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Fig.1 XRD pattems of products obtained from NH4-A heated

at 300°C for various times by reaction at 25 °C in the
composition of 2.5Li,0+ Al,O3+ 2Si0;- 275H,0.
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Fig.2 SEM images of products ol
NHsA heated at 300°Cby reaction at 25°C for 24h in the
composition of 2.5Li,0 AbOs3+ 2SiO, - 275H,0.
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Table 1 Synthesis conditions and properties of products.

Conditions Properties
Sample ; } .
Si/Al OH/Si Si/Al A*/m2g?
HEU product 100 0.45 9.8 283
HEU seed 7 0.4 5.0 370
CHA product 30 0.5 5.0 458
CHA seed - - 2.5 510

*A: Specific surface area obtained by N2 adsorption (BET)

after ion-exchanged to H* form.

Fig. 1 FE-SEM of samples having (a) HEU seed
(Si/A1=5.0), (b) HEU product (Si/Al=7.6), (c) CHA seed
(Si/Al=2.5) and (d) CHA product (Si/Al=5.0).

1 S. Satokawa, K. Itabashi, Micropor. Mater. 8 (1997) 49
2 M. Bourgogne, J.-L. Guth, R. wey, US Patent 4, 503, 024 (1985)
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Rapid Synthesis of Crystalline Microporous Aluminophosphate
by Combining Fasting Heating with Seed-Assisted Method
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Introductl.on ‘ . ‘ O L Ld -
Crystalline microporous materials are typically (a) Al PR 7 T
synthesized by hydrothermal treatment over several hours M I ad 855
; - . N 30s
or even several days to weeks depending on the targeted g P
framework with specific properties.' Due to slow scale bar: == Z0mm 1 1y AFsimulated
. . s " e 28/ ;ggree = . %
crystallization rate, the development of a method for the (©) 100 ,
fast synthesis is still a challenge. In this work, we report i""
an ultrafast route for the synthesis of AIPO4-5, one of the % ::
representative crystalline microporous aluminophosphates 3

that has been extensively studied since the 1980s.” The
rapid synthesis was achieved by combining fast heat
transfer with a seed-assisted method, both of which were
found to be crucial. This new route can be used to prepare
AIPO;-5 in one minute, and is thus the fastest known for

the preparation of crystalline microporous materials.

Experiments

To achieve fast heating, a simple tubular autoclave
(316L type stainless steel; 0.d.= 1/4 inch; shown in Figure
1-(a)) was used in this work, and an oil bath was used as
the heating medium. AIPO4-5 was synthesized using a gel
with the composition of 1 P,Os: 1 Al,O3: 1 TPAOH: 50
H,O. In the seed-assisted synthesis, 10 wt% AIPO,4-5 seed
based on Al,O; was added. The AIPO4-5 seed was
synthesized in a conventional Teflon-lined autoclave (Parr

#4749, inner volume = 23ml) using the same recipe.

Results and Discussions

Fast crystallization could be achieved in the tubular
autoclave due to the fast heat transfer. After 30 s of
hydrothermal treatment in the tubular autoclave, the Bragg
diffraction due to AFI structure was recognized as shown
in Fig 1-(b), and the fully crystallized AIPO4-5 was
successfully obtained within 1 min. A comparison of the
different synthesis conditions in the tubular autoclave (Fig
1-(c)) reveals that both the fast heating and the seeding
were crucial for the rapid synthesis of AIPO4-5. The
product prepared using this fast route showed almost the
same BET surface area (409 m%/g) as the seed (410 m%/g).
However, the morphology of the product (Figure 1-(d))

20

0- b
0 5 10 15 20 55 60
synthesis period / min

Figure 1. Fast synthesis of AIPO45 in the tubular autoclave. (a)
photograph of the tubular autoclave. (b) Powder X-ray diffraction
patterns of the samples synthesized over 0 s, 30 s, 45 s, 60 s and 300 s
(with seed, heated in oil bath). (c) Crystallinity curves for the syntheses
in the tubular autoclave under different conditions: M - with seed and
heated in oil bath; @ - without seed and heated in oil bath; A - with
seed and heated in oven; O - without seed and heated in oven. (d) SEM
micrograph of the AIPO;,-5 crystals synthesized in the tubular autoclave.
(e) SEM micrograph of AIPO,-5 seed.

was significantly different from that of the seed (Figure
1-(e)).

It was found that the fast synthesis of AIPO4-5 could
not be achieved using the Parr autoclave although the
same amount of seed was used. Meanwhile, a byproduct
of VPI-5 was formed in the autoclave at the early stage of
synthesis due to slow heating rate. In the tubular autoclave,
however, the formation of the byproduct was eliminated,
probably owning to the quick increase in temperature, thus

resulting in a rapid synthesis of pure AIPO,4-5.

Conclusion

By combining fast heating in the tubular autoclave
with the seed-assisted method, a rapid synthesis route was
developed, which can result in the preparation of AIPO4-5

within minutes.
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Table 1 Acid treatment of CHA-type zeolites in 5 M sulfuric
acid solutions®.

After acid treatment

: +

Sample rS;t/i%] E?iéAl Relative Si/Al

crystallinity / %  ratio
CHA(FAU, BTMA) 16 0.11 61 22
CHA(FAU, TMAda) 15 0.28 19 53
CHA(Am., TMAda) 17 0.35 23 68

 Treatment conditions: 75 °C, 5 days

Fig. 1 Location of copper ions in CHA-type zeolite synthesized
from FAU-type zeolite in the presence of BTMAOH.
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Fig. 2 FT-IR spectra of (A) calcined and (B) protonated
CHA-type zeolites. (a) CHA(FAU, BTMA), (b) CHA(FAU,
TMAda), and (¢) CHA(Am., TMAda).
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HARTHMEICR 2 FTHEH L. 70 oC T—IfEZ1E L 72
#%. XRD. ICP. SEM. TG-DTA. "*C CP/MAS. *Si.
TALP'PMASNMR KON, BEICE DX ¥ 574V
Y—ravzirot,
3. BRLEBE

TEPOH f#1E K T?D FAU ¥4 7 4 Mgt s &
OfEH % Table 1 IS8T, A 74 FIEfIZHFE FAU
XA T4 bDSIAHICKE CIREF L .Si/Al=16 B &
R DEEDAAEIX A 74 PR —HTH S
(Sample nos.2, 4), D7 O 7 €N 7 7 AE% H
WTARZITR > AEl ¥4 74 b3AERET
MFI ¥4 7 4 + %35 5 #17z(Sample nos.5,6), 2&.7
)V 7 ) JRIZ NaOH Db D IZ KOH % W72 5412 b

- [ e
TEARIETE P - BTG P

IIERER

MFIL ¥4 7 4 + DI D% X 4172 (Sample no. 3), A
fEFAE O EIPH IR O T H DD SDA & LT
N ,N-dimethyl-3,5-dimethyl piperidinium cation ® X 9 7
BR 4 7 S bR W AEL ¥4 74 D
ZCDTOERIETH S,

Fig. 11Z Si/Al lt 16 @ FAU €4 7 4 MERIIC X D
BonEBYD XRD /8Y — v OREFRELE TR T,
AR 15 REERGEE 2> S AEL B A 7 4 b icdko |
[T E— 7 BB S RO S 1 HTAEIE A
74 FDHEHHTESN TV SR 7T HO L D
ELEE L TH XRD E— 7 HEE X O MIEEICE
E23% 02> 72 Z & 5 5 (Fig. 2).FAU-AEI €4 7 4 b
EEAS 1 HTRT L TWE 2 Eba s,

Table 1 Synthesis conditions of AEI zeolite from FAU zeolite in the
presence of TEP* cation®

Synthesis conditions Products

No. MOH Temp. Yield® Bulk  Bulk
Si/Al X Phase |
/Si0, /°C 1% Si/Al°  P/AI°

1 21 0.05(NaOH) 150 MFI+AEI
2 16  0.05(NaOH) 150 AEI 90 132 1.21
3 16  0.05(KOH) 150 MFI+AEI
4 11 0.05(NaOH) 150 AEI 90 11.1 0.94
5 16'  0.05(NaOH) 150 MFI 75 182 1.12
6 114 005NaOH) 150 MFI 57

*H,0/Si0,=5, TEPOH/SiO, = 0.2, Time = 7 d, "Based on starting FAU,
‘Determined by ICP-AES, ‘Amorphous SiO,/Al(OH); was used instead
of FAU.

Lo

(e)

b s (@
©

(b)
(a)

510 20 30 40 50
20/ degrees
Fig. 1 XRD patterns of products Fig. 2
obtained from FAU after various
hydrothermal treatment times. (a)
Starting FAU, (b) 12 h, (c) 15 h, (d)
18h,(e) 1 dand (f) 7 d.

Intensity

SEM
as-synthesized
obtained after (a) 1 and (b) 7 d of
hydrothermal treatment.

images  of
AEI  zeolites

1) T. Sano et al., J. Jpn Petrol. Inst., 56, 183 (2013).

2) D. L. Dorest et al., J. Am. Chem. Soc., 128, 8862 (2006).
3) A. Corma et al., J. Am. Chem. Soc., 130, 16482 (2008).
4) M. Moliner et al., Chem. Commun., 48, 8264 (2012).
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W, B4 T A PRSI L TV A0y, T3EM
RSN TWDEA T A FNOFAIFIESNTND, =
NHOFTH, A% TENRARHEFSN TS EL
F4 M LT .8 BEALE AT A CHABIE AT 4 N 3b
Fohs, ZiUuTABNEHED AL OfEE L LT
ENTNDEOTHY, FmbkEEEm BT 5705
Si0,/ALO, AT A RREENTND, BIfE, Z0EA
T A MIAEEEEREA (Structure-directing agent,
SDA) f7E FCHR S IV TE Y | SDA IZ K A EHW & ek

SR B AT A OFMIRE TR EME L2 |

EazX ROFRER->TND, ZD-8H, Ll ChREEA
TfDDIRNEF T A MERIED RO BV TEY SDA 7V
—ERUEPRRT S LTV S,

AMETCIE FAU B AT 4 R Z&JFELE LA Si0,/A1,0,
o> CHA RIP AT A F AV AT A MEiEE WV TAR
THZEREWNE LT, B4 T A MEHIEIHEEA S
A NEGRTDHZ LTI VAR LT ) =Y EHP L
THEA T4 FOFERKEEZETSESL EE XL TH
%, T, RS LTHEA O Si0,/A1,0, . FAU P 4
TA NEYERICE—X IV LT ) S LS
CHA IR AT A b ~DEHEORRF AT 72,

2. EBRI7E
FAU RBP4 T A | O¥hi

Si0,/A1,0, tb=5~25 D FAURIE AT 1 FAFHRLL, Zh
TNDEATA R EMUKERE L, IREAT V —%il
LTz, £0th, BE—=XILEHWTRAEAT U —&h
L7z,
CHATRIP AT A M Ak

JFEHC LRt T LT- FAU BIP A5 A 2T U — T
A VPRI AKEE A U w7 B A A, SE/URHAE T S10,/A1,0,
H=5~25, KOH/Si0, H=0. 3~1. 1, H,0/Si0, Ft=29. 2 D
BAT Y%L FHESIEO T, 95°C-48 I KEL
A Lz, 7B, v— Fidfunishot-, Boni-Ank
W3 %. XRD, SEM. ICP I X DHHR e 21T - 7=,

3 FER LB

JFERHE A A BT Si0,/A1,0, Eb=7. 7 @ FAU BIP A A
FEHV, BRIV LTz & & D XRD /82— 2k
ZX 1R T, B X IVMIPEREINR S 725 2 & T
B LOMEESND Z E PR TE T, TD EEEE
LTHW, BRLLTZEAT A hD XRD &7 —2 %X 2 |
IRT, AHED FAURIY AT A N &2 B L7286, CHA

O A+ « EHE— - PREE

TP AT A MIFESRL Lo o 7203, Rt miL )/
=M SEAHT LT CHA BEA T A FRBE—FHTHED
Nz, £/, B LA LIZEA T A R Si0,/A1,0, 0%
75T, 18 S10,/A1,0, bb FAU BRIP4 F 4 R &5 LCTHW

% Z LIkt STV 5 Si0,/A1,0, EE=5. 18 0 FAU R
YA TA FEHOTER LIS TEHE Si0,/ALo,
bt CHA BB A Z A MBIz, ZNHORERL Y, FAU
HEHEIC X 2 1 Si0,/ALO LECHAIE AT A h OARRICIE

JTEHE AT A b BRI LT S—=E T 2k

DEITHD EEZ DN,
o 6Hrs 5t FAU
+
al ) 3trs #3#k FAU
8
+
=]
-
At FAU
5 10 15 20 25 30 35 40 45 50

2 0 (degree)

1. JEUEF FAU O HHRERE 22/ b (XRD)

6trs Foff:

Intensity

3tirs Pt

5 10 15 20 25 30 35 40 45 50

2 0 (degree)
2. B LT BA T A N OJFEMSPHRER O RZ2E (XRD)

#1: AEAF A FD Si0,/AL0, kb (KOH/Si0,20. 78)
T RHRHH] Bkt S10,/A1,0, L
E N Am.
3Hrs 5.74
6Hrs 5.50
4. ZFE 3R

+ T.Sano et al., J. Jpn. Petrol. Inst., 56, 4(2013)
*M. Bourgogne et al., US Patent 4, 503,024 (1985)
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1. Introduction

The presence of pore apertures only at the micropore
length scale (< 2 nm) in zeolites sometimes limits the
applications of zeolites pertinent to diffusion of bulky
molecules. The fabrication of hierarchically organized
zeolites is among the most promising solutions to
overcome such molecular transport problems as the
hierarchical zeoliltes will provide multidimensional
spatial networks at different length scales with
improved characteristics relevant to diffusion of
molecules and ions."?

Creation of hierarchical zeolites by a soft-template
route commonly utilizes large organic molecules as
pore-generating agents (porogens). As is widely known,
epitaxial and rotational intergrowths are present in
many zeolites. Therefore, we have expected that by
engineering the zeolite intergrowths, hierarchically
organized zeolites can be realized without the need for
porogens. In particular, we have focused on MFI zeolite
since the 90° rotational intergrowths, in which
substantial (h00) faces are epitaxially overgrown on the
(0k0) faces, are often formed during the MFI zeolite
synthesis.

In this talk, we describe the construction of
hierarchically organized MFI zeolites by sequential
intergrowth using a simple organic structure-directing
agent (OSDA), diquat-C5 (see Fig. la), without any
meso- Or macroporogens.

2. Experimental

The synthesis mixture was prepared with a molar
composition of 8Si02:xA1x03:1.550SDA:3KOH:1600
H>0:32EtOH (x = 0-0.4). In a typical synthesis, first, a
specified amount of diquat-C5 diiodide was dissolved
in an aqueous potassium hydroxide solution. Then,
aluminum hydroxide (if necessary) and TEOS was
added to the stirred alkali solution. The reaction
mixture was stirred at room temperature for 24 h before

a)
+ + —_— v
/‘\/%\/\/“V%\/\ = i’;t % l-\i'
76 A

Diquat-C5

Zlm' " —

Fig 1. a) Optimized molecular configuration of diquat-C5 OSDA. b)
FE-SEM and c) SE images of the hierarchically organized MFI
zeolites synthesized at 130 °C for 264 h.

=SS0

TUREA « KSR AT

it was transferred into Teflon-lined autoclaves. The
autoclaves were heated under rotation (20 rpm) at the
prescribed temperatures for several days. The solid
products were recovered by filtration, washed, and
dried before subsequent characterizations.

3. Results and Discussion

As shown in Fig. 1b,c, the resulting zeolites possess
an unusual intergrown organization because of the 90°
rotation of the adjoining faces. To our knowledge, this
is the first observation of such a complex morphology
for MFI zeolite. The SEM, TEM, and nitrogen
physisorption results indicate that the obtained MFI
zeolite has a hierarchical structure with three classes of
porosity in one structure: the intrinsic microporosity of
the zeolite framework together with mesoporosity
existing within the zeolite plates and macroporosity
stemming from the complex intergrown structure.?

Observation of the materials formed during the
course of crystallization suggests that the 90° rotational
intergrowths develop in a sequential manner. First, the
single-crystalline MFI zeolite plates were formed from
nanoparticle aggregates; then the nanoparticles and the
soluble species in solution together supply the
precursors for crystal growth, evolving into the
hierarchical structure (Fig. 2).

Fig 2. Proposed formation scheme of the hierarchically organized
MFI zeolite.

The selection of an appropriate OSDA that is
imperfectly fitted to the zeolite framework, yet can
direct its formation, and the optimized synthesis
conditions that can form plate-like zeolites with
enhanced rotational intergrowths seems to be a key to
achieving a hierarchical structure. This concept would
be applicable to other zeolite frameworks and related
porous crystalline materials that can form such
rotational intergrowths.

References
1) X. Zhang et al., Science 2012, 336, 1684.
2) W. Chaikittisilp et al., Angew. Chem. Int. Ed. 2013, 52, 3355.
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MTW 7 = U U r— kDAL E RRER
(AERBET) OB H A A FARCAER « P50 5 » P 3 45 K - 221508 B« 484 ) [

LS W7V ) A BETHH AT A NSy

fHAE, [EAERIE R EOMREZ A L TR Y, AlEEoms
K& LTIRELS VST, S5 ALFTFLISA O~
T A2 CAT A MEBNSEASE S Z LI, B

i

3
&

AT A MR SE 5 FiEL LTERSATWS.

—75, 12 BEHFLAATH BT TA ML, FOHBHIR
TV ETIREEHRMEN S b o7 X Lol
DIEPTEIREY A F /AL SOGA~DISRD R ST s,
Z T, AMETCIR 12 BERMILA AT 2 EA T4 REL
T, MTW &80 EiF, Fe FAZ2ERNICEANLE
MTW B 7 =V 21— |k (Fe-MTW) D& A FEhi L,
Si/Fe kt.& OSDA FEANEEAZREIC RIF T8 2 fat LT
2.FEBR oA HZN ) ASiE), Sk (Fe
IR, KERLT R U o ATV VIREB X O T4 78,
EOSDA L LT, AFNVINIZFNT =LY
FMTEACD, HL<IIT hTZFAT v E=U LT 1
I N(TEABY), ZEToKNRaifl L=, Z ORIREK
BWF(150°C, 6 H)T5Z & TEATA FEAR LT
BoNIRBORR Y A B L O REEEL, FhEn
A EFBSE(FE-SEM), X #airtEXRD) %2 H
WCRHI L7z, F£72, 3B Fe FOBALREA
NH5TPD I RO UV-vis HIEZ L 0 5471 LT-.
AR LELE SiFe b 100~500 DEIETFICHNT,
OSDA |[Z MTEAC], % L< (X TEABr 2 L CEA4Z
A MEREFERE LT, TORER, B2 ToRED
XRD /% — 4% MTW Bi¥ 474 MOERT S E—7
ZoR L7, SifFe s 100 OFM T CELLZREID
SEM it % Fig.1 {Z7~9". OSDA |2 TEABr %W T&
% U723 CIE, 100~200 nm DF 7 YA RDAEL )
£1, 1 um BREDERIRO YR A TER L TWD Z &
RSz, —J, MTEACI ZHWCAR L7,
FAIERD 3.0~5.0 um D~ 7 BHA XOFERTHDH Z &
PHERS L=, LLEX Y, MTW BY 4T 4 MERO&
% & OSDAFEIZ L B SPREDHIEHN ATRE T 5 = L3
RINT.

Fig.2 |2 Fig. 1@\~ L7238kl NHs"TPD 7' 7 7 A
NS, O -0, AFMTW(SVAL = 100) O
NHsTPD 727 7 A VbR L. FeMTW (2801,
SOl & TR Sk 5 o0 NHs Ot e — 2 2581
Hl&hTz. FeMTW 238828 LD Z L b, Fe
JEAH MTW B2 47 4 MERNIGEA I TS Z &
DRI SBIZ, FEERIZHNT % 550K LA ED
NHs O — 7 friEss AI-MTW & Erigs U -CIERIEARN S
U7 RLTWD I EDHERS =, F72, UV-vis JIIEIC
£, 200~300 nm ORI TOHRE—2 BRI ST
BY, 300nm LLEDOHEICHNT, B—271HEe ALK

HENhotz. 2k v, o=tk o Fe oK
HorE, BA T4 MERSPNIZIUENLD Fest: L CHEIE
SNTHEY, BEEEOEERIIAFEL TORNZ &N
RSN,

WIZ, FOSRED 450°CHOEETF T, Figl@or L
B, 2-AFILFTH LY (2-MN) D AFIALK
S, RSN T L7z, Tab.1 (ZSUSAIHA
(28T D 2-MN Hi{bag & A pnBINE A2 7R 7. BT
b, AIFMTW OFEF G 3. BEARERUE & i L, MTW
I AT A WD Z LT 2-MN &R KbE )
LTWDZ PR TE 5. F£77, AFMTW &bl LG,
Fe-MTW ZHAW25Z & T, 2-MN {LRIHE T D203,
RIAER) T2 1 -MN OFBRENFD L, DMN DR
PNKIFCHE E LTV Z EER SNz, 2, 18
BRENIIE -T2 Z L2 XY, 2-MN DORMACSHHH]
ENFEZLICHREL TS EEZ BRD.

b) Using MTEACI,

a) Using TEABr

Crystal size: 100 ~ 200 nm

Fig.1 &5k L7-akklo SEM i

- A-MTW 1
(Si/AI=100) ]

L

Fe-MTW ]
(SilFe=100)

..........

i, .
300 400 500 600 700 800
Temperature [K]

-dq/dT [mmol/(kg*K)]
1

Fig.2 NHs-TPD 7' 7 7 A /L

Tab. 2-MN O 2 F/HESIEICET 5
2-MN #5{bR & AR

2-MNExb 3= ERYEIRE [mol%]
[mol%] 1-MN DMN TMN
i i 0.3 100 0 0
A-MTW 20.0 578 359 6.2
Fe-MTW 15.8 25.1 64.6 10.3

[1] Javier Perez-Ramirez, J, Cat, 227 (2004) 512
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1. &S

T RERFETEZERNICE AT AT 4 M,
AV D T2 DA AL L TOARL—fillt & L
ToFABRHFEsh T AN BEEoZE T, -
BB T Vv aXxy RO RER e~ T uaRi s
LCARANVTTMZ D Z L TEBRNA~DEANZLT
STW5, LML, ZOFETIIHAETIOV 22
EFEFIZAVIZ WERIFR OGS, B~0DE
ANENZ ERDVFET D (2 wit%) ZENFRESE LT
HFonbd,

ANT OB EEENICENTZEL T A FOBHT-
RERTIELE LT, AW r I hniEEFRIAT 50
ERFERENTWS, ZOHFETIE, VU RS~
TRty (Tio, 72 L) ZRAIE I L DR
F LUV TRA LTAT n & @iRitn-o ) hiEsE
REERL, ZNZ2FEE LTEAT A 2R
b5y ZOFEERANSZ ETINETITILABIZE
WFx U r—1 (*BEAP, Silicalite™) 07 L4
U HEEBE G AT RS U r— MO SRR
EnTn5,

AWFFETIE, A A 7 2 VEE WSS, ~
T 1 4@ S K EVILER RS B IRV FEH T AGA E 1
TOIRIECRESME T 2 Z Ll S NS T2, BT
Naxy REERIHT 256 L1388 728 ATk
NARETHH Z LIZEH LT, ARETIIT VA
TR P ARIAFRNE CEAS ~DOE AR KN EETHD Mn
2% AL, Mn BHEHEATA DB R AR T,
2. EB

Mn/(Si+Mn) = 0.06, 0.1 725191 Mn,0; Eb—2A
R ZRAE L WERR— LIV FINT 24 IR AT
2NNV EAT ST, 1O T 1A% VT Ren
SPIDEE BBV I TA N AR LT, R IT R
—&—LLU T H,O/T (T = Mn, Si)&Z2{bS87=, £
DOFfiE XRD, 7~ UV-VIS, SEM, &I %/L¥—
X HHEHT (HEXRD) . XAFS W TiTo77,

3. EREEE

3.1 AN r3IHEIZED Mn-SiO, A RO
AER D UV-VIS JITED D MnyOs HROWRI e —2
DHIUT=ZED D, Al /730 VALERIZ K DRI RE
DAL MRS NTZ, XRD /34— TIIALERTIE
FAEL T2 MnyO3 RO — 7 b RS 7 7e o T2,
HEXRD % HWNCTHERBMZ T LTRSS, Al 23
JVALERZ 10 R AT iE D2 ks RHIT2, MnyO; D
P IS DR E SN T B R 0 A B L D LEE DS |

Mn-SiO; A RD IS RIES AT,

3.2 Mn-Silicalite DE %

AR O XRD JIE (K 1) 75 MFI LB A A R
e R A MR LT, KPR CTAD 2 IV ALE]
21T, Mn0;5-Si0, DYMAIR A E W TEAT
ANEG R ER BT, AR ORI XF— D
Silicalite 2135725 Mn R AWM OB — 7 D3ffEas S iz
728 EH—JED Silicalite DA FITITARIIL 2D 77,
T ATV (K 2) 51 380 em™ DT~
7R3 Silicalite (ZHERTREIHEL TODZED R
SNz, 20T 7 NIMFIER T O 5 BB T
HHEEZHLNTRY, BHNO SisMn I E#S,
RENDHES NI T2 DIEENBD LT D EB 2 B
5, LA EDZ LMD Silicalite H A H -~ Mn 238 A S
LHEZRS LD,

3.3 BFOBFEIC TS Mn 2]

AN VA VAVER KBLER 281D Mn DA%,
BN ODIREEZ 3T 9D T21Z XAFS (2 XD 55451 T
STz AN IAVAVEERTEL Mn (X ZAliOIRRETHD
T EDHERRS IV LB A1 7O DA T A~
DIRTCPELZ D ENFERI I, £2, KEVLEEE 1
HAT-72# Tt Mn OEREA LIV TUNTZH, ZKEML
a2 3 HECHIXL=5E Al ~DiZE e AT,
INBDZENSAT I IEERFIR LT A RGEE T
BB OEALB D Z LD RS-,

S5 0 3
i K}
2 b2 2
2 2
=
E 0 o
L L T 1 1 1
10 20 30 200 400 600 800 1000

2 Theta [deg.]
1 XRDRF—r

Wavenumber [cm ']
K2 v AT bV

a) Silicalite-1, b) Mn-Silicalite
AH T IANDEDY o
Mn-Silicalite A% /7 I 7D

a) Silicalite b) Mn-Silicalite #
B IANMAER L BEE
&) o) Mn-Silicalite A% /4 I

NGER L (BHERA)

* : Dense phase

AN Y

5| AR

[1] J. M. Thomas; Proc. R. Soc. A, 468, 18841903 (2012). [2] S.
Borjas Garcia et al.; J. Mater. Sci., 43, 2367-2371 (2007). [3] K.
Yamamoto et al.; Microporous Mesoporous Mater. 101, 90-96
(2007). [4] K. Yamamoto et al.; Cryst. Growth Des., 12, 13541361
(2012). [S] L. Ren et al.; J. Am. Chem. Soc., 134,15173-6 (2012).
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1. #E

BAE, SFEEFER B2 HE LA T4 R
KBRS Tnd, L, KEYEIZED
BATA N T IR OERIIAET VI ) r—
N RIS T D EF T A FOILE: : ~5wth) T
TIThD Z &N AFEMEDMEW &0 9 RTER &
%o FITAETIZI Z a v A XD 45
A N E— XML EVEDOT VY TR
s EVRVIREES T Y (e VRO NS ey ot = Rl N SN 27
WX DB AT A MLEZ Sowthll Bz L, @R
b5z L2 HE LT,
2. EB

FEoE B KL T Y MY A4 T AR
(FAU,Si/A1=2.8,Cation:Na") & F\ 7=, ZDJFEHE Sy
Flze s ) — LRI CTELNTZ AT —% ¢
300 1 m @ ZrO, B — X% FI T A 3000rpm, ALER
FEE 120min DT —RIVALBRL T, $7-. F—
r7L—7HIZ 120min B4 7 A 0.5g, 2mol/L ™
KERIE TR LOKVEIR 0.34g 4% AL, ZivE 110C,
2h THEAGmELIZ, Bohizth 7 izx LT,
FE-SEM, XRD, ZH# W AR EIZ I ENE S
Bl K amtEOMER, WA EDOERZ T T2,
3. EREEE

0.5g LIAALTEBATARDHIL | Ffl i LALER S (B
Hi%) | EEIT 045g DEFEGEIEMNLT, 37005,
fLiAHEHTVOULEIL, 100 X 0.45/(0.5+0.34) =
54% CThH-oT=, JFEFEA T AR, B — X VALER%
7L G LA S Y7 LD XRD a7 A L%
Fig 1M Z7R4, Fig.1 £V 120min By 7= LA TA D
V=713 L, —EIERE LT DN ol —
75 FAERAL LY 7 VTR — 2 N R AT
ARERIFEEETRIEL TWHAZENLREE M A EL
TWAHZENFERTET, S5I2, BHEoMr7e! o 7
TNV —NARE AW RS L= 7
D[R L [FFLE CTHHZELMER TETZ,

FE-SEM |Z X D10k i@l 235 4 Fig2 1% T
Fig.2 LB — XU R KRN EBI D 35 7 553

1 12725 QOB ZENERTET, £, Ffm bl

BB RIRE L QRN LR TE T, AT L
L A NN T AN GEE T (e /N ) el =
L Th AR DRI T o122 8050 . AAFZE DR 5
DEEEDRFZEDFE R LB A2 NE D THDHEE X HIL
Do

BHEWAENTOFERELY 120min WHFELIZEAT A1

ok e (BRIEIR Begs

ARSI ST DN RIS TRE R

DOW A BT T7ARLOLEA L CINDZ D

RTET, 2T R KO FLAS S - FESRE kL
U_&)T&;éo —J7 . EfE S b 7 VTR [ R
FEDOW EEFETHIEL TWAIENES, TAIFAO%E
paPE B B2 8k, /LSRN FR R AR
JEFTRIELIZZ 2 RE LTS,
R EEE

TIVHVERE B TANRA BT B &I
S0 Y BIBATANF IR A OVERUC P72, /Ny T
DHGAB TR T DA TA N IR FIEIE 54wt%
BRER LT, DL, B =XV T VDV IAIRIZ X
LR A AR DY D TEIL, BA T AN k1
TR TS FIELL THE THHEEZHND,

J 1 A n ﬂ BEERmALEh)
(REOBR)
JL.LA J w A l hEHESL

l l 120min§}E:
Ade

LUJLm AA, F.ﬂ;

10 20 30 40 50

2 0 [degree]

Intensity][-]

Fig.1 XRD 7' 7 7A /v

AR BRRILE2h)
(BEEDBAZ)

Fig.2 FE-SEM [fi{4
5| FASCRK [1] Wakihara ef al.; Cryst. Growth Desig., 11, 955 (2011).
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VET #E¥#4S51F0) OSDA-free & BiLZ D RIS H#iE

(R KBt L) OfFBLAME K - B iE BFE  Shanmugam Palani Elangovan « i UL KA R EEH *

1. %5

BAITANEGRRIZEB W THEM & EA (organic
structure -directing agent; OSDA) | E/ 2% E 40~ T
7=, LR35, OSDA ORI IR AEPFES ARDEI K,
T ADEMA, EEREAMREIIAR AR THY,
OSDA Z HW Ve WA RIED BB E ENTND,

TR, OSDA %5 £72 W RUGSIR G B AT A M it
EUWINL TKBA RZITH>ZEIZESD OSDA RN
(OSDA-free) A EANEANTHFTESNTOBI, T2 13,
FliAG A O L | FERE S Z UL 72 > T B IR
B WKL TEONE B AT A ROREE L ORI
BENRHBZEET N2V —bhEATAMIOWTIRL,
B RO DTCBU (i | 2B L C& 72, F7, Fifk s
FZEDOREVFEREEIZTFEL TWDHEZ R B, KA
ERULIZT AR /) —NEOHAGIC X0 AR L T
BLEZ LD

AWFFETIL, DR A~DOILHREL T, VET B aty
r—hEA T A0 OSDA-free Bk MatL7-, VET H¥
AT ANIRFEA 72 T RER (pinwheel) | O HAL A FF
STEY, ZOARIZIE OSDA Ot Zn 33X VLI 234 #]
RCHHZENMLNTNB, X5 FFA4 D
OSDA-free B AZMRITHZEIL0 ., FlkE L IRINEDI
FAVEZTRT DI 2O ROSHEREMRI 2 L0 ik Sk
WO EBERHMANEONLEE 2 DD,

2. RE

FARIZAKEALY T A KERAE T R D A BEfRARSH, =
oA XN B EMNZ, S5 OSDA AW TERLTZ
VPI-8 FlifE S (VET B as VU —h, BeRki) 200
U CRISRA W ERRIL T, JOSEEWEA— L —7
T 150-160 °C, FHEEIZ LD KBMLELL | OSDA-free &
KEAT o7, AR OFHIIE XRD, FE-SEM, ICP-AES,
NMR, &= R/LF—XRD, 44 /#5005, 7~ 5
JelE, EBFRWMAE R EE AW T To7,

3. BREER

LR XRD 732 —2 (X 1(a)) £V, VET HEAZ
A LD SRR 2R L=, FE-SEM 2 (1% 1(b)) 75i.
R DRSS THDHZEN DD, VET BB 47 Ak
X1 RTTALZ A L TEY, ML mcih> Tifshak R L
TNWHEBZHID, EHRBRAEREIZIBWT, H M4
S TIE RS 1 D RS i & L U CIRI S DM FLARF A AL
TV, Zn [ EBATANERA~TIAEN TNHE
% *Si MAS NMR 1L OES + Al JEAAT MLZEB U

THER LT, F7=, D Si0y/Zn0 i 13-18 Th-
77 FT2Y WBHATA R ID T NAIFIRETHILET,
VET B2 ar o0 r—rEF 7/ A ATRETH
DIENTRES T,

VET BEATA DGR, TR S IRIIRE D 2
20, FERE S BRI S I T E IR AR Ch o~ T T 4T
AMBLOTr = AR ELNTZ, DI, ZOERKIZ Zn
BIOLIiAZ U ZLIEELRWS U TH D, Zn, LiA
A% VET BB AT A OfE iR R 2B A HIA
FNTODZEDHRAIHT LMD O BT, KGO
U — NEOREE LB FEE B 1 L¥ —XRD, 7~
kil BEONMR KON LI2E A G ET
ORISR RO )DL E—THY. 5 B
Bz G A CUONVAIEDTRIBE T,

~ T 4T ARDIEREEPE VET AP AT A RO
I$.2 20 5 BEABILAICIVER -2 mid
(SBU: 5-3 unit, in IZA data base) % R.HT LN TED,
SBU T2 5-3 =y MNIZIFE T CBU RFIZIHWTH
V7= CBU (VET BUZ3U Tl cas, 12 T-atom) JDEH/hE
VBB T D, ZO2=y M LITHEELO 5 BREE
ter=vhDOIAITEY, VET BOFER LA~ TIN5
LEZDE, FERRERLIKEATHI L b7,

(a)l H-form product | | :‘\ — =A%

As-synthesized product

Intensity (a.u.)

Simulated VET

| [T

10 20 30 40
2 theta (CuKa) / degree

X 1. (a) WO XRD /3% —> L (b) SEM 14

5| FASCRR

[1] B. Xie, et al.; Chem. Mater., 20, 4533-4535 (2008). [2] K. Iyoki, et al.; Chem. Asian
J., 8, 1419-1427 (2013). [3] K. Iyoki, et al.; Microporous Mesoporous Mater., in press.
[4] K. Itabashi, et al.; J. Am. Chem. Soc., 134, 1154211549, (2012). [5] Y. Kamimura,
et al.; J. Phys. Chem. C, 115, 744-750 (2011). [6] Y. Kamimura, et al.; Microporous
Mesoporous Mater., 147, 149-156 (2012). [7] C. C. Freyhardt, et al., J. Am. Chem. Soc.,
118, 7299-7310, (1996). [8] M. Yoshikawa, et al.; Microporous Mater., 11, 127-136
(1997). [9]J. M. Garcés, Clays Clay Mineral., 36, 409-418 (1988).
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1. %S

BAT A MEROBELR X, 20 A FIX O KA
YA T4 NOERSFEEZERETHI L L
WX UED, Lk, LREME L TEKRT DS
150 F HEAE & B € Al (organic  structure-directing
agent, OSDA)Z W\ 2 G RIEDBFRIZ LD . BA
T A b OFEITREEMICILR L, 4 B TIRBR
fEa %X 2 HHEBMELE L COMZE D 512
o TWN5D,

BREORRBIZELY ., B4 T4 N ROBEEY
BO7L—LTU—7 %471 200 E@BZL
DD, FEDERIIEMEZ: OSDA, Ge 72 & D~
FusE, BEFE L TOT vFEAL A DOFM
728, ERALOREZR HFEc B L WD, &
OGNS ER T, B4 T4 EkiE
AN RE TR TV D b0 LB 2 5,

Fex 132007 I TERHICHT 8L 714~
G T, BERKRFEICE T B HE T O
ERRMG LT, VDT, [ZyFAArE2HNT
TNV ) r—RMNoZlEbsd] L& LT,
INHO—HOBEO R T, iR EFHT S
Z LTk Y OSDA Wiz MTW #E 4 A
FNEARTEDLZ LA LR, R
TI—T G b LSRN R S 7Y,
Pt Frex i3 _"—% L4 Z 4 FULT Beta)x Id
CHEd 25 —#D OSDA 7V —& R DAFFERH %
IZREE LT T,

INHDEAFTA FoHR T, LDbITHERE
DL DIIEN I =—ADKE 72 Beta TH
b, £ T, AREHETIX OSDA 7 U —5&1F
THAR L7z Beta O & K2 FLICHE T 5,

2. tE&

Beta # & T 55 A& D OSDA & L Tlk.
TEAOH A L < Hb5TWwW5b, TEAOH % T
AR LIZSA L OSDA 7 U —5kCTAKR L=
B DAY D SEM 14 % Figure 1 (2773, TEAOH
ZHWTAR LIESE 04T A E ORI
G OBRERTH D, —JF OSDA 7 U —5:44
THR L7 Beta 13, N—XBEE L H T 5 KK
¥4 F A b Tschernichite (2L L7~ . BIE Ok
72 100nm FREOFERETH S (RS OBMEIC

(RKRBEL) OKXKAREN - IRIBEAR

LU FEdmt A XK ), ERFE Q@I
FAOMMEENBIERIND Z ENbND, =
DEHRILEED Beta 1, TNFETITEL 7 v
A A EeA E L CRIA LA ICHRE S
TW5,

FEELOIREIL A A se i OFK I — RV X — & i
ik EHEEICL VIRES NS, —RICEL T A
NAEIE, RIS S A, AT HEL E
HELTHLNDIGERZ W, ZO-D, Hik
B EATAMEERDL IO, MmpkRE
ZHOICEDDILERD D, ZNHOHMET
Figure | = .5 &, OSDA % W TH Rk L 727 b
IXFE RIS RE R R IR DB E D/ E N & |
T2 A B RR T i A i D A 73 SR
SNTVWHHDEELEIND, — ., OSDA 7
U —MECTHR LIS IT, EiESEERmL,
AR AR TICAERYREOND 20 O f
Bl BRI X0 Fe AR R O E S KL S
TWaHbDEfEmwmTx Lo,

WIZHES OWNEEE 2 TEM (2 X0 KLz,
JFCC Dfirn R 3@t Lizmin g TEM B4
Figure 2 (27”3, ek O & [FEEIZ BEA & BEB
@ intergrowth | X U #Esa 3R S 4L, ZAUA3 M
TMEEDOERICEE L TWnWbd 2 Enbnd, K
RO LD DT R, Bl intergrowth
DA DO RMaMBE SR WAL H D, FERIFD
MEIZ XD Si R NMR 72 5 NSRS TD
RS b Il OR—F TR, T — L
FHRD TD72 N ENRH LMo TN B,

KR 10% % & e 22 K il N CMEVE  HC R
T RIS KV KEVEEMNET A N LT,
OSDA #HWTAKLZH DX, 800°CH 7= 1 >
SRAEBENMET L2, OSDA 7V —TARL
72 Beta L2189 5 L 9 1T Si/Al EL(SAR) ME W T
HLE D 5T, WA &) EiRIKE T OSDA = H W
TEHERLELODOWE & ERl -7,

3. it

OSDA 7 U —THA % L 7= Beta I3 SAR 23/ &\,
Thbb Al 2LV EER, BRNPELDAICH
BLTRBY, REB/AA VMR ELHITDH L
WO RN DD, A MEAFT A MIZORKME



HT 25 HOOMENE, MEEEN R\, il
HEADIGHIIRETH -7, HRKEHFO/NED
ARG & SRS, Fe'' A A DR NO
WAEMIZEH LTt 2 D TR Y, —HONf
HOHRTCERRDOBRF 1T o2, T ORER,
SAR=4.7 D HLDIZB L T, NO &R EmIZEHWT
T4 =T 4 NI N,

FCC 7wt X (I m Ko7 ot 2 Th
L5, ZORBOEFITILY TV A fib i3
B, bbb YRMEYAT A4 D OSDA 7 ) —4&
ik EBAEL L L CORT VI IEOMESLN S D,
A Beta #EM T 57-0121X, HEIZSU
SAR ZFEHBTHHBUHTENRARTH S, 4
ERKOERSIET VT AA 42 33 HILITK
A A i U, &IOS 52 LIC X
D .OSDA 7 U —TCH& Rk L7z Beta ® SAR % ~200
F COHPHTHIET D HiEZ M L7-, SAR %
FHHE L7 Beta OfEMEREZ ~FH > DT T %
YT LI E T A, ERIETAKRLIEDD
LM AT AT, RIEOMHIL 7 1 v L Y
La LB TR ER R I T,

4. FEH

OSDA 7 U —5:EF CHREREEHWTAER L
7= Beta BB AT 14 M, WERIETEK LD
CITREIC L B oMM A A L, ISHmEIC
BOWTHEREMNZ T Z RN bho T,
T ORRFITY BRET D,

BIEE - AL DO RENIAR IR R S AL
OIK[FEMIED—FTT, ZDHEMED TR O
ﬁ%% Li‘a—o

51 3Tk

1) K. Iyoki et al., Chem. Lett. 2010, 39, 730

2) B. Xie et al., Chem. Mater., 2008, 20, 4533

3) G. Majano et al., Ind. Eng. Chem. Res., 2009, 48,
7084

4) T. Yokoi et al., Angew. Chem. Int. Ed., 2009, 48,
9884

5) Y. Kamimura et al., Chem. Asian J., 2010, 5, 2182

6) Y. Kamimura et al., J. Phys. Chem. C, 2011, 115,
443

7) Y. Kamimura ef al., MMM, 2012, 147, 149
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11542
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(a)

3.0kV x100k SE(U)

(b)

1.5kV x100k SE(U)

Figure 1 SEM Images of Zeolite Beta
Synthesized (a) with and (b) without
using OSDA

.........multi members ring chain

Figure 2 HRTEM Image of
Zeolite Beta Synthesized without using OSDA
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1. #3

GIRA A NTA BRI T AS — % ARSI - CHR
F&L7=EL 555+ (coordination polymer, CP) [34&EE5 I THIFL
TR CIERR CE A0 . BATA ML RIS, WA
OB E R 22 SN IARBE N RS S QG ZoREE A
ZI B RERNL T OB SHO T KV I OMEE1’ E 2
BV, FHZENL OB IAEE N T ) A= 2DREEEY)
P ISR E BB 2 BRI E T 27 7 7 2 —ETe D, A5
THEHE L 2,4,6-tris(4—pyridy])-1,3,5—triazine (X1, LA T tpt)
XNIT U BRD 2, 4, 6 (LB YV BRDSHEE LTI Th
D, RO HAESRE CXFMERFRD | 22RO B S A
TERLT DD EIFFS D, AWFSETI tpt &7 N7 04|
Aol e] ) N K Y [’:“"J
Cu(BF),6H,0 ZJ5UEHfE 4 0 I
B RAEIN AR U= O
FENT R A T 72,
2. ZEB

BT F tpt DR T IV a— VERHR AR ) —I [~
VT IV — UIRAIR(1:1 v/v) %O Cu(BF,),:6H,0 DA% )—
NARIRE TR, 2 b ORI L - Tl R %
OV EIRCHE AR T2 CIRERAOEEEL 1%
187z, F7= solvothermal 55 Tl CuBF,), 6H,0 & tpt & 2:1
OWYE R TINZ, 7h=N/LH 140°CT 72 WG
SERFR GO BRER 2 21572, BHhh B E VT
B X B ERTZ 1 T, ST TG, IR, ¥R XRD,
TCHEIWITREEAToT=,
3. ERBLIUEBE

R AR I AR UG 1 2 ST 7= fE ., i
SRIERST TS, ZEWIRE Fm3 mTHY ., M1 EE a=36.592 A,
V= 48994 A® LMD m RE 2R BN AR Z S D2 &30
o7z, CulDAA AT N TEMTHY, =77 T AL 4
DD tpt, THRIYIMIT 2 D0 BE, 7= DENLLTZAS
Behr )\ EAD JRF#EGEE2 L Tz, 8 DD tpt & 12 fHD
CullDA A 72 br— VA RERCHNLE L TR, 2D —
OB OB 051248 DIEF T, NE cross section 13X
20 Ax 26 A DIEMRVERFO (K 2 72 B) , il 1 OfG A
I0 AR DIV ZEBRER1T 73% (35529 A THY ., iz 1E X
BATANDZERRER 52% & LT D D20, il miiiE)
57— LU —713 Cuyltpt) (B, DI CHHEZEZHND
D, TEEDHTOFRERD DTNV T va— L TS E
T D7 ANDIFAEN RSN, SO HAESEIZHL 30
TR SR E NI 10° Pa)Z L= 7 2T

NN
R N
g g

s

[X1. B tpt

CRJ= TR BE ) O RAKAS - ST - BT Az

SPring-8 C XRD /3% —>ZHIEL , O R Rk
BT EATo12L A, B REE Rl — D22 Ty -1
TE A R UT=Z 0D BLZSAER A1 T Ch &S A #ERFL C
WHEEZ BN,

Solvothermal AR CIHOIV- R 2 O HfE ST O
T S ot D Q1005 1 g LAV R SYARV/RY o L% 0 T ]
Kt LD — MDA A AR ITEIILTNDIEN D>
7oo ERIT tpt 2RV HLIMIME 229 3 — B AZ F 7L,
L —NMTHRBIHNZZEN-FLIZ T =4 B ADIAA T ST
oo, Fl-fimi, TR PT IV 7L — LU —ZHHkI T
Cu(tpt)(CH,CN) (BF,) Téh-7= (K 2 F), BN DTEA.
Wi CuAA > 380, Z0HH T — OO TESIZHT
5 CulDAAANET BR=RL 2 3 F-HISWEALL T2, 55
NGBS T T LD BIXZEROFENRO LN T EH
WAERIETT K Th~ A7 fLOFEE MR CEIRD ST,
TERMLIRFEWAETERTS K) TN ES Cald/ 2 rh B
0% D IR B L A R T, B LRSE S SR
#2 VT DR fIRATAA To 7oA S, WaE 8T 21 k) mol ', <
A7 A& 0.050 mL g ERELDI, ZiuE CulDA
T 1B A IRE 0.6 5 FDIAEL TWODZEITH
B9 5, ZNHDORERED . RSB DORAE L > ThiE
BAEHEC TNDEE 2 BID,

2. fitifm 1 () RO 2 (F) o
e 1 O —80 (2 ) RO (1)
E=ARI tpt, BRIE Cu 4402 FKL,
CulDAA L DDIEOD () 1ET7BEh= V&R T,

*FIHFIZ  Tel/Fax: 042-388-7040
E-mail:  k-maeda@cc.tuat.ac.jp
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1. #5

TAITA MENRe Y —2HT 54 IF4 Y L—|
FEIEIR  (Zeolitic Imidazolate Framework; ZIF) 1X. &)@
AF L ARENMN TFAREIZHEBLTTED
PCP/MOF D¥EMEI T D, £ 5 DAL, ZEMER
At & BRA A U OBNIFEE - S5 Z AR LT
B2 AR B OEARHT I — KA T 5,

—J7 . AWFECIE, MfbEgh (ZnO) & 2-AF A
IV —/L (Hmim) OY)ERARE IR =L
X—%M2HZ LT, AH 77 I BRI ZnO 1D
ZIF-8 ~fEfhinis 2 2 &2 R Uiz D, ATIETIE,
R A2 B e, RIZERI & KD AT ZIF Z ffi{E)
ORMCHELET S Z LN TE D (Schemel)

Zn0O + 2Hmim — Zn(mim), + H,O

Scheme 1 Reaction scheme for the mechanochemical dry
conversion of ZnO to ZIF-8, [Zn(mim),].

2. FBR

— R RO D ZnO (Day = 24, 373 nm) %
W=, BizER—L 20 (500 ml ALO; RS, 010 mm
YTZ R —/v 100 fE, 100 rpm) % AWV T, ZnO8.1g &
Hmim 16.4 g (Hmim/ZnO E/Vi =2) Z{RA L7,

3. AR LB

ZnO & Hmim ® X U > 7 TH 55 A% PXRD
Wk =T 4 MDD ZIF-8 THH Z &EDMER SN
oo Flo. VT ORI & & HIZIELHLAED ZnO
b ZIF-8 ~DZFLEANHEITT D2 L 2R LT

(Table1) . 7/ %A X (Dy=24nm) ® ZnO % FH\
5HZ L2 E Y ZnO D ZIF-8 ~D¥a{bRIL, B L% 80%
FTEELE, ZHICKLT. Y71 mr (D,=373
nm) @ ZnO ZHW\5 &, ZOHLHEIX 15%FEHE ThH
ST, [EF ST ZIF-8 ~OELAEITT 5720, 5
{ERIXH TR ZnO DA R IFEIZ K = <HKFFT 5,

Table 1 Structure characteristics of the products.

S BET “ SL b Vmicro ¢ ‘/lolal 4 Y ¢
/m? g'l /m? g'] /cc g'] /cc g"' TGA Vinicro /0.66
ZnO 30 35 <0.01 0.37 0 0
3h 390 460 0.15 047 36.3 22.7
6 h 610 670 0.24 0.44 49.5 36.4
24 h 840 960 0.33 0.71 62.5 50.0
48 h 950 1060 0.35 0.76 67.1 53.0
72 h 1060 1180 0.40 0.85 74.3 60.6
120 h 1200 1310 0.46 0.94 78.0 69.7
240 h 1180 1290 0.45 0.76 81.8 68.1
ZIF-8/ — 1947 0.66 — — 100

“BET and *Langmuir surface area. “Micro and “total pore volume. * Yield
of ZIF-8, based on TGA and nitrogen sorption measurements.
/Calculations based on the free volume routine of CERIUS? software.”

Zn0O (p=56lgem?>) & ZIF-8 (p=095gcem”) D
BEFEND . ZnO O ZIF-8 ~Dfsffx, B L% 6 {FD
KL ZLES, £, V727 v d Zn0 KL EH
(448 K2 20 nm @ ZIF-8 FIN L S5 (Figure
1h) Z &5 ZnO FESERE ) HIES HHEB L% 10 nm
FC ZIF-8 DERN T 5 L B2 bivd, —7H . ZnO
D ZIF-8 ~OHREA IS DOHEIT & & b, IR D
HRMEIZ S (Figare 1a—f) | 25554 & L C ZIF-8
NEONDZ ENbhoTlz, /%A XD Zn0 %= H»
TG EITBWT S, IR & 725 E R 713, AT
% ZIF-8 [ZWFE 3D Z L2 X 0 | ZIF-8 ~Difisffany
flsihvbd &EHBx 5D (Figure 1g)

Figure 1 FESEM (a—f, scale bar; 500 nm) and TEM (g and
h, scale bar 20 nm) images of the products prepared using

nano-sized ZnO (a—g) and submicron ZnO (h) particles.

£ 3HR 1) S. Tanaka et al., Chem. Commun. 49 (2013) 7884.
2) O. M. Yaghi et al., PNAS USA 103 (2006) 10186.
BIEE AP O—EE, SCHEFEE RLNT K HRIS B
WFFE AR R S 2 353 S1201026 72 5 TN JSPS
BHFE 25790019 DAEIZ L W iThivE L,

*TEL : 06-6368-0851 E-mail : shun_tnk@kansai-u.ac.jp
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AV HR—=F A HEKIT-6) « F X =T HEEIRDER & FOE

1. #&

AVR=F 2V F KIT-6) [FRmfENPRKEL, 7]
IEHFLIERR (4~12nm) , KX 7ZoMIFLARR, HAIRIICELS
L7zF 2—bE v 7 (la3diiEa - Tn5s Y, ZorHL
LT, 3WITANC 2 DORMIFLISFE HIC A W fLA 72 S
BETHD EV ) BmDRZET BN, ZIUTL Y, LN
(B L RITBMARDEASEE 5 7 3 IRTTHT2 IT AL
(CEBRT DR LT ST g D, — 5T F
B =T IR, BEEE, ErATEL KRR SRRV
SR &5 Y% 2T AWFE T KIT-6 AL T
H =T RS, WE OREETE) LTSt m R A
A DHHSREM B 2 BT 2 Z & &2 HINE Lz,

2. EER

AYR=F AV H (KIT-6) DOERITEEE ANHEWTH
WUz, L7247 % 200°C THIALEE L, 225877
KETFH =T LT h T4 YT aRxHA K (TTIP) &
T ) DRGSR L, BAT2H ) — Va7
S, LD 600°CT 4 WRIOMEREIT -T2, E7z, TTIP
& KIT6 OE T 1 : 1 (KIT6-Til) 2:1 (KIT6-Ti2) . 3 :
1 (KIT6-Ti3) &72% K OIZH L7z, HraHimiL XRD
e, ERWMAERECEZ VITo7,

B YA EE L 7 7 T VT B RORR{EoiEIC X
% COLERGHREE BRI U7, a2 SOSERNICERE L,
EPTRFFEZ, Xe 772 MRS L7c, 4RI A1 GC-FID
ToT Uiz, bkl e U TR YAl Degussa Hl
P25 ZfEH L7=,

3. BRBELUBER

XRD HIE LV, ARk L7 KIT-6 O X #3% — 3K A
PR TH 2 — By 7 (a3dEDFHS & =T & — 7 35
bive, BV NV OEBRBAENEORERZX 1 IR
4, Al IEENSFH L7 Tio, EEETH D, KIT6
O BET LR HFEIE 795 mYg, HIFLAFEIE 1.00 cm’/g TH
o7z, KIT-6 & TV KIT6-Ti DR S, L
HREEBIET L, ZOBEMIE TTIP EAEN SN K
W EEETHh o7z, £7-. KIT6-Ti ® BET H#EifEIL. KIT6
ORI AHERF L QWD &2 5, BIH EE2HWT
ROTA TN O ER 2 X 1 12T, KIT6
TIX 82 nm, KIT6-Ti X 82nm & 4.9 nm I — 27 B3R5
N5, Thd& V., 8.1 nm &HEEE S AMIFLARIL KIT6 O
FLIZER L, 4.9 nm OFMFLARIL KIT6 OMIFLANIZ =2 — h &
NI=TFH=TIZLDbDEEEZHND,

i)

(R OWIF 688 - FBH B2 - BYI BT

_
o0 1
E ~~
= {09 X
[+]
2 g
S {08 —
5] [}
9
& 107 E
5 °
2 06 @
o b . -]
= g
{05
400 0.4

0 10 20 30 40 50
Weight ratio of TiO, (wt% )

Fig. 1 BET surface areas and pore volumes depend on weight
ratio of TiO,.

d,=82
§ \_,/\ KIT-6
§ d2= 4.9
5 KIT6-Til
—~ N KIT6-Ti2
AN~ KIT6-Ti3
0 é 16 1‘5 2‘0 2‘5 30

Pore diameter (nm)

Fig. 2 BJH Pore size distribution from N, adsorption isotherm.

B BRoofEE, KIT6-Ti (gt ng
LWWEEE R L, P25 & Lbis U OGS ERIZ L v 4
RN ENT Lo T,

1) L. Qianetal., Chem.Eng.J., 213 (2012) 186.
2) J.H.Parkl, et al., J. Nanosci. Nanotech., 13 (2013) 423.
3) X. Chen, et al.,Chemical Reviews., 107 (2007) 2893.
4) F.Kleitz, et al., Chem Comm., (2003) 2136.
KHJIl R (E-mail: satokawa@st.seikei.ac.jp)
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D AVt

1. #8
77—Vt /) Fa—TDLI%Fr /) A—=F
F = —THEAR I N REZM NI E L E
FONA ABAFIC R I WFELEIC R ) DDOH B, 2D
I BN, T 3L X — RS o B,

¥ v 8y ¥ —oEtER I AT AR s LT
HIEEXA Y R—5 2 h— RV bBLE2ED TV 5, B

A & L CIAEICEA 9 2 3R L2k 5 B

% DI H 50T TlEZR v, BRI TR,
ANEEEE Y ZF LR 2ER TP TL YLy
J =L EBNLATITE b RIS E 7 B ERIAR D>
6®Am#% DI E L THRASIN WY
Th5, !
:M%%mxﬁﬁ%%®7;/—wﬁ%%ﬁﬁmm
WD o DERICEH L 72, AR D RIEKIAR D> & HLHI
XY R—=F A h—R v O RARNERTE S 2
ENFFRICHE S LT LB L o ATRE I DWW T
i SN T Wi hotz, 2BIC, Mo s v—7
DL 2 S L 722s, RV < —7EE (400 °C LEE)
DORGETHE 72 I DRI N TEYD AV R—F A h—
FRUEEZE R ICIEIE>T0Rro>k, P L DT
BRI, IS ER TRIGAE %2 17 9 & I S %
LCLEI) I EDPHERTELDB . ZOLEEZ2T RT3
EHHZBREERTORGAESTEIC RS 2 &% ]
W7, ¥ Aptgecid, ol @me ek
DOBFEEBIE L. % h — R D X REEHIHE
ZERETZ LB ICRIGBRE TOBEZIZOWT
M 2T > - D TWE T 5,

2. b

W 2 1t e, B TREO 7 =/ —VEEE P o
G L. BEREEEA] (Pluronic F127) 282y /) —
JVIRTRE & 1RA L CRIBGARR 2 57, REEER o &4

w2 RIA 2L S TR L 72 BiBVATR 2 S SR
(F¥E, »Y)avs®) FicaEya—1FL 100 °C T

FU=—{bLL 7, ¥ RIALERTO X Y EEE s
WG D 2% BRI X D -G LA ARSI E
OB L Ll oW TR L 7.

3. fERLEE

JRAGALER X SE3RFE T C. 350 °C X U) 800 °C (5
HREFE 1 °C min™") TIT > 72, 800 °C LELDFERIZ 1

i 2 i Z SO TERFNICE Yy F L KT IC
AT X DI, BB I EEAEIH 223, 350 °C ALEERL
L ZER BB, 800 °C TIZEMAANEELL 72,
800 °C ALHHE D il C R PH A% A L T B 8k1-
D3R S AURAVALBE 12 3D - 72,

(PR ORI

(as-made) (350 °C ) (800 °C )

i -
1, AR FE7 =/ —VEIIRZ Bt & T 5 4 Y G RER R O
BALALELER D I D T B

PSR R 2 2 2 TR o L EIE o RN 72 5%
BT ML (TEM) BEEZX 217K 7, HiBKA
WhoFAEEAIEZ2EZ2 2 2 L T2HED XV
TE DA RAMER S N7z, RIS EAIRE D e WG X
iﬁ%L(m3m\%<¢5&ﬁﬁ%%(mWMﬁf
AR U 7o, B FUENTEPER 2 3803 & S TT S D LI
PEDME T3 A2 EAE I N, RAERTIX, B
HY%TE £ 3 WFEEIE?@ED% 5 ﬁ)ﬁ&'ﬂﬁﬁ)%u/mg n.vy v
F—IRAVFLUF A Y v MRAIFLAN E (LU 72, 4 AWK
HHEED S, r =R XV ALOBE DL &0 AL
HBEDEOT 72 AEER R L Tk,

(Pluronic F127; 0.5 g)

(Pluronic F127; 0.7 g)

X2, ¥k EoRm IiﬁJ%Amu%lé{mmx%A}ﬂzL%x VR
— 5 2 H— KRR (800 °C LEL) @ TEM GE

BRAVETE T OB RGN MR D 2L % UV-Vis,
FT-IR JZ TN XPS (T X DB L 724558, 800 °C LB
HERL L DEEEIEICETE (B 25mass %) LT
W AR TFED 7 = ) —VEHE CEE 9 T-85 260,
GPC 73#7) 5675 R v —Fi&id. RGO
DB EAT 21 on T BESH R LSBT
BEOERLTED REICh—R LT T5 2 L
’ﬁﬁu/u INTn3

1) S. Tanaka et al., Chem. Commun., 2005, 2125.
2) Y. Meng et al., Angew. Chem. Int. Ed., 2005, 44, 7053.
3) J. Schuster et al., Chem. Mater., 2009, 21, 5754.

4) T. Kimura et al., J. Mater. Chem. A, DOI:10.1039/C3TA13026F.
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1. #%&

AV HR—F ALY J1F kA (MSN) 13Z D& EEER
O HAIALATRIC L 0 Al DRI Z X U o, 34
X¥ U7, KEFER (low-k) MEL KESE (ow-n) #
BEEIEAVISHR R Sh g D, 2h b ol izl
TR, RO A VS ORSEETIE, A FREAR~DZr 8
OERPEE L 725, MSN A7 CEffidH 2 &
WX O AR T DHRERT G b DA A, A
BE~DSyEER B, RO RER I EEE OIS, B
DOEEIR E S RIAEI, G - ICHIZBT 22 < O
ZENER SN TN D,

A DIL T ARIED N U AT U UTMSY ik L
LTHILND LU VEEZEHTHZ EICk->T, v UD
— FETEMER A AT Ko7 6 O FmiE A OB
FEREVT ) —NIEOFER & RIRFZI TV (Fig. 1),
T2 )L ~DG R AV HEIE DRI ZEIZAE LT
W52, BHN-ERERI MSN 23 ) I~ R U w7 X
WHAT D Z S o T, BN B IO ERLIAN AT
BETHDH I & bR LT, —IZ, MSN DOZEREROEENNIE,
Al EOHFFR OISR L2 S 12% 59
HEBEZBNDN, HICHIFLRZIERT 57210 TIENE
VOIS0, FNENL D~ N v 7 ADRADLZ D <
T D LWl H D, £ 2T, FFED TMS &
U MSN D=7 - = M ZH LI DUV TR A1 T - T
&7, ABIT, XK= N COffELR Y v ABHO—
B LT, BRIRS U BT 2 RiF280 L LRV Rl
AN V) — D Ze 8 U 1 ) R DERRICONT
LED A TE 2, AFH TR Z D OMFZERREIZ DU
THIT T %,

Lentz treatment

CH, CH,
H,c—,e,ig(rsi—cu3
CH; CH,

Trimethylsilylation &
Surfactant removal
in one step

Silica-surfactant
composite nanoparticles

Mesoporous silica
nanoparticles (MSNs)

Fig. 1. Scheme of formation of organically-modified MSNs by
the Lentz method.

2. BERZICEHa7-2 LB NN DERK

TrIZ X TTA(TEOS)-7 X/ et/ h U=
k%227 L (APTES)- NG MEAI(CTAB)-/K-EG-7 &
=T RIZET B 2D ~FH ) UAEED MSN ARkl 2B

NG P e KRR P

DA SOWE NHESE, HERICE 3TV
NRIF-DEREAT -T2, U A1 —FUETEER A Y EEIR
TR A AR LT, IR S B2 Y DIRZ IR
% Z LN Ko TR EGIINT NS 5 Z & AR
ST, R > T D Z e h, e
Ki-DARR L O BRFERERFICHET L & B 2 bz,
Wiz, = /VOMARE 27 L0 LR hE <,
HANTNIREL TAHOIZ, arERiZy = Lo
AL CIZEAIE LT R Y AF AP (TMB) %%
MU7=, TMB Z RN L 725G & AR TR Rk R A MBS
PINZHE Z o 7e, ¥ = /W2 DMFALOBSIXAHRITH
ST EOMILEIZ=Z T LI L T/hEW, HBWIE
KREWZ ENERVAENEIZ I VALNE 257 (Fig.
2), ZOXD AR DOER D 27 -2 =/ MSN (TR 1~
WA D D530 ) ~ — YR O SR THHATH S
EBZBIND,

(a) Z ——
. re-growth 7 ———
— e
N =
S —

Small-pore core

Larger-pore shell

(b) %
P ——
re-growth / =
— i —_—

Large-pore core Smaller-pore shell

Fig. 2. Structural images of core-shell MSNs with different

combinations of pore sizes.

3. BMbskT / MiFEEHR L LI=hZE NN DERL Y

e Y ARSI RFOEKTIETry 7 aR ) ~v—
AR Y v —hiAE AW REGINH D0, BT
1 ZADOIELSe, BFABREITLE 5 R OBEEMHI SR
BThDH, £IZC, $E LTI EEkFe,05) ) /Rt
AR U, MRS TSR W T ) IR E Td
BN Fe,Os 1R 5728, FeyO3F /i a8 L LT
ZORMIZ Y ASETEMEA AV E AR E TR U,
FERMESRIE T o L o AR DL THZH LN AIRETH 5
EEZT, 22T, BHEOHREITHE - THE LRk
20-60 nm Da-Fe,0; F / K - D431z CTAB &
TEOS ZWIIL ¥ = VIR EAT - 7294, L o Y R 23
7o FEDNIRIATTH ) — U RTRE CH o T2,
¥/ VBRRIZ & DRSS 50-150 nm (ZHEK L, 2 7-v =
IUEEER AT 5 2 RSV, L BRI ORI D
XRD /N\Z—AZBNTE, AVHBEICL D E—27 BLD



oa-Fe,O3 ITRE SND B — 7 BRGNS, LoV LI
BFEC X DIEPTE —2 2NHK Lie, F7z, FTIR XD SYE
TEMAIDOBRE & TMS EOGIEDVRSNTZ, TIVHORERD
O, FUERIEMFIOBRZE, TMS 1k, Fe,05 DEREN RN
SNT=Z Lotz (Fig 3), LoV HE% ORI {-0 TEM

BERIZLD | 1ZE AL DRAPPZEEZ A L NS 2 &
DHERSIVTUND,
TEOS Lentz
CTAB treatment
—_— —_—
Fe,0; NPs Core-shell NPs Hollow MSNs

Fig. 3. Formation of hollow MSNs using Fe,O; nanoparticles as
template.

4 BRIV NS/ RFEHEE LI-REERS ) AT
J BFDER®

DB A H T DA U H(0,581-R-Si0;5) 1%
U 7 & bl U ORISR TR COTRIRMEDMEN Z 2 Fn ST
W59, ZZ T, TEOS EHEHUKESH S 72 2K “ IR
DI & 0 FHRL U 72BRIRS Y 15 BIf(SNS) 2§l
& LTHWE, SNS O3 HKIZ 1,2-EA R = hF )
VA ((EtO):Si-CoHy-Si(OEt)s; BTEE), 33 J UM I fit:
ELTTAF =% 01Z 60°C THHEBR L. AU A
T VOREIT -T2, D%, Boiiza T -2 = /VkL
T DR D pH %D Z & TSNS ZIRfiR L, BT
o TEZELE (Fig 4),

Organosilica shell

e — &

Silica nanospheres
(SNSs)

v

Hollow organosilica NPs

Core-shell NPs

Fig. 4. Formation of hollow organosilica nanoparticles using
silica nanospheres as template.

: . " Al Sy
Fig. 5 (right) FE-SEM and (left) TEM images of hollow
organosilica nanoparticles.

e  $

= VIERRS SNS BRZSEEE CILEERIT R 5409 DLS
HEIZ X 0RO TV D Z L3RR S
-, EE40nm O SNS % W T S 7-akkld SEM,
TEM 4 (Fig. 57 bl AR U A HWRIAIRIZ S =1

B L. PEEREEEZER LTV D Z ENbnd, [EHi
PSIMASNMR 2LV, 27D ) ANRETERICRES
Ni-Z LR STz, £7-, EHEWBAENTE LY. SNS
& L U CRIE A LR ARG OBEIN (118—-530m° g ) 2R
iz, BIH AL Z R Cldh F-RIZEpiain z <
FRZeR okt L2 B — 2 23 L S 107,

SNS D43HKIZ TEOS ZHIN L Ty = VB & T~ 7
BRI g e R & 72 BN, AU B OBEI
B A— b A ZORRLIRICHT S 5 O 2REHECT
HD, ZOTD, FUEIEMEHRZ & OSFRA 2 VT
WZHBED LY = WITRE A Y HLBMFEL, 27
DOREERZ LB 2 B 5, INT % BTEE O
I ESELZLICE o Ty = VDESEEbEEDH 2
LINAHETH D08, = URHEWNERITaTRREICE b
72 TR DIHAEE LT,

TuayraR)e—IkvAhEOY 7 M L— |
LI LT, SNS I ZBRA S Th W FEE 7R bR lE 23
ARETH D LWV I RSB S 7, SNS OhifE% 15 nm X°
60 nm |22 EETH, SNS DY Rtz Li=H2e
JRIADEOND Z L EHER L T D, IHIT, BHEH
ORI D 14EA R bF TV ) ARE Y
((EtO);Si-C¢H,-Si(OEty) & HW =58 b . I RIERERDOIIE
EETHPEAES ) BRSO TND, ZTRHD
FEFIIARTEOWAEORE S 2R LTEY, hi A X
VN Z CABBEEOEIC X 0 SRR HE, BSEEDA 528
W cE 5,

5. &EM

1) V. Valtchev and L. Tosheva, Chem. Rev., 2013, 113, 6734; L. 1.
Slowing, B. G. Trewyn, S. Giri, and V. S.-Y. Lin, Adv. Funct. Mater.,
2007, 17, 1225, and references therein.
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1. [FCHIZ

IR A BEORBMMESICL2EATA FOARK
I, KBETIISE SR WL - i - IRREZ 155 2
EIMFEETH DD, FHEALTA beEkTH LT
HRLGETH D, VR A BT, Si0, U A7)
LR HAICHE LIZEEHREA L, T ORAERZEH
DA A BHE L T\ 5, BIRT A BEEOJE kG S
IZLDEA T A MERTIE, Q)ERBER T 2 1k & (i)
JEIBRBE A A U 7= O BHITHER 9~ 5 J7ik 0 2 FiEIZ 5y
HTE D, ()OFET, EEERIZELVEAS T A M
TERWEBIR S A BRIk UG S, BERKATICfE
M ET DA A Z2BRrE - KHSE 5, 200N
IZBWCEASN - AN EMZ 56 L, BERATH
HUNTBERE I BE Y A 9 J8 D Si-OH FE[F L2 [ A
I XY I HIET D, Z DJBRBREE 2 I L7 1%
ZBERL T D B, BAIZRBERIC L0 BA T 14 MER
B SR WEIR 7 A BRYE RIS BT 5T 5 2 &
EEZDHE, RIESHEILIREFELSZ D,

Fexid, BIRT A WatifEFRiE O Si-OH H & AR
DKFBREATHZEICHER LCBEMBRREZHIE L, &
WA BEOBRMEA 217> C& 7=, FEEOHIEIZAR
L., BATA Faethd & LIRS Y 2571
WZOWTHET 5,

2. B-Helix-layered-silicate M7 = FIZ & 2 [ERIRE
HIEZ%E L=k ASTREAS A FOER?

&tk A ERtE o BRI A 1. IR Rk O RE
T 5720, HBonL5 AT A4 ME, KBVETED
NDHEEATA MEIFRBRIFELZROZ LD D,
oz X, B A B O—F T & % B-helix-layered-silicate
(HLS)?X AST DEA T A S O¥rnDfEEHEHT 2
ZLICHEH L, BEICT R REE A UBREREE 2 i
L72RRITBERL T 2 2 & THURDTEREZ 7> AST At
F T A~ OWERSA E#ERK L 72 (Scheme 1),

HLS |, ZORMIZNaA A T N T AF AT >
E=T NTMA)A A2 D 2 FHEOBA 42 DNMEET D,
HLS Z¥E@g/ =2 7 — VAR L XA F LA LR F v R
(DMSOYALEE L, ZD#fEA & 5 —FEfik 0 k3 Z & T,
JEMOMGA A 2T _XTRELZ, Z20%, VAT
NZa A7 I RCTUEET 5 Z LT, JERiciEis L
TW5H DMSO &V AF /L7 r 47 I RDPA) &R
$a 7=, DPA HAKDOBERIZ LY AST BIBA T A K
E1G7-, T ORI, HLS & [FRRICEN T L— MRko
JEREAZ > TRV  KBVEIZ I D Gl Sid ASTRID

DDA LICA WO I

278475078 @ -owmso
J‘,(\/ﬁ ,fﬁ(\,’f‘ 1. Hltaq VEIOH

GA) QO WD G G WD -

rf!\ T ’g}ﬁ,‘;;\ \2 2imes >

§(<';; )*({j LB DMSO02-HLS

a
LI A LB WIW W

T l DPA

’{“‘ nowonow

- / 7N e

P 6/«7277( e
Ve
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NN
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vel,o Cal-DPA-HLS
Scheme 1. HLS D JEffE &2 L 5 AST RIEA T A
N DA RRCA F—
BATA MEIE, BRoEREL o7, T REHN
TREMBREZHIE LA T4 N &85 L= TOR
Thh, EEOHIEIKLTT I NERASTHD Z
LEMD TRT T ENTET,
FELLIE, A20 2 DBV E 20,

3. BRERBBEKRKAT VLU —FO
N-methylformamide F TODEFIC & 2 BMEHEE

JER A A BRYE OSBRI A 1X. RIER72 60
G HEAEICL Y RN TELT VI ERMLNT
W5, i, ZORKRNEERFICERZHE LT
DEREDBMEEL CLES Z &LV, JBRERENE
LU BREENR I~ TV ZElick b &,

JEkA 7 U r— MNEL FEREREE A IR I T BER
T 5 HET . RWREIDOE AT A MR S LTV D3,
AR ENTZ RWR BLOY AT A4 M, Si BREEAAE)—
ThbH I ERERMEANARERTHD Z EPREINT
W5, Y iR CEBEAE 2 U, BREREOZE
{bZMZ RN BBREMEDOHEZEZED L& L, BT
T K D RERE G 23 A T2, ik o> HLS O Jg e A
WZBWTC, BREO SI-OH L 7 2 FOMAEERIZ X
0T NITEEHIECS L CHESTH D Z EAVRER
ezl BROBRHMEAT 5 180-200°CHEE THRIAT
HDHZ LD N-AFILKRILAT VT B R(NMF) % i
wELUTEIRL, OB LKA ) r— b
(H-Oct) & 180°C Tyt LB L 7o, =i £ ¥
(Reflux-NMF-Oct)iZ, FHFLAIZ NMF 23517 L7 E £,
JEREA OAHDHEST L, XRD IE X Y RUB-24 & [AlEE
DEEAT D Z PRI NT, EDHDOBERRK T,

U DBERORBEIIEZ SN, FEWE OBRED R
DERETNDZ EIWRENTZ, LED-> T, BEfES

=DPA




\_v

28D e o - - e ( v
B £/ &) &) BER ) S

;\, OO e ( ) o
H-O Reflux NMF- Oct Cal-Reflux-NMF-Oct
E & DHHET E*ﬁ%% EhRE

Scheme 2. 7'v h oA KU r— kD NMF

FCOBERIC X D BRI S
EHEMDBRED AT v T H 3T DI ENTEES
% % (Scheme 2), 3L 7=#'E 1%, *Si MAS NMR il &
IV, QBREIRBTE LT ANEL AEFEL
RN Z EBIERE LI RWR BIPAT 4 LD
BRIOHSENEL ., Y7o xy—FEND Si
BENY—THDH I ERRENT, b, F0WY
X, NMF % =R CRERICEA LR L7-(BRfEA &
AR EZRFCA U S Lo L Ert
MEWZ EWRSTe, BT A Bl oERfEG I &
WEATA BT DB, JBRIES & AR ED
WREE T BT ENEAT A FOREER L OREMEIC
WA B2 DI ENDNoT,

[ FIEDOM DGR A Wt~ H rTREME 2 i~ %

2, IR A BIEDO—FEToh 5 Magadiite FRLEE
Pz b L7z, Magadiite OREEIZAEAT ST R0
N, ERBREZRIET S 2 Sk 0 BRINES 2 ERK &
NTW5, YNMF P oigiiits, ERMES SR
Bond, BIRAZ b U r— OB LR | 8
MfE e & AR EE 3T D5 Z 813 T&eh oz, L
L. JERA 7 RV & — MAERIZ Magadiite 22 NMF
HCIRE L. B A~SEARBER T 5 & BEH R IR T
NMF %38 A UBERL L7=9E L 0 b LLlhy B O#E b
P U %155 2 Lk, oA v U
— b & Magadiite OZEENOEFENL, EHEEOEMNIH
kTrEBLLND,

4. B4 4 B8 RUB-51 O bidentate 2> 1) LR
BZEE L T-EBREE

JER A B o g R i ICH B ICE S L7
Si-O7/Si-OH 1%, ~ U MELRISHAIRETH H, v UL
{ERSIE, #riz7e SifizEREICEEL L., BEiks
BIeEED, BEMLESNTY U VEEN OH HaFiol
G, 7a NUBIORIR T A TR L [RIERIC AR C e
MEHIEHT 22 ENTE D,

e~ 1%, Sodalite & — DN ST EEKE
B4 5 @ik A et RUB-51 @£ % 2 BHREMED
JALHITEMT S &, 1 DO U MEFINERED 2
2@ Si-07/Si-OH % & [is(bidentate 72 )in) T 5 Z & &
WL TW5D, PRUB-S1 #HEHE S L, T hT 71
my§y$£m XU IEKIE L, K E DMSO @

BV TR R IT > T2y T DOFE, KJED Si-Cl

%7» Si-OH i~ LA U @R IS HAIIC RS %,
Z @ Si-OH & DMSO OFHAAEHIZ X v iz DMSO

DRI T 5, TO/ROBBECREMMES T2 2 & T,
% LK% Ak L 72 (Scheme 3),

(2) RUB-51
TRy o ) BB
WI /)/MKM%&&E

gé?gé‘g Hksy

Scheme 3. RUB-51 # HHFEWE & Liz~A 7 kR —

T AMBDOEKR T et A

*Si MAS NMR JIZEDFER L 0 | RUB-51 & SiCl,
B, U AR IT 8 EIRRETH Y |, bidentate 72X
JEIHEIT LTV D 2 E AR SN, MUK it AL pki
TIL, B~ DMSO 2317 LT 5 Z &1 & 0 EllHsE
BB LN TND, BULERAERY CIE, BRETES
Q BRED Y 7/ F N DI &V iR T& 7=, BVLEiA
4D XRD 3% — 1%, ¥ UMb &7z RUB-51 O
FEIES a §G ALK T O 72T AT A4 R LT
XRD DY alb—va R —rbBlt—8L ., #H
11 Scheme 3c D X HIZZALKILL TV D EE X B
% (Heat-Tetra), JE[RIE S 25 £ TREMIC DMSO 23
A7 L(TG-MS (2 L 0 #eR), JE i & ORI FE kg 4 1l
MLTWB EBEZBND, F/o. Heat-Tetra ® CO, W
BHRIENS, NEICTNL T 7 v fLBNTFEL TN D
Z IR ENnT,

5. £&L&H

BRTIL, BADPEF T CERBRARIEDNE
MBREZHIET 5 2 & X DBRHES I OV THE LT,
P AL PRI 0D JE IR o A BRI ]~ D A B IR I D38 A DR
JEHIENCK L CTHEI TH D Z LR T I ENTET,
F7, BRERE SEFEOEWVCL VS LD ERH
FEO IR ORE MO L BN R/ D Z LR STz,

6. ¥
ABFFEIE, SCBAE ZFEER TR T n Y = o

k& ZEjﬁBZ{EA H AR B R BUFZE B (DC2) D
B &= Tz, Z 2T 5,

(&&3#]
1) B. Marler et al., Eur. J. Mineral., 24, 405428 (2012). 2)
Y. Asakura et al., Chem. Eur. J., accepted. 3) T. Ikeda et al.,
Microporous Mesoporous Mater., 110, 488 (2008). 4) Y.
Oumi et al., J. Porous Mater., 16, 641 (2008). 5) Y. Asakura
et al., Bull. Chem. Soc. Jpn., 84,968 (2011).

(b) Tetra-RUB-51

(c) Heat-Tetra
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[(BE) B4 71 FOBRRIEO—DIZf@IRT A Bt
O OBRMEAIER® D, IR A B, Si0, MU iA
DIHNBIRD ZIRTEE A L TERY ., BT oEEm
IZAFET 5 Si-O7Si-OH ZE[F L3 G- THga L
L EBATA MG T S, D ZOFETIE
PERDKBIETITA R SN TORUWEECHAL, Adh
SHIEOY AT A N EEETE DRSNS D, D A
72Cl&. B-Helix Layered Silicate (HLS)" o J& [ &1 &
HEATA Mz L, HLS 1% 4% 7 —Y 0
Gy ORI NE R o T2 JEMEEZ A L, BREIZIE Na™3,
Yo DT —VRNITIET b ATFNAVT BT A T
(TMANMFEAET 5, HLS IZBREMEAIC L Y AST ¥
FIA FEBMTEDLLEZHLILDM, HLS ZBER L
THEA T4 MU Z 5720, £ 2T, Si-O/Si-OH
ExmmnEbot oI ERBRE A I L, BERkd
5 lizk Y 3k R AT,

[S=BR) 45k L7- HLS %Z HCIEtOH ¥ 1 CHE#E « 4y
L, fei7 C DMSO HCHiFe - BEL 72, T oD
BEZ S O — VIR L, T 5 2 & ThARRE
(DMSO2-HLS)%# #5372, & HIZ, NN-V A F /L7 m B
7 2 R(DPA)¥"C DMSO2-HLS % i - Sriff - 2l
L. Z O/ % 2 [B]fT - 72 (DPA-HLS), ##(Z 800°C,
3 REMBERR A 3 MRS Z L THaAHR R
(Cal-DPA-HLS) % 15%7-,

[5=B& & £&%-] DMSO2-HLS &2 1#/E L 7= DMSO (%
DPA-HLS TiIfiiff L. fti> 012 DPA 2312 ERICE
AShz, ZokE, dfEOHK%E XRD (Fig1)L V.

J Simulated profile

of AST-type zeolite
LLULALLI_l__I_?_(LJ

A

Cal-DPA-HLS
X3

DPA-HLS
X3

e

10 20 30 40 50
20/° (CuKa)

Fig.1 &8t XRD /X¥ —

Intensity (a. u.)

B-Helix Layered Silicate @ J& filiffg & &
T X ROfRMEEICE X D

WLz | B

JE B OREEMED PREE S

n<Twasd ez s '~
MAS NMR X ¥ g8 L7z, ‘, g AR
Z DR BEALEE L

7= Cal-DPA-HLS ¢ SEM h i
BIESHERIL, HLS & [AlER

OMCRTZRE DR % 75 L Fig.2 800°C & ik #% ik}
7. (Fig2) & bic. XRp  (Cal-DPA-HLS)? SEM {4
DIRE— T ASTRIY T A N OREEfRATHRS B N2 Hk
D vIalb—varNg—rE—HLEILEND
(Fig.1) . BEFEARICE 284 T4 METH D Z &Nk
wE Nz,

JE e S PIhERE DR FEEIX, ASTHREA T4 o
17— 8720 DPASF LEICFEYS L7 Z &2 5 DPA
INBERRIR I BRI D25y D r — P W EbhE 5%
HER L LHEESND,

T RO BHEEIC S 2 B % DPA & HL O
BEEHOT I N aHVWTHE L, N-AF /L7
AL 7 I RMPA), NN-U XA FATE F7 IR
(DAA). N,N-¥ 2 F LR AT I F(IDMF) %8R L,
DPA & [RIEEDSMEC HLS EMIZEA LT, DPA &5
DIZT I Ry FOAEMARET DPA > MPA > DAA >
DMF DIEFHIZ72Y) . DPA & MPA OFEFEIL 4% 7 —
VEIRFERULRESTHD, &7 Ny raEiicE
A L72 HLS % 800C THhERk L 7= & Z A, DPA LISt D5y
FEMEA L7-RBHIATT B 7 7 AT EES L 7-,
500°CHERL Tld, DAA 23 A L7z HLS O A7 E
T T4 MEDIRE ST, MPA & 0 AZNATED /NS0
DAA ZE A L7 HLS ZBERk Lot o 7V 3iis )
FEL7ZZ En, BREMGAICIET I Ry ToRES - &
ARSI Clid7e <, Y AF AT I REMLDY TMA™R
FHEL Wy TR =Y a2 5F+ 52 L1ck 58
OREADMLETHD Z ENRENT,

(&% 3]

1) B. Marler et al., Eur. J. Mineral. 2012, 24, 405.
2) T. Moteki et al., J. Am. Chem. Soc. 2008, 130, 15780.

3) Y. Akiyama et al., Angew. Chem. Int. Ed. 1999, 38, 1420.
4) L. A. Villaescusa et al., Chem. Mater. 1998, 10, 3966.
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BTMA W F 2 % BEICNE T DB IR A BE HUS-T D

Oty F 50 A« HE R 4

1. #5

o R A AR (LS)IT. 2 WRTHI7R T ) ZE i 2 £
LEALICEWH B ETEMiTEsIE, L EEDRSE
Wo Tz EE 2R HSZENnG, BT AR A TEILW
WRHY B ELEL CORFTEDE AN TOR TN,

INETHE AL, BATAMBHIEEZJLEL TEA T A
k& TMAOH % FV T, SOD MR — (ZHEEIL =5 L
LS T&% HUS(Hiroshima University Silicate)-1 &, F7=
b2 — AR VU BT Choline & #H A4 io W HUS-2 3 5
L7z, ? F72 HUS-1 ORiBRfAL L TB-HLS S5H#5E Th
% HUS-5 OARLHMEL TWD, 2 Alal, ~_o /LRy 2
FNT =0 LKEEALY) (BTMAOH, CH;;NO)%
SDA ZHIWWT, BrL Wik f A& 4 17> HUS-7 D KEE
AR Zh LT, AFEE TiE, HUS-7 OREEEH R X #
Pz AW TR ELZDO THRE 35,

2. B Rl A R AT

Cab-O-Sil® M-5 Z T UBPFIZH W, A Ak b 2
Si0,:BTMAOH:biphenyl:NaOH:H,0 = 1.0:0.2:0.1:0.2:5.5
EL T, 125°C-7 H D AKBE R AZ1THZ LT HUS-T7 235
HITZ, ZHUZ DWW TR XRD, SEM #1435, [H{& NMR
HECH, ¥Si, BC). TG-DTA M EZIT -7, f#TIE. £
PEBHE(EXPO2013)%2 MW THR X BREIHT 7 — 2005
IR EZ S L7, RIC, EZEFEFOX)ICLY E M
WD BTMA 43 - DOERFN & 57 RN & KD Tz, e RKT2 |k
7t — % (Dysnomia) & Y — k<L R L (RIETAN-FP) T f#
EREELEITWE T EEL LTS ET VERST,

3R BI OB

BeRoE/L 7 300 =78 SEM b Blssniz, £/
YSi-NMR HIEND, 2KD QP —2E350 Qv —
B, HUS-7 DM@ E THHZ LN MRS
720 E£7- '"H-NMR I EH 5%, BTMA 43 FICH KT 5L
— 27k =Si0O-H--0Si= CRINDIKFF A ITER T D
O — MBS,

N-Treor % WI=FE AT 06 BFEHIL a =
1.711 nm, = 0.739 nm, ¢ = 3.304 nm, 8 = 85.589°M
BRI RE— TR Eo7-, ZHUTEESERADS
b MR ZEIREE C2le LTEE-T7, Bk i
EEXUIRT, LAY —FKIE5 2D Sith AR 11D 0
FANPLTE RS TEY, 2?Si-NMR Of5REAE LT,
F72, HEU X° BOG AT A hOfEETRLND, 10 H
D T YA 5725 bre i CBU(composite building unit)
EHATVD (K 2), R F O F, filEwE L7

IR X B E AT

BERAHIF A+ IR T B
B &b PR S B

HUS-2 OB & #1E LA THHZ LDV LIz, 47D e
oM 2 oI —NERFEREL., =0 MIE
HUS-2 (26 T3EDNTIAL (%ﬁ’(‘ 125 nm) , ZDH
WIS B BTMA 45723 ¢ 85 127 - C dimer 27
L b #ih 7 Jtﬁ%iuoab%/\%ﬁbﬂ\é EN ot
AL G S AT Si00,5:2BTMAOH: 1.3(H,0)
(Z=4) LkFoT,

1. HUS-7 OG0,

D K

X 2. HUS-7 \Z2& £415 bre B CBU t=vh.

PN

[1] T. Ikeda, Y. Oumi et al., Inorg. Chem., 50,2294 (2011).

[2] N. Tsunoji, T. Ikeda et al., J. Mater. Chem., 22, 13682 (2012).
[3] N. Tsunoji, M. Fukuda et al., J. Mater. Chem., A1, 9680 (2013).
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HrELE R A7 A BRYEHUS-7D A E & W 75 RE 2T
(RKBRL A - FERAFE) OHtEF e A - i sish B -

IR

FELPEREIR 7 A BRERIE. 2% A O SiO, RIS — b A3
B L REEEA L, BEEZAEIENTE D Z D,
SRR 72 000 1SRRI BN 7= BTh L & L Cob)f
FEDFERAN AT TV D, a4 BRI, < 08
F5 A N EEE, BT T ATV VAR Y
OREERLEA (structure directing agent; SDA)Z AV V7= 7k EA
BRIZE->TELND, ZNET, FHxITERFEEDO7 L
DKE(H0/SI0, I H L, 1K H,0/Si0, Hha:E T ¢y
FHEEDRI2 D% 772 SDA Z VW5 Z & T, 2RIt
% Ff o 7o BUE IR & A BAYE HUS(Hiroshima University
Silicate) DEFRIZAEN L, WABEMCLFLUARTER A L LT
BN HPEZ B SN LT Z[1-3], AW T, K
H,O/Si0, HERHETIZIHW T, kR B ORI A%
BT LT, XU UL R U AFLT U E= T A(BTMA)
KR E €7 2=V HF ST 2 L2k, Bl
RIS A A D IR A BHE HUS-7 235 S 7= Tl
4%, F72. HUS-7 OT7 & b= kU JVRIRT )5 D~
BrBIORT = ) —VOWEREIZOW T HIRAE LT,

2,555

t = —2A KU J1(Cab-o-M5), RV R AT LT
=T LK MY, BT 2 =/LB XUV NaOH #IEE L.
SiO, : 0.2-0.4 BTMAOH : 0.2 NaOH : 0-0.2 Biphenyl :
5.5-10.5 HyO ORARKDHFEKMEZ VAR LT, 15517
HKVEZ NV 30mL DA — b7 L—T12NZ, §FESM T,
FITETREE - R OBV 24T~ 7=, D+ 7 7 &
J¥— 3 1L XRD, SEM, TG-DTA, 'H, "CCP & X
O S MAS NMR IZ L W4T-7-, HUS-7 ZHWi=7%&
N= NV JWRIEIN DD T = ) — )V OWAEFRRIL, WA
ZATEDT = ) —)VIBEO T b= k) VIR Z.,
12 FFRRIR CIRE 9975 2 & TiTo 7z, [ERABE LSS
ni- bR wEgEEik s n~ 757 4 —7T, Eikz
XRD., UV-vis 3 LT BC CPMAS NMR T/offr L7=,

3FER-BE

Table 1 IZERGAH KOOI AW Z 7, Fig. 1
IO DR A BBIED XRD /¥ — 2 &RT,
BTMAOH/SIO, ft% 02 & L, A & LT BTMAOH &
HIIMUT 6, MG oinied-7eh, BV =
JVZ IR L Biphenyl/SiO, b4 0.05 & 9% 2 & CTHAEIR
oA BAYE HUS-7 235 Hiiz, s oOf5%, HUS-2 iX
B LW RS OfER T A RIECh 5 Z LAV L7z
(FEHIE A21 2208), Fig. 2 O SEM &S LR E 9
(2, HUS-7 1% 2-5 um FREEOHCIRDIERE T > 72, HUS-7
DU T Biphenyl/SiO, Lt D HENNZ L 0 1) B L7223,
BTMAOH/SIO, % 0.4 & 9% &L Bip ot a9 Dk
A [t RUB-51 235 H17-[4],

WIZ, KOS 31T 2R & U CORIH &80
IZAfL, HUS-7 7 h= KU AnbEDOREVBIW

EAIEE N - EBFRFIG A

7 x ) —)VOWGEREN A A LT, Fig. 3 (JIRATRIEND
DR BT = ) —VOREERR T, N
BT HUS-T ~NEE A EWAE LIRIoTain, 7= /) —)b
OWAEZEIIHAZ/R L, HUS-7 &7 =/ —/LETD
SRV VH BRI R ST, W 38R D HUS-7 D XRD
2B — 1 X(Fig. 4), 20=15-30° (ZARKIE D HUS-7 & B
Blalf 7 —oBnBisR sz, L, KEdTsZ iz
L0, rTntoT ) —nofke Ebiz®c cp
MAS NMR “CHER), WERT & Rk 2 — 2 b 7o
Toe EBIT, KPEEDOV T MET = ) — VO
L7z, ZOZ EIFEREOKS TR T = ) —v LRI
BT 5 2 & T, WENEITL TS Z L AR LTS,

Table 1 Synthesis conditions of crystalline layered silicates

Synthesis conditions® i
No, Sy ondiiond_ ot 114
BTMAOH/SiO;  Biphenyl/SiO, 1%
1 02 - Amorphous 39
2 02 0.05 HUS-7 80
3 02 0.1 HUS-7 88
5 04 0.1 RUB-51 100
*H,0/8i0,=5.5, NaOH/Si0,=0.2, Time=7 days, Temp.=150 °C
10
(b)
2
2
x10
(@
10 20 30 40 50
i 20/°
Fig. 1 XRD patterns of (@)  Fig. 2 SEM image of HUS-7.
HUS-7 and (b) RUB-51.
~ 08
5
2 ©
é%ggﬂ_—AL—
3 04 Z ®)
£ z
2oz} =
z @
5
g 00 4 8 12
Equlhbnl_llm concentration 15 20 % 30
/mmol L o

20/
Fig. 4 XRD pattems of (a)
as-synthesized HUS-7, (b) HUS-7

Fig. 3 Adsorption isotherms of
(®) benzene and (T0) phenol on

HUS-7 from acetonitrile  treated with acetonitrile
containing  benzene  and  containing phenol and (c) (b)
phenol. washed with water.

[17Y. Ide, et. al., Chem. Commun., 2012, 48, 7073.

[2] T. Ikeda et. al., Inorg. Chem., 2011, 50, 2294.
[3]N. Tsunoji et al., J. Mater: Chem., 2012, 22, 13682.
[4] Z. Lietal., Chem. Mater., 2008, 20, 1896.
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R A%V A X L— MEAIZ LD EIRT A BREHUS-20% FL4L

1. =

~T aR YR & TR E o B ER R R 0 HE A
L CERLIALEMORHTH V| saEaE L b ) %
hF 2 AR L LT H—RB LR —F%
i b UK FA SN TWB ~T R EAEH
Wz RO RFEE & L ot F A DT e ko
Z CsTERAT[EHL L 72 Csy sHy sPW 12,0400, A Y R—F R
U 7 AHEERAEESEIR(MOF) & W\ o 70w R AR
AT HHERICA~T 0 R Y {2 HE U il 2515
SN FUSRIEE R ~D~T 1 R U RO I H 0K
DBETEME WS TEREBPE I N TV D, Bk A BRI

T EOWBZENR I MEFZERE AT D L &b,

J& BRI EL Y] L 72 2B K R e~ ) Ao
T AT WALEAT O F TS R REXFH 21T 9 F Al
RETH D[], &I CARMIETIX, SHFIEE THMIC
% U 7= B ik o A B HUS-2[2] %2 FHVWC v U v
{bERB LTZBRFABEE~TaRVREOEE
bzt L,

2. EBR

FUETEEAR (T VTV N AF AT E=T L
71l R)%& T HUS-2 D@ % Lk S 21412,
M= b7 Frb Ly T % HnT HUS-2
~V U b E T o7, £ D%, Keggin WY &2 7
AT ‘/E&@(H3PW12040)1 721Z PreySSler EL_J U v Vy\\x
T UHEH 4PsW30,0Na) & B Te /K IEIRIZ > U b D
B TIOVMHUS2(NH W& %, A A 2 HIZ L - T
AT R EROE AT, T O% A, rEiT -
oo G ONIZEEEREZ LU £ 21 HUS-2(Keggin) 35
& O HUS-2(Preyssler) & K& 75, #HAEKDF ¥ T 7
&2 VE— 3 0%, XRD, N, WEMNE, SEM-EDX,
ICP. FT-IR, "C CP MAS NMR. *Si MAS NMR,
FOVGIPMASNMR 12 L W iTo7-,

3. BRLBE

Fig. 112, HUS-2(Preyssler) DSEME R L e HE~ v
VU IR RAERT, Fig (AL D, ~T R U FRE A
% HHUS2HROBCRFE BBl S 4, ik~ v B
THRERL D WRHESNIZE —IZ0BLTnD Z &
O AT RRNVBRBEICFEEL TND Z ERRES
i, Fig 212 AR D'P MAS NMR % /<9,
HUS-2(Preyssler) D A7 kL {ZIL(Fig. 2(a)). -10 ppm
AT Preyssler® U o &% v 7 AT VRS D B —
DOHPBR S NT=FN D PreyssletBl ) % o 7 AT
VERIZHUS22IZE A#% b F OREEEZRFLTWD Z
EMEA B L 72577, Fig. 3(b)IZ/x 3 HUS-2(Preyssler)
DN, % & %R M LV . HUS-2(Preyssler) I3 |
HUS-2(NH;")(Fig. 3(a)) & bz U C, AR %L e T
BEEODMEMPBR I, ~7T aR Y BrAEric
BAINE T =L b TI 7B BRI T
WA ENREEEINT,

—7J7. HUS-2(Keggin)®*'P MAS NMR A% |k /L{Z
IL(Fig. 2(b)). -15.5 ppmfTiTiZKeggin®lV > & o 7 X

(LR BE L)

OmffieR - By e - BTG - B

TUBHROE— 7 BRI S LD LT, -10726-15
ppm D FEIRIZ W = h 2SS L 7= RIERE ok &
s E—7 N8l &z, 202 &1, KegginilV
VR T AT BB LTS Z L AERLT
W5, L LAY 715400 ‘CT6 hBERZIT D &
RIBFEH RO B — 7 3 KRIBIZHED L Keggin 2k D
v — 7 58 O R MBI X 7= (Fig. 2(c)). ICPHIE RS
F D BRI CWOMEFRENIZIEREE Th - 7o
T D BERRIZ Ko TKegginil ) % 0 7 AT Vg
DHEIBK S22 ERRIBRI NIz,

Fig. 3()IZ/R TN, A SRR L D . HUS-2(Keggin)
IZHUS-2(Preyssler) & [AERIZ, ~7 v AR YD EMIZ
BAINDZETIZ BRI TS Z &N
AR E Tz, & BIT, BERE DY T UITBERGET &
2 L CBETH RS & 5 12H K L7 (Fig. 3(d)., Z
ML BREICIEE L TV T 2 7 7 a B EEORERIC
ERTDHEBEZOLND,

Fig. 1 SEM images (A and B) and corresponding
elemental mapping((C);Si and (D); W) of HUS-2(Preyssler)

150
WV Preyssler v (8) Sper 39/ &
v Keggln (b) Sppr 119m?/ g
= (C) - 100 (C) Sper80m?/g
< o0 (d) Sger206m2/ g
2 g -
2| ©) E
E v 30 ©
(a) (a)
0 0 02 04 06 08 1.0
5 0 -5 -10 -15 -20 ’ ’ ’ : '

P/P,
Fig. 3 N, adsorption isotherms

of (a)HUS-2(NH*")
(b)HUS-2(Preyssler) and
HUS-2(Keggin) (c)before and
(d)after calcination

Chemical shift / ppm
Fig. 2 *'P MAS NMR spectra of
(a)HUS-2(Preyssler) and
HUS-2(Keggin) (b)before
and (c)after calcination

[1] K. Kuroda et al., J. Mater. Chem., 21 (2011) 14336.
[2] N. Tsunoji et al., J. Mater. Chem., 22 (2012) 13682.
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J@R A A R HUS-2 55 B oo 3

URKRBET A - PERRHE ) OFEFHIE » - JEEFE -

1FE=

I, AT RO AN C b D B BEE(R S
{bo7BiEE: PV 36 KL OZEROE B BEE: VP)~Ois % H e
L., MEEEAERICIE SN TN D, ZOHFTHLELT
A MBI, FEREE I ET 28— L~ LD X
7 FLICERT A 5BHREOE S HIER ST 5,
IR D BRI AT I XIT ARG TR L C & 728, ik
B ALFTES OSBRI D 0B ST BRI O,
Rk & 7R IRA WSRO BRI U7 B O G I E T
P TW3,

LIAT, BATA FEHUILCEREEE AT 5
WA L, B EMER L ORI EN T D 2
LWz, A A5, S IVMEBI O T 7T 407
REWICEY I r— FOBMEBIEICEMTE D Z E
D, EIERA AR ER & L COMFE RIS T
PITVD[12l, L, 20T 2 EFNTIE
EAERRD, JBIRT A BRI ORIEDFTRE & 72X, Bx
7B RIS U T @R A B E ORGSR S h
%, TR TR, BT N—TTHIRICH) L2
K7 A Bt HUS2 IZEH L3, o-7 L2 FTBLRLTA
NS EHA CoREE R T,

2,528k
TEHE - - T FF o — 7 KRR, BSO8R

B CfERR L72 (B2 mmg, PN 1.6 mmg, KALF(g) 40.2 %,

SEEFEALER 0.15 um), AT A FFEHAIR, = v b
PM®F 2 —7 %A LT=,

JEIR A BEHE HUS2 BRI : 7 ¢ 7 a—7 1 7k
(2 & > CTHUS2 OffifEfh%E -7 LV TR IVLT A b
koA FHICHE ST, Ea—A KU D
(Cab-O-Sil® M-5), =2 U L KEg{k#, AKigfkF h U oAk
F ORI BAKMEZ NV EFIRL LTz, SRR Z K7 ViR
H L., FIEORE, IR CRBULEE 2TV, KYE, #2ig
S5 Z LTI A B HUS2 a2 ARk Lz, &5h
T= IR A A BN O3t % XRD JI7E 3 L OV SEM B2
L0177z,

ok © HUS-2 JEOpIERHE A 7K OiFad 5 ikl z &
DEHE L7, BIEIIIN y FRORE SR E &
ML, KOFEFHE Qkgm>h &R~ £/, Hilts
U TR AT TUORWSRHA & SCRfAE 2 PTFE |2
Ko TR LI2bOOFER HHIE LT,

IFER- B

Table 1 (ZJE@ k7 A Bt HUS-2 BEOFREISd L OV
SAEEERIZ L 0 IE LK OB A3, HUS2 @
FEELPICITFOWEITE Z 57020, B2 aEN
HEITIAUE, KOFBERRIT Y 1 & 725, TRk A8
WP T N F RO B TR T 72356, BEitH

EAIEEN - EBFER

X7V FIFRHADHZOE L W B Uiz, AKEVG AT
\CKFHA~HUS2 ZFifh s LT LIZ L 2 A, Filii
WITEIWIZIED L, PTFE Ty —/L L= KRR & 1 2IF RS
DE#ER LTz, T FTFHEE RO FIETLT A B
FRHARE ~DO R 2 R T NER TR T E AT SR <
TR ipiolo, LU, Flisd O BAR 4 FES i K
TR CSRHENED B OWBINZ L VTS Z & T, @il
ROARNED BN FREE 7o o772,

IR RE 2 R T 2 72, BT DR bR~ 72 fE
A7 A Wit HUS-2 J5(1% No. 4)0> SEM #1£2%17 -7 (Fig.
2), FEIED SEM 4LV 2x5 um FEEE OIS L L
TWDEREBIE SN, 72, WiE» DI, AR
X7V T SRHASRH & O HATICHERE LTV D Z & A3y
STz, RO XRD HIFEIZ LV, HUS-2 OFAH IZH 3k
T2 EHTAMBLOEHT & FAFEE IR < Bl S 41, HUS-2
23 OFESE TN i@\ BRI TR ST D Z & A3
BhaE ol

Table 1 Preparation condition® and water fluxes of layered silicate
HUS-2 membrane

No. N(Emb.er of Support Flux of_\zzvqtler
ppings /kgm™“h
1 - o-alumina 199.82
2° - a-alumina 0.09
0 o-alumina 11.65
4 3 o-alumina 0.13
3 mullite 73.56
6 - mullite 0.62

*H,0/Si0,=5.5, NaOH/Si0,=0.2, CholineOH/SiO»= 0.4,
Temp.=150 °C, Times = 2 days.

® Used only a-alumina.

°Completely sealed with PTFE.

4Seed crystals were deposited on the surfaces of support from water
containing 8 wt % of seed crystals under evacuation.

B Sym
Fig. 2 SEM images
layered silicate HUS-2 membrane.

[1]N. Takahashi et. al., J. Mater: Chem., 2011, 21, 14336.
[2] T. Okada et. al., Chem. Asian. J., 2012, 7, 1980.
[3]N. Tsunoji et al., J. Mater: Chem., 2012, 22, 13682.
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J&IR T A BEHE HUS-5 225 DT ) R—F A U A
HUS-6 DBk & BERE S

(RRBEL A, JFCCP, BEMHIT ©, MRS P) OfEFHASK A - B -
R Pl 2 RS P s ORI P BETE A B R A

1. ¥5

fEmEREIR T A BRI A A v T 7 T4 v
JiRIEE RO ) r—FE» S & EEOHA
BB X OHELBHIVSHETH S Z Lo, Bkl
BOWERNDINHPHIREI N WS, T, Bk
7 A BRI S FLRRTEN R & L CHRIHES N TE D,
FERLEE L BERIC X 2 BRID iKiEEE L e vk
W&o T 7 ufle XV LOREESTHETH 5[1],
BoEf 4 13, SOD 7 — oy icElng 7 v 7HEd
% REOPTRUEIR 7 A BRI HUS-1 DA USRI L 72 [2],
I 52 HUS-1 & %72 2 5 G 2 R0 ik 7 A e
HUS-5 (B-HLS) 7% HUS-1 D& B TR o ns Z &
ZHOPIZ LT, A AR X Y ERIZIEEL 72
HUS-5 ZHilkik & L THRALIRIC X % % fLik~ DKl
kAt b 2 A, EmBEDK 1000 mPg”, HIFLEE
3% 1.5 nm D% UK HUS-6 2353 5 1172[3], A%
TlE., 7/ K= AV A HUS-6 DIEEIERE D %%
BXO, FEOMALEZFIH L 2 W& RE S X OVl
BEDOI 2T > 7D THET 5,

2. SRR

HUS-1 8 X OV HUS-5 1%, & 2—24 F¥ Y #(Cab-o-
sil MS), 7 R 9 XF L7 v EZYT LKBILY
(TMAOH)& X N KE&{LF F V) 7 & (NaOH) % SiO;:
NaOH: TMAOH: H,0=1.0: 0.2: 0.6: 5.5 DL TEA L
7= BT A7 L % s DL TR TR BVILER 5 2
ZETHAHLT, 2o onFikzhiticik s
¥ CT/KTHET % Z & T HUS-1 2. 0.1 M NaOH 7K
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fERR X 47z (Fig. 3).
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Fig. 1 XRD patterns of (a)

HUS-5, (b) C;,TMA-HUS-5,
(c) C;¢TMA-HUS-5 after acid-
treatment and (d) HUS-6.

Fig. 3 TEM images of HUS-6

at (a) low and (b) high
magnification.
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Fig. 5 UV-vis spectrum of supernat-
ant solution after hydrothermal
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