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1980 SEACWIENIC 7 A BRSEWIR ICEIRANMR 255 SN TUSE, SHICBWTHELFIA b2 &L I
U—, X V—%AKDOMIEIZB WV TEANMRIZFBAICHV SN TS, FANMRICE L THRERY
BNED S RFOWE T, FAENMR Z W 72EF 54 OSBRI ORED Ny 7 28AT 5,
FCRIEER S PPHA TV L YL T A4 MEEN AL O FIEH & FEANMR I X 2 5+ 122w Tl

Z)O

F—17—F : FE{ANMR, MQMAS:, 5N AL

1. e

1% 5 & 35 16 (Nuclear Magnetic Resonance, NMR)
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MAS (Magic Angle Spinning) 512 & % B AU
FHESEH, b2y 7 M EGHEORRZE, HD (High
power Decoupling: B 'HF 7 v 71 v 7) 1
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72 MQMAS (Multi Quantum-MAS) =V THhH s,
YAl V0, "BEIIENEFNEAE Y 1=5/2, 52, 312
EHLTWAZD, 'HRCHD =12 OH L 13
B0, BEMFHRNBEILTN, EANEL S,
ZOMER, ¥ — 5B B 2 RO TURRTH
HAEMOEEIC L T, sz ¥—27 FEO1L
FTT ML TNEELBIC, BRI EZG] X
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FHRZMERBER LT, A Y 120BI2H]N,
WO IER T W T HHEER 2D
Br&, 8% OMAS 70— 7 TR0 w50 ik
M E % W HEIC L 72 D HMQ-MAS (Multi Quantum-
MAS) ETH %,

MQMAS A7 MV DFFIRT D % 23, Hifil (F2 i)
MLF T 7 b ERZDURE A EAE R % & A 72 MAS R
Rz MV, fEE (F1#) 13k 7 b BT
HMEAEMO2ROE S > 7 M & ATZE =27 O
L L 725772 7 Ml diso (=DORAXRZ PJV) %R
LTWwWb, 2L T, ZRIEDF—F L LTZNDD
OHBE =270 TREINTVWS (X1)s MQMAS
DT —=FNEMAS AT bV, HEHFART M,
£ =2 Oft%EY 7 FOBEOME, R THEERO
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2. ZIEMBANDIEH

1980 AEAAIHING 7 A WS35 12 AR NMR 2%)6 H
ENTUE, SHIZBWTHIEL IS M 2EDL 3
U—, X V—Z{AROWFEIC B THEANMR I F
WENZHW SN TS, BEANMRIZE 2 ¥4 T 4
t OREFEITIZ OV T, B2, BAEIHE ¥
+ 74 bOFEELIRH, WA T4 T4 2
(1987)%, /NEFHEF, AMBEEWISE, €454 Ok
b T, it (2000)7, HIHERE - T RA
BAERRF Y527 7)) ¥— 3 Y OEE, ki
£y 54747 (2009Y ZFHLLELATVD
DOTEWMLUTHE 2V, 72, EBRORE ORI
[“F v — b TRAMEOEARNMR", #REMRE - PH
P, RS YT 4 702 (1993) 7 5K
BRI UTICERNMR Z W74 F 4 ©
@%m%ﬁ®m%w<0#m?o
21 €4 I1 FEBAAIOEH : *°Si MAS NMR
BEARNMRIZE 2 €4+ T4 MFENAIOR B
1980 4FERUCHE . S, BAETH KAHIATW

Si/Al=1.2

Si(4Al)

Si(3Al)

Si(2Al)

-70 -80 -90 -100 -110 -120

Si(0Al)
Si/Al=6

Si(1Al)

Si(2Al)

-70 -80 -90 -100 -110 -120

M2 AIGHEORLZFAUREF T4 ©Si MAS
NMR Z X7 b
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o TV A BHOPSHEF Y 7 M (Si00)*
BT 24O TO, D) L THAITH 5 I
LoTELT 2. Thbb, AIDEENEL 2B
DRSNS A © 7St ISR AS S 7 b
¥ %o fHH L Si(nAl) =Si(0Al), (0Si)4-,(n=0-4)
ERAETHIEICT B L, Si(0AD—Si(1AD)—
Si(2A1) —Si(3A1) —Si(4Al) & % A2 DI THIUL S
DY — Z 1 ZNEK 5~10 ppm AKHEY; (L) 1237+
LTl % #E—2 3 XML, MIEHICIEE
/DD HOTINEFHL TERKSVAIZ RN
52 EHNTE D, ICPHEDILEHH TIHBERNILD
XA TELVOTHRNOSI/ALLLZRD LN
DIEINMR 2SME—DFHETH 5, HlZ1E, YRES
FA4 Mo, AT MV ED -89~ —106 ppm D
AERDY T FNEE— 2 5L, FREROE—2
BEE Isian ZRDDZEITED,

(SV/AD 545 = Zlsi(uan) /20.25 1 Isi(uan) X3

L) BB TERANS/ALLLZ M TE %,
FEETHZ 1303, Q (Q"=Si(0Si),(OH)4-,, n=
0-4) fi » Si & Si(1AD), Si(2A1), Si(3AD), Si(4Al)
DE— I BERDLILEND D, 52 LTS
CP/MAS NMR{ll %€ % 47\, Q3, Q™7 & 9 »HI I
LTBLE IV,
2.2 AIDOTFTEIREE 1 Al MAS NMR
TANGRIRAFALLEE 100% T ), FEAIERR b v
O THIRHEEE 1 IR #5 < St DWSE I TR
BTSINED L WARY MR ENE, ZD720
AIMAS NMR 13 Al DB 2 KB L 72w & XA
WMTHhb, TORM, ACYETFRI=52Thb7:
DB TE—X Y PaedbD, 20720, MIFLE
WARY MUVHBESNBEIEDBELL, BEILEoT
3bF Y7 b EOM & ) EESIICThE 2 28
Hbo iEoT, SIOYHLIIRRY, EEMNLEm
LA E OMBEMR LS Z EPWEETH 5o i
WRACRT 2% 155 7200 % S EME R v —ik
IZAL(H0)5 " (AI(NOs); DAEHHICAFAE) % Heite
(2 L C4FEAL ALIE 50~80 ppm {2, 6 BEAZ Allx —10
~+20 ppm DHPA TG T 2 Z LPAHILN TV 5,
YA T4 oA, AR ALX 50~60 ppm i, 6
MANZOppm IS =27 % 5.2 5, B ¥4 NS
BROLVAET NG A =5 —% b, V7 FUNFIET
HICHMDLTIRLTECBNIN NI LD

bo D2, AFMLALE 6BALAIDOLE AXRY T
VDR D B S BEHamT H Z LIETE
R\,
23 BEEHNA T )y REME OB ERER
'8C CP/MAS, °Si MAS NMR

Y+ I 4 MIEICSE A% &8 &5 5 WAL
T 5 7%, Davis b IE N-(3-trimethoxysilyl) propyltri-
N-butylammonium 3 % SDA 2> Siili & L T v
RIS 5 &, AREIEA I 7 o fLNREISHEA Lz
MFI®, MELB Y4+ 54 PHEKTE L Lx i
HFELTWD Y B LARBEROE 4 T4 M2,
SFCHI A Z 1AL OSIET (THEIFIEND) 25&
FNTHY, PSiMAS NMRIZHB T — 68 ppm (2Bl
W3 b, KE 51, Bis(triethoxysilyl) methane &
Tetracthoxysilane & (& L 7z Sili H, ¥4 7 4 b
HHE N Si-O-Si i & O — 8 & Si-CH,—Si i & Tl it
L7-GHERN, 7Yy FEFITA MPEAKRL
72"V ATREEE & A L 72 SiELT 0 #4132 7°Si MAS
NMRIZBIF 5 T/HT" +Q") DENSHEETE S (%
B, THIESIC(0Si),(OH)3-, TH %)o KM H
W=D Si-CHRIGDHE L THERT B X F VI L
BRAEAF L V3% "CNMRICESWTX T 5 2
EHTEL Y, BCRY U AETRAERIE, AV
HTREBEETHLIDIZHL, AFL yETIX
0L EEET L (XAF L EOBAREIEE 4
T4 P OWEEIKAE T 5) o ZOMMAIEH O L 2
Ry NVOREEIZIESNT, AFIVHE D AFL U
OFEEMAETE 5,

3. EAENMRERWAEES T 1 NDOEERTOSR
EDRE YT
31 BRABREOEAZ1 FERADEEE:
2’AI MAS, 2°Si MAS NMR
WAE, AHEREA (OSDA) # FlviwEt
54 POFEITEH ENTWED, ZOHETHK
SNicEF T4 MICIE, HEKkDOSDA & W THEKK
ENDDLURTAIDEAEDNS L % 5 EIH
AN, BAIMEOX L T4 b a2ERMEEE LT
W2 EBROSIRE NS, RS WH»E 7
EOMEDH Y, FHICHIz-> TR D > TAlLR
IO TUHMANLEEL 2D, &2 TILOSDA & v
FICAEKE N/ *BEAKIE F 5 1 |k “Beta(OF)” D Hl
EHRNT %o
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800°C, 24hi3ER%,
M 750°C, 15higER%
_/L_\/\ 750°C, 5higEE,

700°C, ShiAR

_JL’_/L 650°C, i

BRI

80 60 40 20 0 -20
Chemical shift (ppm)

Q* (2A1) + Q2 Q* (OAI T3-T9)

\ Q* (1A) + Q° Q4 (OAI T1 and T2)

800°C, 24hi%E,

750°C, 15hi#5ER%

750°C, 5hiEh%

700°C, ShigisS:

650°C, 5hisEh%

RERKAT

J
N
AN
AN
AN
J\

90 -100 -110 -120 -130
Chemical shift (ppm)

M3 BE NI O Beta(OF) ®”AIMAS NMR (%) & *Si MASNMR A-%Z bV (£5)

BT - AL E S IS B W CEE LM TS
% Betal®, 7€k (% Tetraethylammonium £ % > 72 &
OSDA Z# W THK SN T E 7. AW O Si/AlLL
X RAHETHY, BUHIZX > TAIEZTLEO®E
W HFT 2 EATE S, —77, Beta(OF) D Si/AllL
IXSHItRTH Y, MULHEEITH LFHRPICZREROR
WAL, BHBMEORESREI > TLE ), B
A AT 9 Bl B IRBE R R KA LB 7 & O i AL P %
L THBLE, MLl cEr 2 LR
7 13,14)O

Z 2T, BimMEKIC X % Beta(OF) H1o) AlDIRTE
BALZE MRt L7z Yo IR % 25 2 THT » 72 e 1%
DTAIMASNMR A X7 V& A B E (K34,
BECHT D~ 7V CTld 54, 57 ppm AF T2 4 AL ALK
THBHE S, BESIAITIE 6 LA F 721 5 B A7 A%
Tl o H AR L L CENZENIZO0,30 ppm fif
FECBME N5, PSiMASNMR 27 b VHITIE
(34), BERATIC—98, —102 ppm (2 B & 7z
Q' (2AD, Q* (1A MOEIEGNKRE (WAL, —108,
— 112 ppm AT B S 1 5 Q* (0AD) FiE D4 AHHd
MLTWw2, BERHFICIE SI-O-ALFE A DR R
% LB, Sifio~ A4 7L —3 3 v & Si-0-Sifs
GOMAIZNT L > THEHMNIZAE LKA

D, BHEOFREEIRI 2T 0B TE 5. 51,
BT O AINMR A X7 b )LV 57 ppm i385 12 B
SN FHEHNTI-TOH A MSHLE LTz AlET
DEEGRRE WAL, PEHEDSiNMR A X7 b
JVH =108 ppm AT ICEIEE S N5 T3-T9OH A M AL
i#L72Q (0AD) MABE WM 22 Enb, &
M T3-TOH A b CTSIEFIZ & % AT D)
Z I o TR eI NG, X3Z AT
800C THEWL L7 >~ TV OFHRHNAIRZENT S
L, (SiADmg=125% 7% 5720 Z 11X OSDA % H
WTHAKR LR Beta Lk EWHTH D, BERALEE
2 & o TEPICAR T 5 KO B EE L R &5
HMTE 5, EBE, 800CTHIK L7729 v 7 Vg ERL
MAAT - T ORI, SUAI=200EF T
AlRZHRMTEL, TDXHIZ, NMRIZEF T4
t OFHENNOFT- B 2 2B 5 BN - B
LEELEWRE L A, FOBEHRI S EHBEEOL
b sl 2L bliks,
32 7O-TJHRFEAVWEEFSA FOBBED
W : °'P MAS NMR

BANMR ZFH L72EF T4~ OBIEE T o
#1Z, 'H MAS NMR |2 & % Bronsted [ 15 00 T 5 5%
DdH s, WERTU—THTFEELTA O
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m WA S, FoO7U =75 THOET % NMR

o TBIMT 2 b DB, ZOHLEOF KU,
ﬁé&v‘wﬁiiﬁ%EEUT% 52 L, BRI DWEESAEE
BWICHCTELZLICHE, SFEEFRTu—T
FFORTH, V) ACEWIE T I ANVT T MiE
b H, NMRICEIKE R 7-OHF)TH 5. Trimeth-
ylphosphine (TMP) % Hi\:72*'PNMR I & % M H
DFFITIZ I K 2 BTN TELFETH Y,
Bronsted [i£ /i, LewisME i Lo ATz Zh
—2~ =5 ppm, —30~ — 60 ppm IZ B S 5g 4l X
MTE2'"7, LAL, Bronsted 1 FOWHEHD
IHNY T MEDNE L, BRI OHEEATEE L Vo
ZZT, TMPO D DI
(TMPO) % Triethylphosphine oxide (TEPO) % 7' 1 —
THFELTH A gD s, Bk
WA L7722 s 070 — 750413 0-150 ppm DI
JAWT I ANVY 7 MICBllEh, €05 Ihvy T
bofEE AT ) X2 MY =AM LREE, o
N7 T4 ST 4 ORI S B 0 Wk
BICWEAG L72TEPOD ' P I AV ¥ 7 b & W 84
DORRER4IZFE L DT,

TV F VDK E S H3YE 7% B Phosphine oxide %
AEbETHREOT r— 3 VICHTAHERLES

Trimethylphosphine oxide

80 F
0
o o1
o

40 +

A3 (ppm)

30+

Ad=1.03(-AH) - 0.0451ppm
R’=098

0 10 20 30 40 50 60 70
-A H (kcal/mol)

M4 FEYEWREICWERE L2 TEPOD P I AN 7 b

LA B O BIR
OSi oSi
H0,, | (OH, _ 2H0 H.0
: :"sln“'“ o — _SnwOsi -
io” | Yosi N
si0 (I)$| i 2H07 807 W H,0

s ) Ity A7z [SnOll,

%, TMPO (kinetic diameter, 0.55 nm) (X ZSM-5 ®
10 BBRASLNICHE A TE 525,
oxide (TBPO) (EA& &< ([70.82 nm) MIFLAIZHE
ATET D o I SRFHMRIL B OWE 2T D AR
#T 5o Liu b iZ TMPO % I\ % & 86,75, 67, 63,
S3ppm IZSHFH OIS BM S, 2D 95 575,
53 ppm @O 2 Fi%H X TBPO % H V72 & 3@l s
FTHALNIZ O A AT BIRAIIRE LT 52,

Tributylphosphine

33 A403U4F— FOEEREN:9Sn MAS
NMR
SEAE, AU OANTF OB T2 BB a2 Y

a3 )r—tHOEF I A FAEHEZED TV D,
2, Sn& A EF T4 Mid, Bayer—Villiger i1k X
B2, 7 a— 2k EORERLY CBw TR
Wl & 72 B & & AHRE SN, IHIR WO OWEE
PHOEHEINLIMEE o TV, ¥4 54 MEK
EP CHY A FE NI Sn R F O % f1 5 1T,
ZTHNMRDHRS %Y — V& 7%, Corma bl
snf”%mkﬁ“c BRE LT, 4B SnFE L 6 AL
7 SnFEAFELE L, ""Sn MASNMR IZB W T Z N2
K =440, =700 ppm IZBEM S 5 L i L Tw
R N Y A A A ES open site & close site
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Reprinted with the permission from ref. [33]. Copyright 2015 American Chemical Society

-210 -220 -230

DQ chemical shift / ppm

-200

-180

-100 10 -120
29Sj chemical shift / ppm

200 300 40

10 Sigma-2 (SGT) £+ 74 F D SiDQMAS A% kL& SGTHYF T 4 + DHfizk



64 €t F 7

NMR Z il L&D X 9 it b3 % 28] L7z,
%] 9 | A4 B 4 25 600 MHz O 75 531 BE [ 78 NMR 2%
B % H Wil E L7227 AIMAS NMR 2 X7 |V %R
o MO LD, SHFHEL 72ZSM-51FVT1d
Oppm AFTIZIE Y ZFF NV EE 2§, BAZINTWDS
ANZETHBMNATRM TH S Z LD 5ho 7. B
NABL AL R LR L CA B & (M9FH), v
TWIZE o T TFIVORIRDE R 5TV DH T &N
B e KR, Na' 2 W ICTPA O A THEL
7z [TPA] DO Na™ 2 HAFFTHK L2 > 7 v
LR 53 ppm fHED ¥ — 7 SREE DT IS E V.,
D& HEWIEEENALO R E O # VIR
B35 EZ2 505705 TAUSHIUR T OB L it
HTE W0, ZERITHMTIEIZ V. L2 LA
5, CHEDO#R I D, SHEL 7YY T ViddE
HBNAIGADPD LT ORE s TSI L EEZET
&, VI FNVOIIRDENCIZ BRI AL AT D&
WIZERL7Z3DTHELEZ TS, [TPA] X
CHUED IR DIRNT &2 5 53 ppm LD Y — 7 134
VE—k 7T a IZHL TV ARWAIFIISERNT 5
LOLBMEWTE 2, Bahhd, BEEHATIZYAL
MAS NMR A X% b )L MFLE# O 12 /i3 0 TH 4
FDRIEIZIZE > TV,

4. b

FEANMR QIR 22 L5, 454 bl
W, BHTORBEANMR ORETHE% L& RS L7,
%4 H, NMRD ARy 7 O L, HETFEOMHERIC
LD, EAANNRDSSHAEREHL LD TE
X915 TETND, BLICRY, FAZ2K
TG AE A3U] §E 22 DQMAS (Double Quantum Magic An-
gle Spinning) NMR i R° A L KM O MBI % A 5
28i-YAl hetcor NMR b BI% S 7235% iz &
D, €474 FOMILAEEBICEBIT S AL Si, O DAL
EEREZWHSPICTAIENTRTH B, Bl2IL,
SGTHMEF T4 + (THA4 Midz4D) ®Si DQMAS
ANZ PVERIOICRT. BEYA572T2-T4D &
A R ZEIEWTH A4 M OB R HTEBD
—HTT3-T4D L) IZHEN/-TH A ML oI
FLHTWA I EDRGNb. 2D EIHIZ, DQMAS
FCX ) THRTOEMNOMEBEEREZIETE L2
ENGTD D MQMAS R DQMAS #:12 & 5 i P 3
FEAT, AT, BHEALE L OBAEIZ XY ET

4 b (10)

LNV TOfEERT AR TE, SBoMERINER
ENbo BEAENMRIZHEEBT OB R ST, BUSH
WIS GBI Y —VThY, ¥+ T4 M
BT, 5B ETEIEANMROBEZEEIZI LT
Wl Elbihs,

Ei
ARExEPET H12H720, HX&4EJEOL RESO-
NANCED Tl i &) £ L7z Wizl £9,

SE
1) #5H [FEBbi# i 8] NMR -+ ESR- H AR ba:4y, A
¥ (2006).

2) 20 [HERRIAT O CONE ] AL (1996).

3) Auil i OKREFICHE RICHEE F (S OBERS
L OEARNMR ] Z2EHRR (2008).

4) L. Frydman and J. S. Harwood, J. Am. Chem. Soc., 1995,
117, 5367-5368.

5) 20074EJ£JEOL NMRIL—%F—ZX3I—F 4 ¥ &k &
0.

6) EAMRGE, ¥4I FoRFELIRH, Wk A
T4 747 (1987).

7)) REERE, VBRI Y474 boFel T8 G
#tt (2000).

8) MR - INTEAEH, BAERm*y 727 5)¥—
va Y OFERE, WHY AT 107 427 (2005).

9) M BF-HhHE—HE v — M TRZMEOREK
NMR, #itt A =74 7142 (1993).

10) H.-X. Li, M. A. Camblor, M. E. Davis, Micropor. Mater., 3,
117-121 (1994).

11) K. Yamamoto, Y. Sakata, Y. Nohara, Y. Takahashi, T. Tatsu-
mi, Science, 300, 470-472 (2003).

12) K. Yamamoto, T. Tatsumi, Chem. Mater., 20, 972—980
(2008).

13) Y. Kubota, K. Itabashi, S. Inagaki, Y. Nishita, R. Komatsu,
Y. Tsuboi, S. Shinoda, T. Okubo, Chem. Mater., 26, 1250—
1259 (2014).

14) R. Otomo, U. Miiller, M. Feyen, B. Yilmaz, X. Meng, F.-S.
Xiao, H. Gies, X. Bao, W. Zhang, D. De Vos, T. Yokoi,
Catal. Sci. Technol., 6, 713-721 (2016).

15)  Kkse— - Mgk, €474 b, 33,12-18 (2016).

16) H. Pfeifer, D. Freude, M. Hunger, Zeolites, 5, 274-286
(1985).

17) J. H. Lunsford, W. P. Rothwell, W. Shen, J. Am. Chem. Soc.,
107, 1540-1547 (1985).

18) L. Baltusis, J. S. Frye, G. E. Maciel, J. Am. Chem. Soc., 108,
7119-7120 (1986).

19) J.P. Osegovic, R. S. Drago, J. Catal., 182, 1-4 (1999).

20) A. Zheng, H. Zhang, X. Lu, S.-B. Liu, F. Deng, J. Phys.
Chem. B, 112, 4496-4505 (2008).

21) Q. Zhao, W.-H. Chen, S.-J. Huang, Y.-C. Wu, H.-K. Lee,
S.-B. Liu, J. Phys. Chem. B, 106, 4462-4469 (2002).

22) A.Corma, L. T. Nemeth, M. Renz, S. Valencia, Nature, 412,



(11)

23)
24)

25)

26)

27)
28)

29)

Vol. 33, No. 3 (2016) 65

423-425 (2001).

M. Moliner, Y. Roman-Leshkov, M. E. Davis, Proc. Natl.
Acad. Sci. US4, 107, 6164-6168 (2010).

M. Boronat, P. Concepcion, A. Corma, M. Renz, S. Valencia,
J. Catal., 234, 111-118 (2005).

R. Bermejo-Deval, R. S. Assary, E. Nikolla, M. Moliner, Y.
Roman-Leshkov, S.-J. Hwang, A. Palsdottir, D. Silverman,
R. F. Lobo, L. A. Curtiss, M. E. Davis, Proc. Natl. Acad. Sci.
US4, 109, 9727-9732 (2012).

W. R. Gunther, V. K. Michaelis, M. A. Caporini, R. G.
Griffin, Y. Roman-Leshkov, J. A4m. Chem. Soc., 136, 6219—
6222 (2014).

Ramesh B. Borade, Abraham Clearfield, J. Mol. Catal., 88,
249-266 (1994).

J. A. Martens, P. J. Grobet and P. A. Jacobs, J. Catal., 126,
299 (1990).

Z. Yan, B. Chen, Y. Huang, Solid State Nuclear Magnetic

30)

31)

32)

33)

34)

35)

36)

Resonance, 35, 49-60 (2009).

L. Delevoye, C. Fernandez, C. M. Morais, J.-P. Amoureux,
V. Montouillout, J. Rocha, Solid State Nuclear Magnetic
Resonance, 22, 501-512 (2002).

E. Lippmaa, A. Samoson, M. Mégi, J. Am. Chem. Soc., 108,
1730-1735 (1986).

O. H. Han, C.-S. Kim, S. B. Hong, Angew. Chem. Int. Ed.,
41, 469-472 (2002).

T. Yokoi, H. Mochizuki, S. Namba, J. N. Kondo, T. Tatsumi,
J. Phys. Chem. C, 119, 15303-15315 (2015).

W. O. Haag et al. Faraday Discuss. Chem. Soc., 72, 317
(1981).

Roderick E. Wasylishen, Sharon E. Ashbrook, Stephen Wim-
peris, NMR of Quadrupolar Nuclei in Solid Materials, Wi-
ley, 2012 (ISBN: 978-1-118-58884-0).

D. H. Brouwer, P. E. Kristiansen, C. A. Fyfe, M. H. Levitt, J.
Am. Chem. Soc., 127, 542-543 (2005).

Characterization of Zeolite by
Advanced Solid State NMR technique

Toshiyuki Yokoi

Chemical Resources Laboratory, Tokyo Institute of Technology

Solid-state NMR technique has widely been applied in the characterization of zeolites and their related porous

materials. Recently, methods for the evaluation of the distribution of the acid site in the pores have attracted a

considerable interest and also been extensively investigated. Here, recent development of the characterization of

zeolites by advanced Solid-state NMR technique was introduced. Furthermore, the investigation on the location
of Al atoms in the MFI framework by high resolution ’Al MAS NMR technique was described.

Key words: Solid-state NMR, MQMAS method, distribution of Al atoms in the zeolite framework
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Table 1. A summary of titanosilicates.

Year Material FTC Channels (MR) Method® Ref.
1983 TS-1 MFI 10%x 10 HTS [1,5-7]
1989 ETS-10 HTS [8,9]
1990 ETS-4 HTS [10]
1990 TS-2 MEL 10 HTS [11-13]
1992 Ti-Al-Beta *BEA 12x12 HTS (14, 15]
1992 Ti-ZSM-48 *MRE 10 HTS (16, 17]
1994 Ti-SAPO-5 AFI 12 HTS [18-20]
1995 Ti-ZSM-12 MTW 12 HTS [21]
1995 Ti-UTD-1 DON 14 HTS [22]
1995 Ti-UTD-8 HTS [22]
1996 Ti-Beta *BEA 12%12 HTS,F, DGC [23-25]
1996 Ti-MOR MOR 12-8 PS [26,27]
1998 Ti-FER FER 10x8 HTS [28]
1999 Ti-ITQ-2 MWW" PS [29]
2000 Ti-MWW MWW 10-10 HTS, PS [30-33]
2000 Ti-ITQ-6 FER® HTS +PS [34]
2000 Ti-ITQ-7 ISV 12x12 HTS (35, 36]
2004 Ti-YNU-1 MWW HTS +PS [37,38]
2007 Ti-MCM-36 MWW* HTS +PS (39, 40]
2008 IEZ-Ti-MWW MWW HTS +PS [41-43]
2008 Ti-MCM-56 MWW’ HTS +PS [44]
2008 Ti-MCM-68 MSE 12X10% 10 PS [45]
2011 L-TS-1 MFI® HTS [46, 47]
2014 Ti-ECNU-8 FER PS (48]
1994 Ti-MCM-41 1D hexagonal HTS [49, 50]
1994 Ti-HMS 1D hexagonal HTS [51,52]
1995 Ti-MSU HTS (53, 54]
1996 Ti-MCM-48 3D cubic HTS [55-57]
1999 Ti-SBA-15 1D hexagonal HTS, PS [57-61]
2001 Ti-MMS HTS [62]
2002 MTS-9 1D hexagonal HTS (63, 64]
2004 Ti-MMM-1 HTS [65]
2004 Ti-MMM-2 HTS [66]

" HTS, hydrothermal synthesis; DGC, dry gel conversion; PS, post-synthesis; F, fluoride media method.

" Delaminated MWW (Del-MWW).

¢ Delaminated FER (Del-FER).

¢ Interlayer expanded MWW (IEZ-MWW).

¢ Pillared MWW.

" Partial delaminated MWW.
¢ Lamellar MFI (L-MFI).

R=F ALV APMREERAKBEGR, FA MG WY Do
B, 7oAtWIEE B A SV TSN, ARE

Rl BEAE ] D L RRALIC D %2 %5 5 72 (Table 1)o
BWFZ 20— 2B T, BIZTI-MWW, Ti-
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Fig. 2. The structure (a) and TEM images of as-synthesized LTS-1 (b) and after calcination (c, d). The arrows indicate the
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presence of mesopores .
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100

Mesoporous TS-1 core

Fig. 3.

SEM image (a), TEM images (b, c), and graphic representation of hierarchical HTS-1 (d). The inset shows the N,

adsorption/desorption isotherms and pore-size distribution. TEM images show the core/shell intersection, the unilamel-

lar MFTI structure in shell as well as the irregular intracrystal mesopores generated by desilication in core crystalsGS).

AHRNE LN SN D, ZOBEiFEZERYE D
SFHEDEL TH DT, MIBEAERES R TIE AW
7 Tk TS-1 DF A IO %285 I HEGN & L
TV 5,
FhYOFXRT MR EDTHET O ZAIIBWT
525 —sgezHvb &5 LS TS-11
#F (microsphere) ilBEASFERRIZEL SAMHE TV 5,
TS-1 B TI KR BAE R D F 7 fEfh % Bk & Lg%
Wi (spray dry) (X DETREZFETHEST ST
EVRERTH Do I 7 0¥ A XOMRA-DS KB
BRTEE, €4 T4 FOFEMEEL S TG
TR ATOFEIC»2 2 FHIES S 5,
TPAOH % SDA & 9 % TS-1 D &% % (2 P123 & F127
ZEDO MY 7TH Yy 7 IEAIK (triblock copolymer)
FRAEREL L, TS-1F /MM »HCEA L 515
umOKEZOI 7 ufiFEBET 5 (Fig 9%,
Z DOERPKLT L TS-1 T/ f AR o Wy B 0H
LA OB E R REE L 22255, — k- IS5
TOUHNAHF 2 A VL FFD. Z ORI,
Yrunty rodit ¥ Y AMEIZB W TI50 0
W BUG 24T o T bR diE B X CERIRREE 23 i 5

T i, ERALICEHETE 2 MO & 5o
ZEhbhor",

3. BRF&/2V)r—rTi-MWW
3.1 AEE
MWW+ 5 4 MIEEH 1I2MRY A KR v b
EH WIS L7239 79 7 % # 10MR AL & BE %
I2MR A — /38— — T % & A 72 10MR AL % [F] R 12
B b1=—2 e o7, Z0=RITH
HE 25 IR B B BV TR & L7z IR BR A o g 1]
BiKMEA TR SN D 20, RENZEIREL S A
FEbWzb, MWWEENDO TIOBEEEAIZL S
Ti-MWW O FBIIHEECTH - 7225, KEORTEE
(SI/BENI0.75) % & ALBIA & 3 % KB BR
TEXRY Yy (P) FE3AFHAFL L3IV
(HMI) % SDAIZJHWAZ LI2X Y, ZDJFIRuiER
KO EALDTRE 2 57227, 20 & 5 1ak#h
B L 72 T-MWW % B2 R 72 BRAL A 12 3 2 1213,
BINT & R L OB T R R IC AL
BICL o THRETLIIEPANTRTHHZI L LD
holze TOH, BATEMWW Y r— b, Tili



70 £+ I 4 b (16)

-
Jﬁ :
&
@]
Q
e
=t
a
=
=8
2
=l
(5]
O
2
s
2
<
X
Z

54800 x80.0k SE(U) 500nm

Fig. 4. SEM images of self-assembled TS-1 microspheres with the assistance of triblock copolymer (a, b and c), and the MFI

structural topology (d). The images were taken with different magnifications. The inset shows the N, adsorption/de-

sorption featured by a mesoporosityw).
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Table 2. A summary of preparation methods for Ti-MWW.

Gel composition

Ti-MWW product

Method" — : : SDA _ S Ref.
Si/Ti ratio Si/B ratio crystal size catalytic activity
HTS 20-100 0.75 PI, HMI nanosize 150-250 [30, 72]
PS 20-100 >100 PI, HMI nanosize 300-450 [31]
DGC 50-100 1.0-12 PI, HMI microsize <120 [32]
F 20-100 6 HMI microsize 200-350 [75]
HTS 40-100 5-20 OCTMAOH, HEPTMAOH nanosize 200-300 [76,77]
Dual HTS 30-100 00 TMAadOH + HMI nanosize 250-450 [33]

* HTS, hydrothermal synthesis; DGC, dry gel conversion; PS, post-synthesis; F , fluoride media method.
b Expressed in turnover number (TON) per Ti site for alkene epoxidation: 1-hexene or H,0, (30%), 10 mmol; MeCN solvent,

10 mL; temp., 333 K; time, 2 h.
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Fig. 5. Scheme of structural modification of Ti-MWW.
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Fig. 10. Ti-MWW-based innovative MEK ammoximation process and 15,000 t/y MEKO plant (China).
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Recent Advance in Synthesis and Selective Oxidations of
Layered Titanosilicates

Peng Wu, Yulin Yang, and Jianghong Ding
School of Chemistry and Molecular Engineering, East China Normal University, China

The titanosilicates, with TS-1 as a representative material serving as efficient heterogeneous catalyst for the
liquid-phase oxidation with hydrogen peroxide as oxidant, have been extensively studied in the fields of material
chemistry and catalysis not only for the purpose of basic researches but also from the viewpoint of industrial ap-
plications. To develop much greener oxidation chemical processes, various novel titanosilicates with the crystal-
line topologies other than TS-1 have already been discovered. In particular, Ti-MWW, Ti-MOR and layered TS-1
possess unique catalytic properties not shared by the conventional ones, opening up new possibility for environ-
mentally benign applications. Focusing on the MFI and MWW type layered titanosilicates, this review article
summarizes the new development concerning the design synthesis, crystalline and pore structure modification,
chemical control of the microenvironment of Ti active site, catalytic oxidation properties as well as commercial
applications of these materials.

Key words: titanosilicate; Ti-MWW; TS-1; layered structure; selective oxidation; post-synthesis
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A photoreflective mesoporous boehmite film can be prepared by a simple method of drying a sol of boehmite

nano-fibers with ammonia as an additive. The film consists of hierarchical structure of nano-fibers, bundled nano-

fibers, meshed mesoporous sheet, and stacking of the sheets. The photoreflectivity originates from the stacking

structure which is similar to silvery scales of fishes. Namely, it is a kind of structural color. Heat insulating prop-

erty yielded by the mesoporous structure was observed. These optical and thermal properties are heat resistive up

to 1300 K.
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The 3rd Euro-Asia Zeolite Conference
(EAZC 2017)

22-25 January 2017
Bali Island, Indonesia
Venue: The Westin Resort Nusa Dua

http://www.eazc2017.com

Organized by

Chair: Prof. Tatsuya Okubo (The University of Tokyo,
Japan)

Co-Chair: Dr. Rino R. Mukti (Institute of Technology
Bandung (ITB), Indonesia)

Correspondence: Dr. Rino R. Mukti

Email: zeolitindonesia@gmail.com

Important Dates

Deadline for abstract submission: 31 August 2016
Notification of abstract acceptance: 30 September 2016
Deadline for early registration: 31 October 2016
CONFERENCE: 22-25 January 2017

The major objectives of the meeting are to strengthen
the cooperation between the research groups from Eu-
rope and Asia, and contribute to the general progress of
zeolite science at the international level. These series of
meetings in the field of zeolites and other ordered porous
materials will be organized alternatively in Asia and Eu-
rope on a biannual basis. To be efficient and avoid inter-
ference with existing congresses the Euro-Asia Zeolite
Conference will be limited to about 120 participants and
take place during the winter season.

The scientific program of this symposium covers vari-
ous fields of microporous zeolite type materials, metal
organic-frameworks (MOFs) and mesoporous materials,

with a specific focus on the fine tuning of their proper-
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ties, their detailed characterization and new areas of ap-
plication. The meeting will include five plenary lectures
and six keynote lectures. The scientific program will also
includes 20 oral presentations, 8 flash oral presentations,

and 2 poster sessions.

Scientific program (Main Theme: Zeolite for a Green

and Sustainable Future)

The topics of the symposium will include:

1. Ordered porous materials: syntheses and modifi-

cations

1.1. Zeolites and zeotypes

1.2. Natural zeolites

1.3. Mesoporous materials and hierarchical porous
structures, 2D to 3D zeolites and lamellar zeolites

1.4. Hybrid and composite materials (MOF, PMO,
ZIR, porous carbons, etc)

1.5. Porous materials membranes

2. Advances in fundamental understanding of struc-

ture and properties

2.1. Theory and modeling

2.2. Advanced characterization techniques

2.3. Mechanistic studies; impact of in situ and operan-
do techniques

3. Industrial and emerging applications

3.1. Oil refinery and petrochemistry

3.2. Non-oil feedstocks into end products (including
biomass, plastics and CO, as feedstocks)

3.3. Adsorption, separation, carbon capture and storage

(CCS) and CCS for enhanced oil recovery

3.4. Novel applications (health, electronics, sensors)

Plenary Speakers

Prof. Suk Bong Hong

Center of Ordered Nanoporous Material Synthesis
Pohang University of Science and Technology
(POSTECH)

Korea

Prof. Johannes A. Lercher

Department of Chemistry

Technische Universitidt Miinchen

Germany

Prof. Russell Edward Morris

School of Chemistry

University of St Andrews

UK

Prof. Mark E. Davis

Department of Chemical Engineering
California Institute of Technology

USA

Prof. Jihong Yu

Academician of Chinese Academy of Sciences
Associate Editor of Chemical Science

State Key Laboratory of Inorganic Synthesis and Prepar-
ative Chemistry

College of Chemistry Jilin University

China
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