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Abstract — A solid-state reaction of V,05 with AIMCM-48 followed by calcination generated very weak paramag-
netic VO?* species in the mesoporous material. Dehydration and subsequent reduction with CO result in the formation
of vanadyl VO?" species that can be characterized by EPR. The chemical environment of vanadium centers in VO*'-
AIMCM-48 was investigated by XRD, EDX, DR-UV-Vis, EPR, 2°Si and ?’Al and *'V NMR. Vanadium species in
MCM-48 are existed as pseudotetrahedral VO?* state when they were dehydrated or reduced with CO. The coordination
of water on vanadyl ions transformed their structure to distorted octahedral.
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2-1. A2k

22} S5, A#E S CHy;3N(CH;),BH(CTAB, Aldrich) %
Br;30(Aldrich), Ludox HS40(Du Pont), Sodium aluminate(Junsei
Chemical), Catapal alumina(Vista Chemical Company) 5= 57}

Al Qo] iz ARSI

2-2. AIMCM-482| &y

Azl Yoz FZzolug Aa]7} Ludox HS-402 AW A4
3= CTABS} Br; 302 AR&-aje] =8loll arel Wi [eell ket 4
27kZnE o]Fold MCM-48 #AHI1E gMdslict. w8lo Bars
W7, 101 oRE 8te] Ael7 MCM-482] E2ol &rlg
S 815l AIMCM-482 TF=31t}. 100 ml teflon B]# Y sodium

aluminate 67.5 mgE ©Jx} S5 25 mlell 521 A4S Wi A

ol

3k 27} MCM-48 0.5 g& Y2 & AollA] 24A17F F9F #Jo]
ek 94 7 Foll S vlE|al JHE FFT 25 mlE 7
sto] AlFHEIT. olgfst YA Fel W oR SHTE 0|88t
ofe] ' A2 ¥ 353 K 37| FolA 7AxsIic). da 7AE &

A s 2E 2 1 ES 28ISIT 823 Kol 104]

2298 AIMCMA48 240l 37] 52 £o] S A 5% 673 K
o}

2-3. V-AIMCM-482| £

V(IV) o]&o] 9]F- FZo] £ Qli= VO*-AIMCM-482 V,0;
(Aldrich)9} /3t AIMCM-48S TAPGoA WESAI7)= WRICE
Az V,05 0.005 g8F AIMCM-48 0.245 g& 2k} Apike]]
I A3 AT E wi7bx] oF 3087 vz dolegin) o] &
22 Al AJrio] Yl 108 FU* 2.5t0n2] T 71ste] AE
©] 10 mm, 717} 4 mmQ! AE THEQITE AE F5A ZobA
A1od REJ ol 823 KO 7|2 A MolellA 10/7F B4
AbnE FEpuA 7Fdst & Aerkx] AAE] Aot Al vks
o] Zggx]o] A|52] Mo] Qx| Mejja] 3] 0= HlF i},

2-4. VO**-SAPO-32| &4

HRES] vl 25 vlwskr] 98] vv) ofo] £ &7
S0l VOH-SAPO-5Z V,04(Aldrich)2} H-SAPO-5% THE]L}
VO*-MCM-482] Az w9} 720] Back 5[14]°] X113k AV 1t
SO R Az
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Sl - ols] - Al

A7) (PhillipAl 22 PW1840)2 X4 2 dafelS THT}. 40kvel
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o 0.025%]1 23N ZIF8Igivh Alse] A 24
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energy dispersive X-ray analyzer(Oxford)= A|FolA| WEE] =
29 Xeray AI71E S48t ARkt

TAPE NMR 2~FE &2 400 MHz solid state NMR(Bruker, 5.5
DSX 317|289 - i) @ 13T YAl MAS 23
Ef2 3AE5 T 13 kHz, 90° F 2, A AR 0.5 s 2710014 5 mm
A SFRE AREslo] 7153180t 3V MAS 2 ERL- 13 kHAR
SAAZEA R AIZE 15 0]1, 31 Fu4E 104 MHR) 274
oM 71=3180c}. S've] 715 BAE NavO,(AldrichyS A18-313ict.

21742 3mmoe| 3L WHL 2mme] suprasil quartz tubedll AlES
A9 300 MHz 3371 (Jeol 5% JES-FA)Z 298 K¢} 77 K4 EPR
AHAEHE 7]153E A2 gauss meter(Varian 5.2 E-500)
2 B3 Microwaved] 3= F31= 57 7](Hewlett-
Packard HP 5342A)% 7313

F31E VO*-AIMCM-482] A8+ 295 Kol 107 Torr2] 213
©2 15h Bt AR &4 478hE VO'-AIMCM-48911 4] 1}
o] Ak AHlE A7) flstel EPR A ERE TR
sl AlEE 295 Kol 673 K7HA 55 #o|w 71h%t & 7x
SHARA ZIAIE 5 hEk AlsE Helednt. ol HA Aeldk AlEE 1
B9 F Aglste] Ak 71AIE AlASEAL, 873 K7HA] 5F =9
78 3 295 K7HA] A8 2135 G5 del® A8l EPR &~

.

1 min E<F 07 Jol Ak 712E AASAL 673 KoM 8h &
QF 1719F9] CO(Aldrich) 71412} WREAIA $HASH § A2 0% 25
A Wt

Diffuse reflectance UV-Vis A E#L 60 mm 2277} F-21¥
F337](Varian 52 Cary 1C)2 13t} Suprasil window”} F-2H¢l

quartz celle]l 2 A5 A9 FH=E S

3L 3 ORA R RN

S8 MCM-489] 378 3818 Fig. 191 It} MCM-48 =
20 = 2.1°01 Hof|A ol & A7} YERtT) 743k AIMCM-487}
VO*-AIMCM-48211 1 &= 1]5=3t #J] oA 3] 31| =77} Vel vl ZA]
o] AAE S-S HofEr). A3l RAZE2 0)0] 2~6°Q1 W lellA]
XA 34 13 BN lE E2]E AT o] Avlk= MCM-489]
A} BarEl Ad12, 1519 & LA|sted MCM-480] = Sivkar
It Xu 5121 M Aol dFulEs ol Hrkehd 737}
oRsl|xIA T E AR BRI 5 S-S Hasglrh. dFulE =
Qo AIMCM-482] T)=1 % Z5 oRsfifict. vivkgo vt 45vlas
E21810] ATk AlRolME XA 3E va7) vk 4w o)F
o} 2/dske Bt AelEo] MR F3E o] MCM-482] Alge] A
5 HaEple12]. o] FEelME 2 s Ah(Fig. 1).
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Fig. 1. XRD patterns of MCM-48, AIMCM-48 and V-AIMCM-48.
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Fig. 2. MAS Al NMR spectrum for calcined AIMCM-48 sample
with Si/Al(16) followed by hydration.
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Table 1. 3'V NMR parameters of various V(V) containing materials®
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Fig. 3. 5'V MAS NMR spectrum calcined VO**-AIMCM-48 followed
by hydration.

WA AR Y A7 AT Ryoo S5 S/AI=158] ]
ZrE 2 BN fAKeE AAkS BESEiTt. oF 20 ppm el
LER = ol kSt shoulder:= 2 ¥H <] (penta-coordinate) 7522 &
FrlgelA vepdrtar AZect.

SV NMR A Eol| M= g o ApaA)] wl$] +32] vis
& 2 8% 4 QIrk(Table 1). Fig. 391 9+213] $=3k¥l vo*-
AIMCM-489] 3'V MAS NMR A#HEFS Btk MCM-48 M| %
Zels 249 A AAE X3k uhsrel A= 350 ppmell A
A7} 3 7 veRdT), 884 o]so] 350 ppm&] BRE dHE A
77 ZAA] el 71Q18HHS8] 3k VO -AIMCM-48914 =
V2] NMR ] =5= 370 ppmell A% 3 7|2 veRstc). mka] vo-
AIMCM-48°]l 501 Q= BPbES A 12zl ZHA] 32 9]y
o] lrkar 4% 4= Q.

el LeEEW kRS wilg] Fxot Eeixict. S vk A
TR A e el Eo] QA= e S-S ZteTh
Zhang¥} Pinnavaia[3]i= VAIMCM-482] vlusso] eHds] <=sked
HEw ghaA) w9 22 EA45H) SV NMR MAS AFE- ]
= vocl, 715 B4 tisl] 530 ppmelA] E4= 9137} 3 ) o
Epdr}.

Fig. 4+= calcined/hydrated VO*-AIMCM-482] ?°Si MAS NMR
ZHE-oltt, MCM-48 4 Si(0Si),8] Q.2 chemical shifti= TMS

Compound 5, 3y, O35 Coordination Ref.
1 NaVO, -360 -530 -840 distorted tetrahedral 8
2 NH,VO; -370 -530 -830 8
0.05 molar V/SiO, (hydrated) 250 -330 —-1200 8
3 0.005 molar V/SiO, -350 non detected. non detected. distorted octahedral 8
4 V/IMCM-48/0.10 (hydrated) -350 -350 —-1200 8
5 V,05 -280 -280 -1250 8
6  VO?-AIMCM-48 (hydrated) -370 -370 —-1250 tw

“d values in ppm expressed relative to VOCl5; tw; this work.
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Fig. 4.PSi MAS NMR spectrum of calcined VO?*-MCM-48 fol-
lowed by hydration.
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Fig. 5. Diffuse reflectance UV-VIS spectra of (a) VO**-SAPO-5, (b)
reference, V,0y, and (¢) VO**-AIMCM-48.

= 95 7)F B4R S90S W -109 ppmell A YERATH13]. VO
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VO*-AIMCM-48°] 59 Sli= vllge] wilgl +325 &7] Slst
o] UV-Vis 99°] DR A EHS I3 Fig. 50 ~AHE#HS W
o|ar vpE2] wile] et UV-Vis 35 5-9-2] Afo]€] #HAlF= Table 2
o gejaldr). grg Arjzh Tdel SAF APAA] 318 (NH, VO,
KyVO,. TLVO, ] Z&E 0} 0,, V=0 dEl7} Hd 330 nm ©]}ollA
Zo] W& CT ol(0-My7} BZHTHS]. VO*'-SAPO-5%} VO
AIMCM-4801A+= 25 270 nm &5~ w7} Yep)H, o] 4= oj=
ni(b;) = by(xy) °]2] lower charge transfere]l @S} 410 nmel]
A% o] T w7t YeRdt) Morey S[81> S=3HF V/IMCM/0.10

sfetsst Hl44d H4= 2006 8
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Table 2. UV-Vis patterns of various V(V) containing materials

Compounds Symmetry tre(i)n;tll\(/)[r(lc(zr)n) Ref
K5VO,, TI3VO, Isolated distorted n(t;)—d(e), 330 8
tetrahedral, VO,*~
NH,VO, poymeric distorted  7(t,)—d(e), 260 8
terahedral O,, VO,™ =n(t;)—d(e), 330 8
VI/Sio,
(hydrated) distorted octahedral 450 (broad) 8
V/MCM-48)/0.10
(hydrated) distorted octahedral 440 (broad) 8
m(e)—b,(xy), 402
m(a,)—b,(xy), 322
m(b,)—by(xy), 260
V,04° distorted n(e)—by(xy), 402 8
octahedral m(a,)—b,(xy), 322
(hydrated) distorted m(a,)—b,(xy), 260
V,04 distorted 460 (broad) tw
400 m(a;)—b,(xy)
octahedral m(a,)—b,(xy),330
VO?*-MCM-48 distorted n(a;)—by(xy), 400 tw
(hydrated) octahedral m(b,)—by(xy), 270
VO?'-SAPO-5 distorted n(al)—by(xy), 270 tw
(hydrated) octahedral m(a,)—b,(xy), 400

“reference V,Os diluted in BaSO, sample
breference V,0s,
tw; this work

AEA () — by(xy) 5 w7} 400 nmell ] ek, o) A
e A wl$] 291 0y, V=0 S81ES] 4 e} wsis)
£} Moreyi= 201 whoHi 45 Stell 23 wlslabd 0, V-07} )
7} o] 3 heigo R vhITkaL ARk o] A7 A= o]
ARk} A3k whE F EAje] £l Ak Azl weia)
et T wiglEo] Qirka ke,

o /HZO o o
u P
o l\o o~ TTTHO o | TTHo
/ Ho
H,0

Pseudotetrahedral (280nm)  Square-pyramidal (400nm) Octahedral (400nm)

VOF-AIMCM-48 A 552 &<l 313 0|59 EPR X~
HAego] Gepc) B 5 COoZ 3 A3t & FH3| S3)s)
o 77 Kol 1= vbE (& A28V 1, = 772, A EA44] 99.8%)°
EPR A#HEZS- Fig., 69 Mt} V(V) 0|2 extra-framework A}
2ol Axghch. e F Frake AlBolA= vhvge] A8 BT
V(V) 3850 2 EA18l0] EPR A% (Fig. 6(c))7F ml-$- 23t} 873 K
oA s v(v) BFslgo] ghelEle] voi(Et 7S] A31A| ok
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Fig. 6. EPR spectra at 77 K of (a) VO**-AIMCM-48 after 0, oxida-
tion at 673 K for 5 h follow by dehydration at 873 K for 18 h,
(b) after CO treatment at 673 K for 8 h of previously oxidized
sample, and (c) after fully hydrated.

Table 3. EPR parameters of various vanadium species

Treatment Ref Species g AS g, A“
Photoreduction 4 VO* in VAIMCM-48 192 195 200 65
Dehydrated tw VO*'in VO** AIMCM-48 1.947 184 1.99 81
CO reduced tw VO*'in VO** AIMCM-481.909 201 1.99 65
Dehydrated 1 VO* in VAPO-5 1.908 189

“Unit = Gauss, tw; this work

A7}y sfelgol] ¥H, o] glelgolx g7ie] How | 5+ 7] i
AER S48 4= iz A EH] Yehdth(Fig. 6(a)). o] B
¥ v 3185 VO] EPR A Al AR 3ES Table 30
ot &5 AEA 92 23 hamiltonial parameteri=
2,=1.947 A, = 1844 G g, =1.986 A =81.39 GOt} Al8E 17|%F
o] COR 673 KollA] 8AIZE &<t ghlala A7} EebA Al spin
Hamiltonian parameter #£<- g;=1.909, A;=201.1 G2} g, =1.985
A;=64.6 Goltt. o1F g #T Zn|A| AF 442 32 A
=01 = ARz FEhr| = e 0] vl vor 2E2] 354
el EAo|t}. Chang S[4]2 VMCM-482] VO* 3}8+%9] spin
Hamiltonian %t g,=1.92, A;=195G%} g, =2.00, A;=65G %k
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.4 B

AHE MCM-48 Hlz328| 2~ £29] =20l &Fu|Eo] APHA
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S Zh= vl o] 22 EPR, DR UV-Vis, 2 'V MAS NMR2
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