AT A MeEER X OZ0HERE~DFR

20134 17 AH

il
H
il
Cit






H &

G-I A - USSR RSP 1
VR = U OO 2
2. YT T T A B oo 3
3. BAT A FOREREETE ..oeie e 4
4. BREIAT VI =T DL DFHIAE oo 6
B A A e et 7
T g = A VA SRR UPUPUTRPPRUPR 9
T. WFFEH M L UWFTETEE it 9
REFETEIICE «....veveceeeeeece ettt ettt 11

F2E MBAREATHUSY LIZERTA2EFRPAICED I TY VKR ... 15

L B K e e e e e e e e et e aaaaeaaaaa, 17
2. FE L BDUT ittt ettt 17
B B e 18
A BRI LB ER e 21
S e PP PUURPRPPRN 33
RET@I@IICE ... vveeetie ettt et et e ettt e et e e et ettt e e e 34
BE3E MMAEAETSUSY LD Aut /K TFOMRE L OCBRZEE.....coeee 35
B PP U PUR S SPPPPP 37
PR o G oY AT 37
B B e e et e e e e e e e e ba e e e e e aaraeas 38



4. FEIRBBITEBEL e 41

ST i PP 58
RO T IIC e i 59
BWA4E TUOEoULBEMEIZLS USY VA T4 MR ABBBEOMRE ... 60
L B e 62
e U D DT i 62
B R 63
A, I S L U B R e 65
B B R et ettt 82
RSN oY =y o Lol DS 83
BB B LA O BRI oottt e e e r et ae s 84
B B D A B e 86
B T e ettt 87
AT DRI 87
ST 3 g 01 oY ST 7 o ) o Y 89
B B ettt ettt n e et eeen e e aeeteeenee e eteataataenttea e ataentetaartaataetaaaraaas 90

1% 1In situ quick XAFS studies of reduction process of Pd loaded on USY

zeolites With hydrazine. .......oooeiiniiiiiiiiii et et e e e eneans 91

1



B

hiif=3

ling
HE:

i3






1. FL®IC

Si02& A0 678 d (T /7Y — ) A =kooEs AL, TOME
HELTI00Z22 58474 NI, I F AU RWELZFDL, 7o b AIEE L VEE
MaErd, £, HAMWRAFT—F—OMilBEEZ AL, D T52VWHRBELNLD
EWVWIRREN DD, BATA MNEBEE L BRIREICEBEER DD EINTNT, BBIR
B & LIk b mWEE L 2D, A OB & IS X Figurel-10D 3@ Y
THoHR, ZOWBTIIELS T A MEEEGE L BMEORRIIHH TRy, X T
A FOMBAEREZFIAT 272012, MO TS0 RoMIz, LEEOMAE
M. BBYWE - REOHMMNLEL 2D, WMWY - mE T 2N T 5ok S
AOERLREFIEEICERT LSNP, AL LR > THRVWODBBIRTH 5,

o] g@ 0]
NANS N, \/
A ANV ANIVAN

Brgnsted B

N \/ wm NNON 6
/ \ / \ / \ / \ / \ / \
ﬁi).*.’l Lemeﬁﬁ

Figurel-1 PR %8 BLHE

Y®REATA b

YHREATA MI7+—T v A M (FAU) &z HL, V=X T34 M —TOD
6 BE[E LG LB Tl S, 2A— = — T LIFEN 5 EAK 1.3 nm DJAV
22 & Ko, ZDTed, ZSM-5 72 EMIFLO/NS B AT A MR R BAT A B
AL CHBBRERS OIS - LB AR THDH, A— ==Y DAY HITH
o 12 B (B 0.74nm) THY, 17—V H7D 4 DOBTHOA— = —

LHERE L, 3IRITMALEZ IR T D,
YHEAT A MISCEMEEE L TRBEASEHIN TSI ES T A FTHDIL], L
NLERL, YREAS T A FORERL LOBKZERIZESND, BRICBWT, XK
WCIRSND ZECTHBEOYEL 74 FOMEITHIMICENLZERMLNTND
[ 7], Fe. BOSVALLIZ L WV REREETCH LI ERMBN TS, Tz, )
”“Eﬁ%ﬁhéﬁétb@ﬁﬁfﬂw (USY) MEA T A M, KAKLE (XF—
SVY) arvbar—iZ BENOORT VI =y L%l Lk E Sz, USYE A
FTA bOAF BB LA TV A XD, BEPDLT VI =0 AERE
L2 EWCERT 58], RIKFIZHEKAHBIERK S5 ([8-11], H-USYIE, #lxt LE

[\]
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WEZEMRT Z EITM 2T, RAABIZ b~ O Al BETE M & R 97[12-19], TR O W
Fix. BAESNATFE O B E N L L7 Z LIS X 2B E OB BT S &
BEZHBNTWVWD,

Flo, RIS T A L SiO4 UKD Si4+OALE I A1+ R E 2 LS A X i,
AlRAIZHE L EOA T2 A SRR SN D, BRI THEZROTOO T F 4
PnTa b ThORBHIEKREE LTHRET 28, 2O TFF U ITERSRE. &6
B, TNAY FEER AT AR EE BB IR TH D, o T, wEMEEOHIL
LLTOEREGARERTHL, YREALT A NMIESBE THDH Pt A HEF Lo iliix, &
BT NI DIKFACBRMEACISITIE N T, BEREAT 2874 MR L=
U LA K DEBSERE L, Pt 3 KFIRI/Mi KB Z D & v 5 Zootae
ERET L, L0, HENIIRKIEPEITTAZERMbENN TS, EAT 4 M
FICERBREZHR L THONDME0T. B —RMEICH_X—EKIIREETH S
W, RN EG THY . AR O - PR, BRALES THLZLRrE, 7
B A EORENRZ N, o T, EHE- BESEFME R EORBBETHEICE W T,
EIEMEZR B A 7 4 MARS B EORYE) — RAERAIC X 5REFEFA Y > N3 H
FFSh Wb,

3. BA 74 FOEIREEME

B REEMEZ 7T OH i, B4 74 MEROHoMEEICERL WD, BT b
E, BATA PR TIXAL & STICERBLZBREICHES L, OH k& LTHFEET D,
FRTHE L IR A7 hATBEINS OH £ZOoWIL, U Yy E2REIED
EWHEL, bV V= A A OWRIAENS[20], 2o ik, OH HEn
WRESTTHHEYV VI 2 5250 IRHH 2R L TEY, 446 OH XX
Bronsted f& 14 %~ 9,

EOEEE TNEVA+ 5 & bt OH i HoO & 722 CTHLEET 5, % OfEH Lewis
e FEBLT 2, 3 BZD Al & T2 6800 T AlO*D & 5 7 b FE 23 M FL N I AFAE
THEBZLNTWS[21], Lo T Lewis BORILL, BHEAOT VI =T AIZED
LEBEZDONTWD, Al ORI T-ERTIIKRBE (V7 7 —nE) &, 77 —11x
AF (BERBFVALRADL) OFETEDS, V7 /—LA3ANMIKTXREBTHY ., BERK
HZ LB R PE MR DN 20 6 Si s SN TEE SN2 2 b b D, BT A B
MHORT VI =7 L%, BEORERLIIZBNTHAEL D,

Bronsted g1 X Na+% Caz+e Las+’R P DM A 4 v &R+ H 2 L THRET S,
Al 7 F A TN U722 D Nat& #4250 T Al infF O A EM O I 03 5% D W
A FAHBT D, MR LTV &EA A BN LIRS F0MREET S L, AL T
7a bW ALEEDOY A b ~BE) L C Bronsted i858 & L THERET 5,72 & 2 1E. Ca2+
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AF DA, MBI XV EAL L TV KO —E23 g Bl L CEePE OH N BELT 5
[22], B&M: OH LD AL IR A7 FIZ XV R S TH Y, Ca(OH)*® OH D
FEZ, IRAXZ bABEIONHMASNMR JlEICEIVHALNE SN TWVD,

KOFGBEOREEE I A F A OFBEIKGF T 5, ZMEE N T4 TIHMED SV
EKREMBELST WV, EEE, 1M THD NarRl Kr CA AU R L7284 T 4 MLEIK
MRSy, £, 2L b 3MMiORBIT AL TAA VR LTEEA T A O
7a b DRI NTR, DT DSOS, A EA A TR
YEF T A PP LERMEBE L THNYOATWS

o M(OH)%

\/\/\/\/\/
/\ /\ /\ /\ /\

M(OH)“

> \/\/\/\/\/
/\ /\ /\ /\ /\

anstedﬁﬁ)ﬁ

Figurel-2 Zflin F4 12 XV %8179 5 Bronsted Bz

FATBEANTZ LI, YREAT A FORT VI =7 ML Z i L7 H-USY 3 AR L #E
DLz~ WEME L L TomWMBEEZ R T2 E8MbN TS, i
S BronstedBBMEZ IR & 525 Z LM BTV 5, 5V BronstedEEMEFEBLOD A 1 =

LPZOWVWTIEE L DB IBENTWD, 120, K THOT LI =0 AFF0N
ROLEER L CHELE T, IS N@Y A b & LTHEMET S8 A, next-nearest
neighbor#h :[23-26]iZ X 2 #\ Bronstedft # /~r 3 & S b, 7. FHoiEHEAO
ERk(27]. S 512, B&SALE T <O Bronstedfit & O > F ¥ — B o 7= [27-28]
WCHRED LR EPBEINTND, £, WS+ MIIRIZ K Y 3600 cm?
[ZOH/N > R & LTRIZ S 5[12,29-3110

Beaumont b 1%, FAUBIE A 7 A bk %\ TBronstedf# O 5 £ & Si/ALLL D Bt% %
FHA L. SI/AIL236TBronstediBiENR K THLZ L AR L[82], TAHI=U LA
PEENICH 2 LTid, SVALER6LE WO DIlE, ==y FEAH TV K27 BRI
FIETHZ L2725, BronstedfE DR S (X7 VI =0 AOBREMIEICH KRG T D &
B S LT 5 (331,

Fo. BATA MEBFOT VI =0 ALEITRE EERRSOMEEZHE L TEBY .,
it IR PE ORI ICET 22 E2 N D, T/ =0 LR OBAIN 72550101

5
D 2TAl B LV 29Si MAS NMR IZ XV 6 & T 5[34-36], L»L, Z4h
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E. AEAIZ2 0 mOFMIIZIREETHY . Si & Al FONMEZ EMICRET HZ &
MNTERW[BT], £/, Sid ALIZ X BETRPMOFIETRETE RN 2, BT
A FEHANTO Al (LEOREITFERI)FIE TIIAEEENEL D, THE TR, BmE
DOWFZEIZEB T DFT sHENM#EA S T\wWbd, DFT ftRITIEBAICER T2 T VI =y
LAEZHE L TBERTLHIENTED I 2, SHICERMFIEICHAU T O R THE
Ltz Fi>, MIEEORMEICHNONLRAEDTF T =713 —HEAL T A FOF ¥
KV AD ZEWTERWATEERH Y . MBAREDOHIEIZ A MHIEEEZET D &V )
BRRH LD, LU GHRTIE IO L ) RE RGIEORR M O Z L3 TE 5[38-41],
¥ 72, Bronsted ¢V 1 FOEREZN Y 2 AL XA X2 L0 EERHMIT 5 Z &
MTX 5H[42-43], =D 5 2T, Katada H1%, B4 7 A MO Brensted & 50 13,
Al-O FRRER Si-O(H)-Al DA MAIKFE T 5 & LT\ 5, Sierka HiX[44], YR E A
7 A4 h @ Bronsted FEFEE X AIFOH)-Si 7'V v VIS5 Al oK TROBND Z
LR LTV, Beaumont & DOWFFEIL, S L7727 /L I =0 AFGRVVEE 2 £ 0 H
By 2O0DT NI =T LAOHTELFHHAEEMZ 5] & 2 972 % next-nearest
neighbor (LD 7 VI =07 AT X/ VEREZ AT D Z Lo L72[32, 45], FHH &%
BRI FIEIC L 2 B4 T4 FOBEKRBHEE OFEABAEER E KLY 2o b, BUKTIX
FHEBEEADNEEL 2D BT TAZ—FTNVCLDHENEL RS TS, 5%
RBUBEFHRICE D RA Y FAZ =TV ERWEFREICEID . KOBEOREWEER
2END,

4. BHAT VI =0 L EOHMEEEH
AT A MIKBRBIZ LV FENSE SRR T VI =T LOEHBREL, FHIb
AVEN AR T 5, A0+, AIOH)2*RPAIOH R EDFAF Y T A I =T LB FF v, b
5 WIZAIOOHSCAIOH)s D K 5 7e PPEFEA B A ALAIRE & L THIRE I LTV DA, FEM
ARG T D E o Ten[46], F£72. 27A1 MAS NMRA X7 MV ITE # A Al
OME %l 5 72 DI A< AV BTV 5 03[47-50], & Holc s h Tl 5
T, OEKAAIEIIA XY T A I =LA F R EEZoZ D LAV ERESN TS,
AT A NOMBIEMEICBETIMT VI = A0 RIT, REEHFIESNATND, B
F 7 A4 N ORBREDEINIBEEALIOB DA D 5 2. BHAAAEOFIEN DR IZEH S
THEEINTWD, LALARD, flEEHICE L TEEAALO I RITEHETH Y |
FHICEE S LTV, THE T, BHEIIAIODR L L OEKIALUZ DN TN D
MOBREND D,
(1) BHAALA KiTLewisfit 4 b & L CHET 2511,
(2) BHAAIDFIEITBIEE 7 2 b OfRER IS T 2 FORAEME ZESED
[52],



(3) ‘B H#s 4 Al L Bronstedfg ¥+ it < O CTH AEAEHBIFEET 5 [53-59],

F#1Z. Brensted/Lewisf DML R ORI, WELEIERICHER SN TWVD, £
MI7RREIE R T TV D2, Wangbld, B4 74 ho7 v bW A MBI T % Lewis
BeOEBIL, 7NV I=v A LEHYIC L D28 ML, 77 vFX 7, KEBEBOL—
NemohREsZRIFT L EREL[54], Cormabix, BHIAAIOKA 4
FEIIEGOHE O EM KB AMME L, BiRE LN T2 LEEL[66]l, —J7.
Biaglowb i, AT —I U 7K OMT VI =0 A SZFAUICEB W T, FilZe o1
NPFIET DAELIZ <. 7 T v X U RN D 01X, OHY- A b~ Otk n
BN 5 720 Tlikiewn E B LT 5 (601,

AT A4 MZEIT 5 Bronstedf & H &5 Lewislig O AAEH 2> & O FE R EE O 1) -4
Hi1X. MirodatosHIiZ K VBRI T 5[63], #HAEEMHIZOHK AL AF Y T
= LA F M (AIOTPAIOOH) ~DOEpEFEB L bRo L LT, Thdib,
OHHE A TRE DT LV A NORBENEMNT 5, 2D DOBENELWITIIE
Bronstedf& ¥ ~FDIH7 I By 7 MIEBE~ 7 b5 &S D8, BE, B
HNAIDFETIHDO Y I 7 FOBBIFHER S Tnewniell, LaL, Libix
DFTHF% X v . Bronsted@ ¥ 1 b O@FE~D /LA A (AOH)sH L < (FAI(OH)2Y)
DOEALIE, TRICART X ICEEFEETICMMEDN LA FRICTH5Z &R LT
w5 [62],

H
| _ ~Al(OH);0r AlOH2*

\/\/\/\/
/N /NN AN

Figurel-3  Bronsted/# & 5 #% 4t Lewisf2 O BAEH €7 /L

BHHLALD BronstedE8 1 N OBFE~BEEGS L2WEMEZ LTSS, B4 74 1
DOOHAEA K 130.003-0.004 A EHML7Z, FHEOMKE, M7 L= AIn/HY
D7 v B/ IEBronsted/LewisEFH 2 O 72 1210-30 keal/mol T3~ 72 & L
72o F72. LewisfE VA MIEEWE L7727 & b 013C NMROILFEY 7 b Id ik
THDHAICIIZHE ST Dby 7 D245 ppmllit < HEAALE & Sh
5 Al0H)s35 L CANOH)2HFIIEF IC T LewisfE Th 5 & S 5,

5. HHARZHR

HARITIEVERSY 2 € ORENHFF U THBEMEGE 2 /3 ISR 5 72 D IS 2 7 filit
oy D—oT, EMMBLIZHWON TV D, BB - BEMEIPEE . FKimid.,
MAMEEREZa L b — LT 57D HEL SND, T, MR O I EHE
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B L CRIGERELTZY, B2V EERVEIKEEZIMHEI L0 T2850H 5,
KL THEAT A FORBNBITEESAZHET 256, MaNICEETHI 70
A FLPN D EBOE FE DIEWITE K 3 5 55 FIERE RGN BT 2,

fl A G LB & TR AL O TR MR O ELR) - (L FIREDORIE N EE L 0D, L X
(X, PR O PR S 1~ O TE 1 B4y BT BRAR O FERRIR BRI SE AL L 72 Al o Sy BobE (Jh 3
g (CRET L, HEMET, 2056, GRIESCA T U ZBMIBEIT L - T, KE
R D> BIEPERL Sy ORISR 2 AR R E ICHFFT 528, KEKRO pH & AR D% E
SO, REAKBIEOKMNSHFFRESCHBREICRSAREL 525, HAEm L]
ERAR O EE faf 238 D GEITHE LT < A2 0 | JEMERS O @ W IRL - 23 G b v D, B
B D VTR LR ST AL BRI K D IE AL D BR O AR & EME R Sy O FEAR SO Al g R
OIEMWRR S OZEM., R AH OFEMKIST L 22 b, BEERIG, S HITTEERS &
AR L ORI T 28 LWVIEHELE D DL BN B 5,

Flo, MEAEAPREKISTHS Z E2BETNE, GREZEPBIEERmICHEH
THEBOFEEEZRKEL L, AOFATLIZENEEND, L LA bkt
L2LTY BRIV TC D, I T, @M, 20 7 a2m
HIL, REMEEZEDDZOICHEICHEELTHWS, Z0B, & Mk oM EE
MiE, A OERHBITIEIC LY RES LT D, FFIC, Pt EOVIEE SR &
fbF & HEO XS IC&ROBESE FIREBEZ L b S BRI REIREELE X
HH50%, SMSI #h % (Strong Metal-Support Interaction) & FRIZ#L TV 5[63], ¥
FI7A4 bEEE LESGAEIZ O TS, HEOHEICLVHFESRICERET L L
WA SN TS, Kubicka Hix, Pt OE OB IR OBEREE KT L, Pt §F
PEDZAITHABRORETRE O & bR WENT 2 2 L &R Le, £RKIC, Pt O
GFETHAEROBETICEEE 525 & Lizled], £/, FHEBR~DOKFEMIMTE VT,
BIL Iz Pt OEMIIEA T A4 VHEOBEEICHET LI EBRRESRL TS
[65], RIAEDNEIZHONWT, FF XX L DKBALDBREISICBNTHER S TWY
%[66-68l, ZHiEMHOM Fix, BEEEZFOEA T4 MR EOESBR T3 XY
B REEAETLHEOEINTWD, £o, Pt OEFHEDOE/LIZ OV TIE, XAFS
W@ shTn2[69], HFFE&RBOEEL LT, HKOBRMRE DA THIIZTE
T HEOBREEEICRET D ERREIN TV D[70-71], HIEOEREMEE A
BMENTEE DT L, HE Pt R FOBEXBIHEENS LY, XA X7 DKRFES
R B VEEE R L S b [72],

SRR RO E OMBEAEROZLDO S & &AL O3 k& O Em 7k
BICHEST L, 612, @FMEOREKIESEHIREBEKISICHE L7 REBIEES
L7290, Pt ORMLE @b T 55605 5, MIEAERICKE BT L Rk
X, BTG IERCFFITKFE L TRELS LT 270D, KilETFIEE FHEOEBRENR

.8.



MO TEELRD,

6. &JE T/ kit

T A XOBBWRLA 1L, BV A XD RORF R 72 R0 BT k3 5 0MUFRr 72 &
g M AL B A R T 2RO TS, TROHEERIHT S Z L T,
MELO @RISR BT LWEREAMINT 2 2 LR L 2D, Au KL TO8%E6. T
J A= RNV A RN D b RET R VX =N T 52 L TRLADKRELSIETFTT S Z
LR RO ERREINTWAH[T3]l, 2O XS BT /R ix, MBa R &
LTHEHRINTND, FIZ, PAR Pt R EDERRBITKET BT Th 2 EELRE
WL oAk, BENHEPER AT ALE R EREENIC S TR OGRS TH 7 fill i e
RTHY, HFLERTHVRZPOLLZHEINTWS, BIFENYH—Esis R T
J RIS RE, AHORBOEHEAZ IR TN TE L0, Fax R LRM R
ENTW5D, Okumura Hi%, USY B4 T A MIA A U ZHEICTEALE Pd I,
FRICBWTH HRAICTEZGICE LS, A—N—F =T NIZ Pd G BN K 5
FE O/ N em SR 7 7 A —NAEKRT HZ L& XAFSIEIC LV R LT, £,
2D Pd 7T AL —FRH#E, KB A ERIICETRT Z LT, BFEMICZ 222 —3
ARXEWEMEELZLITRIIL, BFTA NARRYH T T/ A — LA —F—D &R
B A Xearybe—n3T252 R TE5Z L%/ L7[74], Yamashita 513, ¥
FIA FRA VR =T ALY T OB IGA AT INL U BLAL Ti FlE A2 FARIZ VT
EHANICED Ti VA bOEMLET 22 8T, HAEALEZE&BAIBEAZ Ti 4 b
WEET 22 ENTE L8 T R FlfEs R L7 Otttk (PAD-SP)).
Ti &4 A Y KR—7 AU BRI, PAD-SP k& AW CHEEL L7 Ptix, Mo THE
SHOREETH —72 PtRi 7 & L CHEHE(L SN D, A, MFIMELZ RS Ti G/ €4
FA MEHEKRE LEZPAdT 2R FOEKIZBWTEH PAD-SPIEIFERHTHL EEN D,
INHOPtELOPAd T /R FI3ERIETHE L& R T/ KL I~ X3 il
ENEWVABEERE A RS 2 2 LN TE . TR OIREARO BRI, HEZE XD
ZET, R RO ) A— ML= —TORBEGIENTE L EHEFINATY
% [75-76],

7. WFFEHBER X OWHFEIER

AHFIEEOHMIT, B4 T4 NORETH DA A ZHEE & HAIB 285D 5 B,
A AU RHREIC L 0 BBLT 2B EZFA L MRS R OB ELERGFT 22 & T,
fRBEERE DM LA XD & L bic, HERREBICHET 2 E . FI2 Brensted it &
DHBEZHLNCTHZETH D,

F2ETIE, BMEECRBMIEO R Z2HAKIZ PAd 28 AL, fka REE S CAER

.9.



T 54E Pd OREIZOWT XAFSEZH W THRFI 21T o7, W T > T =7 LAKIE
WCHUBET 52 LI K VMR ERIET S USYBEA T4 F~HFE L Pd i, ooF v
VUVHTKRBIZEDNT Y 72352 L1280, BRARICETHE DB LIZKRETE
EnbsZEEHLMNI L, USYEBAZ A4 N EOR R PA I, 85K - EliH >~ 7
U o 7 ROSIZHR L CIEFICmiEEZ R LT,

B3 ETIL, AWGEMERE S R R ZHONICT 272010, BBEDORRLHEA T A
MW THE SN ZAuUDREE & OFHEIIC SOV THRE L7z, 5V Bronstedfg S 2
TL7E=ULBMOUSYEA T A b ECTIHAuwREEI T/ A— AP A X T
Bl—lzoi L, EELEORME L L THAMEOS WU AT VT e N&255 2
CICAEMTHHZ L EW LML,

WABETIE, USY PA T4 bE2T U ET= w7 AEKBK CHRLIEEIT S 2 & TR
Bronsted feth & @\ 27 T v F U VIEMENR BRI T L L2 A SN TWD 2 HEET
= U AKEEHRALERIT X 558V Bronsted FEYEN B ELT S IZ OV T, 27A1 B RO
110 B ORAIEE (NMR) AX7 MrZE AW TR L7z, 27Al MQMAS NMR A X
7 FNMIZTCT V=D AEKIBRAEIZO I, BEAEN, 3 A SOy 7 b %
STz, TNEY, Vo h A bOFEGIRIEE 21X, BB 0O HIEDOEL R S 4L,
NHHZ K 2 E A0 O Rtk 2 B &7 2 %) R 7% Bronsted [ 2 386 T\ 5 & fiwm 17
72, F£7=. 17O NMR (2 X ¥ E#% Bronsted EEOBHICKEIL, 7 7 v F U THEE DO
BN SN E 2o Tz,

5 ETIT., AMFETH &I SRR Ofs i & 4 % OHFFERBEIZ DV Tk
5,
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HoE S AA T 5 USY LI T S
AR PAICE DTy TV v 7 R






1. R

X VLU EEHEL LT, WP T6NKELATY I LENLRIETHZ LT
PA/USY iR A - il v 77V U VRIS @ WEME 2 =9 2 & & R L7, XAFS
538 KO IRMS-TPD 50 MFHZ KL V. USY B4 T A MIMFET D EKNT L

2 & V5RO 54172 Bronsted B2 A8 IRICHE B LT Pd 2 ZELT 57201
PAd/USY filt N miGHEZ BB LB 2 b Db, £, BHELTHWZ o L v
2. NMR (2 L% H/D ZHEHEDORFHZ LD, USY AT A4 b EOBFEREH WD &
Whnole, DED, oF VLU EREBEEE L THWS Z & T, X0 EMICKIEBIE
ETHrb0EEZLND,

2. FL®IZ

Ny TV TGS LTHA - Bilihy 7V I ROG, EAK -~y 7 Rk, R
Ay TV TS, FH s AT g Ty Y TR, W v 7Y v 7 R
BRESEIERMIENAONTEY, PORIED TEMICEE KIS TH 5[1-4],
2010 4, $hKk FALWEE RFAZHEZN ) —~ Wb EEZE L-HEB L Ro 728
AKeBEBHI TV TRIGE, NIV LEMBEE L Ta s LT U — L E R
VHEEWME IO RS T SR T 2o VB EERE S LIRS TH D, ISR
YMOEY 7 == VEERITHASCERMLOREEE LTSN TWD, £, OGHEE
DEER T BB D CRIAE R KIBEIED =D AR N D OSBENE S TH Y | KHE
PETHOFNRLT VN, I 51T, BRREFAMENE <. CAEREICRY, 2 OF]R
MHDT-O8MA - BRIy 7V T ROSITERENS TEAr— L TlRIEFHE
NTWD, AR -~y I RGN T VT Lxfililit LT e s b7 J— L TT v
FrDRKFEBERTLIIBRKIETH D, ZORKIGOBEREFAERNESSFFEFICHH
Thd,

INOORINIESESE A Pd BENBE SN TV D, BEE/ N7 VU A0EE VAR
AT 4V EENTE LY % Pd BT I EIEETH D [5-8]8, BT 04
RAKEETH Y ERDPOLDOPAOHERKREECTH D72 A NREWEERS S,
— 5T, PAAEMERSS PAIP AT A Ml K 5 e R —% Pd il IR A E S Th

CERBDINDL O PAd OSBELRS TH DR, —RIITIEENMEV, FO R E A
KeLTiE, H—RIZHS Pd OGBENMES, BERARE —-THLZENRExLN
6OLWL\E%%mﬁ®@mf EMEROHIERL LUOEFREZHEE ICHET 5 2
ERTENX, PAdMBEE L TEWERZRBLTE L2 LRMIfFESN S, PADOY A X
IR BIRECTH DR FIRICE THAOBET 2 2 TE X, EF 01 XK
XAV TRDOPAd LR &R DMBEAERNRELT 2 L L bI2, PdfEH&EDKIEZR
BB AS AT REIC 72 5, ARBFZEIC W USY B4 T A b, BT LI =0 AN
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TOMBAEZALTEY, HRBEORATFT—I VI {HERETOHOLIIC LY, Y
A b — LT L5 ERARTHDL, AL TIIUSY B4 T4 hOBRMEE L Pd D
HEIE O FHBA MR F6 L OV I D 52 28 (2 BE 9~ 2 B A Gl T

3. FEER

3.1 B

3. 1. 1 ALl

NH4-USY(HSZ-341NHA) B —(BR)
Na-Y(HSZ-320NAA) H Y —(BR)
Mordenite(JRC-Z-M-15) 2> B il
ZSM-5(HSZ-820NAA) B —(FR)
Na-X(¥ A4 Z A F-9) B —(BR)
Al203(JRC-ALO-3) 2 [ fih 48

TEVE IR, BERIR(034-02125) T fli S5 T3 (BK)

3. 1. 2 HAEOHRHK

[0.4 wt% Pd/USY(HSZ-341NHA) 7 4]

® NH, USY(R Y — HSZ-341NHA, SiO2/Al203=7.7)% ~ » 7 JL4F T 5 K min'1, 573
K. 3hJEk L7,
PA(NH3)4Cle KiEH Z W T, B T4h A A RB|EITo 7,
Vet 323 K CTHzf S8, 0.4 wt% Pd/USY(HSZ-341NHA) % #57=,

[0.4 wt% Pd/Na-Y, Na-MOR. H-ZSM5, H-MOR. H-Y O]

® Pd(NH3)4Clz K&K % AT, Na-Y, Na-MOR, H-ZSM5, H-MOR, H-Y =i
TNE=RETA4h A A ZWEIT -T2,

® ULk 323 K THAMEESH. 0.4 wt% Pd/Na-Y, Na-MOR, H-ZSM5, H-MOR,
H-Y ZZhZhiifl Lz,

[0.4 wt% Pd/Active Carbon. Al2Os O3]
® Pd(NH3)4Cle AKEHEIC Active Carbon £ 721 AloOs Z 12, 383 KIZEE LT-7F
v 7 L— b B CAREE I,

[NH4-Y(HSZ-320NAA) O i fid]
® 1 FUAHT S Na-YOR Y — HSZ-320NAA. SiO2/Al:0s=5.5)Ic & £ 5 Al & D
10 fEOWEEICH YT DT v E=U L& M4AT05 MOKKIKE L, NaY
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MMz, 3583KICT4h A F R EITHoT-,
® UiV#1% 323 K Tzl &8, NHs-Y(HSZ-320NAA) % 157-,

k7&K AL - USY o]

® filfftAi ANT-RISELAEEICEY PL, TEEOERT A LUOKEAKOKAR &
AHOETH0 mL minDZEA L, FIRFEZ 5 K min't TR L., FTEDOREIC
Rofe & ERIKRAKIHEOMGIFH & L, € ORFFLBE 21T - 1=,

® JFEDKMARKRE L2, BXFOREL FiT e, ABEOIREN 473 K 1T
ST BRAKEAZ LD T,

® 373 KIZZoleBICEHROMIGE 1D RUNEN A2 Y L H-USY % 4%
7o

[H-USY & NHy B~ A A o A3 H#i]

® H-USYICHUSYIZEENDAIED 105OMEBICH YT T T =7 A
ZMZ 0.5MOKERE LT,
WK OB 8353 KIZ/2 5 X HWMEA L, 4h A A RMEITo T,
Vel 323 K THzf &, NH4-USY #4572,

3. 2 XAFS #lE
Pd K W U5 O HIE 1L SPring-8 ICTHEE L7z, oF LU TAriZEI 0 mRLE
6% Ho # HHWTEIL LERE Z 7T AF v 7 VIc AN, BRICTHEZIT-> 72,

3. 3 7 vE=7 IRMS-TPD #l| &

W E S 2 LT ISRT,

IR #:1& : PerkinElmer Spectrum One

MS %@ : PFEIFFER VACUUM QMG220M2

o TVERE K5 mg

ATALER - 773 K. 1h (F%9)

7T rE=T7WE 373 K. 30 min (100 Torr)

*x U7 — A :He, 110 mL min'!

SR : 10 Kminl, 373-773 K

IR MIESME - 3 fiRAE 4 cml, FEFE I 4[|, 10 K fg: 2 HE

3. 4 KR IEEIZ X5 H/D R #HlE
1H MAS NMR /% Agilent NMR system 400WB (400 MHz) T17-o 72, it D[Al#ER
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BT SkHz & L7-. 2HIIE 90° /L ABIAL 4. 10s OB L Uiz, FE s o
LT, 7¥~r%2 (ADM) Z#HWic, HIERNIC USY B4 7 4 b % 473 K, 0.3mbar
LA T 12 BRI LL BRI 21T 3kt 2 Ar RER T 7 e —7 Ry 7 ANTH 7L
Blzod, &2aCTo7ya b 2BEAFBEHRLEZ MU BEL N oF v L2 ER LA
BEE JE V2,

3. 5 RS

g E Ay 7V v ROE, i 0.5 mg, T rERCP Y (0.2mol), V==
AR g (0.32mol), REEAD U A (0.4mol), oF L (640 ml), PIFEHUE L
LTHrITHr21LO=8H7 7 X3l AfL, 383K TiTo 7o, ISHTEB KOS H
WZAr THIRL7Z 6% He e 7 ZEIZLVBEANL, NT VT EBITWIRPE SIS EAT
olc, BUSHIDOGZHTIZ oW TR, —ERFEICDEOWKZ I L. FID 1 4 % fi
2 7%+ 7Y —GC (Shimazu 2010) TiT-7=,
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4. FERBLOELE
4. 1 FkRx7Z2BKRIZEBT S PditEEZ AWK - B0 > 7Y 7 UG

SEXERHEO PAdfEEZ A NT T rER Pt TR a v BoOSAK =
Why 7V I RnEIT -T2, & OfE % % Table 2-1 (2”7,

EiRIEIC L 0 PR L 72 AleOs, iM% T TON 1L i K 200,000 Td - 7=, HZSM-5,
H-MOR, H-Y ® TON (%5 TH vV, 1L A CHEMEZ RS2 o72, Na'Y [T
BIEMETH W . TON 23 1,500,000 TH-o7-, —F, HEET > E =17 LKER CLEL
72USY BA T A &KL LB, bmIEHERT Z &R 0ol

Table 2-1 Various catalysts in the reaction between bromobenzen and

phenylboronic acid.

Support REE Hieldof Time / h
Biphenyl / %

Active Carbon X5 4 3 2,700
Al:0s3 X5 27 3 200,000
Na-Y X 20 50 3 1,500,000

Na-Mordenite X5 0.4 3 3,000

HZSM-5 X1 33 3 45,000
H-Mordenite X1 34 3 52,000
H-Y X1 26 3 40,000
USY X 40 92 3 5,400,000

il : 1 mg, MOGIRE : 383K, M EX1: 7 ¥Y 5mmol, 7x=/L7h
Y 8 mmol, KEEH U VA 10 mmol, oF¥ L 14mL, FUTH> 08¢

4. 2 Frx72EO PAd B AZET LY 7 L0 Pd K-edge EXAFS

HEORELZFTRDT-0IC, SEIERMAE LOEERE L 7025 Pd llEIZ >V T,
oF VL UHICT 6%H/Ar Z IV T AT U 7 L, 383 K T 1h OIETAIE Z AT\,
Pd K-edge EXAFS H| & #1T > 7=,

TnZzho$ 7o Pd K-edge EXAF HllE £ 0 156 7= B Z &R % Figure
2-1 12/~ L7z, Pd/Active Carbon, Al203, Na-Y, Na-MOR (% Pd-Pd f5 &2 H K3 %
K& —7R’EH S, PA DSEEL WD Z Engnd, HZSM-5 <° H-MOR T
b PA-PAdFEAICH KT A= BNl NN, 2o —2713/h3< Pd @S ER
WRETHD Z Ny hot-, HY & USY BA T A4 MIFEFITEB LA bR
/Johice =774 v 7T 4 I LK DMITHERND Pd FREFRICOBL TS &
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BEZbD,

4. 1OFRRIY, HEL LTI USY 474 bEHWE E ZIZIEFICEHTENEE
L7, 72, PdK-edge EXAFS O 5725, Ll AERsRE O & WK TH 5 MOR
RIZSM-b5 BT A M EICHET 52 CLmaMe PAdY 7 A —%2 T 52 &
WK, FAU BE&EOEA T4 b TH D HY, USY BA T4 FEHEEE LK,
AR PAdREEZEKRT D Z ERHFKE, LU, IEFICEWIEEZ R LZOX USY
T4 MR E LIt EDHRTHoTe, ZHIE, HY AT A4 FEfFE L L L X
fil I SO BT O TR IZ B W TIRR 7k Pd FEZ BT 2 28, USRFICER W CITRERE L
TLEILLOTIERWNEBZDOND, FUSIZHW L &R EFICOETHD Z &
NH, REICIN D% XAFS I CHERT 2 O EHICREECTH 5, BEMREN TRV 4
T4 MEEEKRE L THOWEZBICIE, e UTHELZ Pd IZIERICE DB L 2R
D Enbhote, ZHE, WA ETA R Pd ILEE/ S I,
BEZMADIIRN DD EEZLND,

[ I T I T I T I T I i

=

= AlLLO;

O

5 40F

~~

3 Na-Y

=] - i

X

5 20F
|~ HzsMs
L ——\___H-Mordenite |
VeV H-Y

0__/r-\_L/—/\J/'\__L . UsSY

0 1 2 3 4 5 6
Distance / 0.1 nm

Figure 2-1 Pd K-edge EXAFS fourier transform of Pd loaded on various catalysts
treated with 6% H2 bubbling.

—HiE; L7 PA/USY ©® TEM Bl %17 >72 & 2 A, Figure 2-2 IZ/”T L HI2EA
TA4 FOTFRIIALND OO, PdRFIZMA IR0 o7, EXAFS OfER XD
Pd iz FRICHB LTS EE X 5, TEM BB 5 06 Tk Pd ki 2381
WnznolebDEBEBx 6N,
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Figure 2-2 TEM image of Pd/USY treated with 6% Ha/Ar bubbling.

4. 3 USYBATA FOMEET v E =" LKEHRLIE O 52

AF—=I Lo THBLZE%O USY 2 PA 0K L LTEA- - v 7V
VIR EERLTEZA, PAIRIEEE RS o7, Lo, USYEA T4 %
353 K CHET »E=0U LKRBEERTIZTHRRILELIZOBHIZ 573 K THERK L, Pd #fH§;
L7 Z A, BIEERELNTZ, ZOMBIET VE=U AEKBK CORIIZLY |
USY OfMHENEL LTS Z &R L TWV5 E P L, NHs IRMS-TPD 7512 L 0 |
USY OERME 2 3H I f#NT L=, Figure 2-3 (2% V> 707 =7 IR HiAEA
R MNVEIRT,AF— 7 EIO HY O OH MfFIR 8 #8132 — X— 47— (: 3630
cm'l), V=74 r— (03550 cml), ~FH a7 Y XA (23520 cml) (I
FHET 2% OH BEICHEKTHWMNA A 5D (Figure 2-3(a)), LnL, AF—I 7
L7230 Clx e 72 OH oW A oo 7= (Figure 2-3(b)), Z5<, 7L
S=UACEVAERLEERAAIFICZI VBRI E IO EEZLND, A
F—I 7L THELNEZUSY BATA MEMET v E=0 AKBERCUELZE 2
A, BOBEANEE LN, HY D AT "ML EREKT 5 &, ZOME X2
< g5 T (Figure 2-3(c)), fEEET > F =77 LKA THOBE L 7= 308 T, lg A
2R 2DH 72 72 WA 3600 em L IZHLALTZ[9], A MADIHTICEY, TUrE=T A
HEOKRIE TR L7 USY B4 T 4 MTIEEAT A F OERIEEICITHCT 55 150
kd/mol DFREE RN T LT LN ahole, £/, BT v E=v 20T v E =
ULAKFER TS 52 LT, FERBBANKBET L2 L0, TUrE=ULAH
DKW TUHE ST L ENHEETHLEEZEZXOND, SHIZ, ATF—I L 7TO5MH%
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TZTUSYVBATA bA2RFRL, M7 T=0 00 E2 LY F T4 FOBREE
ERRHT L7 & 2 A, Table 2-2 DFERNE LN, HBONTLEED O LIRE RO &
O HARETE M & ORI IEOMHBEMERED biviz, fER% Figure 2-4 [Z/7-F, 6> T,
BRI RS PA/USY i o @G OB H G L TnbH EEx b D,
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Figure 2-3 Differnce IR spectra with adsorbed ammonia during the elevation of
temperature from 373 K to 773 K. Spectra were taken every 10 K.measured on (a)

H-Y, (b) USY, (c) USY treated with an ammonium nitrate solution.
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Table 2-2 The acid amount of Pd/USY zeolite treated with various steaming

condition.

Steaming Steaming H20 OHtotal[a] OHsuper[b] OHunknown["] OHstrong[d] OHsodalite[e] OHhexagonaI[ﬂ

temp. /K  time/h | conc./% | /molkg! | /molkgl /molkg!  /molkg!| /molkg? / mol kg
773 1 18 0.86 0.37 0.11 0.14 0.12 0.12
823 0.2 18 0.85 0.37 0.14 0.12 0.12 0.10
823 1 40 0.82 0.23 0.03 0.13 0.08 0.10
823 5 18 0.59 0.21 0.06 0.16 0.08 0.08
823 10 18 0.56 0.19 0.03 0.21 0.07 0.06
873 1 18 0.34 0.11 0.04 0.10 0.05 0.04

. . . . . f
“ Total Brensted acids, ” supercage, © unknown species, ¢ strong acid sites, © sodalite cage,

hexagonal prism

20 - . - T
(18%, 823 K,10 h) ]
=
o
=~ 10L (18%, 823 K,5 h)@ |
o
o
&= (18%, 773 K,1 h)
[ (18%, 823 K.0.2 hy@® (407 823 K1) 7
(18%, 873 K,1 h)
O ! | ! |
0 0.1 0.2

Amount of Strong Acid Sites / mol kg ~

Figure 2-4 Turnover frequencies plotted as a function of acid amount in Strong

acid site.
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4. 4 FEx7REEEHCET L7 PA/USY @ Pd K-edge EXAFS &
EEIEREEEF T 6%Ho/Ar H A Z W AT Y 7B KD (383 K, 1h)i#
JLALER A 1T Pd K-edge EXAFS IE &4 1T o 72, KiL 378 K TEILLE 21T > 72,
b oK Pd K-edge EXAFS 2 7 — U = Z5#a4 % 2 & T b1 5 8hi &
¥ % Figure 2-5 ([Z/k L7z, /K. DMAc, DMF, hU A F LR ¥ =F LR E
TiX, 0.25 nm (Z Pd-Pd fEAICH KT 2 E— 27 NHRICEN S, Pd 2SEEEL TH
HZEMIMND, NITHUERBEL Lz s &%, 0.16 nm (Z PA-N ICHET 5 —
IS Pd BERICETEN TV RNVWEEZEZLND, oF VLU EERLE L
EEFFETIR PAd BRERL TS EEXLND, My UEREE L LI L XX, ooF
VUL UEBREREE L L& LU BRMER KA R L, PA-PAREAICRBEI LS Y
— 7 BN SR, ZhEV, oF VLU ERBRICEFICE BRI RE
ThdHIENREINLN, PA-PAREHBEN DT NCERRDIHERE RS T,

80 —
I H,O
75)
‘g’ 60 DMAc 7
£ DMF
o 40F 3
B trimethylbenzene
g ethylbenzene
20F7 o~ o-xylene
. SN toluene
\/\,r—/\hA tridecane
0 1 ! | | | n |

0 1 2 3 4 5 6
Distance / 0.1 nm

Figure 2-5 Pd K-edge EXAFS fourier transform of Pd/USY treated with 6% Ha2

bubbling in various kinds of solvent.
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4. 5 HRxREEPTOEAK - HHA v 7Y TG

SFESERBEDTTRERC P UL T2 AR a VBOBK - By S T
I wEAT > T2, £ DRt R % Table 2-3 (2377,

Pd K-edge EXAFS il Ef R L v BEE L T bHE:E X2 b5, /K, DMAc, DMF,
FMUATFNARCBUVBIOPZTF AR T EAETESEE RS o T2, F 2,
SERICPAPEILIN TRV R T ICONTH T LA ETEREZ RS o T,
/INE 7 PAd-Pd S OMBE — 2 BBl STz b= 3 ERREEE X 0 X ETE T
Thotz, =, BHARPAENER LTS o F v L FEFICHFEETH- -

Table 2-3 TON obtained with Pd/USY in the reaction between bromobenzen and

phenylboronic acid in various kinds of solvents.

RER Nieldof Temp./K Time/h TON
Biphenyl / %

H,O X1 8 373 3 12,000
DMAc¢ X1 11 383 3 17,000
DMF X1 22 383 3 36,000
trimethylbenzene X1 32 383 3 49,000
ehylbenzene X1 12 383 3 19,000
o-xylene X 40 92 383 3 5,400,000
toluene X1 59 383 3 89,900
tridecane X1 5 383 3 8,000

fit i 1 mg, RIE X 1: 70T~ ¥ 5mmol, 7==/L7Ra g 8 mmol, JKEEH UYL
10 mmol, AL 14 mL, NUT > 0.8 ¢g
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4. 6 In-situ 'THNMRIZX 2 USY 474 b LRI LD H/D A& HHE

4. 412737 XAFS HIE DOFRERS D A ZAOBEPDL, oF L b=
FICRERERITHER SN, LAl METEHRIIRES LRI ENL, BF
T A M~OmEEE & BT <, THNMR IZ X2 H/D &&H# S % o TR
775

Huang &%, Bronsted RO #7325 YR AT 4 M X ZSM-5 i2xf LT, FEK
HREBL LT AXAVGEFEREHA T, FRFEICB T2 EERAKELEEALTA PO
Brensted fi# > 7' 1 b v & ORI R & FH~27-[10] (Figure 2-6), 15 b ziEH{b=
VX —IL, Bronsted FEFEE Ik LA L, £/, TAIADNDDOHEEFEBHRE~OET
R IR OoERT, EHEEZ IV F—DNRR25 2 L2 /AH L, HERIC,
USY €474 Mokt L, EAFRBEHRLZ ML BLXRoFXFr L E2HWT, HD
AR e FE i L T2

fvxo o & VT BB EBRLS O/ R % Figure 2-7 IZ7 3, USFER & & I,
ERBAMEZTRT HOASLY MVBENENT DEFDNHRIN D, EAKFIXH L
DI HNR R D 2 Lt R L LB ICBI SN D B — 7 iR E DN, USY
BAITA b7 m b OTHBIENEIT LI L2 EW®RT 5,

FNT . oxF v L EHWEEAT A FED H/D RHBKIGIZE 725, HEEO H
E— 7 MEAESEEICR LT ey b LR R % Figure 2-8 12779, £/, hrx >
ZHWIZREROFE R Z Figure 2-9 12773, ZO7 1y MZHoWT, FTRAzMnT>
AT 4T BT T,

I[(H=1(0)[1-bexpi-kt]

I0)FB LV (o)X NMR 226G b7 E 50RE, kTR MEE LD, Hoil k%
LT =27 my MEK LT, fR% Figure 2-10 IZR”7, £z, TL=U X
7v oy h R VRO HD ZEOIEMHEL =RV F —1X, b= 57.5 kd/mol, o F
LU 45.6 kdJ/1mol Th o 7=, IEMEIL= XL F—D K/NZ 20 TlE, Huang 5 23
WELTWVWDEIICIHRAEICERN LTI EEZLNDLN, 22 THEATRET,
FOSHEN MV X L TRELS ZERDIRICH D, TV LU OFRRIBET
34 G RBEE N, ML= FU L USYEBEA T A a2 s b
DIEFIZEL N ENRENTZ, 2F0, FU L IEEE LT USY B4 74 MED
BIFIMERE W ERRBEND,
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Figure 2-6 Scheme of H/D exchange between deuterium of aromatic rings and

bridging OH.
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Figure 2-7 Stack plot of the tH MAS NMR spectra recorded at the temperature of
358 K during H/D exchange of deuterated toluene loaded on dehydrated USY

zeolite.
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Figure 2-8 Kinetics and rates of the H/D exchange between acidic bridging OH
groups in dehydrated USY zeolite and deuterons bound to the aromatic rings of

deuterated o-xylene molecules at temperatures of 368, 358, and 343 K.
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Figure 2-9 Kinetics and rates of the H/D exchange between acidic bridging OH
groups in dehydrated USY zeolite and deuterons bound to the aromatic rings of

deuterated toluene molecules at temperatures of 368, 353, and 343 K.
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Figure 2-10 Arrhenius plots of the H/D exchange rates for deuterated toluene
and o-xylene on dehydrated USY zeolite.
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5. fkim

RS AEHFTHUSY AT A MCA AU RZHBICIVHEEELZ PdIZ, oF v L U
BERIZ CTRKFETAT Y 7352 LI LV EF RICHESB L Pd DRETERLS L
Do ZORTIRPAIX, 88K - BH I 7Y 7 RUNMTHR L TEWIEEEZ R LT,

AF—=I VT LTBICT U=y MEKER TR L7 USY B4 714 &KL
LB A i PA N EiEE 2 8B+ 52 Engnoiz, £72. NMR #fH /= H/D 7' &
bR E ORI L W USY BA T A4 M LIREE LT oF v LU BERLTWD
ZENRENT, BEEORMEIZ LY USY B4 7 4 FHICHFEET D E K Al ik
K9~ % R R 0 & & MBS PEICHBER R oD 2 Enn . ZOmADNE IR Pd 0%
ELICH S L, @iEEERBTEE2x06N15,
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1. 258

A F 2 ZHEIT LV 58V Bronsted i8R 2 A 35 NHa @& #LUR USY ¥4 7 A Mk
KESWHETAuLTHFETHZ N TEL, —FH, Na X HE#BMO YREST A
F<° NH4 @##A DO E LT A R ZSM-5 Tid, HEFENR DR, SWIRE CHEFS
HZENRNEETH -T2, 72, Bronsted BBIRE DR D Y REAT A MK L T,
R L7z Au ki3 A XIIMBEAMEZ R L, 78\ Bronsted B8 1 M 3MEET H 2 &1
X0, A X5 ERL, O F ) A— ML A XD AubiFEIEKRT 52 &0
RS Tz, HFIZHEV Brensted fR A H 95 NHy-USY €47 4 MZEA I L2 Au i,
KRFIRITCALFIZ K0 B = Ol Au @/ k2B S iz, USY B4 71 |
b AuF K A1E 973 K OBERGIRE TS 2 3.7 nm OV A X&RkbH [ &gk
WLZEEEZ R LT, —h, [RIBETELCIEZ Aubi 11X, RKRFTOKZOEBEIZTI
ARRE CERET AR AR I, 673-973 K THGE T S 7z AwWUSY €4
TAMI RV T a0 AL L TEEEZ R L, A< s b 12 BEOF
FIH R HETH o1z,

2. FLwic

FEHEOICX D EBAREICL Y, AuHEMEIICEZ < OBFLAED LR TWDIT,
21, Au br T OfRBEIEMEIZ. Au kbl 7O Y A ALIRICHESIKFET D2 RN TH
V. TR IFIRR G ELHR ORI X o> THURICZE(L T 5 (8], Bl Ol hiE i &
AT DX, Bnm VA XORREEHT D Auhi+ThH D, THE, Au DFIKE L TR Y
R—=F ALV HRELTA FOFRANER SN TS, FlxiE, Veith Hix, ¥ U
FIZHEEARBICLD AuzHEF L, TTBK ETRET DI E2MELTWDI4], 4H
£ T, HrHLEIEB], AbFEEN LBl T A LR ET e BV oo JFIER
Auw/TiO: OFRB TG iEE LU CHIs S T&E 72, Au ORI L LT HAuCls & AW 7247
WEEIT, b X< Au S D HEE LTHERAERTWS, ZoFEE, T
=T KB EC HAuCUWEIR® pH # 8 T2 L ER H L, 7 V=T KR %
Mz ZWEIZHE T, HE EIC NHCL OFERK E & I Au(OH)s B35, B4 7
A MTIFA AR Y A RS LT2, HKE L THFETHD, id, NHJAE A
74 F& HAuCLU IR Z HlIZIRE 57217 C, NH4Cl 2L, B4 T4 FIZ Au %
BATLIERNTEDEMESND, o, BATA MEIROWAREEL LOKE 2
KEEERFD, TLTHILEZET A EDLMINICTE 72 Au ORELZIIHI TX 5
EWVWIHREER DT O D,

AWETEIE, AT A MK EICAuT ) 7 T AX — AR S W 587270 515 % et
THEEHIT, BEMIZCH D TT8 K OBERRIRELL LI W ThH, 7/ A—2H% A4 XD
Au &Rk T2 BER S REMICHRT 22 2HMNET 5, MET v E=0 LKE
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WIC X D% AHE CTRIBLT 55\ Bronsted 84 % £f> USY €4 7 A ~[9lic, HAuCls
WIRERNT, A Ay A b2FIALEHRFETAUEZHEELEZ, 2D
Au/USY ¥4 F 14 MZHoWT, AKEFEHKFICBWT 1073Kif~‘%ﬂ‘gfn@£ﬂs€:ﬁo
2o WLELFE D Au/USY B4 7 A FoiRfEIL, XAFS &, X ik, B E Bk
HEEB XA IEEICL VM Lz, £, %iﬁ'&énkﬁﬂiﬁ%ﬁﬁb\f\ RV
TV 3 — )L Oy AL SO & FEE L 7=,

3. FEh

3. 1 e

3. 1. 1 ALl

NH4-USY(HSZ-341NHA Si/Al2=7.7) > — (k)
Na-Y(HSZ-320NAA Si/Al2=5.5) 3 — (KR
Mordenite(JRC-Z-M-15) 2 HR fish 4
ZSM-5(JRC-Z5-90H(1)) Z: R il 4
beta(JRC-NA-B25) 2 1R i
TiO2(JRC-TIO-11) 2 J ik i

3. 1. 2 AufpiBifk
HAuCls + 4H20 1 glofiiA A K AZM %250 ml& L7z, BLF. &%k E =7,

3. 1. 3 HEOHRM

NH4USY? il

[NH4 Y 5]

e Na-YOKY— HSZ-320NAA SiO2 / Al:Os =5.5)25 g& NH4NOs 95 g, 1 4>
ZHLK1000 ml% =4 7 7 X a2 A, 353 KIC T4hA A U A T 572,

o ZOAFURMDOBAEE LT TIEATV, Wik - WH| A AT o 7o B A2 323 KT
R S H Tz,

[NH4- YD 7K R S ALEL ]

o FIGEICEFRTHAELEZNHSYZ 2D, IBA T AH20 : 18%, Na2: 82%) FiZ T
IR 135 K/minT823 KE THIE L. 10hLBE %47~ 7=,

o USEDIREN200CIZ > T2 RF R TREKEAZ LD, 100CLLFIC7e b FTHE
FH AL LT 7=, ZOKREBLKLBIZLVEONZEA T4 F&2H-USYE LT,
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[NH4-USY D 7 ]

e 0.5 MONHiNOs/KEHKIZH-USYZ A, 353 KIZ T4hA A v a1 T o7, £
DB GG - Mol A% Ui, Z OEIEEZ 2 T3EITV, 328 KTHIBE I, =
N &NH+USYE L7z,

3. 1. 4 AunH¥ff

3. 1. 4—1 3wt% Auw/NH.USY, 3wt% Auw/NH.Y " i Hl

o  WiA A K200 mIUZ&RIE%#15.6 mIIIZ, & HICNH4»USYE 2 IZNHsYE1 g
Mz, 843 KIZfEH1h#EHE L7z, Wl L CfH o7 i %2 3wt% Auw/NH.USY,
3wt% Au/NH.Y & L 72,

3. 1. 4—2 3wt% Auw/NHsCaYD &l

e A A2 7K100 mliZCa(NOs)2 + 4H20%0. 25 gz, & HICNH4YZ1 gl 2 72,
I AE353 KICHR D, 4hilt#p L7z,

o THEEMNKTIE, 328 KICTHaME S 72, T & NH4CaYes L7z,

o A A K200 mlIZEERZ15.6 mIIIz2, & HICNH4CaY% 1 gl z, 343 KIZfR
H1hftfp U7, # L T O - il 4 Swt% Au/NH4CaY & L7,

3. 1. 4—3 3wt% Au/NH4ZSM-5, 3wt% Au/NHsMOR. 3wt% Au/NH4B, 3wt%

Au/TiO20 G 84

Hr H UL B v

o A A 7K200 mIZ G K Z15.6 mIl 2. & 512343 KTNH4ZSM-5 % 72 1%
NHs-Mordenite(MOR) % 1g/ll z 7=,

e 2.8%NHsKk%ZMMz, pH=6L 725 L o2 L7,

o WML THF DI il % 3wt% Au/NH4ZSM-5. 3wt% Au/NH:MOR., 3wt%
Au/NH4B, 3wt% Au/TiO2& L7z,

3. 1. 4—4 3wt% Au/NaYD L
TR L

it A A 7K200 mlZ &R # 15.6 mIIl %2, & 51ZNa-Y (320NAA)%# 1 g AL, 353 K
THEHBL, R LE, BN E%EZ3wt% Au/NaYe Lz,

3. 1. 5 ZEJuE
B ECFEL% o fil it 2 Au, H2(6%)/Ar A, IEEEIX 353~1073 K. W[ 1%
10min~10h TEVLEE Z# 1T > 72, WBEHEEIL 30 ml/min & L7,
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3. 2 XHEEPTHIER L ONEREE - BEREE 5

TEM #%2(21% HITACHI H-9000UHR % H 7=, 3BHIE 7Y » NIZEE L, I
L 300 kV TEIZE A2 1To 7=, XMEHTHIEIZIL, Rigaku UltimalV & 7z, #RIR
L LT CuKaftz HWT, E£FRFRICTHIEEZIT 272,

3. 3 RAMNLRIEINE B KO

3wt%® Auw/USY BA 74 haT7 4 A7 L, IR E/LNT 770 K T 1h EZEZ5| =
L7z, £D%#. CO (Linde Gas Poland 99.95%) % H\\ T, #EjxIH7= AulZ CO W
B I, WEK., KMnOs DB REESFE Z W T, 773 KB X473 K 12T 1h 1k
SHEEB, FOMELZITo7, MEAIES S, COWAEIT1IT3KICTETD Au kL
fafn A SN A FETHEELE (K 2130 3 X OV2090 ecm™t ORI/ R 25 g K98 E %
79), IR A7 FLHIEIZIZ. Bruker Tensor 27 (MCT ¥ Hi#s45#) 2 Hvi=,

3. 4 it s

KA FTAWUSY P T4 FEFWERUDATILa— LSk E2TT - 7=, &
BRI, i SOERTIZ 6% He THIE OIRE TR Sl 2 Az, s nz®
BHIRF AT TS L 72, Chemist Plaza AWV 7 VIR 27 )Lz — b (1 mmol;
FEMIE TE), KEEA U 7 A (1 mmol; FEMIEKTIE), MU T H > (0.02g Fik
MR T 2E) | it 0.01 g ZFFH Y, b=y (bml FEHIR T ) Z2EEE LTAN
7eo ROSREZ 50°CIZf& S, 1000 rpm THFR L2, 8h ik, PENISKAZTY , T&
KN THIRLY T e Lz, 7% SHIMADZU-GC2010 (4 7 A : InertCap
Pure Wax (30 m)) & Fl\W\C, KINEIKRZ 0T LTz, N U T H I3 E &8 H O WNIEYE
ELTHWE, RS %, EBAREZBRDBRE, SIS ENzx 52 & T, B
FIH OBt EBR 24T > 72,
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4. ERBIOEE
4. 1 EBFFA I E~D Au OHE

ex REEOEAE T A b EICA AU RZHIZE Y Au (3 wt%) ZfHEF L 7=, Table 3-1
WICPIZ LV EE L7 AuDHFFEOR R %279, NHe-Y,CaNH4-Y 3 L " NH4-USY
TATA MZOWTIE ALIALBIZHIS L2 Au BR#ER S -, —J7. NH4-ZSM-5,
NHi-Mordenite 3 XU Na-Y iIZHOWTiE, 1 FEACHEFLTCWRhoT7, BREAST
A NMZOWNWTIE—HMHEFLTWDL Z BRI NT, &6, YRELF T A MTADL
NHA—=NR=r =D X5 RKR&ER2EM (1.3 nm) 2B W TiX, NHat& HAuCla @
A A RBPARECTH -T2 EZLND,

Figure 3-1 {2 NH4-USY B4 7 A4 M OBERIREICK T 5 Aufiffm e B4 T A b
O NHst&E %77, (A) X, USYEA T4 P EO AuHFfFEEZ /779, Nejfti FCTO
BERIRFEICHT LT, 523 KL FTIXF USY BA T4 b EICH 3wt Sh T\W5b 2
LMD, L, 523K LV bEWEERIRE T, Auf R EN B +T5Z &0
MR TX 25,6713 KICE->TIE. DT 0.1 wthDHLDHFFETH > 7=, — 5. NHs-TPD
Z T NHat 0 & % BERGR BE I3 L CHIE L 72 /5 R % Figure 3-1 @ (O) 1277,
USY B4 7 A4 M D NHatEIFFERKIZ & 72, NHs & HHZ S nid 45 2 &

WHEREND, 2FED ., AuBFFREOREAIE USY €47 4 MO NHaAEITHHIE L,
HA L7225 728 K DBERICEWTIZA A oI T IZEAEHEETE 202 &R
binolz, Au OHFHIE NHAWEERER 25737 2 LM Eh 5, IR, XRD
BIXOTGIZL Y, NH4+-USY i€ Au? 1 mol fHEFE NS Dizxt L, NH4Cl 28 4 mol
BEnsZEnbhrotz, FHE NHiCl OFEICZIE, HAuCl & NH4 D A 4 2
k2B 26Nn5, £72. AuLsWIWGICH 1T 5 EXAFS JIE DR R L0 . RBEk
AREFCIE, AwOs DIRETHEAEL TWD Z ENRENZ, bk, 4T 4 b bk~
DAEOMFFITIX TROKISANE 2 b5 [10],

AuCly +4NH4* - ¥4 T 14 b—Auwd+ - ¥4 7 A b +4NH4Cl (1)
FTo, Audt - B T4 MIIMAKGRRIZL Y, FRICTRKOHPELDL EZZHND,
2Au*— ¥4 7 A b +3H20-Au03+6H - B4 714 b (2
NH4-USY ~D g KILFF &1 5.5 wt% ThH - 72, 5.5 wt%® Au 28 NH4-USY IZHHFf S
N 7-BE. 1.1 mol/kg @ NH4*78 NH4Cl & L C NH4-USY 22500 v s, Eit(1)
XLV, NH/Au DOHIZ 4 THDHEEZ NS, 1.1 mol/kg © NHatix, NH4-USY

HIZHFET D NHA O BEEIZH LT, #70%E7%05, YRIEAT A F EO AufiE;
PR O E S, @O NHaEE & HAuCL ARG TE D A— = —U D L)
RRERMIANGET DD LEZLND,
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Table 3-1 Au loading of Au/zeolites.

Support Loading / wt% Support ‘ Loading / wt%
NH4-ZSM-5 0.1 NH:+Y 3.1
NH+-MOR 0.1 NH4-CaY 3.3
NHjy-beta 1.8 NH4USY 3.1
Na-Y 0.1

[ T [ T [ T [ T [ T

_ 15 13
ko))

< (=]
= X
£ S
~ 1.0 12 3
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O

£ 3
505 11 Z
zZ

00 | L | L | L |

1 ] 1
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Temperature / K

Figure 3-1 Dependence of amount of NH4* in USY zeolite and Au loading on the

thermal treatment temperature of NH4-USY zeolite.
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4. 2 X#EHr (XRD) n~N¥—r

NH4+USY ¥4 T4 FEHWTA AU RHIZED 3wt% D Au ZH#HEFF L 7=
Auw/NH4USY B4 7 A MZ2W T, H2(6%)/Ar H A% HW\ T A ORE TEL S -
Bt XRD % — > % Flgure 3-2 1T ABHIBE AL (TS BT C 1 2 H MR FF L 72,
20=38.2° BLW44.4° |24 Au © (1118 L T(200) S HHZ kI3 2 BT & — 27 23
RSNz, 38.1° & 44.2° [T EREFE—27 L ERDIF[OVIEHFE—7 DRSNS
W, THNE FAUMEEZ R TEAL T4 MIKORIFTE—2 THh D, @8 Auo(11D) &
(%mﬁ%®@%5—&%ﬁﬁ\M3Ki?ﬁ§ﬁm@ﬁﬁiﬁk&%’ﬁ<&b [
PFrEe—7 OFEBNRREL Z ENERIND, TRHOB G E LT, ExiEC
ﬁwéﬁAuﬁ%ﬁﬁ%éhﬁkkbkk@%éhéoL#L\M3KUL®MET
F—HE LT, @B Au e — 2737 n— R REEZRLTWS, - T, 573K
U ETEER AuR FIXE 0B ESNTREZHERFL VWD EEZLND,

T, Ha(B%)/Ar A Z VT 473 KIC B T S 72 AwWUSY ¥4 54 &
FiR - KRR FCREFELEE, 220 AMICB T 2 REDOELE XRD 12X - TH A,
% Figure 3-3() 12”7, WL EEZ L2#%, ZHBICBW T, &F Au »(111)
BLOQROODKHOEIITE—271E7 o — R REZHERFL WD Z ERERSIID,
NH&RE Au ORI E— 7 IZTRFHFICE blanth 2 28 L Tnw& | 28 HLBET
12260=388.1° &£ 44.3° 1T & V& LI —27 RNHREN%S, —F. Figure 3-3(b)
AT X9 773 KICTEpALE L7z Aw/USY B4 7 4 MBI L Tid, BRaESR A+
XRD A —NZFEAEB LW EDRHERTESL, 2 LD, 473K & 773 K
TESTCMBL L2 B CAR L7 Au bl FOREMICKREREN DD Z &N 5H,473
K SRR TR L 72 Aubi F1E, KRR FCIRAICEEL, LK Aukif+~ElEL
TLZE I, - T, Figure 3-2 IZAHMN7= 528 K LA FTO B — 7 58 DN DWW\ T
. 1 HMORGEHEFIC Auk FRRE L TCLESTZOEEILND,
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Figure 3-2 XRD patterns of Au/ NH4USY treated at different temperatures under
a 6% Hz atmosphere.
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Au(111)
| 5%10* cps

(2) Au(200) (b) Au(l1l) Au(200)
| |

62 days MM& days
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49 days _M/WM@ days

5x10° cps
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Figure 3-3 XRD patterns of Au/NH4USY zeolites treated at (a) 473 K, and (b) 773
K in the stream of 6% Hz, followed by storing in the atmospheric condition at room

temperature.
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4. 3 ZHMETHME (TEM) #l%

TEMBZIXIEAF 74 b EDO Aubi 72 HEMMT 5 Z LN AIETH 5, Figure
3-4(a)lZ 3wt%iHEF L 72 AWUSY B4 7 A FOECABLRIOREZBIEE LI R 2R
To BT/ A= MV A XDO/NSRBLFRENVEETEL T A b RIZH#L TV 5k
FRNbnb, F7-. Figure 3-4MWIZ/mT VA XTI L B &, ) 1.7 nm FE
TIHFITH N DA Z R LT,

FEWVT, Au 3 BCRBEBIC DWW T, RO O B4 FHm L 72, Rl H-Y,
CaH-Y. HUSY B4 74 FBLOWEET v =7 LARR CHWE L7 USY B4 T 4
FNH4+USY)D 4 oD YR AT A4 F& -, HY, CaH-Y, H-USY B L
NH4-USY B4 7 A N Z 424D Bronsted B2 £ %2 7 & =7 -TPD Tl L 72 #% 5.
109, 122, 140 3 X' 157 kd/mol TH - 7=, BEHRE DNENL & L T,
H-Y<CaH-Y<H-USY<NH4+-USY DJiE & 72 %5, Figure 3-5 ([ZH2 > YREATF 1 |k

ICHFF L7 AulZ DWW T TEM BB LIk RZ2 73, £/, TEMBGORERLIVEDL
iz Y%A X554 % Figure 3-6 (27, HY B4 T A4 MK TIEARE —0oH K7k

PHER SN D, CaH-Y BA T A4 MTBWTIE, HEHE — THOAMIETEN A, FERIE
PFAXE10nm L ETHY | KRR F-b W OfER SN D, HUSY BL O
NH4+-USY ¥4 7 A4 FDOEBHREY A X3 b2 1.8nm Tholz, LrL. DT nIiC
NH4+USY €474 D FB HUSY BA T A MCHART, A A5MHR RN -72,
Nk, YEEAT A4 MZBWT, Bronsted BB58E & Au ki 4 XIZHE R H Y
U Bronsted F8 A FNFETHZ LT, WY A ANnHaxEEL, ot A—F
YA XD Au b BT 52 &R RSN,

Figure 3-7 12 6%Ha /' A % VT 473 K 75 1073 K DR JE CTiE o LH S ¥ 7=
NH+-USY ¥4 T4 &KL Lz Aw/ NHUSY ¥4 54 @ TEM % %774 ,473 K
THEITTALEE L2 3E Tk, MR Au bl 7+ 28 SR K& & THEAE L TV B EE T 05 lERR
SNz, 72, Au i FOBIRIIAREE TH D, T b OFEFRIX, XRD IZ X - THERR
SN INTZEE AvOBEFTE—7 L —HT 5, ZIZx LT T3 K75 1073
K T =17z Au/NHUSY B4 7 4 FHO Au bi i b /ha <, B—7th 4 X

DAL TWNWDZ ENHERTE 5, Figure 3-8 DV A A5 TR LD X D12, 773K
TIEITCAE L7= Au ki DY A X554 1%, Figure 3-7T(b)IZ /R T REEL D A X454 &
T, Zh k., BETOUFRTNIZEIT D NHaUSY BICEET D AueOs ki 1%, K& 74
BECHEBEER Ho WALV E&BAu~LE LT S L E 2 b5, 72, Figure 3-8
OFEFRELD, BOEEEIZE W Aubi A XIZbT NI RELI D Z LR
T& 5, 973 K T FHRiZIL 3.7nm TH DM, ¥4 XAOSMmMITEEHK Y, 1073 K
FETMEAT D &, Au ki ORI 6.3nm £ THRE L, X004 XA0HARH 5 X
W7D, B, USY A T4 FOEAN —EHEI N, BL 714 FOZELY A X
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IV BRERACKFORENELTLEEZEZOND, —FH, ZTNETORMENDL, 473
K THLEE L 72 AWNH4USY ¥4 5 A b LD Aubi FEEE A T = X HI2HOWTIEH S 7
TRV, —2OEHE LT, KA DOKGOFIEN Au DR E BB 22 L7z &
MEND, EEE,. 473K TR L 7= Au/NHUSY B4 T A FZOWTHME L7-REET
RAF L2 BRICIE, Au ki O E IR S 2o, Veith 51, AuZ 7 A% —D
EEZ, SiOeDXRMTOT v I—RICE0vIMabnsZ N T&5LE DFT #HE
WCHESEZREL TS, FERIZ, KoOHHERE T CIEIXRMY A b B4Rk 7T 5 OH

N USY ED AuDEENZFHOEDL LV ZENRBEND,
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Figure 3-4 (a) TEM iamge and (b) particle size distribution of the as-prepared 3
wt% Au/NH4USY.
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Figure 3-5 TEM image of 3 wt% Au loaded on (a) H-Y, (b) CaH-Y, (¢) H-USY, (d)
NH4-USY.
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Figure 3-6 Distribution of Au particles in 3 wt% Au loaded on (a) H-Y, (b) CaH-Y,
(c) H-USY, (d) NH4-USY.
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Figure 3-7 TEM images of Au/NH4USY thermally treated in 6% Hz at (a) 773 K,
(b) 873 K, (c) 973 K and (d) 1073 K. The sample were stored in the dark for more
than 1 month.
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Figure 3-8 Distribution of Au particles in 3 wt% Au loaded on NH4+-USY zeolite
thermally treated in 6% Hz at (a) 473 K, (b) 773 K, (c) 973 K and (d) 1073 K.
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4. 4 COWEDHRMNGE (IR) AT v

BRI LD AulEMEY A PO OE N EBIET 572012, KR CO K&
LD IR A7 hVHIEZ AW, CO 1IN A AV A Fa2RTTo—T745FL LT
MHNTEY, 2250-2000 cm™! OFEIEIZ COREICE LRI IEFHE—7 NEALND,

Figure 3-9 12 USY B4 74 F (a) BLO 773K IZT 6%D He TiE LI & 1T -
72 AuWNH4USY ¥4 7 4 b (b) TN EHIZ CO W &7 FT-IR A<V V&R,
72, (b) 2 773K IZT 6% D 02 TH{L L7z AwWNH4USY ¥4 74 % (¢) 1T,
USYEAT A4 b&ECO EDMAEEMICED 2178 cmt O /N R iX Bronsted 24
A4 b (Si(OHAL 7 v —7) (2% #H+ 25 CO Rv NiziwE s s[11], 773 K2 T He

BOUCE S, @AOHMBEEI SN Au & HEA L2 COWC LD, 2092 B L1V 2128 cm'!
22 DDy PR E NS, 2092 cm T ORI Y Rix, &8 CTh D Au fi2)F
JBEAL, 2128 e VI A F A = v 7 B RE S 5H[12-15], CO &I,
TIBKICTHFEEZMA Au ZBBb S H 52 LT, 2092 cml O/ N RIIHEL L, 2128
ecm DNy ROGRENRENT LI NG HLNTHD, MXA T, BEEZMADZ &
TEAZ7A4 M ED AuIZ L 5T CO DAL AE T, 2340 cm™t @ CO2 D3> R ELN
7=

Figure 3-10 (2 USY €4 Z 4 bk (a)., 473 K2 T 6%® He TiE LB % 1T > 7= Au/
NH,USY ¥4 74 k (b) & COWE S FT-IR 227 hrEaErd, £72. (b) %
473 K IZT 6% D Oz Tk L 7= AWNHLUSY ¥4 7 4 + & (¢) 127, akhx, IR
MERNZ 122 AL ERICRE L2 D Th S, EiLWUH L 72 AWNHLJUSY €47 A
K (b) TIE, &8 AuBLOEBILYN CORFICLYVRINEND, L, & %R
TK 2097 cmt O CO I RO FREE L, 773 K TP L 72 Au/NH4USY €47 1
RV BRI RIS, () OEE{EH% D AwWNHUSYEA 7 A FT?D 2131 em?
BLO2128em1OHF A=y 7 7% Au OBEMFEITIFE S DRI AN RIZ2ONT
HIREN N LRSI, 202N, 773K TiEjt L7z AwWNHLUSY B4
74 MR T473K TiEx L7z AWNHLUSY B4 7 4 b Aufll (B X OmL
WHE) OSEBMENZ EAHEICREN D, Au EOKEEEAIX, A7 hL (c)
? 2340 cm 1 IZH 5415 CO Ny ROBBEDOTHF I L LWL TH D,
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Figure 3-9 FT-IR of adsorption CO on (a) parent H-USY, (b) Au/NH,USY treated
in 6% Hz at 773 K and (¢c) Au/NH4USY treated in 6% Oz at 773 K.
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Figure 3-9 FT-IR of adsorption CO on (a) parent H-USY, (b) Au/NH4USY treated
in 6% H2 at 473 K and (¢c) Au/NH4USY treated in 6% Oz at 473 K.
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4. 5 RUVLTILa—LOBEEAK G

AWNHUSY P4 T4 b2 HWTAWY B H T4 FTiIrbhTwa1elxr o
TN A= DESBACIE AT 2 Tes OIS T, N AT T v RBERERY
LRV BIARE L TOTNCREFBAN VAN ERT D, Au ST
RWUSY BA T A FTld, RUXT AT E FOLERKIIMbOT N ThHoTm, RPN
T a— I DEfbR E R AT LT B ROILE % Figure 3-11(a) 2787, & oL ERE
FEOBIMZ & b, bR L ORI T 2 2 ERNERTE D, kb EWIEHE
ZARTOX, 673K N5 973K TUBL L -fillii Ch o7, FFEIC 7 == LA VB
BREN TV U RIBICE W T, BULELE K F L2 R B S 5T 5 [10], Au
KA XAOEIE, METEEEHBERD D &S, R, Aubi A4 An/h &
WIE E, IEERE VY, Figure 3-12 12 He (6%) W AZHWT 773 KIZTEIIL LT
Au/NHUSY B4 7 A4 b2 HWT, #0IBRLRIEEITo /R a2 R~7, 10 [BILL EOi

ELFHIZBWTH, RETLT N ThHoTe, TOMENBIE, Dl b 12 [H
FRERRIERSBVELBAAT L2 EBARTHD Z ENRINT,

Figure 3-11(bIZHT HILREAEIZ LV L L 72 AwW/TiOs DX P77 b a— LDzl
FRBLOR AT AT b ROWEORFE/RT, AwTiOz il T b @G EZ R L
TeDlx, B7T3K TELIELREBTH o7z, X VAT N a— Lot 71%, X
VAT NT b ROWHEIT 54%TH Y, 673 K225 1073 K TiE LI S iz
AuNHUSY B4 714 P2 HWEHRZ FTRILAHR o7, RUDAT I —LdD
ZERBAL SIS B VT, AWNHAUSY €47 4 b OEWABLSEN RIS N2, &b &
WAR DAL T A a— LORENELNT-OIZTISK LY & &EiE CABE L cHhH v,
USYHEETTF ) A= MY A XY —72 Aubl+NER L TWBIRETH - 7=,
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Figure 3-11 Dependence of the conversion and yield of benzaldehyde on the
calcination temperature of (a) 3 wt% Auw/NH4USY and (b) Au/TiO:z treated in a
stream of 6% Ha. Closed symbol: benzyl alcohol conversion; Open symbol:

benzaldehyde yield.
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Figure 3-12 Catalytic performance of Au/NH4USY treated at 773 K in 6%

hydrogen in the repeated reaction for aerobic oxidation of benzyl alcohol.
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5 b

HAuCls KR & 7= Autx, NH+-USY AT A s BT, FE¥ 1.7n0m A XD
AuOs & LTHEINS, 6%D Ho/Ar ¥ AW TEH LN &R Aubhi+Y A X1,
& TR B IR <KAFE L7z, 473 K I TETBER L7 AwWNHUSY B4 7 14 & KA T
T 12 HRMAFE LB, TEM B2 O R Y 25 nm A4 XE THEREL T\, —F,
713K 156 973K T LB 21T o= D, ¥ 1.8 nm 25 3.7 nm DR+ A X
EEHK L., KA FCTORMFICKHLTHEEL TV, ZofRIZ, XRD 8L CO %
BICELDIRBIEDORKERE —F Lz, 8512, AWNHUSY B4 T4 b &2 Az
UNT 3= OEFIEAIZE T D AETEE X Au kL OS5 HCIREE & BV — B A
LTz, EWIEMEZ R TSRMIE, 778K 205 973 K TiEp L S vz Auw/NHLUSY €
FTA4 N ThHoTo, RFHMBETIFEET, HAuCl A¥EK & NHo B oo USY ¥4 7
A h& 343 K CHIFLT 20AHOHM b DO TH D, RiF%EIT, @R a~fa 3 5 USY
BATA MWD ZEIZED Auki 94 XZRE T aEMEEZ R LT,
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1. 258

USY BA T A haT E=0U LEAKEIKRLE T2 2 LIk MBAREET D L
& B2 Bronsted EFREESTRE H Z & 2R L7z, 2455\ Brensted B2 K 0 &
ISR IRISIERETR LT, T UF oW AR X A O RS % 5B
T HHMEIC OV T 27A1 B LN 17T0 MAS NMR (2 L 5B A4 T A b OR3P & s 2 H
WTCREM L 72, 27A1 MQMAS NMR AX7 MVIZTCTAF—I VT BIZ K A5 EATEIVY
VA NOFIEERR LI, Ty E=U AEKBKLIIZOS, NV A hOfbFEY
T EMRBEINI, ZhiT. T UE= T AKEIRAEICE Y | VYA P OfEER
REEIX, B OAOMHENEN LT Z & 27T, NHtHZ LV site PALED
AIOH)Z*DfE A REAZ(L ST H Z & TEIFOMORELEZE L, BHET 22—
— /77— ® Bronsted i &4 58 T\ 5 LD 72, £72, 170 MAS NMR 2 ~7 k
MZ XV Bronsted i85 O Z 8L L, BR S OFMETIEE L TCORMNMEZ MR LT,

2. 1FC®IZ

USYE A7 A MEiksh#fit sy fig (FCC) ikl & L CTAKFIA S TR Y, L¥EE
R b b bHEREL T4 FO—D2ThHhDHEEXBND, Kk, USYEA T Ak
IR A R Dm0, 7 =Ry 2 UEE, EDTA 72 F ORI X 2 %A X
D, BRAAL FEORRE - A, HDOWITHTEARBAEERSEIR N ENT

%1, KEKLESHE LI OBRIZE S T A4 MEENOALN BN BEI (LT L
=U L)L, S HICERIAFEO M E S E N ET 22, £/, A VMANTE
KT HEBLEFDLNTND, 6B T B2 E M :ﬂu;‘cfﬁf{ﬁm’%k%<mﬂ:éﬁ
Ho ZIUHEMEEZFIA L, B TR E TV D X 9 R T IV o iR % i
EHTWVD, KEKLESHZ LI O SN RN iﬁ&“‘%’%f%)j(%<£:f£5;k7b>%x
Hit, TOZEEFMATR, HommMEEICHE T2 b AETH D, — I
X, B4 T4 FOMET VF =0 AKERAE L, H°Na+t & NHo & A 4 U KT %
Z&T, BATA FPENHMICEER ST 2B TITORLTWbH 2, USYEA T4 &
HEET VB =0 LK CUBES 5 Z L TIHFITHMOBEER BB L, 72077
X U IEERTREEMICH ET 52 2R LBl Zhid, Mgy v E=0 A0 H
IHA TR TIE R, USYBA T A NOMUEBEICKREREELZHZTWHI L%
ALTWD,

WHERT V=0 AKBEWRDO X 5727 =0 AMEKEIRIZT Al OFFANE X 5
ZENBRICHE SN TW A N[4), A TIIBEE N KRELS BT EZ L2 /AHLE,
TRy LAEORES, WOMBBENLE%E O USY OBRMEEICKIETREBIZONT
FAEL . USY BA T A FOBRLEPBEIEEICKIZTHELZBIEOB SN LWL T
HIZERHABE LT,
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3. EB

3.1 B

Dk ZSALEE - USY 078

® A ANT-RISELZIEEICEY PL, TERDERNT AL LUOKEAKOKER &
AbHT50 mLminD)ZEAL, FHEHEEL 5 Kmint THE L, FrEOREIC
Rofe & EHIKRARKALHEOMIFH & L, FTE ORFFLBE 21T - 7=,

® FIEDOMNIRE Lth, BXRIFOEE L FiFthe ., g oEE N 473 K 127
52 L TREAR[EANZIEDT,

® 373 KICELEBICERZROMGEZ LD, ISE S A2 HY L H-USY 24
7=

(AR T > & = U A/KIEIRALEE NH4-USY o 3 ]

® IEDREDOIEET VE=U LAKERZHFHH L, 358 KIZT H-USY # /1% 4h #ii
U, WA A AR THE LT,

® LitHMEZIOIC2REYIRL, Kf%IZ 328 K TR S H 7,

[7 =7 H AW USY OifH]
® H-USY #HZE|Z5|&, BERKEZITWRND 4T3 K £ TNEL 7=,
o HFEFTHEL., ToE=7T% 100 Torr B A L 30 min FEFF L 7=,

[T > =7 A8 0.5 M KIERALEE NHe-USY o i 4]

° O5M®ﬁm7V%SWAK%W1%nﬂKH{BY1g%MZ\%3KKT4h
PR L7, Bt B L. WA A KT 3 EBESR L,

° Lﬁ@ﬁ%é%:z@@@ L. 323 K THafe S H7=,

[2 = U EE/K¥EHE(0.36 M)ALEL USY o 4]
® o URTIKFIM(2.25 ITHiLA ALK B0mL E % 0.36 M ¥ = UERKIAIR & L

77
® 353KIZTCy=aUKIERKRIZHUSY #05 gz, 4hiE#HL, A4 KkT3
EIR7 505 2 Bl

o LiMEXEbLIC2MYIEL, 323K THMESHE,

3. 2 2TAl B X 2981 1D MAS NMR | 7&
27A1 5 &L 00 298i @ 1D MAS NMR #|7E i3 JNM-ECP300 % /v 7=, 27A1 MAS NMR
OMRE TIE, [EHEEEE L 5 kHz, 90° /LA (X 2 us & L, FEHEEIHIT 20,000 B &
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L7, 7z, 2981 MAS NMR Ol CTiX., BEIE#HE X 5kHz, 90° /S/V AL 5 us
L. BMEMKIT 10,000 [FE Lz, by 7 MEREL LT, BT VI =7 LK
B (0ppm) BLXOFRIU PAF LT (-34.1 ppm) ZFHNEFHNHWE,

3. 3 2IA1 B X170 MQ-MAS NMR | &

27A1 5 £ O 170 MQ-MAS NMR #|E (X, Varian NMR System 600WB (14.1 T),
Bruker AVANCEII 600 (14.1 T) %M\ 7=, 27A1 MQ-MAS NMR #|&E Tix, z 7 «
v —AF 3Q R E o, SBHEHAE A X 22 kHz & Lo, b5 7 MEHEL LT
WEE T v =7 LK (0 ppm) ZHAVW/=, 170 MQ-MAS NMR #|7E CTlx, z 7 «
B —fF3Q R E W, BRI ST 15 kHz & L7z, fb% v 7 MEHEL LT, 170
7L L7z H20 (0 ppm) % HW\ 7o,

3. 4 MRS K ORHE

(A2 220 T X% 7 KIG]

T E - GC-2014

717 2 0 CP-PoraBOND Q 25m 0.32mm 5um #CP7351

fil i & : 5 mg(DRY)

¥4l 7 —H A : Nz, 40 mL min’!

ATALEE - 773 K, 1h

F 7 253 FE 14 Torr(298 K DK D A - 7125 =2 U —ilZ > 72)
FOSIREE © 773 K

GC 47 Hr &4

58 : 373 K T 1 min £, Z?D%#% 20 Kmin! T 533 K £ THii L 5 min £
AHJE : 100 kPa, & & : 40 mL min!, §l#lEe—F : E£H

SAbL=IREE - 553 K, MiH#siR/E : 573 K
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4. ERBIOEE
4. 1 REOEZRLMHET VE=ULKEKRTLHE L USYEAF T4 M2 AW
T BT Ty TN

W7 =0 AKBRICE DWHEZITo72 USY AT A4 hDA I 207 T v F
VU ROSEYE AR TR R 2 Figure 4-1 12537,

KABZIE (A F— 7)) BORMEUSY ¥4 74 b+ (as-prepared USY) (&
EMEZ R ST (LR N 0.6%REH -T2, KT TTY VE=T HAZWE S H - USY
LML LT%RERE D W IEFITEKIEETh - 72 (USY'NH3), AF—I 7% 0.5M D
HIET =0 LARKER CTRIEZIT O & ROSTEEDRFE L <M L, g ofE 33
9.4% L 7257~ (USY-0.5 M), T v E= AKRIKOEERZ FiF5 & & bICKG
EMERM EL, 76 M TR Z T2 Z & T, W10 LN 22.83%F T EF Lz, b
D72 pH4.5 D v 2 U ERKEE TULE L7 USY B4 T A k (USY-(COOH)2) 114
HOBRALRN 9.3% & 720 . RAUHEO USY B4 T A b EHASTEERm ELZ, A
F—=X VT RMBRT E=U LATUEZT L2 L2807 T x0T RUOSTEENR R E
<EML, mEL7,

30 - . ; T

)
7
%
0
~
)
{
|

N

=

.2

4] i USY-2.3 M 7

g USY-oxalic acid

S 10 USY-0.5 M -
" as-prepared USY USY-NH,; |

) ) N
0 _Q:Ql—. o & ?_

0 100 200

Time / min.

Figure 4-1 Time-course changes in the conversion of octane catalyzed by
as-prepared zeolite, and by USY zeolite treated with NHs, aqueous solutions of

NH:NOs3, and oxalic acid.
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4.2 TUE=ZULEPCHMTRLHELIZUSYEAF A4 FoT »E=7 IRMS-TPD #|

it

HEET V=0 AKBERLEZ RIS FSE A AT USY B4 74 b
BRMEE OEbE R DI, 7T rE=7 IRMS-TPD HIE%17T->7, HWEIELT v E=
U LB AT O T VIE NHO O o T a BN THR E LEZT -7,
FePE OH fHIBIC R L Tid. 4 > Bronsted BEIZ /0B LESE L7, J#)E . 3630 cm!
% O1H(Supercage). 3597 cm'! % O1H(Strong). 3552 cm! %2 O2H(Sodalitecage).
3520 cm'! 2 O3H(Hexagonalprism) & L 72, O1H(Strong)ix USY 44 D5z 5 CTdH
%, Figure 4-2 IZKWNEZ 1T -2 USY B AT A4 b A7 Fv (OH fEIEE KIXK)
TR,

% Bronsted B E B L UOMRE L E&E L7 H D% Table 4-1 3 X O Table 4-2 (2% &
DD, AF—I U THIZ0.5T5M OWEET > E =7 L/KER CUEE L 7= USY % Hig
9% & . Bronsted FEEII®IRE CTRE AT 21T LM L7, Bronsted F258 L& I
JECHLER 29 51F ERA LTz, Figred-3 ([ dHALT € =7 AHKIEK COUE L /-
USYEBATA hahdl, 7UoE=y MEORBEICK O TRBRRERNEGE LN,
7 o= DUANOT =T AT L CHMBEE N ED S RN ER I N,

0.1 M OHEIET =7 AIKEHR & IV TP Z 1T o 7 BRI, BRIREEIE 0.5 M DN
7 By LKBEK TR L7 USY LRIBETH LA, BEIZEDT A MZHOW
TH¥IBRETHoT2, > T, 0.1 MIRE TIZHRICRBEBITORL TN RWEE X
535, USY-NHs 35 L O USY-(COOH)2(pH=4.5) TILfEME OH N Rl & A E&4
MR T2,
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Figure 4-2 IR spectra of (a) H-Y zeolite, (b) as-prepared USY zeolite, (c)
USY-0.5M, (d) USY-2.3M and (e) USY-7.5M zeolite with adsorbed NHs, as the

temperature was increased 373 to 773 K.
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Figure 4-3 IR spectra of zeolites treated with(a) oxalic acid (pH=4.5) and 0.5M
NH.Cl. NH3 was adsorbed, followed by an increased temperature from 373 to 773
K.

Table 4-1 Amount of Brensted acid sites in USY zeolite determined by NH3s

IRMS-TPD method.
OHtOtEI[a] OHsuper[b] OHstrong[c] OHsodnlite[d] OHhexagonal[e]

/ mol / mol / mol kg1 / mol kg1 / mol kg1
H-Y(HSZ-320NAA) 1.89 1.20 - 0.38 0.31
USY-0.5 M(18% H20, 823 K, 10 h) 0.43 0.16 0.15 0.05 0.07
USY-2.3 M(18% H20, 823 K, 10 h) 0.60 0.22 0.22 0.07 0.09
USY-7.5 M(18% H:0, 823K, 10 h) 0.71 0.27 0.25 0.09 0.10
USY-NH4C1(0.5 M) 0.64 0.23 0.23 0.09 0.09
(18% H20, 823K, 10h)
USY-0.1 M(18% H20, 823K, 10 h) 0.38 0.13 0.15 0.05 0.05

“Total Brensted acids, ® supercage, © strong acid sites, ¢ sodalite cage, © hexagonal prism
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Table 4-2 Strength of Brensted acid sites in USY zeolite determined by NHs
IRMS-TPD method.

OHsuper[a] OHstrong[b] OHaodatite!®! OHhexagonalld]

/kJmol't  /kdJmolt  /kJImol* / kJmol-!
H-Y(HSZ-320NAA) 112 - 117 107
USY-0.5 M(18% H:0, 823 K, 10 h) 136 157 152 151
USY-2.3 M(18% H20, 823 K, 10 h) 135 153 148 147
USY-7.5 M(18% H:0, 823 K, 10 h) 130 146 142 141
USY-NH.CI(0.5 M)(18% H:0, 823 K, 10 h) 135 153 145 147
USY-0.1 M(18% H:0, 823K, 10h) 138 155 151 154

a gupercage, » strong acid sites, ¢ sodalite cage, ¢ hexagonal prism
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4. 3 TUE=ULETUELEZEUSYBA T4 bEaHWEA 22 7T vF T
B OTE A = R L % —

TUEZULBETUILIZUSY BF 74 bE2HAWeA 7 200 T v F 2 TRISD
EHL= RV —DOFERZMO Y B EA T A b & —f%IZ Table 4-3 IZ/R"7, 7 v E=
U LM CHLEE L7 USY BA T A4 MIEMH b= 3L ¥ =K<, 512 USY-0.56 M 1EiE
PEAL = KL X — 28 43 kd mol 1 & FEFH ITIK - 72,

Bronsted (AR & A4 7 2 0 T v & U TV OSZ BT DIEHL =3 L ¥ — & OBfR
% Figure 3-4 27”77, Bronsted BE5RE & I5 M L= R L X — DI IXA O FE B 237
BBz,

Z XY Bronsted FRIREIZ KV 7T o X U VRIS DIEMHALZ R AL F—0N R E D LW
DT ENMRBEIND,

Table 4-3 FEa and AH(NH3s) on H-Y zeolite, modified Y zeolite, and USY zeolite

treated with solutions of ammonium salts in octane cracking.

Bronsted B2 56 EME{b 2L X —
/ kd molt / kd molt

HY 109 122
CaHY!! 122 98
LaHYlal 116 100
BaHY!! 118 120
EDTA-USY' 137 83
USY-0.1M(18%H-0, 823 K, 10 h)it! 155 53
USY-0.5M(18%H:0, 823 K, 10 h) 157 43
USY-2.3M(18%H:0, 823 K, 10 h) It 153 51
USY-7.5M(18%H:0, 823 K, 10 h) bl 146 55
USY-NH,CI (0.5M) (18%H-0, 823 K, 10 h) I 153 52

a- ZS%X@([E)] y b: OHstrong
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Figure 3-4 Correlation between Fa and AH(NH3) on H-Y zeolite, modified Y

zeolite, and USY zeolite treated with solutions of ammonium salts in octane

cracking.
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4. 4 W7 E=ULKBERLEEFLE L2 USY B4 T4 b O &AM
WA T X7 T X TR R R T8V Bronsted 82595 USY B AT A b
EIRZH ST B0, B NMR 2 9.0 & LiEiEfir 217 - 7=,

4. 4. 1 2981 MAS NMR #|7&

B DREDOHBET V=7 AKIER T EZ1T>7- USY €4 T 4 k@ 2951 MAS
NMR HIE %47 - 7=, & DfER % Figure 4-5. Table 4-4 IZF£ &0 5,

BEART B IZENEI-106 ppm (2 Si(0Si)s, -102 ppm (2 Si(0Si)s(0OAD:. -96
ppm (2 Si(0Si)2(0AD2, -89 ppm (Z Si(OSD1(OADs IZIFE &b B — 7 BBl S iz,
RAHE USY B4 T A4 ME, AF—I WL LRI T VI =0 LIz kb
Si(0S1)2(0AD2 28 KiEIZJEA L, Si(0SDa M L7, Dk, WMET v E=17 LK
W T L TH AR MATIEEAEE LR, DFED | BT T =7 LKE
L2 L CHOERTREZERT D Si A OMEIIRESLEDLRNI ERRES
no,

\,V/-/v\-/\‘ NHq-Y

A as-prepared USY
’____'_/\/\/\__ USY-NH,
»ﬁm/\/\j\-‘— USY-0.5M
.._._.,-—/‘/\/\ USY-2.3M

J\/\ USY-7.5M

L | L | L | L | L | L
-80  -90 -100 -110 -120 -130 -140
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Figure 4-5 2951 MAS NMR spectra of NH4-Y zeolite, as-prepared USY zeolite, and

USY zeolite treated with NHs and ammonium nitrate solutions.
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Table 4-4 fHIET > E =0 AKEIRILIE USY B4 7 4 ~ D 2951 MAS NMR & — 7 [
T

Si(0Si)4 Si(0S1)3(0AD: | Si(0S1)2(0AD:z | Si(0S1)1(0ADs
NH4Y 10.0 36.2 43.0 10.8
as-prepared USY 51.0 38.5 10.4 0
USY-NH; 45.0 39.7 12.1 3.2
USY-0.5M 46.1 38.7 12.7 2.5
USY-2.3M 43.8 38.4 14.7 3.1
USY-7.5M 46.2 38.5 12.0 3.3

4. 4. 2 27A1 MAS NMR #I /&

HRDREOMET E=U LKEBER TR EZITo72 USY €474 b @ 27Al
MAS NMR #1772, £ OF5R % Figure 4-6 I[Z/R7 7,

K AT FAZEWT 60 ppm fFIEIZ AL AL #E, O ppm T2 RNELL Al F |
35ppm fHTIC AR ICE S D ©— 27 BBl S e, NHa Y (353 L OUSELAL Al
ov—sNFLA BN ENehole, AF—I 07T 52 & TREN Al B K
MUz, 7o, MY U E= 0 LKBERLIEZIT O 2 L1280 NENA Al
Wb L, £, TV E=T W ARFLIZ L > TH, NEL Al ERARE B L
7o

NH,-Y

/ \ as-prepared USY
/\ USY-NH;
——-’Mﬁ%
N

USY-7.5M

| L | L
100 0 -100
S /ppm

Figure 4-6 27A]1 MAS NMR spectra of NH4-Y zeolite, as-prepared USY zeolite, and

USY zeolite treated with NHs and ammonium nitrate solutions.
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4. 4. 3 XRD B X XRF HE

HEET =0 MK Z P DS E S E R U EZIT>72 USY B4 74
X #E T (XRD) HEZ{T-72, T OFER% Figure 4-712"7, £72. XRD L V45
STk e, 20t XBRHE (XRF) (kv Foniz SiAl kB4, 4. 2,
LELNTZNEANL ALFEDE|A % Table 4-5 12 R” T AT —I U AT DHZ LITLD,
FEBBNSLSBRDZERRBOLNTZ, ZHiE, BRA~ORT VI =0 LITER
56, E-BAFE LT, Toe=7 0 AWELE TR FEROEITHRE SN
T T U= Y AKX DT A Lz, L L, Y2 VBB TOMEET
. RESKBFEBOBD PRI N, DFEV . 72 E= UHKERIC X D0HIC
BWT, 7 AI=0 b TNThdreEZXLND, LnL, ¥a VBAB T
AF—=I VT BRIV TFEBB PRV /NSL 2200, HIZWMT VI =0 L0 E
CoEEZLND, EBE. XRF XV RD7= SVAL BT, 7T =0 A0 D
ﬂéntoik(HM%E@%MTV%:?Am%ﬁﬂﬁTHswmmm%k&%
BENTZhoT=N, LT vE=T LB IO 2.3M OMEERT > =7 LKER T,
Si/Al Lk OHIMBA R STz, ZTHUHABE T EROELN /IS W, 2F0 | &
D DO Al B3/ S WA, SIAL L DB AR 55 2 L ik, B Al O —#
NBRESNTEZLE2E%RT S, o T, 0.1 M EEDOMEEE TIE% < OFKIN Al 2358
FLTWAHAEDEEZLND, BHNAL E SN MUEA AlFEOEISIZHOWTERT
Ll Vo UL I0.1MEET v E = AKEIKLES TIX, AF—I 2
% ETHAEDRERETBD SR>z, LML LT v E=0U A8 L0 2.3M
HEET = LKA T, MEANL Al BOEIG N AF — I v 7 %I~ 2
HZENHERINT, BT EBEBIO SI/AL O EILE B ET 5 & HENL S SEAL
DOEREI AL FER R E SN2 2 DI A UEANL AL OB ARSI LI-Zb o LB %
bhd, —J. TUE=T HARETE, WENL Al OBERREEMT 52 &
DHERTE D, T EBEB LV SUAL OB W Enn, BEALEEZLNT
WD IENLCANENL D Al FEO —FIXEIC OB > TR, 7T =7 WE LR
DR DB AL D IZEANAL L Tz Ra o v Ensn, 4 BiicBibLizb oL
Ezonbl7], TTETORRELY, BEEES AL B ORI ES I 27Ty
X7 E B AR TR & oM TEAEITEVWEBE LN D,
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Figure 4-7 XRD patterns of NH4Y and USY =zeolite treated with NH4NOs3

solutions, NH4Cl and oxalic acid.

Table 4-5 Charactristic of the samples.

Td Al (%)2  Si/Als ratio® | Lattice parameter / 2 (nm)
100

NH4-Y 5.5 2.471
as-prepared USY 61 5.6 2.457
USY-NH; 96 5.6 2.456
USY-(COOH):» 62 6 2.445
USY-NH4Cl 77 5.9 2.455
USY-0.1M 65 5.6 2.453
USY-2.3M 85 6.8 2.453

a: Determined from 27A]1 MAS NMR, b: Determined from XRF analysis.
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4. 4. 5 21A1 MQMAS NMR il &

27A] 7 EHERHED 1/2 L0 b REVEEE DR U (11>1/2) 2 FFOBOGH .
PURGR 7 FE BEAEFIC LD A7 SV ORRIENEINT 28R H 5, 1995 412 Frydman
HIZXY ., Z2EFERZ AW UMM E/FEHZ 83 5 F1E (MQMAS %) 23
FgInzl8l, Znickv, |11>1/2 EoEsrfifee NMR HIENAREL o7z, Z D
MQMAS ¥E% FW T, GRS Al JH 0 OfE &2 EN T~ < . IR T v T = 7 LAKEHK
ME A LIS EIERUEEIT-72 USY B4 74 FOHIEEITo T2, R %E
Figure 4-8 |2/,

B (F2) @hiZ. @ o MAS 2227 KRS L, fit (F1) dilid& Saba "L, &

IDIRREA R M iZxt T %, Figure 4-8(a)iZ’rd NHaY BA T4 Mid4. 4. 2
D MAS A7 hv L FEERICUEN ALFEO AR BRI S D, EnT, AF—I 7
FICE0ESNZ USY ¥4 74 ~ (Figure 4-8(b)) 2B W T, #H-IC ALk &
OARBNLOE—7 PR TE L, £ %5 b ETixmpdfzor’—27 & LT, 62.8 ppm
DIz 68.4 ppm ([ZE— 7 NHERIN D, RNENLIZBWTE 8.2 & 4.4 ppm ITE—7
NhHY ., Ll tbZEnNEn 294 FAEOFENHERIND, 68.4 ppm O VIENT

— 7013 QIS #f BITIED Z bRV E AT 5 EALUENS (IVe) & S
Do

AF =V ITHOBRMBELE L TT =T T AZWE LR % Figure 4-8(c)iZ
RY, 1 WIL MAS A7 MUV TR X ST, WMEMENFEE D, LB X
WNRENMLOE—7 BERL TS, £/, SEMOE—27 D95 4ppm fHiTDOE—7
DHEPHELTVDLORHERIND, 2LV HENE L O 4 ppm 13T O ASEALILE
IZo N ol Al TH 2 EHERSND, £z, WEMNOEHTLFT 7 M6 DI
AF—=I U THED USY B4 T4 FEIFIE L, ST, ¥= UERAEL L 74k
H % Figure 4-8(IZ/RT, ¥ = VIR TIX, HENLO E— 27 X KT D08, SENL
ELTH YA b (0Oppm i) DRI N, 4. 4. ADFERNG T 2 UL
BUCE O Al BNBHEFEICA T D Z E 0 ER I, 0ppm HIEDOANENL Al FEIZ, Z 0
i Al 2 bros TR INTZbDEZ 26N, £, T E=7 T AR & [FEE
W2, Vo UBRME% D 4 BALOFEY T MIATF—I 7% EIFE %KL=, 0.1M
REOMEET v F =0 AKERLEEE OFE R % Figure 4-8(e)lZ/R7, 0.1M f§fE 7 >~
T LAKBRIRMBETIE— R, AF—I 70 L7 USY ¥4 74 FofERLE K
BREAN AW, L L, BALEMEN VY)Y A h Ty 7 MLE DRSS
N7 RLTWAZENRERTE S, 23 M7 v =y A B X ME(LT v E=D
LIKIEIRALVERIZ DWW T, FERIZIVY A b O by 7 MMEE SRS~ K & < v
TRLTWDHZERERTED, —IZ, NMR (28557 ME, HHT 5
DEY OB/ FIRIE GEHRUER) ITKFLTEDLLIZ ENMLRATWVD, RLEMTH
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52 HEOHGEIZIE, sETFORELNZTRVA, ZhHED bEEHOKRE W 2T
AL T, s EFDENZ p BTFORELZITLDT, WMADTTT FOERMEIZ
Bipplashd, BoRoLys, FHEE (op) ORENRRKE WV, ZOFMMERIX
fEFREA IR L, WERAESCE FREONIEOEENRE NSNS, &
LY, TUE= U AEKEBRLE TR NNy A O FET 7 ME, VA b
DFEAREETZIXEBE T OMORFEREL LI LIck2bDEBEXLND,
IHETHRICEBWT, RIFRECHERBR I NIV, A I DFT #HE XV 5K site
PAZEIC AIOMZ RN EAENEHAERZERK LIZbDOEEXLNTEY, 2NN EET S
A==l — O1H ¥ A FOBRRERD TWDHERESINTWVS[9-11], LarL,
IRMS-TPD (2 X V8BRS Z# -2V 2 ERERIN TVWDEATF — I VT LE% O
USY EA T4 FBIOEBEREA T HMET v E=U AU L7z USY B4 T4 b2
NENIZBWTNy A NOFEITHER SN TND, T UE= U AEKBIRIZE - T
R Bronsted i 2 L L CTWAHZ & VoA FOILFET 7 FRRBOLND T ENnD,
NH4*Z £V site PfZiE O AIOH)ZOFEGREEZZL I DH Z LT, BFHMDRIE
ILEHELBAEZRD TVWDL I ENEZLND,
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4. 4. 6 170 MQMAS NMR #] &

110 7~ U&7z HeO # W T AT — IV B ZAT VN, MR T & =T LKA
WIZTHEL L 72 USY B4 7 A MZHOWT 170 MQMAS NMR HIE 217> 7=, fER%
Figure 4-9 |2/~ 7, T X TORE TEFEIZEHBWT, §1=59 ppm IZ Si-01-Si i &,
55 ppm (2 Si-O2,34-Si fiL{& . 44 ppm (2 Si-O1-Al i &, 39 ppm (2 Si-Og,34-Al {7 (&I
IR SNDE—7 PR TEZ 5, M7 V=7 AKEKRBEORMZE b7 >7214k
Fv7 hOBIEHER SN oTo, 10 TRONDILFEY 7 NOEIZ, #EAE
T anbs 2 ennl12], M7 v E= T ALBRICE R VEKRE RE A
fESELZ&ITRVWEEILND, ZHE, 2981, 27A1 MAS NMR #HI & $ X O XRD
HEOFER L~ %5, F7-. Figure 4-10 (Z 170 MAS NMR I E DOfERZ2R~T, K
30 ppm O E— 7 E CTHKAT 2L, Oppm FIEOE— 21X, HEET =7 LK
FRRIR FE TR U CREPERIICIREE NI 2 Z & AR S 72, 0 ppm fHL D B — 7 1%,
Bronsted f25 D O &5 2 b4, Table 4-1 OFREE SO E L OHENA LN, i
X0, BEBALZHMTE2FELLTHGFIND, A%OBEE LT, IHED
CP-MAS X° HETCOR &£ Wo oV A= A H WA Z LT, X DFEMAREE SO
PR 24T > TWS RERH D,
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Figure 4-9 170 MQMAS NMR spectra at 14.1 T of (a) as-prepared USY zeolite, (b)
USY-2.3M, and (c) USY-7.5M.
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Figure 4-10 170 MAS NMR spectra of as-prepared USY zeolite, and USY zeolite

treated with ammonium nitrate solutions.
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5. i

NHsY BA T A FOAF—=I U ZTRBIZ LV GEONTZUSY BEF T A4 F&2T U E=
U LMK CHRLEE T H LT, A7 X7 Ty XU TEERM ET S ERNDb)
72, NH3W3% IRMS-TPD |2 X ABME OFHMIZ LV, 72T =0 LB KA R
IR DR OIELE & 62 Bronsted FEMRENRME L Z L AR L, YREAST
A FOBRIBEL 7 T v % TRISOFEMAL= RN F—IZIFAOHERH -T2, 7 F
= U MUK R & b 70 0 VIR E A R BT DI DWW T 27A1 B8 KTV 170
MAS NMR IZ X2 EA T A b O RTE&E ST 2 AWl L 72, 27A1 MQMAS NMR
AR M TCAF—I U TRBIZE Y BEATE Ny A NOGEPHER I NN, T
VE =Y MK DI, VoA b 7 ERBIE I, 2, IV
A FOREREBEIL, BFOMOMPENRE LT Z & 2T, NHtIZ KV site
IizE O AIOMD2 O S REZZ(ILIEL L CE MO RELEZBE L, O1H %
.02 Brensted B2 & 5D TV 5 & flam-D1F 72, £72. 170 MAS NMR Z X727 kL2
£V Bronsted i85 ED O ZEHEBIN L, ©— 27 MENGEELE OHBENALILT,
S, 10 27 v —7 & LICEEREZT 2 FIEORBIERF SRS,
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AW TIE,. USYE AT A4 FOT vE =7 AEAKBEROLEIC X 5 I0EE SR B
WREEHONMNMZTHELEBIC, ZNHEA T A MZPdEB X CAuz #H L 72 B
DRHBEIZHOVWT#H LT,

B2 T, BIEEOMMAEEORR 2HEICPAd 2 BEA L, fka 2o T AR
T 5408 Pd DRIEIZOWT XAFS EEZH W TR 21T o7, WHEET T =7 LKIE
TS 5 2 & TR Z BT S USY BA T4 b~ HE L7 PdiT, oF > L
HCKRRBIZEDNTV U 7% T 52 LICEVRERICECTHSBLEZRETER S
L2 ENMRINTZ, ZORFKRPAIE, 8K - BEWH A v 7Y T ROGTKR L CIEF
WCEiEE R LT, £72. NMR # W/ H/D 70 b o a3 #EE O FEA L v . USY ¥
74 ML, WL LT oFXF v L UPENLTWD Z ENRB I N, BRIEE O
iz £ © USY FICTFEAET DB #& ok Al TR K 3 2 S8 ER Al 0 & & AlETE M2 A R 23 B
BNHZ N, ZOBRMNET EPdZ2REICHES L, @IEEEZ RIS 52 L0
HonEiolz,

F3ETIE, BFETTA RDRICI Y MEIEEELRB T2 L THEHIND Au
T BT A #ow RIRRETEA T A P RICIERSE D Z 2 Mt Lz, iR
V=D AKIFWRALERIZ LD 58U Bronsted RS A 3BT 5 NHe & #1% USY B4 7
A MEIZEH.AF R BIEICLY 55wt E THETHZERRETHH-T7-, Na°H
BEHOY P T T4 b, NHyEBOE LT F A b0 ZSM-5 TlE, mEE CHET 5
ZENRNEHETH -7, £7-. Bronsted Eﬁ?@ﬁp@ﬁiﬁé YHREAT A ML T, #H
L7z Au bl %A XXMM Z 7~ L. 98V Bronsted B2 S D F7EIC L SRR A
Ao ERL, o ) A=V A XD AuR FDNEKRT DI EBRE T, FFIC
U Bronsted f8 2 59 5 NH4s-USY B4 T A MIEAI L Au i, KFBIZXL D H—
DO e Aue i T KRNI S, USY B A F A4 b LD Aut /R 11£ 973 K
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f1§% In situ quick XAFS studies of reduction process of Pd loaded on
USY zeolites with hydrazine.






Abstract

A flow-type plastic cell was newly designed for performing time-resolved
measurements of the Pd K-edge X-ray absorption fine structure (XAFS).
Reduction and clustering processes of Pd loaded on an ultra-stable Y (USY)
zeolite immersed in o-xylene solvent was monitored by a quick XAFS method.
Metal-Pd clusters with a coordination number of 7.5 were found to be formed
when uncalcined Pd/USY was reduced with hydrazine solution. The cluster size
was not independent of the concentration of hydrazine. In contrast to this,
reduction of calcined Pd/USY with hydrazine solutions was incomplete, with ca.
20% of unreduced Pd*" remaining. Obtained XAFS data were correlated with
catalytic performance in Suzuki-Miyaura cross-coupling reactions. This study
demonstrated that the clustering process of Pd could be easily monitored using the

designed simple cell.

1. Introduction

Pd-supported catalysts play an important role in the field of organic
synthesis. They are widely employed in a variety of reactions such as the
Suzuki-Miyaura, Mizoroki-Heck, and Sonogashira reactions [1-4]. Pd has been
grafted on various kinds of supports such as active carbon, zeolites, and modified
silica when used in industrial chemical processes [5-8]. The advantages of these
heterogeneous catalysts are that the catalyst is prepared easily and is available for
use in the reaction repeatedly. In general, supported Pd catalysts are reduced in a
gas phase or in a liquid phase prior to the reaction as a pretreatment process.
Such pretreatment is necessary because in many cases, coupling reactions proceed
with metal Pd at the initial stage of the catalytic cycle. Liquid-phase hydride
reduction has generally been applied to obtain highly dispersed metal Pd using
reducing agents such as sodium borohydride (NaBHj4), formaldehyde, and
hydrazine [9]. The advantage of this method is that it enables formation of metal
Pd centers at lower temperature than that for gas phase reduction of Pd using
hydrogen. In the case of aqueous reduction using hydrazine, products are
easily separated from the catalysts since hydrazine is decomposed into H, and
N, as a result of the reduction. However, little is known about the generation of
metal Pd, particularly in the liquid phase. Valuable information about the
generation of active Pd centers is expected to be easily obtainable by the X-ray

absorption fine structure (XAFS) technique using synchrotron radiation [10].
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In this study, we attempted to monitor the clustering as well as
reduction processes of Pd*" loaded on ultra-stable Y (USY) zeolite with
hydrazine as a reducing agent. We recently found that Pd loaded on USY
zeolites exhibited pronounced activity in the Suzuki-Miyaura reaction [11-13].
Factors such as the kind of solvent, base, and activation methods affected the
catalytic performance of Pd/USY. In addition, selection of an appropriate
precursor (Pd ammine complex, Pd(NH3)4Cl,) for the preparation of Pd/USY is
important in order to ensure high catalytic activity. In this study, clustering
processes of Pd/USY were monitored by means of XAFS. Comparisons were
made between as-received and calcined Pd/USY catalysts, taking into account
the fact that the catalytic performance was highly dependent on the
pretreatment methods. XAFS is a powerful tool for monitoring the dynamic
structural changes of materials. It is possible to collect data in times under 1
min and to detect the changes in the structure of solid catalysts under in-situ
conditions. Additionally, X-ray absorption in the zeolite matrix is smaller
than that in Pd in the energy region of the Pd K-edge (24.3 keV) . This makes
is possible to collect data with a high signal-to-noise (S/N) ratio even in a
liquid phase such as o-xylene. In this study, we newly designed a plastic cell
using which we could simultaneously monitor the reduction of Pd and collect
data on time-resolved XAFS. Results of such a time-resolved study provide

valuable information about the formation of Pd loaded catalysts.

2. Experimental
2.1 Sample preparations

NH4-USY (HSZ-341NHA, Si/Al, = 7.7) zeolite was supplied by Tosoh Co.
NH4-USY was thermally treated at 773 K in an N, flow to give H-USY. An ion
exchange method using 3.8 % 10 mol dm™> Pd(NHj3)4Cl; solution was used to load
0.4 wt% of Pd on H-USY. Pd(NH3)4Cl;, * H,O was supplied by Aldrich Chemical
Co. Ion exchange was carried out for 12 h at room temperature. Subsequently,
the sample was calcined in a N; flow and then subjected to oxidation with an O,
flow at 773 K for 4 h.

2.2 In situ Quick XAFS measurements and analysis
A disposable polystyrene cell with a path length of 10 mm in a UV-Vis

spectrophotometer was used to monitor the reduction and growing process of Pd
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clusters during the liquid-phase reaction, as illustrated in Fig. 1. Powdered 0.4
wt%-Pd/H-USY was placed in the plastic cell. An aqueous hydrazine solution
(0.1, 0.2, 0.4, and 1.0 mol Lfl) as a reducing agent was introduced into a cell
reactor using a peristaltic pump connected to the inlet of the cell. The peristaltic
pump was operated by a remote control system. Quick XAFS (QXAFS)
measurements were performed at the BLOIB1 station at 300 K in the Japan
Synchrotron Radiation Research Institute (JASRI/SPring-8) (Proposal No.
2007B1082). QXAFS measurements of the Pd K-edge were carried out in a
transmission mode using the ionization chambers. The Si(111) double crystal
monochromator was continuously moved from 4.72° to 4.45° in 60 sec. The
beam size was 5 mm (horizontal ) X 0.8 mm (vertical) at the sample position. For
the EXAFS analysis, the oscillations were extracted from the measured spectra by
a spline smoothing method. The Fourier transformation of the A’-weighted
EXAFS oscillations, &°~ (k), from k space to r space was performed over a range
of 30-120 nm ' to obtain a radial structural function. The inversely
Fourier-filtered data were analyzed using a curve-fitting method in the & range
between 30 and 120 nm ' [14]. The Debye-Waller factors of Pd—N(O) and the
nearest-neighboring Pd—Pd bond were extracted from the spectra of PdO powder
and Pd foil, respectively. The parameters extracted from PdO were utilized for
calculation of Pd-N bond. This is because it is generally assumed that the phase
shifts and backscattering amplitudes are transferable among nearest neighbors in
the periodic table. The inversely Fourier filtered data was analyzed by a usual

curve fitting method based on eq (1)

x(k)= Z N ,F,(k) exp(—20']2.kf) sin(2kr; + ¢, (k))/ krj2

(1
k, = (k* —2mAE,, | i*)"

where N;, r;, o; and AEy represent the coordination number (CN), the bond
distance, the Debye-Waller factor, and the difference of the threshold energy
between reference and sample, respectively. Fj(k) and ¢i(k) represent amplitude
and phase shift functions, respectively. For the curve fitting analysis, the
empirical phase shift and amplitude functions for Pd-O and Pd-Pd were extracted
from the data for PdO and Pd foil measured at the same temperature for the
analysis of samples, respectively. The analysis of the EXAFS data was
performed using the REX2000 (ver. 2.5.6) program produced by RIGAKU Ltd.
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2.3 Suzuki-Miyaura coupling reactions

The catalyst employed for the reactions was pretreated by two different
methods: In one method, the catalyst was treated with an aqueous solution of
hydrazine (0.2 mol L") before being used in the reaction. In the other method,
the catalyst was activated under in situ conditions; the substrates and catalyst were
placed in a flask, after which hydrazine was added in the flask with continuous
stirring. Bromobenzene (0.78 g, 5 mmol), phenylboronic acid (0.98 g, 8 mmol),
K,CO; (1.38 g, 10 mmol), catalyst (100 mg, 3.8 x 10 mol Pd) were used for
Suzuki-Miyaura reactions. The reaction was carried out in water as the solvent.
A three-necked flask was placed in a pre-heated oil bath at 373 K under an N,
atmosphere with continuous stirring.  After the solution was cooled to r.t., it was
analyzed using a Shimadzu 2010 gas chromatograph equipped with a TC-17 (30
m) capillary column. In the analysis, tridecane was used as an internal standard

after extraction of reactants and products with ethyl acetate.

3. Results and Discussion
3.1 X-ray absorption near-edge structure (XANES) analysis of change in valence
state of Pd with time

The valence of Pd species loaded on USY zeolite can be obtained by the
analysis of the XANES region. Figure 2 shows an example of time-resolved Pd
K-edge XANES for 0.4 wt%-Pd/USY measured during reduction with an aqueous
hydrazine solution. The spectrum under the initial conditions was similar to that
of Pd(NH3)4Cl,*H,0. The spectrum changed gradually and became close to that
of a Pd foil. In order to determine the relative concentrations of metal Pd® and
Pd*" during the course of the liquid-phase reduction, the obtained XANES spectra
were analyzed by a curve fitting method on the basis of the spectra of Pd/USY
collected before and after the completion of the reduction using the least-squares
method [15]. The experimental and simulated spectra agreed well enough to
calculate the relative concentrations of Pd” and Pd*". The calculated ratio of Pd"
and the total amount of Pd are summarized in Fig. 4. The reduction of Pd*"
proceeded slowly at a low concentration of hydrazine. The reduction was
completed in a shorter time and was accompanied by an increase in the
concentration of hydrazine from 0.1 to 1.0 mol L™'. In the case of calcined
Pd/USY, only 80% of Pd*" in PAd/USY was reduced to Pd’. In contrast, Pd*" of
the uncalcined Pd/USY was completely reduced to give 100% of Pd’.
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3.2 Extended XAFS (EXAFS) analysis of change in local structure of Pd with time

Figure 5(a) shows time-resolved Fourier transforms of kK*~( k) EXAFS of
0.4 wt% Pd/USY after calcination at 773 K, measured in an aqueous solution of
hydrazine. The Pd-O bond was seen at 0.16 nm (phase shift uncorrected) in the
initial state, whereas the intensity of the Pd-Pd bonds characteristic of bulk PdO
was small in this spectrum, indicating the formation of highly dispersed PdO at the
initial stage. As the liquid-phase reduction progressed, the intensity of Pd-O
peak gradually decreased, and in turn, the new peak assignable to the Pd-Pd bond
of Pd metal appeared at 0.24 nm. Figure 5(b) shows the coordination numbers
(CNs) plotted as a function of time from the start of the reduction process. The
CN of the Pd-O bond gradually decreased with increasing reaction time; finally,
the CN of Pd-O reached ca. 2 irrespective of the concentration of hydrazine. On
the other hand, the CN of the Pd-Pd bond gradually increased to ca. 5.5. The
CNs of Pd/USY obtained after completion of the treatment were almost identical
irrespective of the concentration of hydrazine.

Figure 6(a) shows k’-weighted Pd-K edge EXAFS Fourier transforms of
uncalcined Pd/USY measured during reduction with a hydrazine solution. The
Pd-N bond of Pd(NH3)42+ can be seen at 0.16 nm in the initial state. The
intensity of the Pd-N peak gradually decreased with time, and the Pd-Pd bond of
Pd metal was observed at 0.24 nm. The Pd-N bond peak diminished at 18 min,
indicating that Pd*" was completely reduced to Pd’. This observation is in good
agreement with what was observed in the XANES. Figure 6(b) shows the change
in the CNs plotted as a function of time required for reduction. The CN of the
Pd-N bond gradually decreased, and it was accompanied by an increase in the CN
of the Pd-Pd bond. The CN of the Pd-Pd reached ca. 7.5 irrespective of the
concentration of Pd. The CN of 7.4 was close to that of the Pd55 clusters (CN =
7.8), corresponding to the two-shell structure of the cuboctahedron (13 + 42
atoms). The size of this cluster was estimated to be 1.0 nm, which was close to
the diameter of the supercage of the faujasite (FAU)-type zeolite. Therefore, it
was inferred that Pd agglomerated into large clusters that occupied the supercage

because of the treatment.

3.3 XAFS analysis of Pd cluster formation process
Figure 7 shows the plot of In(Cy/C) as a function of reaction time for 0.4
wt/%-Pd/USY calcined at 773 K; here, C denotes the concentration of pPd**
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determined from the XANES shown in Fig. 4 and the CNs of the Pd-Pd bond
determined from EXAFS analysis shown in Fig. 5 [15]. As can be seen from Fig.
7, a linear correlation was obtained between In(Cy/C) and the time required for
reduction. This suggested that the reduction of Pd*" proceeded with first-order
reaction kinetics with respect to the concentration of Pd**. The reduction
proceeded faster when the concentration of hydrazine was increased. It should be
noted that In(Cy/C) obtained from the CN of the Pd-Pd bond was close to the
In(Cy/C) value of 1 for the reduction of Pd*", suggesting that the reduction of Pd*"
and the coalescence of Pd” clusters progressed almost simultaneously.
Dependence of In(Cy/C) on the reduction process for the uncalcined Pd/USY is
shown in Fig. 8. The relationship between In(Cy/C) and the duration was
nonlinear, unlike that for calcined Pd/USY at 773 K. In addition to this,
deviation of the reduction of Pd*" to Pd’ and the coalescence of Pd were observed.
Thus, the reduction of Pd*" progressed faster than the coalescence of Pd’. This
fact suggests that the formation of Pd clusters occurred through two steps:

reduction of Pd*" and subsequent agglomeration of Pd’.

3.4 Suzuki-Miyaura coupling reactions

Figure 10 shows a comparison of the conversion of bromobenzene and
yield of biphenyl product in the reaction of bromobenzene with phenylboronic
acid in the case of using an uncalcined Pd/USY catalyst and that using a calcined
Pd/USY catalyst in air. The activation of Pd/USY catalysts was carried out under
in situ conditions in order to prevent exposing them to air. Namely, hydrazine
was added to the solution together with catalysts prior to the reaction. The
reaction was completed in 1 h when uncalcined Pd/USY was employed, whereas
the reaction remained incomplete when uncalcined Pd/USY was used. In general,
the first step in the Suzuki-Miyaura reaction is reported to be the oxidative
addition of aryl halides to Pd’. The oxidative addition step is often rate limiting
in a cross-coupling catalytic cycle [16]. Taking this fact into account, the low
activity of calcined Pd/USY may be ascribed to the presence of PdO, which is

because of incomplete reduction with hydrazine.

4. Conclusions
In this study, we monitored reduction processes of Pd/USY under in situ

conditions using a plastic cell designed for time-resolved quick XAFS
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measurements. We found that sub-nanometer-sized Pd clusters could be readily
obtained by reducing Pd(NH3),**/USY with a hydrazine solution. The formation
of the Pd clusters proceeded through the reduction of Pd** and subsequent
agglomeration of Pd’ to give Pd clusters. The obtained Pd” clusters exhibited
high activity in Suzuki-Miyaura reactions. In contrast to this, the reduction of
calcined Pd/USY was incomplete; in this case, 20% of PdO remained unreduced.
Results of the time-resolved XAFS analyses in this study provide valuable
information on the chemical state and dynamic structural change of Pd under

in-situ conditions in the liquid phase.
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Figure 1. Illustration of in-situ XAFS cell for liquid-phase reduction process.
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Figure 2. Pd K-edge XANES spectra of 0.4 wt%-Pd loaded on uncalcined USY;

the spectra were measured in an aqueous hydrazine solution (0.4 mol L™").
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Figure 3. Pd%/(Pd*" + Pd°) ratio in 0.4 wt% Pd/USY determined by XANES

analysis. (a) the sample calcined in air and (b) uncalcined.
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Figure 4. (a) k’-weighted Pd-K edge EXAFS Fourier transforms of Pd/USY after
calcination at 773 K measured in aqueous hydrazine solution (0.4 mol L™"). (a) the

sample calcined in air and (b) uncalcined.
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Figure 5. Plot of coordination numbers determined by curve-fitting analysis as a
function of reduction time. ®: Pd-Pd (metal), o: Pd-O. (a) the sample calcined in

air and (b) uncalcined.
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Figure 6. Dependence of In(Cy/C) on reaction process during liquid-phase

reduction in aqueous hydrazine solution (catalyst: 0.4 wt% -Pd/USY after
calcination at 773 K). Here, C denotes the relative concentration of Pd*"
determined from XANES analysis (e®) and CN of Pd-Pd bond determined by

EXAFS analysis (o). (a) the sample calcined in air and (b) uncalcined.
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Figure 7. Conversion of bromobenzene in Suzuki-Miyaura reaction of

bromobenzene with phenylboronic acid over Pd/USY catalysts.
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