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7] Woll & FHEE Zh (MoOY = 417 M3t H7] K3k 245 H-SAPO-34} =v7HE2) Bl
AL &9 Apole] g Abe] uk-g-2 ] MoO™* &3} FahE WAy} whERE ESRAIEE: DO,
CD:OH, CHCH,OD} NDsE &3 o #2515 Mo(V) 23F 52| wiig] 729} 912+ Ee] A A%
2AueF Ak 2 2431990, MoH-SAPO-34| Hshg, o el gt ole} o] F2E o 324k, 1A} 1
FAkek BEALZE (MoOy)'el Zb2h A4 v $13ksiet.
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ABSRACTS. A solid-state reaction of MoQwith as-synthesized H-SAPO-34 generated paramagnetic
Mo(V) species. The dehydration resulted in weak Mo(V) species, and subsequent activation resulted in the for-
mation of Mo(V) species such as Moggnd Mo(V). that are characterized by ESR. The data of ESR and
ESEM show the oxomolybdenum species, to be (Mo@ (MoO}*. The (MoQ)* species seems to be more
probable. Since H-SAPO-34 has a low framework negative charge, {Mei®) a high positive charge can
not be easily stabilized. A solution reaction between the solution of silico-molybdic acid and calcined H-
SAPO-34 resulted in only MaOspecies. A rhombic ESR signal is observed on adsorptiopQyf CD,OH,
CH;CH,OD and ND. The Location and coordination structure of Mo(V) species has been determined by three-
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pulse electron spin-echo modulation data and their simulations. After the adsorption of methanol, ethylene,
ammonia, and water for MoH-SAPO-34, three molecules, one molecule, one and one molecule, respectively,

are directly coordinated to (Map.
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SAPO-34] HA|¥ Z2]Hel2 MoOs} L A4
o] w3 vkl o|ate] AL A1 Mo(V)Eh
3Fol| of2] 7] 54 d vISA 8¢l ¥, oxygen-
blowing 2183 #12} AF417] ¥4 (ESR, Electron Spin
Resonance-#3he #1832 o]-&sle] Mos3}t £ F
3ot
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SAPO-34J5 7FAm] ¢fke] 41818 7}#13= MoH-
SAPO-344714 Eejrdle] ESRATERS] 2 n]A
TEE HskaA} ghvt, 3k 32 IA| Aol M EelH
dlo] o] W3E MoH-SAPO-3& d2o= s}
o o] 747 GulE FF et ESREFIA W o
2 FF AzAES SAse. ESRu o= 243
AN A Akd e} AL 70 R olEE o] A )
A, 5 2 S8 9 ¢ R Fe4
Atele] A2, 5 WA & w4 2HE 5o Awg =9
shod AT} o] o] 719 UA3F AALANSFESEM,
Electron Spin Echo Modulation}=# E3-& <19l
A7) Az R Eludle] 93] 4w S
248}

Hx & o2 u#

AMEMEZ. 27} 557, fumed silica(Sigma Chemical Co.
Silica content: 99.38%), AQ(Junsei Chemical Company),
Catapdl Alumina(Vista Chemical Company), morpholine
(Aldrich) 52 A 8= 252 12 ARsisict
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H-SAPO-34| £, SAPO-34 £33 ¥ 1% v
HA 2 o33 7] ghdsisivh 100 ml teflon®]#

(Fishery| 22} &7~ 10 mk} Pseudoboehmite(Catapal

B) 5.83 @} 1Ak 9.27 & ¢h413) HAREE 247 F
ot myksl v o7 GA] 22k FH 10 mig AA
3] 7}k )71l fumed silica 1.44% 2%} 5575 10
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2477} ot Ad2ode oA Aol HER wA|slgiv). vt
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bomb(Parkl)2] 471el HEI = AF=E- A9 200°CHIA
7hdslet. 2R F ) & S4E v W3
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ComputeR &7}t 2}7]1 4> Gauss Meter(Variatt
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Fig. 2. X-ray powder diffraction pattern of calcined H-SAPO-

34.
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Fig. 3. TGA spectra of as-synthesized and calcined H-SAPO-

34.

synthesized H-SAPO-8# TGA 2| E&.2 20~200°C,
200~400°C, 400~600CAA FNe] B4 FA 2T
2% YehIgiehFg. 3). A82] A ek 2ol
zko 7 7)elEle}, 7 WA e} A HAle] FA i

7] F3A13] morpholing] &2e 2 71gl¥e}. A%

Fig. 1. X-ray powder diffraction pattern of as-synthesized and H-MoH-SAPO-34] TGA 24| E5] B4 A= 20~150C

reference H-SAPO-34.
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230 AzHgeY wgho 24 Z7E|9l31 500°CeA] oF

170 &t s | HAA7IE 7 5 A

(Fig. 4). 2 o] Tg% 38} FoME Mo(V)O; ]

B2k BAEAES Aol 2jgk U2 Mo(V)0;

o] -2 Site 18- 4 gloe)e} A7Evh. AR A ol A

ol waksld IAA Wi R} SAPO-34] Fxld] &

9. o] iz 3} H5 AT 5 dormm g 33 Fo
HHEe] A (Fig. 15).
S T & o2 me

TR A8 Y. 22 AP A o] TR A

106G

Fig. 4. ESR spectrum at 77 K of MoH-SAPO-34 dehydtate

at 500°C for 15 h. B2EL 2 uNFRE Q}OL] 37)7} ojeision 23t w
B3l ESRAEEZ OB HE] & o] AUs A EZS

AL 4 34} i JAE e S W & o g

gAor FaAF B &2o® A E morpholine A3 & wlMlFEr} g} 15)9ie}. 7o TAAL o] e-mE
FHA 243 A7 A Bkt W& Bt 5 AHE MoH-SAPO-Sﬂ A7
FAL AE S (Electron Spin Resonance)d-& 2 o] BAlA] B Mo T Wl AL & S gl BMo

HEQL Fig. 4%} 4% thombic gAI4E 2% 352 (00%) A 2E AHgFO=H Gl et ehde
2 bEhda AMLE AkRE SRS 9h0 B9 O 5 AsEHFg. 5)°

sVt A 2 A ERo] dojglul. o] AjEE- 5} TIP3 dubq e R il SAi-Eelnd o]2e g
3 2.2 Mo(V)O, % Zaslgir}? gl (0=Mo=0) % (Mo=O)**|=}. MoH-SAPO-5,

A stel. Aol o)L WAF F ESRAEE 11 B4 A¢AE (MoO,)" £ (MoOY™e] F 71x]
Hel A oA Alsvt vehA] stk oldf A He 2 delx gle}® SAPO-34] 2 379 vk &
89| Y72 IS vehiglen o] ABE 470°C, A} wEel (MoO,)" o] M o elAelzlal
480°C, 500°C 28]3 510°CellA] Zbzt 5A)7) <t og 33191t} MoH-SAPO-34] 73-%¢l% (M00O,)'7} =
Aoz IR Fo A2 s S e] Ao gl 7Fedt Fellzlar A4 5= glet. SAPO-34 <A
& Ui I2)3r ESREE BRI A7) Aol W & 24 B sk -1.22 JdEA QI o] A Als)

100 G-

9n
Fig. 5. ESR spectrum at 77 K MoH-SAPO-34 thermally reduced at 5@ for 12 h.
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& 237 8- H-SAPO-341 & 712] Moo,
o] 2o Foj7lvhe AR UX|EEL. (MoOy) 7| o]
I3 MoH-SAPO-34] ofole A12]:= Site IIE-2
Z2]Ee| F4l), Site (@15t AT F4), Site (6%
3 Al A cavityZ ©]%) Site V(833 FEy} 7+
=3l9H(Fig. 15). %7 =212 34 Site @] 3A)
< (MoOy)*(Mo* 0.75A, 20; 2.52A)8] =7]
ol MoG,7} Eof 7717} ofHe}. -7 3 A
a3t 22 gulr SAE AZE] 4 A= Site # 3l
31 B 33} &2 Site Bl A3 A4S E5 FEFA
= 5 788l #3RE Mo(V)O-(H0)0l RHEe A}, 12
oS4 FAA WA dFge] FE Al 3 e
Mo(V)O-(CH,OD), &-Eo] mtEe] =1}, Mo(vyﬂ o)
= FAA) 9} A 2ReE)7] 9)5le] Site 122 |9 deol
7L AL BE AR o] F3E Mo(V)e] U 54
FAAIQ] WA d32g, B o AES YA o
Mo(V)el o]&3t A== Site IV Aelzlar AztEe},
Electron prove microanalyslk ¢J& 23t SAPO-
34 A8 ShiAlosPosu T TS FAFHoER 64
8 A2 2.3 PR, I AR 0-1) SiUAE
TAH glet. 1wkl 3 Al ] P AR FAE
6493 ol FAAE ZA] oAl Hv wEhA] ok
35 232 9l Mo o] P Ak tiale| FH4x 3t 7Y
2] sp] 213 Site 1613 FF)l $1F8A =, o
ARE 6438 AT 7Ptold] 9l chabazite caggl @l
Site 12 %3 3}eic}. v]=3 -8 NiH-SAPO-34]|
A 331 Fgleh M A2 gheke] Xﬂ%‘v’ME Azt Sl
] Z+2 channeld cagés Z cagell ¥l&) -2 24
3l wE zhow @ w217 o] super cagdA Ho}
Zk2 caged SHIAPE Aol F o] o] F3l= driving
force} ® v}, SAPO-5% SAPo-mW FHze 129
Foli} 10 93k channel] & F4rol2o] BgEE
%<t 693 channek o] 53l nlelr Site lIMT}
Site | &2 9] ¥} L] 4922 Moe] o]& I
3 SAPO-34= £ Fulj7} & Aolelx S
I=)4 (Mo0O,)" o]2o] SAPO-34] Site (633 4+
9] 41122 Site (633 F4oIA cavity® o) F )}
Site IV(8U g A-F)el ZiE e s & °l°*‘:‘r
YUE sgl. 72 A o] e 3 F A7
2 S vehyglen, 500°CHA 10~1%7F <t
AA S AR Fo A2 Ao sz Wiy,

18]35 ESRAE ERS 1004 9= A7) ot we
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Fig. 6. Simulated ESR spectrum®@floH-SAPO-34 by employ-
ing EPRR program.

Fig. 7. ESR Spectra at 77 K of MoH-SAPO-34 (a) thermally

reduced at 508C for 10 h (b) after adsorption of,O (c)
after adsorption of CHDD (d) after adsorption of GDH.
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Table 1. Comparative ESR Parameters at 77 K of Mo(V) in H-SAPO-5, 11 and 34

MoH-SAPO-% MoH-SAPO-11 MoH-SAPO-34
Treatment
gf g g’ g’ gf i
Dehy. A 1877 1.952 1.877 1.952 1.884 1.979
B 1.849 1.960 1.851 1.964 1.884 1.962

+D,O 1.899 1.958 1.932 1.897 1.951 1.930 1.882 1.957 1.995
+CD;OH 1.893 1.964 1.932 1.891 1.962 1.930 1.890 1.947
+CH;CH,OD 1.902 1.897 1.954 1.966
+C,D, 1.878 1.950 1.878 1.943 1.957 1.926

1.895  1.966 1.894 1.968
+NH; 1.903 1.943 1.908 1.949 1.899 1.968

1.903 1.981 1.903 1.988

3Estimated uncertainty is +0.008.is measured at the max. Peak position of the derivative signal in order to compare with the
previous literatureéMajor componentMinor componentFrom reference 9This Work.

& Folx 3ol Peakr Rolvt Fig. 5oA 679

Peall 2 Zelzl & t|A] AFERH S HoFo, g
1.957, A 37G g 1.890 A 82 G H 3100 G, H 3700
G& %32 EPRRAAF A1 F(EPRR Simulation Prograrg)
g 2~ EH M WE )9 2 nHTEE Ze
2 E=S Fig. 6] Y gie} Table 164 X9

ESRY] gat& ®lmsjH MoH-SAPO-n(n=5, 184

ge>g>g 2] AA el 7S MoH-SAPO-344 % £

gk ele] A Al FE vERE 2S¢ 5 sl
MoH-SAPO-n(n=5, 11} =}3717 & MoH-SAPO-34
= A F 7] 5] AlsE s 5 qigivh &

2laxl 318 $o| @he g,® 1.979, g° 1.8840F

ZAF T, B 38 £ g 1.962, g° 1.884& 77t
F2F ek (Fig. 7, Table 1).

MOH-SAPO-n(n=5,1%} qgkel =33} 48 A&l
25 222U MoH-SAPO-34] -5 42432t
2. MoH-SAPO-3414 Mo(V)2l Mo(V)s= 44
Mo(V)se, MO(V)so2 FERHSLIL Mo(V)ac2F Mo(V)ac=
MoH-SAPO-n(n=5, 1|48} Zro| =] ghokel.
PdH-SAPO-3% ¢ FTAAE 3L A7k o] =Rl 4=
3 AR 2 shbE Jelde 4 393 oxygen
blowing 23S Edl2 Pd Al2lE g 3] & 42
22+ Site (633 A, Site IV(8AE ), Site 1l
&7 Zejge] FAl)e= sk

B3 4SFE. 9H2® #YAZ Mo(V)H-SAPO-
34| A2 A Z]A el 2] CHOD, DO, CROH, GH:OD
9| F71E FNAE o Al5e] A2 3P 2o A
AL 3oz AR el o4 F3lA

L

N
=

Mo(V)¢} Mo(VI)7+ A5 Aoz A7tsle ™ CDZ
FAANAE W= o]} s om Ho| wWElelA] ot
A& #F3¢ie}. D0, CHOD, CD,OHE F&EAAL
wgrel gl 7o) AT AR 98 gks 2
rhombic gAl4E zt= ESR2H E3-S el oH(Fig.
7c, d¥x). (MoO,)' 7} F2% MoH-SAPO-34] ]
2 A 7 Zege] F4 IR E (MoOy)'e] =
7] Wtol] ool A2l B8l v 2 Site (61
B AFA cavityz ©]F), Site (63 AV} sl
dl Site I, k= 54 FAAEH AE 243l Site IV
o2 o]Fsl Aoz Bkt Pde] o2 gE PdH-
SAPO-3#| Pd% site 1(6dgt )=} Site IEZ=
2j5e] 1)} Site V(893 AF)l Y=gk ¥

(a) O mmmnuunimee )~MO —
'\/O

Fig. 8. Possible oxomolybdenum species on the surféce o
SAPO-34 Molecular sieves: (a) monooxomolybdenum spe-
cies (b) dioxomolybdenum species.

Journal of the Korean Chemical Society



ESR, ESEM: o|-831 o]2- w8kl MoH-SAPO-34] tjgt Mc?] 21815, 917] o F2)8akgel W3t o7 33

Fig. 9. ESR spectra at 77 K of MoH-SAPO-34 themmally reduced atG@6llowed by Q adsorption at room temperature (a) (50

Torr for 2 min) (b) (1 Torr for 1 min). In (a) and (b) the field scale is expanded and magnified.

shdekt opeba] § 7 74A] 3] Mo(V)se Mo(V)sc,
(MoO,)* 28} & w12 Fig. &l vlehgict. (MoOy*
2} (MoO,)" Fol|A SAPO-34 2 37 A3
7 BR 22 S48 2 (MoO)y = 14 <3t
HA] Fshe}, vkebd (MoO,)" 2FeEo] v §eldo|v?
(MoQy,)" 213+ %2 Site KA Mo(V)s7} 3 Site
IVellAl Mo(V)eZt %t

M B Fig. 9a= A-eoA 2eE AR 227
50 tore] AkAE E3t §°] ESRaEERS R
v} ESRAFER] A7) Akas FAA S o 2
231512 2% rhombic gAIFTE ZH= 2% 39
=7 Vet em o) =108 Axdle] o] AR
3t 2 02 FHIH. & O F g @, T F
+ 54 ESRE-7EE Zev)h O A1 gk Table
2141 MoH-SAPO-5, MoH-SAPO-13} ®] W3}e v}e}
vgl2m MoH-SAPO-34] g7le] & A8 Hel&Fgivt.

Ak 1A 4ES 3 Mo B8 Fo| B4 B9
7} %3] epdeh(Fig. 9b). 20 Torr GB& E&3153S- of
A 38} 2 Adr oz Al O, %7 €= (1 Tor)
A= A, B 3} Fo] BF EAR o] AME A
et 2 7P A 4 s Aol g3t B B &

2002 Vol. 46, No. 1

< e R HEE 4l ARl ik onlr) =
t}. o] &} Fro] Akt Mo(V)e: A B3} F3 wiA] Wb
B3z viA ke 2 Mo(V)s B 33} & uh$- 38 <nlsk
o} v els FAsle] AlBE YA S 9= O;
e A7 24 S 4 4 sl A9 F
A3t g3 ZAE divh. AR @k Tablel
4] MoH-SAPO-8} u]male] vehfglem] MoH-
SAPO-34} 23 o] 5H 7S HFgiv).

ESEM £4. MoH-SAPO-34] #3 ESEM Simulation
o] A= Table 3v}el)| %17 MoH-SAPO-54 MoH-
SAPO-1¥] A e} 7tz} vl 31319, MoH-SAPO-5
2} MoH-SAPO-1#1M &&% D02 £4F 4= Mo
(V)eh 22t 38Ake) 2847} 9] o] 91w MoK-
SAPO-34] 7-Foll= 3 BA7} wig] Hef 9l Ao
2 ARl eHFig. 10). CHOD7F 3% ESEM?|
Simulatiodd #+ 322 CH,OD7| F#% Z2F ve}
ek (Fig. 11). Mo(V)-D2] 72l A wis) 74k 52
25l MoH-SAPO-34-n(5, 11, 34§41 ZH2+ 0.33, 0.45,
0.37 nniz Yepdel(Table 3, Fig. 12). Z#¥ CD,OH
7} F2% MoH-SAPO-5i4 0.49, 0.37 nmi|x] zkzt
5 BAReh g 2R AR g ek 2R owig) el
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Table 2. g-Value of Qradicals formed in molybdenum/oxide system

System o] 03 [0 Ref

MoO4/SiO, 2.018 2.010 2.004 4

MoO4/Al, O, 2.017 2.010 2.004 4

Mo/M? and Mo/ZSM-5 Ay 2.016 2.011 2.004 8
(B)® 2.021 2.010 2.004

MoOJ/SAPO-5 (AY 2.016 2.011 2.005 9
B)® 2.021 2.009 2.006

Mo(CO)/SiO. 2.017 2011 2.005 3

Mo(CO)/Al,Os () 2.017 2011 2.006 3
() 2.039 2.015 2.011

MoO4J/SAPO-11 2.021 2.014 2.008 9

MoO4/SAPO-5 0] 2.020 2.015 2.006 9
an' 2.024 2.013 2.006

MoOy/SAPO-34 Ay 2.029 2.021 2.013 This work
B)° 2.029 2.019 2.013

3Mordenite."Formed in MoG}derived sample in vacuurizormed in MoG}derived sample reduced in ammoifaroduced
by O, absorption on activated samgi®roduced by @absorption on a sample reduced by ammigor species.

Table3. ESEM Parameters for Mo(V) with Various Adsorbates in H-SAPO-5, H-SAPO-11 and H-SAPO-34 for Mo(V) Species.

H-SAPO-5 H-SAPO-11 H-SAPO-34

Absorbate

N2 R°(nm) A(MHz) N? R°(nm) AMHz) N° R°(nm) A(MHz)
DO 6 0.30 0.05 4 0.33 0.01 2 0.53 0.14
CH:OD 2 0.33 0.01 1 0.30 0.05 3 0.37 0.10

1 0.45 0.10 1 0.46 0.15
CD;OH 6 0.49 0.00 3 0.48 0.01 9 0.41 0.14

9 0.37 0.05 3 0.37 0.15
CD., 4 0.36 0.10 4 0.45 0.10 4 0.46 0.12
ND; 3 0.28 0.03

3Number of deuterium nucléiDistance between Mo(V) and deuterium; estimated uncertainty is +0.0Boiopic hyperfine
coupling constantReferance 9This work.

Hi$ Feo] 9= A& vERdel, MoH-SAPO-18] 7

g 1.0 If"'. ol 0.48, 0.37 nwilA] 247t &F RA7} wi$] e
3 0.8 MM %E‘r; ECIACL ;R SAPO-34(.8 ring 4 AJ} SAPO-
i 5(12ring 8 A¥} SAPO-11(10 ring 6 &) ¥l 8
o OB T Z717F A2 W5 Eekal o] W e ek
& A 9] He AL FEYH FEIY o 2o
@ 0 = A7 H9de}. MoH-SAP-38] 7%= 0.41 nno]
Eu.z A 42| CD:OHEAL 4] ® Aoz xAbE e}
z CH,OD%} CD:OH7} %% MoH-SAPO-34] ESEM
o o : 5 . y = A8+ Fig. 1194 12 27 epigie). dubgos o

24 Qe Si-Ee]adl o] o] e (M=0)" =

= = = ok qle - - H
Fig. 10. Experimental and simulated (dashed line) three-puls *- SO Mo=0J= fﬁ;‘% 3o RQOH SAPO-5, 11%
ESEM at 4 K of MoH-SAPO-34 with adsorbed@N=2,R A AellA= (MO)* 2} (MoO,)?| F 7HA 2 e
=053 nm, A=0.14 MHz]. ovf e FAL SAel BEe] (MoO) SFEel

T, |8
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= 1.0 "
M AV
= VS
E 0.6
g
I‘u 0.4
=
o 0.2
& .
(1] 1 2 3 q 5

T, u=

Fig. 11. Experimental and simulated (dashed line) three-pulseFig. 13. Experimental and simulated (dashed) three-pulse ESEM

ESEM at 4 K of MoH-SAPO-34 with adsorbed {CHD[N=3,
R=0.37 nm, A=0.10 MHz].

E-LI:I B
=
= 08| \f
o
"F-UE
=0
7 ity
Lo
z
QU.E
i .
i | ey 3 i -

T, us

Fig. 12. Experimental and simulated (dashed line) three-pulseFig. 14. Experimental and simulated (dashed) three-pulsMESE

ESEM at 4 K of MoH-SAPO-34 with adsorbed CIH[N=
9, R=0.41 nm, A=0.14 MHz].

o} vl il ge=lar #3319 v° MoH-SAPO-34
9] A= (MoOy)' 7t Bx} o] 7153 elelz A7t
Hgieh. ESEM 249 Zste] 9aw H-SAPO-34]
ool & Ael: 6 A £ v FE3 Site B}
Site V(848 A-E)ell Mo(V) 2F8t Fo] w9 ¥ A
2 325 (Fig. 15). GD/F F&% 243 MoH-
SAPO-5, 18| 7-$-8} 3ko] MoH-SAPO-12] Mo-D2|
712)7F MoH-SAPO-B] 7 ¥x} v 2w 337} 2 v
349 CDsF A3 9 ¢l Site 1K) Mo(V)7h €
| gekar #3819 CDF F23¥ MoH-SAPO-34
] 7Sl Mo-D 2|7} 0.46 A & EA7} i
4 Fol U3 643 AR & o] FEE Site M| $1A
geba A7bEgiek(Fg. 13). GD7F F& ¥ PdH-
SAPO-34] 7#$-oll% Pde] Site M Y3} B
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E- 1.0p.
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m (i) =

L

.

i,__ 0.8

E

& 0.4

=

o 02

5]

s - i a
K] 1 2 3 4 g

T, us

at 4 K of MoH-SAPO-34 with adsorbed@[N=4, R=0.46
nm, A=0.12 MHz].

i___" 1.0
= b
— 0.8
= o =
=08

5 1
=Y
%
04
K
=
o 0.2
&

0 1 2 3 4 3

T, s

at 4 K of MoH-SAPO-34 with adsorbed NN=3, R=0.28 nm,
A=0.03 MHz].

st vl 2232 NDE F339 2 A %ol MoH-
SAPO-5, 1#|AMx <3 vl7} ¢l.om MoH-SAPO-
348] 7% Mo(V)-D2| 712]7} 0.28 nnel|A] 8k 24}
7} wi$) Hef gl3t Site M SR8 Aoz ARG
(Fig. 14). ND7} ¥3% PdH-SAPO-38] Pd% Site
| == Iveksr Baaedeh vk SAFEAI] NH,
o 2=ZHRE o AJEe] H3 gFre] AP A H
W 8U3 AT Site IV 688 Ao £ FEEoR
218} Site 107 o] 53l A 02 AY7hEoleK(Table 1).

4 £

245 H-SAPO-34} H,SiM0,.0, -2-H2] §-o8 A}
uk-$-2 AbAEAd Mo(V) 38t Fo] A=

2
Lo
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Fig. 15. Schematic representation of the unit cell of chaba- 4

10.

zite. The roman numerals indicate cation sites (adated from

ref 11).

MoO:%} as-synthesized H-SAPO-84] T4 Abej 1F
& A Mo(V) B8} Fol AAEA] kv, 1
v AlEE Z9E s H41 ESRE EE 4 Qe
Mo(V) =3} Fo| A=l ESRY ESEMALR &
2 (MoOy™} (MoOy)" -2 SaZe]rsl 33} o
e AL HelF} SAPO-34 W 34 AslE 2
2m7 A 43 FHA] vt Mo o]2o] o] T
2% SAPO-549 SAPO-1#|A u]5=3t 272 dgid).
3Nt 49 5 sElEe] wdE=) ¢ks)e}. Dioxomoly-
bdenum®}sh £2] 7142 o)A =Tl Atk vt 9l
}.22 dioxomolybdenurl 241 Pd(lpl B8] Mo(V)
oA efel & A7} sht F-53t A} UX|ghe}
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