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Zeolites are representative porous crystals whose arrayed nano-sized pores have well-defined
sizes. Their unique properties, e.g. high surface area, presence of solid acid points and so on,
have been utilized for chemical applications. Here we report our activities on the applications
of zeolite single crystals for physical purposes. Zeolite AFl has 1D nano-pore of 0.7 nm in
diameter which run parallel to each other. This 1D nano-pore was confirmed to urge adsorbed
guest atoms or molecules to array in 1D. Utilization of single crystals of the AFI realizes strict
defining on the relation between its crystal axis and the applied external stimulation, such as
magnetic and electric fields. Resulting, anisotropic properties of the guest materials in the 1D
nano-pore become possible to measure. Besides, it is possible to dope hetero atoms into the
AFI framework of alumino-phosphate. In case of doping Si atoms, the generated Bronsted
acid points was found to have strong interaction with the guest adsorbed materials of Te atoms
and anthracene molecules, such as pinning points of Te chains and have an effect of hole
doping for anthracene molecules.

. 4
transmission 50 #m

Image of guest material
in the1D nanopore | Framework structure and crystal morphology of zeolite AFI

Keyword: zeolites, single crystals, electronic properties, anisotropy

Tetsuya Kodaira received his B.S. (1989), M.S. (1991), and Ph.D. (1994) degrees
from Tohoku university (Department of physics, Faculty of science/Graduate school
of science). He was a JSPS fellow-DC (1992-1994) while being a graduate
student. In 1994, he was employed as a researcher at the National Institute for
Advanced Interdisciplinary Research (NAIR) affiliating to the Agency of Industrial
Science and Technology (AIST) (The institutes belonging to the AIST were
combined into the present AIST at 2001.). Now he belongs to the division of
Research Institute for Chemical Process Technology, AIST, as a senior researcher.
Up to the present, he had concurrent posts such as a researcher of JST-PRESTO (Program title:
Structural ordering and physical properties (2002-2005)) and a guest professor or guest associate
professors at Chiba, Yamagata, and Kyoto universities.

Acc. Mater. Surf. Res. 2017, Vol.2 (No.5), 118-126. 118



Acc. Mater. Surf. Res.

https://www.hyomen.org

TS EEREAV R ERIEEVITE T 5MEHBEED R

INE BT
EERMTHEHERT

1. [XC&IC

PAIAMLSI, AL O REEFERSEL, 2
LR EICIVEEZTER L TWD AL
Bttt Ch b, BIE 200 FlAiE 2 2H
FEAEIEDS TUPAC DB ERSAL, THIE LTA
X FAU 72EDT7 VT 7_yh = 0FI0F
b (1], w4 . MOF (Metal-Organic
Framework) <> PCP (Porous Coordination
Polymer) & FEIX VD EEIR O L2 FLE RS B
ZHA RSN TOD2]03, RIRFEDOFIEL &
DRI ANTO AF2E 2 7T, AR
FEMEREAM PR BEPHAA . PEERI AT EA T AR
DAL TN,

2 JUE W E O— IR E L CE bR T
M HIND, BATAMNIITA A A HEE,
BRI E %52 AT 50050, Ok
PEVZRAE R AT 22 #aA] | i IS Eh
TWDHH, FIFAEREIZE TH R THD, Table
1 DI, BATANTH MRS B 5 Gk
MAITOITNDN, AidCR e e 5 oo
FeLBNTIR SO IS T2 NI INAEFE NI N T2 DT,
ZDOE R FEB I L TR, BA T AR
FECIRIR G A A RARD 53 BiE 23 3=7-2 08 F 5]
Thb, BRI, BATARTIERWD, TV

IR ALVE I LD e R RE I S A
FOIZRNWELTIEN Kfao - 61344
L1280 BE LR E T DITHE D H[5-T],

ST, BATAMNIFER THLE, DT /4L
3B — VA X TRMMICELSIL THhD, 20
FEERIRL, EEOIXE8 RO E KT 2k
TEEEEN OB MES LI REE T2 E Nl
SHLIFMELTEL TS B H VT
[8-10], F /i ¥R DE T HIMHEER O KE
IR T SR OBELS A HI ) CE =2 en
WROHITHD, L L, AVT=EBA T A M
MR CTH-721-012, B WIECREE D
M X FERE ik D TIEN L LR B X D240
Doz, B RN o BRAR L B 5 2 k)
GLELTCEHAITHD  MRIZH AR TEZLD, 7
D RBEORERWNERPEOND, EZAN, B
FITAMD RERESER A LEDL DRI
FFERT 2 [11-13] THY . AFa TLL F IR
95 ARl BUBAE OB A TA R THRIEEO LR
NH-o77,

2. AFIBEASAFRUZFDEES
BATAR AFl OALFRRITT VIV
WRINREHTHD, Fig. 1 I EEES

Table 1. Forms of zeolite crystals, their characters and applications.

Powder

Film or membrane

Single crystal

Primary crystals : <10 um
Size (Often pellets are formed
for easy handling.)

Macroscopic

. ) Random
orientation
. Adsorbent
Representative
applications lon-exchanger
Catalyst

Costs and difficulties
of the synthesis

Cheap* and easy

Thickness: 10-100 um

Random at polycrystals
Monoaxis orientation [4]

Intermediate — difficult

Larger than 50 um

Strictly defined

Separation of None for industrial

mixed gas or silution

Not commercially available

*Costs are high in case of using organic structural directing agents.
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Figure 1. Framework structure of
zeolite AFI (left) and an SEM image of

SAPO-5 single crystals (right).

Figure 2. A) An optical microscope image
of zeolite AIPO4-5 and SEM images of B)
zeolites Aand C) X.
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Figure 3. Microoptical spectroscopic
system of our own building up for
transmission and reflection spectra. The
Raman measurement mode is under
construction. Results using this system

are shown in Figure 8.
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Figure 4. Polarized microscope images
of a SAPO-5 single crystal with saturated

adsorption of Se atoms.
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Figure 5. Polarized photoabsorption
spectra of the Se adsorbed SAPO-5
single crystal. Amounts of adsorbed Se

atoms per unit cell are a: 0.1, b: 1 and c:
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Figure 6. Schematic illustrations of A:
adsorbed Se and b: adsorbed Te in 1D
nano-pore of AIPO4-5 and SAPO-5,
respectively, for a cross section parallel to
the c-axis. The character c indicates the

lattice constant for c-axis direction.
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Figure 7. Polarized photoabsorption
spectra of Te adsorbed SAPO-5 single
crystals. Amounts of adsorbed Te
atoms per unit cell were a) 0.02 and b)

0.28.
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Figure 8. Depiction of charge
distributions on inner surfaces of zeolites
with various constituent atoms. The
numerical values are the differences from
neutral atoms. A-D are the zeolites
consisting of pure silica [20], alumino-
phosphate [21], silico-alumino-phosphate
with the Brensted acid points, and
alumino-silicate of an Na' form,

respectively.
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Figure 9. A) Polarized photoabsorption
spectra of anthracene adsorbed SAPO-5
single crystal measured using the system
in Figure 3. B: Photoabsorption
spectrum of anthracene adsorbed

AIPO,4-5 in a powder form.
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Figure 9. Electric conductive property of
anthracene adsorbed SAPO-5 single
crystal at 304 K.
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