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H+6(.MC250./=),.E,+0T+F16#%#B:G,)5*1216>AV==HF/+6.3.0H16+E+5)*,6.1=?
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==H#),=0+,+*616A!#B:K6),*.6+P.06(C6(166(+,)5*12.3F)H+6(.MCH+6(1*+"W44#

F.+,*.61==+10)*6(+,=+7601)*6(+P(.2+0+176).*6+H=+016/0+01*5+:K*7.H=10),.*
P)6(6(+3.0H+06P.71612C,6,’6(+17)F,)6+,)*6(+E1,+?60+16+F9LM!G2!L#10+2)U+2C
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!"! 波!!谱!!学!!杂!!志!!!!!!!!!第!"卷!



\)5:#!>#’,)*52+?=/2,+4G<;48,=+7601!P)6(=0.?

6.*F+7./=2)*5".3H+6(1*.2.M)F16).*.*9LM#G2!L#16
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17)F,60+*56(.3R0S*,6+F17)F,)6+,$>%%!&&:d+*+0122C%6(+2105+06(+#>I7(+H)712,()36%

6(+,60.*5+06(+17)F,60+*56(:K*6(+#>I4G<;48,=+760/H !\)5:@1".3Q4IL1F?
,.0E+F.*6(+E1,+?60+16+F9LM#G2!L#%.*2C.*+=+1U16!"#),.E,+0T+F:G36+0+M=.?
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;48,=+760/H.3Q4IL1F,.0E+F.*6(+9LM#G2!L#!\)5:@E",(.P,6(0++H1e.0=+1U,
16!"#!F/+6.=(C,),.0E+FQ4IL"%!@@!F/+6.Q4IL1F,.0E+F.*6(+P+1U2C17)F)7
G2LO50./=,"1*F!A&!F/+6.Q4IL1F,.0E+F.*6(+R0S*,6+F17)F,)6+,":Q(+#>I
4G<;48,=+760/H.3Q4IL1F,.0E+F.*6(+17)F?60+16+F9LM#G2!L#!\)5:@7",(.P,
12H.,6,)H)2103+16/0+,1,6(16.*6(+9LM#G2!L#+M7+=63.06(+,)5*1216!%!:Q(+!%!
,)5*1271*E+1,70)E+F6.Q4IL1F,.0E+F.*1H/7(,60.*5+0R0S*,6+F17)F,)6+:G7?
7.0F)*56.6(+Q4IL+M=+0)H+*6120+,/26,%P+71*7.*72/F+6(1617)F,60+*56(.36(+
17)F?60+16+F9LM#G2!L#71612C,6),,2)5(62C,60.*5+06(1*6(16.39LM#G2!L#1*F6(+
E1,+?60+16+F9LM#G2!L#(1,*.R0S*,6+F17)F,)6+:

G,10+2)1E2+;48=0.E+H.2+7/2+%6(+>#’),.60.=)77(+H)712,()36.3710E.*C2710?
E.*.3!?>#’?17+6.*+(1,E++*/,+F1,1H10U6.+T12/16+6(+0+216)T+17)F,60+*56(.3T1?
0)./,,.2)F17)F,$>&%#$&:<)H)2102C%6(+,60.*5+06(+R0S*,6+F17)F)6C%6(+,60.*5+06(+(C?
F0.5+*E.*F)*5E+6P++*6(+710E.*C2710E.*1*F6(+17)F)7=0.6.*%1*F7.*,+Y/+*62C6(+
H.0+F.P*3)+2F.36(+>#’),.60.=)77(+H)712,()36:\)5/0+A,(.P,6(+>#’4G<;48
,=+7601.3!?>#’?17+6.*+2.1F+F.*6(+,/0317+.36(0++6C=+,.39LM#G2!L#71612C,6,:
Q(+,)5*12,16!!$V%>&V%>@@%V#%%!%1*F!!V71*E+1,,)5*+F6.E)H.2+7/210%60)H.?
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,)5*121,,.7)16+FP)6(6(+17+6.*+1F,.0E+F.*6(+R0S*,6+F17)F,)6+,71*E+.E,+0T+F!

)*F)716)T+.3*.R0S*,6+F17)F,)6+)*6(+E1,+?60+16+F9LM"G2!L#71612C,6:\.0!?>#’?17?
+6.*+2.1F+F.*6(+9LM"G2!L##\)5:AE$!6P.,)5*12,16!!>%:@1*F!!@71*E+0+,.2T+F
)*6(+F+7.*T.2/6+F,=+7601:Q(+3.0H+0),=0.E1E2CF/+6.17+6.*+1F,.0E+F.*6(+
P+1U2C17)F)7G2LO50./=,1*F6(+2166+0),.0)5)*16+F30.H17+6.*+1F,.0E+F.*6(+
R0S*,6+F17)F,)6+,:Q(+2105+07(+H)712,()3616!!!@)*F)716+,6(1617)F,60+*56(.36(+
9LM"G2!L#71612C,6),,60.*5+06(1*6(16.36(+E0)F5)*5LO50./=)*N+.2)6+O]<4?@!

P(+0+1F,.0E+F!?>#’?17+6.*+5)T+,0),+6.1>#’0+,.*1*7+16!!!#:\.06(+17)F?60+16+F
9LM"G2!L#71612C,6#\)5:A7$!6(0++0+,.*1*7+,16!!>%#F/+6.17+6.*+1F,.0E+F.*6(+
G2LO50./=,$!!!$1*F!!V10+.E,+0T+F)*6(+>#’4G<;48,=+7601:Q(+,)5*1216!
!!$7.00+,=.*F,6.6(+P+1U+017)F,)6+,!P()2+6(+!!!V0+,/26,30.H6(+R0S*,6+F17)F
,)6+P)6(17)F,60+*56(,60.*5+06(1*6(16.36(+E0)F5)*5LO50./=)*N+.2)6+O]<4?@
E/6,6)22P+1U+06(1*6(16.3>$$b O!<L"!)*P()7(6(+>#’),.60.=)77(+H)712,()36.3
!?>#’?17+6.*+),!!"@:\0.H./0!?>#’?17+6.*++M=+0)H+*6P+71*)*3+06(1617)F?60+16+F
9LM"G2!L#71612C,6(1,R0S*,6+F17)F,)6+,P)6(17)F,60+*56(,60.*5+06(1*6(16.3
9LM"G2!L#1*F6(+E1,+?60+16+F9LM"G2!L#(1,*.R0S*,6+F17)F,)6+!P()7(),)*1?
50++H+*6P)6(./0Q4IL+M=+0)H+*6120+,/26,:

\)5:@!#>I,)*52+?=/2,+4G<;48,=+7601#P)6(=0.?

6.*F+7./=2)*5$.3Q4IL1F,.0E+F.*#1$E1,+?60+16+F

9LM"G2!L#!#E$9LM"G2!L# 1*F #7$17)F?60+16+F

9LM"G2!L#:Q(+1,6+0),UF+*.6+,,=)**)*5,)F+E1*F,:

\)5:A!>#’4G<;48,=+7601.3!?>#’?17+6.*+2.1F+F

.*#1$E1,+?60+16+F9LM"G2!L##,)*52+?=/2,+P)6(=0.?

6.*F+7./=2)*5$!#E$9LM"G2!L##,)*52+?=/2,+P)6(

=0.6.*F+7./=2)*5$1*F #7$17)F?60+16+F 9LM"G2!L#
#’I$:Q(+1,6+0),UF+*.6+,,=)**)*5,)F+E1*F,:

K6),U*.P*6(166(+9LM176)T+7.*6+*6),T+0C)H=.061*66.6(+.M)F16).*=+03.0H?

1*7+.39LM,/==.06+F71612C,6%#>&:K*6(+=0+,+*671,+!R0S*,6+F17)F,)6+,)*6(+7161?
2C,6,176/122C,(.P6(+,)5*)3)71*6+33+76.*6(+=0.F/76F),60)E/6).*.36(+H+6(1*.2.M)?
F16).*0+176).*:’.H=10)*56.6(+9LM"G2!L#71612,C,6!6(+,60.*5+017)F,)6+,.*6(+
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17)F?60+16+F9LM!G2!L#71612C,6,/0317+,2+1F6.1()5(+0,+2+76)T)6C3.0W44:\/06(+0
H.0+"6(+E1,+?60+16+F9LM!G2!L#71612C,6P)6(*.R0S*,6+F17)F,)6+0+,/26,)**.C)+2F
.3W44:K52+,)1##!$7.*72/F+F6(16’O#LO7.*T+06,6.W44T)1=0)H10C’O#LO0+17?
6).*,6.3.0H3.0H12F+(CF+%O’OL&1*F,/E,+Y/+*6,+7.*F10C0+176).*,.3O’OL
P)6(’O#LO)*,6+=,0+Y/)0)*5E.6(0+F.M1*FR0S*,6+F17)F,)6+,:R0S*,6+F17)F,)6+,
10+H1)*2C)*T.2T+F)*6(+3.0H16).*.3W4430.H O’OL1*F’O#LO:L/0+M=+0)?
H+*6120+,/26,0+T+126(166(+,60.*5+06(+17)F,60+*56(.36(+71612C,6,"6(+()5(+0,+?
2+76)T)6C3.0W44=0.F/76"P()7(),7.*,),6+*6P)6(K52+,)1f,7.*72/,).*,:Q(+0+3.0+"

6(+F)33+0+*617)F)7*16/0+.36(+71612C,6,2+1F,6.6(+)0F)33+0+*671612C6)7=+03.0H1*7+,:

#!3%"(0’2)%"2
K*,/HH10C"H+6(1*.2,+2+76)T+.M)F16).*.T+0;1LO1*FO;L# H.F)3)+F9LM!

G2!L#P1,,6/F)+FEC,.2)F?,616+;48,=+760.,7.=C:L/00+,/26,)*F)716+6(1617)F,)6+,
=21C1U+C0.2+)*6(+3.0H16).*.3F)H+6(.MCH+6(1*+F/0)*56(+0+176).*:<60.*5+0
R0S*,6+F17)F,)6+.*6(+71612C,631T.0,()5(+0,+2+76)T)6C3.0F)H+6(.MCH+6(1*+"P()2+
6(+E1,+?60+16+F9LM!G2!L#71612C,6P)6(./6R0S*,6+F17)F,)6+H1)*2C5)T+,0),+6.3.0?
H16+)*,6+1F.3W44:Q(+F+61)2+F)*3.0H16).*1E./66(+0.2+.3R0S*,6+F17)F,)6+,)*
6(+71612C,6P)22(+2=/,6./*F+0,61*F6(+H+7(1*),H.36(),0+176).*1*F6.5+*+016+
*+P6C=+,.371612C,63.0,+2+76)T+2C=0.F/7)*5H.0+T12/1E2+7.H=./*F,:

>’1’"’0%’5’

#>$!’(10CB98"81.R8"</E01(H1*C1H9<:’(10176+0)N16).*.3,/==.06+FT1*1F)/H.M)F+71612C,6,EC12.P?

6+H=+016/0+.MC5+*7(+H),.0=6).*6+7(*)Y/+KKK:Q(+9!L@!]0L!,C,6+H#-$:G==2’1612">&&>"%"’>X>#:
#!$!W+.d"J17(,K[:8+176)T)6C.3,/==.06+FT1*1F)/H.M)F+71612C,6,’Q(+=106)12.M)F16).*.3H+6(1*.2#-$:-

’1612">&&"">"A’#!#X##":
##$!\.0N166)I"Q0.*7.*)["[2H)G<"3:&):4+6(1*.2.M)F16).*.T+0T1*1F)1?E1,+F71612C,6,#-$:G==2’1612G"

>&&%">@%’#V%X"$V:
#"$!4)22+0-4"D1U,(H)D-:9!L@71612C,6,,/==.06+F.*G2!L#?<)L! H)M+F.M)F+’@>9">O 4G<,.2)F?,616+

;48"W8K\Q<1*FH+6(1*.2.M)F16).*,6/F)+,#-$:G==2’1612G"!$$$">&$’>&%X!$A:
#@$!d1.Z"J17(,K[:<60/76/0127(10176+0),6)7,1*F0+176)T)6C=0.=+06)+,.3()5(2CF),=+0,+FG2!L#!<)L!1*F9!L@!

G2!L#!<)L!71612C,6,#-$:-’1612"!$$$">&!’>VX!V:
#A$!’(10CB98"R(1,U10Q"41(+,(P10--"3:&):’(10176+0)N16).*1*F0+176)T)6C.3T1*1F)1?H.2CEF+*171612C,6,

,/==.06+F.*"?G2!L##-$:G==2’1612G"!$$$"!$!’>##X>#&:
#%$!D)/O"’(+/*5I"K52+,)1[:[33+76,.3G2!L#,/==.06H.F)3)716).*,.*4.LM1*F9LM71612C,6,3.0F)H+6(C2+?

6(+0.M)F16).*6.3.0H12F+(CF+#-$:I(C,’(+H’(+HI(C,"!$$#"@’#%&@X#V$$:
#V$!\+*5Q"9.(,-4:GQIW,6/FC.36(+=106)12.M)F16).*.3H+6(1*.26.3.0H12F+(CF+.*’+L!?,/==.06+FT1*1?

F)/H#-$:-’1612"!$$""!!>’A>&XA!&:
#&$!R10,-D"G/0./MG"\.0),,)+04"3:&):G76)T+,)6+,.39!L@!"?G2!L#71612C,6,)*6(+.M)F16)T+F+(CF0.5+*1?

6).*.3+6(1*+#-$:-’1612">&&A">A!’!@$X!@&:
#>$$!O1P-\:K*,)6/;48.3(+6+0.5+*+./,71612C,),’*+PH+6(.F,1*F.==.06/*)6)+,#-$:Q.=’1612">&&&"V’V>

XVA:
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!>>"!O/*5+04#J+)6U1H=-:K*,)6/K8#;48#[I8#1*Fg9$9),,=+760.,7.=C%Q..2,3.0*+P)*,)5(6)*6.6(+

H+7(1*),H,.3(+6+0.5+*+./,71612C,),!-":G*5+P’(+H#K*6[F)6#!$$>#"$%!&@"X!&%>:
!>!"!<6+=1*.TGd#G0N/H1*.T<<#D/N5)*49#3:&):K*,)6/H.*)6.0)*5.3*?E/6+*+7.*T+0,).*.*O?3+00)+0)6+

EC>O#!O#1*F>#’4G<;48%U)*+6)7,.31F./E2+?E.*F?,()360+176).*#(CF0.5+*+M7(1*5+#1*F6(+>#’?21?

E+2,701HE2)*5!-":-’1612#!$$@#!!&%!"#X!@>:
!>#"!G*F+0,.*4 J#B2)*.P,U)-:W)0+76.E,+0T16).*.3,(1=+,+2+76)T)6C)*N+.2)6+]<4?@ECH15)7?1*52+?,=)**)*5

;48!-":;16/0+#>&V&###&%!$$X!$#:
!>""!D/.h)*5&罗晴’#’(+*54.?e)+&程谟杰’#W+*5\+*5&邓风’:’(10176+0)N16).*.3G2<=+7)+,)*4’4?!!N+.2)6+

EC,.2)F,616+;48&用固体核磁方法研究 4’4?!!分子筛中的G2状态’!-":’()*+,+-415*8+,.*&波谱学

杂志’#!$$>#>V&!’%>"#X>"V:
!>@"!G)Z/1*?e/*&艾选军’#](./-)1*?P+)&周建威’#i+’(1.?(/)&叶朝辉’:’(10176+0)N16).*.37.U+F+=.,)6+F.*

O$N+.2)6+71612C,6F/0)*512UC216).*.31*)2)*+EC;48&温度对 O$分子筛催化剂结炭影响的>#’’I$4G<

;48研究’!-":’()*+,+-415*8+,.*&波谱学杂志’#>&&&#>A&#’%!$%X!>$:
!>A"!8.6(P+22JI#<(+*JZ#D/*,3.0F-O:<.2)F?,616+=(.,=(.0/,?#>;48.317(+H),.0E+F=(.,=(.*)/H).*

)*OiN+.2)6+%.E,+0T16).*.3=0.6.*?=(.,=(.0/,?#>7./=2)*5)*6(+,.2)F?,616+!-":-GH’(+H<.7#>&V"#>$A%

!"@!X!"@#:

!>%"!817U)+P)7N[\#I+6+0,GJ#J.0H,E+7(+08\#3:&):’(10176+0)N16).*.317)F,)6+,)*N+.2)6)71*F.6(+0)*.0?

51*)7,C,6+H,/,)*5,.2)F?<616+#>I;48.36(+=0.E+H.2+7/2+60)H+6(C2=(.,=()*+LM)F+!-":-I(C,’(+HR#

>&&V#>$!%!V&$X!V&A:

!>V"!R)152.PGK#d.06+8-#J()6+W:G=0.E+.3R0S*,6+F,)6+17)F)6C)*N+.2)6+,%>#’7(+H)712,()36.317+6.*+!-":

-’1612#>&&"#>"V%%%&X%VA:
!>&"!O1P-\#;)7(.21,-R#\+05/,.*WR#3:&):I(C,)712.051*)77(+H),60C.3,.2)F17)F,%D+,,.*,30.H)*,)6/

;481*F6(+.0+6)7127(+H),60C!-":G77’(+H8+,#>&&A#!&%!@&X!A%:
!!$"!O/*5+04:4/26)*/72+10,.2)F?,616+;48,6/F)+,.317)F)71*F*.*?17)F)7(CF0.MC2=0.6.*,)*N+.2)6+,!-":<.2)F

<616+;/72415*8+,.*#>&&A#A%>X!&:
!!>"!i1*5-#-1*)U4-#41W#3:&):D.716).*#17)F,60+*56(#1*FH.E)2)6C.36(+17)F)7=0.6.*,)*B+55)*>!?

O#IJ>!L"$%G7.HE)*+F,.2)F?,616+;48,=+760.,7.=C1*FW\QY/1*6/H7(+H)7127127/216).*,6/FC!-":-GH

’(+H<.7#!$$@#>!%%>V!%"X>V!V$:
!!!"!D/.h#W+*5\#i/1*]#3:&):g,)*560)H+6(C2=(.,=()*+1,1=0.E+H.2+7/2+6.,6/FC6(+17)F,)6+,)*G2?

4’4?">H16+0)12,EC,.2)F?,616+;48,=+760.,7.=C!-":-I(C,’(+HR#!$$##>$%%!"#@X!""!:

!!#"!D1N.;W#4/001CWB#B)+U+4D#3:&):K*,)6/710E.*?>#,.2)F?,616+;48,6/FC.36(+’/$]*L$G2!L#

H+6(1*.2,C*6(+,),71612C,6!-":-GH’(+H<.7#>&&!#>>"%V@@!XV@@&:
!!""!<6+)*E+7U’G#’(H+2U1R\:81=)F>O(>#’)?0+,.2T+FF)33/,).*1*F,=)*?0+21M16).*H+1,/0+H+*6,EC;48

,=+760.,7.=C!-":-GH’(+H<.7#!$$@#>!%%>>A!"X>>A#@:
!!@"!<)H.*,J J:<1F62+0’10E.*?>#;/72+10415*+6)78+,.*1*7+<=+7601!4":<=0)*5d10F+*<60+76#I()21F+2?

=()1%<1F62+08+,+107(D1E.016.0)+,#>&V!:&:
!!A"!I)2U+*6.*<#OP1*5<-#8136+0CW:[6(1*.2=(.6.71612C,),.*Q)L!?7.16+F.=6)712H)70.3)E+0#,/==.06+FH.*?

.21C+0#1*F=.PF+0+F71612C,6,%G*)*,)6/;48,6/FC!-":-I(C,’(+HR#>&&&#>$#%>>>@!X>>>A$:

!!%"!’102,.*DB#K,E+,6+0IB#4/*,.*[-:<6/FC.36(+7.*T+0,).*.3H+6(1*.26.F)H+6(C2+6(+0.*N+.2)6+

O]<4?@/,)*5)*,)6/32.P4G<;48!-":<.2)F<616+;/72415*8+,.*#!$$$#>A%&#X>$!:
!!V"!I()2)==./G#G*F+0,.*4 J:<.2)F?,616+;48)*T+,6)516).*.36(+12UC216).*.36.2/+*+P)6(H+6(1*.2.T+0

E1,)7N+.2)6+Z!-":-GH’(+H<.7#>&&"#>>A%@%%"X@%V#:
!!&"!O1P-\#](1*5-O#<()H)N/B#3:&):;481*F6(+.0+6)712,6/FC.317)F)6C=0.E+,.*,/2316+FN)07.*)17161?

2C,6,!-":-GH’(+H<.7#!$$$#>!!%>!@A>X>!@%$:
!#$"!Z/Q#4/*,.*[-#O1P-\:Q.P10F1,C,6+H16)77(+H),60C.3.051*)70+176).*,)*N+.2)6+,%K*,)6/;48

,6/F)+,.3U+6.*+,!-":-GH’(+H<.7#>&&"#>>A%>&A!X>&%!:
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!#>"!J/]#B)HO<#<61)0I’#3:&):L*6(+,60/76/0+.3T1*1F)/H.M)F+,/==.06+F.*12/H)*1,$g91*F9),)E2+

81H1*,=+760.,7.=C#g9?9),)E2+F)33/,+0+32+761*7+,=+760.,7.=C#1*F6+H=+016/0+?=0.501HH+F0+F/76).*

,6/F)+,!-":-I(C,’(+HR#!$$@#>$&$!%&#X!V$$:
!#!"!D)/O#K52+,)1[:<+2+76)T+.*+?,6+=,C*6(+,),.3F)H+6(.MCH+6(1*+T)1H+6(1*.2.0F)H+6(C2+6(+0.M)F16).*.*

O#̂ *9*4.>!?*IL"$B+55)*,60/76/0+,!-":-I(C,’(+HR!$$##>$%$>$V"$X>$V"%:

改性6-.!!&7-8催化剂催化氧化甲醇的固体核磁共振研究

曾丹林!杨!俊!郑安民!陈!雷!徐!君!叶朝辉!邓!风#

%波谱与原子分子物理国家重点实验室%中国科学院 武汉物理与数学研究所&#湖北 武汉"#$$%>&

摘!要"采用固体核磁共振研究了;1LO 和 O;L#改性的9LM’G2!L#上甲醇选择性催
化氧化反应:实验结果表明$在甲醇的氧化反应中#酸位对二甲氧基甲烷的生成起了重
要作用:与9LM’G2!L# 催化剂相比#酸改性的9LM’G2!L# 上的强的R0S*,6+F酸位对二
甲氧基甲烷的选择性较高#没有R0S*,6+F酸位的碱改性的9LM’G2!L# 上生成的不是二
甲氧基甲烷而是甲酸盐:

关键词"固体核磁共振(催化(甲醇氧化(钒氧化物

!#通讯联系人$邓风#电话$ V̂A!%V%>&VV!$#[?H1)2$F+*53!P)=H:17:7*:
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