T 4 T DS
(BERERT '« [ LK IERERF ) OZREESC - (R A 2 « A FRZ200 1 - FEIAMES: !

Superhydrophobic coatings based on the surface-modified nanosheets ('Keio University,
2Okayama University) OHisafumi Sudo,' Yuta Nishina,? Hiroaki Imai,' Yuya Oaki'

Exfoliated nanosheets are used as building blocks to organize higher-ordered architectures.
Our group has prepared the functional coatings based on the surface-modified nanosheets
exfoliated from the layered organic-inorganic composites.” In the present study, the
morphology of the coating was controlled using four types of nanosheets: tetradecylamine-
modified clay (Cis-clay), graphene oxide (C14-GO), and titanate with large (Ci4-TiO»(L)) and
small lateral sizes (Ci4-TiO2(S)). Drop casting of the Ci4-GO and Ci4-Clay nanosheets thinner
than 10 nm formed a flat surface exhibiting the noniridescent structural color (Fig. 1a). Spray
coating of the Ci4-TiOx(L) and Cis-TiO»(S) thicker nanosheets provided a rough surface
exhibiting high hydrophobicity (Table 1). Based on these results, the superhydrophobic surface
with the contact angle 153.9 © was obtained by coating of the C14-GO, C14-TiOx(S), and reduced
graphene oxide (rGO) nanosheets (Fig. 1b).

Keywords : Exfoliation, Nanosheets, Coating, Hydrophobic, Surface

ZBEF o — NI F A= LD ELT 4T a7 L LTHEREZED TH
%o BAFIE T N—T7 TIL, BIRARERESAROIL B L0 Gk L RiTmEM T/
—brERW, a—T 4 U7 ERERL WD Y AT, TR I TVAT I R
&R L7z 27 L A (Cis-Clay), FR{LZ T 7 = 1 (C14-GO). K/N 2 FEEDOF ¥ U (Cis-
TiOx(L), Cia-TiOAS)) DA FH 4 FEFHD T/ v — P 2N T 3 —F 1 v 7 REEREDOHIH
EikATz, EE 10nm LLFO#E W ) o — K ThH D Ciu-Clay & C1o-GO % F 12 v 7'
YAT 4T T DHE ERRREN TE | AEKGFED R OEE R BN T (Fig. 1a),
—J7. JEE 10 nm ML EDE w%//~kf%5(m$@ﬂmkmemg%x7v~

a—T 4T HE TTRKRmMNTE, BEEAKMEEZ RTINS B L7 (Table 1),

DOFERAZICH L, U Ciui-GO & JEV C1a-TiOA(S) T/ ¥ — b BllEH A 23K & i

ﬂ%m777xﬂmm%ﬁﬁAbﬁf@%ﬁwu;@ﬁ%mﬁ%ﬁtmgw)

Tablel 4FE¥EDF /> — b DEXEZFDa—T 47
DBl ¥ L ONE S .

F /=t FEx Spray coating Drop casting
/nm Bl - WS B - BhEE
Cis-Clay 44+24 75.0° - I 78.6° - FH ¢
C1-GO 40+32 95.9° - i 106.5° - H «
Ci-TiO2(L)  14+17  127.6° - fE 111.1° - fiE
Cis-TiO2(S)  17+£20 139.9° - f# 127.4° - f%

ﬁglécwa@%L@ﬁ. ‘
b) HEfil £ 153.9 © D A5 K I  FERGER L.

1) R.Hikichi, Y. Tokura, Y. Igarashi, H. Imai, Y. Oaki, Bull. Chem. Soc. Japan, 2023, 96, 8.
2) Y. Haraguchi, H. Imai, Y. Oaki, Adv. Mater. Interfaces 2022, 9, 2201111.
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Thermal Properties of Polystyrene Loaded with Boron Nitride Filler (‘Institute of Laser
Engineering, Osaka University) OKoichi Honda,'

Loading polymer with boron nitride (BN) produces composite material with improved
thermal conductivity over the polymer. Since both materials have high electrical resistance, this
composite material can be an insulating thermal conductor. The relationship between filler
fraction and thermal properties is important in material design. Some studies have been
conducted to evaluate the effect of BN filler fraction on the thermal conductivity of the
composite 2. However, these studies have not necessarily elucidated the relationship due to
uncertain factors such as the effects of pretreatment and additives. In this study, a composite of
BN and polystyrene was prepared by kneading styrene, polystyrene, BN, and initiator (<1 wt%)
directly without any pretreatment to a paste, which was then heated to cure. For materials with
filler fractions of 40-65 wt%, the thermal conductivity of these materials was measured by the
laser flash method. The results indicated the thermal conductivity increased with an increasing
filler fraction.

Keywords : Composite Material, Boron Nitride; Polystyrene; Thermal Conductivity
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1) Z.Wang, et al., IEEE Transactions on Dielectrics and Electrical Insulation 2011, 18, 1963.
2) V.M. Samoilov, et al., Russian Physics Journal 2022, 65, 80.
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FLTL PBT V—Pt% F 7&%
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T CANRER 2, e fdE—BR 2 &)1l #5752 2, Development of a surface treatment method
using zinc oxide as a binder layer for thermoplastic elastomers with PBT as a hard segment
(Faculty of Engineering, Utsunomiya University, * Nippon Platec Co. Ltd.,) O 'Sachio
YOSHIHARA, 'Yukika OTAWA, 'Ikuko NAKAZAWA, 2 Yoshifusa ISHIKAWA, 2
Kenichiro MOTOI, 2 Tetsushi OIKAWA

In this study, we examined a versatile plating pretreatment method for various engineering
plastics by catalyzing a zinc oxide thin film generated by electroless deposition with a
palladium acid solution and applying electroless nickel to the surface.

The plating pretreatment method employed in this study was able to confirm the generation
of a plating film with high adhesion at thermoplastic elastomers, which has a large hard
segment ratio. On the other hand, for thermoplastic elastomers, which has a large soft segment
ratio, it is necessary to improve adhesion. On the other hand, in electroless nickel plating by
the conventional method, plating is difficult to plate on the substrate used in this study, or a
plating film with low adhesion is generated. From the above, it seems that nickel plating has
progressed well by zinc oxide by electroless deposition and catalyzing.

Keywords : Zinc oxide, binder layer, Thermoplastic elastomers, PBT, Hard segment

AHFIETIE, MEBAIC L0 AR LT, B LHSRTEREE T 20 ABRIATRIC T il
L., RENCEEM= 7 VEITH LT, FaxRBAET T X h~—Zx LT, A
DS % - X ATLERIEE R LT,

AWFFETERA L2 » T RILEREIL, N— KB 7 A v MRS WEGATEEM T Z % k
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N WERATHAMET T A b~ —ZB L Tk, BEEOWENLETHD,

— 7, PERIEIC L DB = 7D o & T, AR THW TS ERIZx LT
IZD o X NEEE, b LIIBEELEOBEND > & HZENEMR L TLEIERLE o7,

PbDZ &b EEMRD > ZIZL 0 BLHshZ T S D, ik 21795 2 & T
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1) Masanobu Izaki and Takashi Omi; J. Electrochem. Soc. , 144, 1.3,1997.
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Surface modification of biodegradable polymer/hydroxyapatite complex (I) —Introduction of
etidronic acid— (' Faculty of Science and Technology, Sophia Univ.) ORin Ito,' Masahiro
Fujita,' Masahiro Rikukawa,' Yuko Takeoka'

Composites of poly(L-lactic acid) (PLLA) and hydroxyapatite (HAp) show excellent
biocompatible and mechanical properties, while the weak binding at the organic-inorganic
interface and the low material strength are problems. In this study, etidronic acid, a
bisphosphonate compound with chelating ability, was introduced as an interface modifier to
evaluate its modifying ability on HAp and its influence on the strength of the composites. The
FT-IR results show the shift derived from phosphonic acid group of etidronic acid at E-HAp
modified with 0.1 M and 0. 5M etidronic acid aq. solutions at room temperature. The chelate
formation between etidronic acid and Ca ions in HAp was suggested. Since the weight loss rate
at 500 °C suggested excessive modification due to physical adsorption at 0.5 M, PLLA/E-HAp
composites were fabricated using 0.1 M solutions. There was a slight increase in the toughness
of PLLA/E-HAp compared to PLLA/HAp, suggesting the effect of the interface modifier.
Keywords : Hydroxyapatite; Poly(l-lactic acid), Chelate
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