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WFZER I OBEE (3530) :  Relationship between the structure and acid strength of zeolite
was analyzed by means of combined ammonia IRMS-TPD (infrared/mass spectroscopic
temperature-programmed desorption) measurements and DFT (density functional theory)
calculations. Compression from the both sides of AIOHS1 unit due to the framework
topology makes the AlO distance short, resulting in withdrawing the electron of OH by
Lewis acidic Al and strong acidity of OH. In addition, it is now possible to predict the acid
strength of unknown zeolite.

SR HRER
(@A )
B BT & @
200 84 2,100, 000 630, 000 2,730, 000
200 99K 700, 000 210, 000 910, 000
201 0% 800, 000 240, 000 1, 040, 000
FEIE
FEIE
i & 3, 600, 000 1, 080, 000 4,680, 000

WFFEs 8« T2

BHFE O3 - fHE @ 7o' AT - il - B b7 e R

¥—U—F:BATA b, BEURERALE, B b, TN o, AER, HEETE A
B8, 72 %&=7 IRMS-TPD, 74 %%

1. BFEBRAEYS WO &
BEECASA FI T 7 0 (R
DEERDSNO DA YY) 85y o fliE) % 1%
CHELT, SEIERTEMNSICRADH S
il - L CEbIL TR, 4% b RFHRI
KFERNA A~ ZAHKOMIE(NTHEH K E
2D R K o THri= I &R A& 5 L,
COPEHEZMHIT 270, EbRE2RE

NROSEATWNS. Dk H ¥ EIZL- T,
REDRGTFEEEALT D202, PPRER
HMAL(A VM) ZFES AT A b OBFEN
Frx LT TWS, LLansEET
A b OFRBETEME DR T & D Bk a5 D BT E D
HWENKREET, ZO7=DICEREE O XEIR+
Nhntd, FEEROBREICETIHEEE
ELELTHEATULEEL.



HEEH DILEEBRIEERED T2 DT o E
=7 TPD (F-RMEE)E, W TT v E=T
IRMS (RSB 853 HT)-TPD 5% BA%E L 7= (X
1). KL, 474 Fo OH ExnEho
BEGRE, fERTFHRAE A HE TE HME—
DFHEELERD (X 2), REELIEEAFSM +D
BUYRAESIBTry TE2EYSGITTLS

( - Infrared
Spectroscopy
St !}.

Zeolite Framework
< 1: 7> &=7 IRMS-TPD i
iCk T, T T OMEEE
& - OH 2D [Al{E 3 & [FRFIZ
HETE 5.

. Bxl0
-0 BSC01E -1 Bres (e Y,
B . v
3

U

L 2
§ oo, 4

= o=

A
u
Wl = '
3 A
LMY
300 400 500 600 100 800 800
J—

K2 BT T A NOFERPINTIRRD TH A N(E)D & L ik
%, 7 UEZT IRMS-TPD A7 b L(A)ABIE L=,

HEEE D OWTERENS, B4T74 FOlE
SRR LA B A B LY OH R S 2RO 72 i
BICL > TIRE-TEY, HRORELITL
NEZTFRWZ ERbhotz. ZDZ LI,
BRI OH LA OESIEMYCAEDNL S
TEBERFICE>TRELO TS LERL
TW5., BEERIZEDOREER TR ED L DI
FRERE 2 HH L CWh D nEmb ZenTtaEh
X, €454 FOfRIERZTEEICEEL,

FEEBN-MEZREATIRNTEHLELD.

2. WFZEDOHW
AHFZETIL, 7 E=7 IRMS-TPD % 1H
IR AT A SOBMEERIEICIGH L, R
FZLVEFIEEHELEHEUDIT, €454
DEME (BAE) ZROTWSEERTZH
5T 5.

3. WDk

7 2UEZT7 IRMS-TPD %I2& > T, F4R
RY FVIZBEhBZEFNEFNAD OH EDE LB
ME(TVEZTRER)ZAETS. 5,
OH JLfE S PRI I L EIXIE R ST D
DT, ERIICENEND OH D& Lk
EERELZZEICRD. ZNOIXIEFITH
BIATO ZENTE, X YRIEAT A b
TIX 3D OH IR AT MV HClRE
(X 3), 245D IRMS-TPD AR kLD
RITIC L > TENETNOELERELIRD D
(X 4)., SFIEREALTA Mo EBEHT

Absorbance

3700 3600 3500
Wavenumber/cm "

B3 YREAZ74 ha 3
EOOHMED IR A27 kL,

01

L-dAN)NAVAT K"

4 FEEFEHICER S OH ZOEEEE O E.
I EEIEE S BEETE, 03<01<02 D
JE L. 77 LIEREILM, REREES s
HETL20THARL, BETLOFEILL-T
WEBAHBELTNS,

—H TS T4 v BERETES FRIGHE
B CTIERICRIEL, Ko b mmiET o E=
TRAEB)VNEMNANCHERRETHL Z L



ZFEFET 5.
SOXICENFND OH EofEEZRE L,
i {b D% ICEBFIEEHEICK>TT Y
E-TREREHETSH. oW AERN
FEHME L —E L, & 5ICHBEMESREE T
BT X UL, BIE - FHEE T OE M SE
ENTZZLITRD. ZOLORRRT, &
FAF R TRl & U7 BR E PH oA X
HOBEOHEEEZ RLTWAIETThs. £
ZC, SI(OH)AlI AEZ T Lo & 5 iEERF
CEAEOMICHEEERHET. —okiicL
TR SO 2 FFoIK 728, B4 F
A FOBEMEE FIZHRDO TN DT THD.

4. FFFEEkE

BRRAALO R NWEFEL 4T A MZOWTR
OONTT E=TWAEREZM 5 ITRT. B
fif iz [M]-[Na] % o7 Vv ) v ) r— KT
IIRRER N AIDZ & 0, MROFEEZRLTW
5. BETRPEICITH AR DN D72 <, R UM
K T&H->TEHLMOR > MFI > BEA > FAUD L
INTAE I E ORBENRKZ V. 1 SDORED
HFOWEND /34 % = T —/N—"T/R L7223,
Z T 10 kJ mol KT T, fhimABE M oW
HoFEWL /W, UENS, B47 4 b
DOFEFRE I TAE S CIRIER E 5 Liwm T
5.

160

T T T T T T T T
L A
f % ;

wa

T2 3 4 s
[M] - [Na] / mol kg™ (M = Al or Ga)

Adsorption heat of ammonia / kJ mol*

X5 EATFA RA), ZSM-5 (O), B (V), Y
(O), MFI-H 13 U & — (@) F51F % Bl il
BT BT RERO T 0w k.

L5 LX< RDE, ELTFHART
[MI-[Nal k& <722 LD LEETRENTIL 72
0, BRTREE AN D T E O R S
5. 2B 0, I HIZFEM7EEIERE OEWIT,
IRMS-TPD (2R 535 X5 s v
A4 FOENCTHHATES. fmdse, €4
54 FOEHEAN A IZHET 5 Bronsted BER

DHRESHEREECE->TIEIZRFEY, S
FREMUBICE >TERIZRE-TWS(E
oAl HEWIIMO I FF 5T 585
BE, BROXHICFOREEZITD).

ST, G IR D MR TH
L0060, BEIRE D L O R bR RE I E R
B 503172, FEaEEIC L o TR AE
PHOTSHINE IS, J 72 b bEA HEEECA BN A
L, ZTHNPBEREZRD TN D EHERI S
5.

[e2]
P

50 1

g I MOR 8MR

2 40 d

=< MOR 12MR

g r i

T 130 1

g L 4

= ) v FER ferrierite cage
3 | O

3 FER 10MR

t10 1

00 110 120 130 140 150 160
Experimentally observed value / kJ mol

[K6: MFI (O), FER (), FAU (O and W),
MOR (A and A), BEA (V and V), MWW
(©)EATA FDEws (7 E=T WATFHN
aF‘“—)O)DFT%‘%ﬂE L7 FE=7IRMS-TPD5
B D L.

DFT (BENBERFHEICL - T, B4
FTA NBENLOTR 40 FRED 7 T A X —
ZUIDH L, FOICAIEHZEAL, BEiX
EE L2 F & TRz BT TR 7 8 Gz ffhE
T3500)EMERELL, Y bR T
T AROT RN X —E s RDT-. =
AUIAH-RT Y%, BHEEIXSERIE L
XF—ZHLT=(X 6).

—H LRI THDLN, 0
HEICHWEYZ 922 —XI12I1EFE CHERK
(SVAL f) % Fih, B AUE P OIS D R R
5. ZOXHIZEHE S Bronsted B
IR A LTV 2 S, BRIREE AR I
EIETHZLEEZERLTWS., LrbEFDOME
NEEOBMEE 2 L SHHL TS, LER
ST, BATA b OEETREE DL S FH O R
BEICL o TIRED Z L ZEMNT TS, B
SNTIEHERT A= LBME(T =T
W T 3 )LX—, 7 brodEn, OH FHEE
72 O)OMBE ST E, B4 T4 b Ol
FEARDHRTFE2 RNEELITTThHS.

FITINGDY T AL —(—EI3E M5
RETINTONWTHEE T A —F L ERRE
OB ZMEHT LTz, fRATIC S 72 - T, o &



DEIIELT.

(1) BGOSR S AL, 2F5
EZAKT Da, 68 LUK 8 D ed & THAER
ICRENDHETTH D (Si0w HEEIZAIO @ B
Bl & B ek L TN TR, BRREEE 2SR AT
DFEBIEEECHE TIRE D2 bI1E, TrE=
TWHETRVX—FEas Lk a, 6, gD\ THnd
DUNIHEE AR T

(2) ¥ 7 D Triangle A & B i3k & mEb S
T-REIRIC DAY, [EE L7z L fE ST
T, AL BOMEITIZITHEEESGEICL > TR
FoTW5. fEiftEDEET AB OF LM
DOIERE b B L AB ROV @2 K-> T
EHIZET LN TED.

(3) AEMAEEIC X » TS SR E D2 D
%, 2,60 9L b o OFICBERERHLITT TH

Triangle A |

BI7: (A L 7= R -
o1

s

™8 g DEE.

PLEIZHEESE, Eus, a 0, 9, b, oDFABE % K
PRI L 2 A, bEoPN/NEWNIE Ean
INE (), andi/NEWIE EOHD BRI IEID
KEL(K10), atv/hEWIE B3 W (X
11), D FE Y bL oD/ EUWVIE L Eg 3 (1M
12)Z L3 borolc. Ziub OMER, Triangle
ALBRHEN LI E L D12 L0 BANZH LD
T oI, T5EBIRAENTRN EAE/RL T
5. WBEBERDNBICK > TAINOIZHL
2iFohd E, LewisBIEDAINO L DEFZE
KRBT H-HOHDBHRMEICKELKEY, H
DBronstedMEMNB<EE EE2 01D, i
D CHMBAR/AFETH D,

CIZTCTHERIEE, ORI A—FLE
DTHGELZFML, X 01XEEALET
VESTWAEBNIEFE LRV DIZ @ DEFGHM
KEWZ ETH D, (EROHPIERII 72
TIZE T, I OB —TERBIT aBn/hEn

FEMRIE N (Al WEFZRIT D1 5),
F72 an—EROIE @RI VT RN
FRVNALO OFE AR L OH D #E A RN
TRB1=0)Z L7 Eidbio Tz, AWrgE
TIHEIELEETHEFTIA FOEFT LT
FECERNZ ST L, Rt s oBFR L
B CE I ENREELEEZLND.

L R L L I L A B
|- . 4
t.95 .
i 0 ]

Y /p

= 1.9 p

= , 4 ]

x ] [ ] A
L |
L A
.85 v.l ]
’Q“‘l““l““l““A
8 1.85 1.9 1.95 2

0.29(b/ A) + 0.0037(cw/degree) + 0.56

9: a2t 0.296 + 0.0037@ + 0.56 D%,
NH BB EREBEAICH 2354 (@, A, H,
v |3 * 1 £ H=H-, H=H-*, H=H=*,
H-H-%7~7). £(XMFI (red), FER (black),
FAU (blue), MOR (green), BEA (purple),
MWW (brown).

€0aH

U S SRS SN S N SR S NN SR S S PR
1.8 1.85 1.9 1.95 2
al A

[X110: al OHOEM OBEIfR. BB Y IINH, 2
BNV BRBEACH D 5G (@, A, B, ViIZh
ZHH=H-, H=H—*, H=H=* H-H-%/~¥), A
HKETHRET DB, Clthr%a%rd. . &
IXMFI (red), FER (black), FAU (blue), MOR
(green), BEA (purple), MWW (brown).

FEsR i DO ey 2 Bk T 5 &, MFI > BEA
>FAU O L 912, RV ST FLIC AL E
THMEMR DD, RAGST250T, T7obb
INSRBRICHE T DA, b EINS T



DI EEERTH. ZoZ &, KX
oML & TRVERTRIE 2 FFOE A T A b DEE
DODNEESZRLTWD. L LEBBEEICH

BT VIED L, BID T A OBRUNLIC

Lo THMBELmOLZEHLTED. 2Dk
IIEMEESE 2 CEREA YA T A b
DEFE~DBEBPEMND E bbb,

&0
U

E,a / kI mol™

IR T S ST S TN N SO T S 1 PR R
1.85 19 1.95 2
al A

X11: Eug & @ BEfE.

IN
O

(]

T T T T T

Eqas = -(58b + 0.79) + 394 1

120 p' p \
[ ]

10 1

3250 260 270 280
58(b/ A) + 0.79(w/degree)

E.qs (@Qmmonia adsorption energy) / ki mol*

[X12; EugsPWEE & OMEZRT T 2w b,
5. ERRERLE
(WFgEARFEH . I3 R OSBRI 5 1
=)

(MEsSam ) (R 10 )

(D Katsuki Suzuki, Takuma Nishio, Naonobu

Katada, German Sastre and Miki Niwa,

Ammonia IRMS-TPD measurements on

Bronsted acidity of proton-formed SAPO-34,
Phys. Chem. Chem. Phys., & $t £, vol. 13,
2011, pp. 3311-3318

@German Sastre, Naonobu Katada and Miki
Niwa, Computational Study of Brensted
Acidity of Mordenite: Effect of the
Electric Field on the Infrared OH
Stretching Frequencies, J. Phys. Chem., C,
HHA, vol. 114, 2010, pp. 15424-15431

@Katsuki Suzuki, Naonobu Katada and Miki
Niwa, Measurements of Acidity of H-SSZ-35 by
a Combined Method of IRMS-TPD Experiment
and DFT Calculation, Catal Lett., % Fif,
vol. 140, 2010, pp. 134-139

@®Naonobu Katada, Katsuki Suzuki, Takayuki
Noda, Min Bum Park, Hyung-Ki Min, Suk
Bong Hong and Miki Niwa , Ammonia
IRMS-TPD Characterization of Brensted Acid
Sites in Medium-pore Zeolites with Different
Framework Topologies, 7op. Catal, % H,
vol. 53, 2010, pp. 664-671

(®Naonobu Katada, Katsuki Suzuki, Takayuki
Noda, Wataru Miyatani, Fumihiko Taniguchi
and Miki Niwa, Correlation of the Cracking
Activity with Solid Acidity and Adsorption
Property on Zeolites, App I Catal., A’ Gen.,
#Ht A, vol. 373, 2010, pp.208-213

®Miki Niwa and Naonobu Katada, Combined
Study of Ammonia IRMS-TPD Experiment and
DFT Calculation to Characterize Zeolite
Acidity (8#t), J. Jpn. Petrl Inst., 7 5%,
vol. 52, 2010, pp. 172-199

(®Naonobu Katada, Katsuki Suzuki, Takayuki
Noda, German Sastre and Miki Niwa ,
Correlation between Brgnsted Acid
Strength and Local Structure in Zeolites,
J. Phys. Chem., C, &%t £, vol. 113, 2009
, pp. 19208-19217

(®Naonobu Katada, Tsubasa Hatanaka, Mitsuo
Ota, Kazuhiro Yamada, Kazu Okumura
and Miki Niwa, Biodiesel Production Using
Heteropoly Acid-Derived Solid Acid
Catalyst H4PNbW11040/WO3-Nb205,
Appl. Catal., A: Gen., &#: A, vol. 363,
2009, pp. 164-168

©®Naonobu Katada, Takuya Tsubaki, and Miki
Niwa, Measurements of Number and
Strength Distribution of Brgnsted and
Lewis Acid Sites on Sulfated Zirconia by
Ammonia IRMS-TPD Method, Applied
Catalysis, A: General, #&#%A, vol. 340,
2008, pp. 76-86

(ONaonobu Katada, Yohei Iseki, Akira Shichi,
Nobuo Fujita, Iwao Ishino, Kazuhiro Osaki,
Tatsuya Torikai and Miki Niwa, Production
of Ethanol by Vapor Phase Hydration of
Ethene over Tungsta Monolayer Catalyst
Loaded on Titania, Applied Catalysis, A:
General, ##t A, vol. 349, 2008, pp. 55-61

(Fa%R] Gt1ah)

O i HEf, German Sastre, 1 #, MFIE %
FA4 L NDT VAT y RBREO S 7
=7 IRMS-TPD#l|& & DFTR#5, #5107 [o/fitsi
A, 2011/3/30, NTT, HERFH K
RF¥ vy /3R

@mEH—R, FHEM, Jun Kyu Lee, Jiho Shin,
Suk Bong Hong, /31 #, [Fl UEtstiEs a3
Br—UWANOBREST A NE T )



RATz—bhELFaT—v—TDRME, F
107 [EfdFan=, 2011/3/30, \E1, EHKF
HURURE KR F ¥ 278

@ Yasuhiro Nishi, Tatsuya Torikai, Naonobu
Katada and Miki Niwa, Ammonia IRMS-TPD
method for analysis of acidic properties of
oxide monolayer catalysts loaded on basic
metal oxides, PACIFICHEM 2010, 2010/12/18
, Honolulu Convention Center, Honolulu, USA

@ Hiroyuki Ikeda, Naonobu Katada and Miki
Niwa, Catalytic activity for cracking of tetralin
of zeolite, PACIFICHEM 2010, 2010/12/16,
Honolulu Convention Center, Honolulu, USA

®h HEM, FERBEEAE (PR, 24 /6
AAEE LS, 2010/10/27, AT, AAL==2—7 —
AT IV

® Naonobu Katada, Yasuhiro Nishi, Tatsuya
Torikai and Miki Niwa, Ammonia IRMS-TPD
method for analysis of acidic properties of
oxide monolayer catalysts loaded on basic
metal oxides, TOCAT6/APCATS, 2010/7/22,
Sapporo Convention Center, Sapporo

(@ Naonobu Katada, What controls the acid
strength of zeolite? An answer from a
relationship between the ammonia desorption
energy and geometric parameters (FA#FETH),
Japan-UK Symposium: Catalysis for a
Sustainable World, 2010/7/15, Chemistry
Centre, Burlington House, London

Naonobu Katada and Miki Niwa, Dependence
of Acid Strength of Zeolite on AlO Distance,
Workshop: Challenges In Zeolites Synthesis
and Catalysis, 2010/7/11, Conference Centre in
Chateau Liblice, Liblice, Czech Republic

@ Naonobu Katada, Ammonia IRMS-TPD and
DFT applied to zeolites (47 #F iff 1),
International Workshop on Oxide Surface,
2010/1/14, F AR =2 —F—&%=U V' — |
B BT E &)

0 Naonobu Katada, Katsuki Suzuki, Takayuki
Noda, Min Bum Park, Hyung-Ki Min, Suk
Bong Hong and Miki Niwa Ammonia
IRMS-TPD characterization of Brensted acid
sites in medium pore zeolites with different
framework topologies, The 12th Japan-Korea
Symposium on Catalysis, 2009/10/14, #H
¥y v RANKRTIL (FKHE)

O HEM, swARAE, BHMZ, 54648 H,
German Sastre, f13P &, &FFEA T4 b
TV AT Yy FBA ETOT V2= T WEML
TNH RS b = L — O, 2 104
o] fil S 3 FR 2, 2009/9/27, ¥ —H A ¥ (&
WRF L)

@ Naonobu Katada, Katsuki Suzuki, Takayuki
Noda and Miki Niwa, Dependence of Acid
Strength of H-form Zeolite on Structural
Compression through Shortening of Al-O
Distance, ZMPC2009, 2009/8/3, H-fii H K
7 (R AUHR)

G HEM, skwmE, FHMZ, 58 =H,

German Sastre, fIJ 8, ¥4 74 F T
DT NI GROEEN=ZRILEF—DT L
ATy REETREARANE, 55 68 Bl A FR
9 R £ 2, 2009/5/20, &# T — K — L3
(R LHR)

WHF MEM, $hhTmaAd, BHEZ, FI3E 58,
AT A MERBEOBME~DORE, F
24 BIEA T A MFFFEEKS, 2008/11/25,
2T — R — LR

(E) GF21#)

OEARERMEE), NTS, iR K7 7,
2011, 4800 ~<—, —{R#LE

@Miki Niwa, Naonobu Katada and Kazu Ok
umura, Springer, Characterization and Desi
gn of Zeolite Catalysts: Solid Acidity, Shape
Selectivity and Loading Properties, 2010,
4184 N—

(PEZE R PEME]
ORI (G0 )

ORI GE 1)

LT RN AR RS DOER D B - FRET
BTk

U . A HEAR, A A, BrHacz, St
DR

HERF « ENIRFENBEURY: « B ARVER
At

FEYE : HFeF

F5 - 4674823

BAA4EHH - 2342 A 4
EIWNA DR - [EN

(£ Dfth)

6. WFZEhE

(D) W s

JrE B (KATADA NAONOBU)
IR « KEFEBE TR se Rt - Heds
FeE %5 - 00243379

(2) 9oy

FEP - EE (NIWA MIKID)

IR « KPP TR ge st - Hde
a5 10023334

BAT 0 (OKUMURA KAZU)

IR « KEPE TR 2e R - Bh#
MFEE &5 30294341

(3) HHEAFIEE
L



