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Elucidation of Zeolite Crystallization Mechanism by Time-Resolved Anomalous
X-ray Scattering Measurements
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In this study, element-selective analysis was performed to reveal the
environment surrounding the structure-defining agent in the precursor structure. As a result, it was
clarified for the first time that the environment around Cs differs specifically depending on the

synthesis system, and that the structure around Cs is formed in relatively large clusters. In
particular, the anomalous X-ray scattering method, which played an important role in this study, has
never been applied to zeolite precursors before, and its usefulness was demonstrated for the first

time in the world.

PDF X



# X C—19, F-19—1 (@)

1. BFFEBIAE S WO 5

COx WAL H B HPE T A LAt e L CERBAED TV AL IEMEITHHEAST 1 M, v
UalJieT v =y AR, EEBER] (D T4 0B/ T4 ) T VIR, KEIR
B LRI ERRAKBREKT 2 2 & THOLND N, TOMBTEKRT LEAT A MR
HERETHLI DL ZFORBIEA DI =X LOEITINVELREN TH D, HEEHITZ DI
BHEA T A MIBMEOHEIEZ I 2T D 72012, GO in-situ PDF fENTASFIREZR S AT A
ARG, WIEE FEM LTz, ZORE, BT AT A NOGHIART COREE DS Th 5 I
7N ) r— NHIBRMED Y o T HEE O RGRFE OIEW D 572 o 72 (Yamada et al., J.
Phys. Chem. C 2019), BUETIIARFIETHA REKFOT VI )2 U r— DY v TREEELD
b - FHlSBEIZ FIREIC /2 > TRV . L OMETIHEH STV 5,

— AT A N OREEIIEEREA OFLLHRME ARG LT v 7 v ) r— b vz Uit
TT52Emb, 7AWV — DU U 7RIS Z TREERER—T v /> U r— b
DEAM eGSR 2 BT 2 0ERH L, L LARNLT A /v r— MEE i LT
ERUEARNT —MBANARIRE TH Y PDF ~D A HH/NS W2 in-situ PDF LD I TRIERI 21
WaGDZENRETH -T2, ZNEMRT DT TR 2SRRI TEE2 O CTH RIS
R OREERLER OBE T 2 MO EMHT 5T T —FRNE L 25,

TEHRIRA 2R IEAAT 15 & LTI XAFS ° NMR JERHI BTV DA, Fe i 2 48 % 7= i
DOFRELCHEE DB LT L HIFE TR, Z D70 F il (> 4 A) O TH D
B LW e R RIRAY 22 BT ANA
MDOEAZ A4 FERA~DIS
HAREE 725 T0D, 2D
BN BT 5 XBo=

.;

Zry

6 ‘\
L O
D

K

. >
¢
./

ROV — e T FE W N S I %#;9

TEXDIETRETS Ol
\S_7

AXS #h8% PDF T~ 8 ‘

L7856 BRI I3
D 3B B % 56/ L2 1B B
AREICZ 72 D, LI LiEkoD
AXS FUEITERRH (1-%H 1 RHOBM¥ A5 F& ANABE AT A FOFSEMEE
) & B 5 = Ak
DOWFHEIZELOBMRNETH L, —HEEEICHER RS EIEREED 2 WooRgnHIE
LTETEY, ZnbE AXS HIEZE - AUIRE R O KR 72 FME 3 fTREIZ 72 D L B b
Do L EDTERD G | AWFFETIEE®E 2 ok R 1G4 25 2 & THRIERF M 2 BIR B, in-
situ AXS FENTIZE T 28 LWRIET 7' r—F & R 2 S IZH fHATE,

RHOEEA A RHDCshF AV IE
d8rE EN B BEDH DI AIE

2
EEDOX I BREELS KR TII NS OREE T 2720, B4 T4 FERTOREDIT
E
._IA

pre)
WANABIB AT A4 ~E LT, RHOBWIE AT A FHD Cs iX dSr & FEZI D R B 7e i & o s
WNLE T2 2 ERNMBNTE Y BRI TR ZHEE DN TERR L TV D ATREMED N B 5,



3. WDk
X AR B EELEBRII LT O BIE THEE
Lz, L7 X oz R rF—L L
TIHBILHO = F L F =15 Z 2 h B
500, 1000 eV Efi417- 35.485 (near edge), : ' gL detector
34.985 (far edge) keV & L7z, HlEix £ =4 =i 3 I\ ] =
BL22XU (SPring-8) T7 7 » h/Xx/L :
F 4T U2 — % AN AR T B R
WMHOY® Yy b7 v 7 Tiiotz (K2),
£9° RHO HEA T A Maikikz 7
FoDFy EF U —I|ZH AL, faredge,
near edge D T /L —D X CHEL <
54— EBIE L, TokEAEAD Setup in BL22XU@ SPring-8
WA iy s 75wy e K2 BL22XU TERBRLEEORY b7 v, ZRE
T BRHBZ AWt —F —COBmERENTETH 5,
FROWELIRE 2 AL, Z L CED A Lz, fhth SN2 20 ELsE 2 T+ 5 2 &
TEOHER T AFM L, SOICHBLNIRERE S LT T I v aikd Aok g i
ET VT EFE LT,

Fio, MEHEDR ORI L DN EHERT H7201T, Cs TIER< Ba x W TEKT D
ZLEDTELHPHIMEA T A FOBGHEGRICHIER L, RO T 7' —F Tt 2 FEht L 72,

4. WFFERCR
Cs ZHWTAKEN D RHO, ANA BIE AT A N OIEREERIBRIKD Y7 F ) 2 r— L COME
BA % BT 5 7212, 3 PDF f##T & S0 L 7=, % D47z PDF % [X] 2 (SR, el TRFZED N B |
L6A, 2.6A, BILO3IA DML, ZNENT (Si £721T Al -0, 0-0, BLOTT FlELE
ZHhb, I, 3T41AHEOE—21%, 4 B, 5B, 6 BEBRO T 1D 2 BHOBEETO
g (T-O2nd) (%I

LT\ 5, [AfkIZ 444 Tﬂo SRR RHO T}O OOTT T'Ogm) ANA
fHEOE—2FEICKk 20] | et SR
E 72820 T-O 2nd DR .
e LTRESR, 15'J§
5.0A OEIE T-T 2nd :
BB L TW5B, #FHiE
BRI K & 2 AHBE O
BB SN2 o A A
722 &b, RHO BA i v

/E

30h

S b OREETGRR IR ) riA

= SUHHICEF3 7S/ VU r— N OBESLZERENT
TEHITH Y . BRI " -
R BEOBICSHROEMNE ML U MERENRERRT SOREM

LarLTns, ¥~ X3 RHOBEATA b ANAREFS A b OiEF O PDF 7

DFER,
RHO-72h Tl 3.5A (2



INERE—TPHBLLTWS, 2O 7 /UL Cs-O FHBNCHEKT A LB X L1508, Cs BN
N2 D BREE DMK < AREFRIT S E 5 T2V 2 E AR SN2, ANA BRIP4 T 14 MzBWTh
[FIRE DB HERB S AL, WH O PDF i & WA 7 v 2 ) 2 U & — MR HE RO F R L
BlAICBIZE Zau, 2.5 mol% & IRE DR Cs IZHRT 2B O T HEECh 5 2 & AR S
776

—J . X BREFEHEWEC L FH L Cs kDR A fhiH L7z 585y PDF 22513 T-0 ®° T-T 72
EOTNI VY — MERBROMBANPBE SN RNZ D, X BREEHELNE 2 FEhi
%2 LT Cs HROMBEORNES Th D Z EAMERTE 2, #lZI1E, RHO-12h & RHO-24h
T 5 L. Cs-0 B LV Cs-T MHEAICHIRT 2 3.9A OB — 7 | X1, RHO-24h @ J5 7% RHO-
12h £V HR&EL Cs FELOBNEDNERRFPITHM L 722 L 2R L TnWd, 5T, RHO-24h
Tl 7-8A FHEOHEERRFALAEIT LT D, 20 7-8A OHEEL dsr == v MHOE SIZPLik
L. RHO &I fEmEBEEDORE R T AZ =PI SN L2 RB LTS, 2D L)
(2. ANA & RHO DORTBRAR T b RO 7' 0 7 7 A L OENRE N LD, HA A D
JFRFRUIE L CTh - TH ENZENOHIBEAD SDA JEDIZEA DRFTEREZ RS Z LR bns,
FEABLZ Cs HSROREE Z T+ 5 720 (Wt 7 v v ik W7o RSN E RS MR & S50 L 7=,
ZDOREFR, ANA & HA~T RHO BB AT A MEIBRAH O Cs JHIIZ T TIZ d8r FALHEEDY Cs JH
WIZHFESINTNDZ L, SHIZZOMERGRFRFE Z R D IZ O THEML TnD 2 &R
MeINiz, ZOX DAL EEROMNTIE TR Z L IXREETH Y, B4 T4 MEREA =X
LERAICBT ART e —FOFRMNR RSN EWVZ D,

Cs-T
Cs-T Cs-O
5 Cs-0O Cs-O d8r-d8r distance 5 Cs-0O Cs-Cs
: : : : RHO : : ANA

T T T T T T T T T

10 10

r?A r5/A
K 4 RHOZE¥A51 b, ANABIP A5 4 D REEEL PDF BT Of5 R,

FLO, ABRDOEL

AWFIE %8 U C X SRR EEEE AV REN mEICERATHRIC /2 . EBICEAT A hOR]
ERATE R 2 B 5 L CART 7 u—F RN ERICAH TH L Z LS NI R -7, BEICARFSE
DELDEFEELE LT2AR, JRETHHELE LTI ARORIIDEESICZHINTBVRE A
FCHFZERTE T LIz &2 %, Insitu ORIERERIZE L THR SR OERIEA THY , 20
FUEERA IR BA T A MRICEF L T ZETEAE T A O A I =X L5 L0 < Hfig
STV Z ERWIFF SN D,




4 4 0 1

Yamada Hiroki Horikawa Hirofumi Anand Chokkalingam Ohara Koji Ina Toshiaki Machida 14

Akihiko Tominaka Satoshi Okubo Tatsuya Liu Zhendong Ilyoki Kenta Wakihara Toru

Atom-Selective Analyses Reveal the Structure-Directing Effect of Cs Cation on the Synthesis of 2023

Zeolites

The Journal of Physical Chemistry Letters 3574 3580
DOl

10.1021/acs. jpclett.3c00432

Yamada Hiroki Nakada Kengo Takemoto Michitaka Ohara Koji 29

Fully automated measurement system for temperature-dependent X-ray total scattering at beamline 2022

BLO4B2 at SPring-8

Journal of Synchrotron Radiation 549 554
DOl

10.1107/51600577521013527

YAMADA Hiroki CHEN Ching-Tien [1YOKI Kenta OKUBO Tatsuya WAKIHARA Toru 64

Elucidation of the Crystallization Mechanism of Zeolites by using Pair Distribution Function 2022

Analysis

Nihon Kessho Gakkaishi 219 224
DOl

10.5940/jcrsj .64.219

Hu Peidong Deguchi Makiko Yamada Hiroki Kobayashi Kentaro Ohara Koji Sukenaga Sohei Ando 26

Mariko Shibata Hiroyuki Machida Akihiko Yanaba Yutaka Liu Zhendong Okubo Tatsuya Wakihara

Toru

Revealing the evolution of local structures in the formation process of alkaline earth metal 2024

cation-containing zeolites from glasses

Physical Chemistry Chemical Physics 116 122

DOl
10.1039/D3CP04954J




1 0

10. Anand Chokkal ingam

Cs

38

2022




