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 !"#  CL-20$% &'() *+#'$!+ ,-TADFIW .  

/0102 3-45 36+07$8 9 :+ $;$!7 <=>7 ?@A B+#'  

  

 ! "#$%&'(*1)(* +,-$ ./ 0$12234 .&56 % 2(7 5/3
  

 8$+9:– ;<=- >(?@2$0/ +;A$ B#(C  

) !"#$%&' ( :26/09/90 !" )#*+ (#,- :28/03/91(  

 

 !"#$  

 !"# $%&'(  !"#  )*  +,&-!./$$!- )CL-20  ,-HNIW (01 0234 /,&5,6 ,7 89:%(  %; <=,1 >- 8?7 ?@ AB,7 + CDEC49 %.-F   <%GH3D1 <=,1

?&2# %'IJ6  <AB ?&5,DB 9  . K'@%. F- LMCNO1  +C'6 %&'( ) 12888682-  %&.  P'&G6 -1084-  PG'1%Q 9=-1281088868482-   !G"# 

 )*  +,&-!./$$!- )TADFIW ( $ A'6  >-%&'( RCST1 U6C. 8V. 8A'6  >-/C3WC6'01 ?=CB ./= XD@ $,#9 )-=,9 A'6  0S;$%&# )  ,G# 

)HPAs ( ?7J2'W,.,@ + CDE1 0-,#Y$ %Z J6  <AB <=,3&6  !'N. .8['\]. F-  /= A'6  F-  ) ?7 ,#  /= 8A'G6  >-%&'( <ADD@ ^,OQ + CDE

%Q* $ AB <=,3&6  8+C'6 %&'( AD-CL-20  <%V7 ,793% 27 _CS5 $' /,1= /= M,7,9  
C 70  $ +,1)5/2 V. JE,6'=%` ? G-A .  )  <=,3&G6 

A'6  0S; $%&#7 ,#?,a9 6  )  <=,3&6  bcde1 8A'6  >-/C3WC6'/C3WC6 A-?7  / >01 fQ/ P1,@ /CgAD@ .  FG-  /= F'DhN#\]. G'[ 

Zi.'%  +,1) 8XD@ $ 9,1== $-%"  !&D6 <=),7 %7 !'( ,#/C&@,QCL-20 JQ%` / %4 07,-)/  =/C1 . /,&5,6 $   )  <=,3&G6  ,G7 b,j'@%. _CS5

 89%kDE !'W,(*IR $1
HNMR . =/C1iJQ%` / %4 A'-.  

  

 %&'(!")* (+,: CL-20 - !..*  /0"1 23+4 -56"7&/0"1 -12-8-6-2-  &/809  2"087&-10- 4-  28"3/: (;-12-10-8-6-4-2- 

&<=, &>?  5+0@<9A''<@&)TADFIW()B'/0, -C7&"!. 

  

1- D3!E3  

$%&'( !"#  !"# / )*  +,&-!./$$!- )HNIW  ,G-CL-20) (  PdGB1(  >G- 8

 M,7 ?&'2( = ,7 9:%( %; <=,1]1[  F'DhN# $C49 %.-F  %'I <%H3D1 <=,1

?&2#  9        ^,G6 /= /,G7 F'GW$  ?G@ 8JG6  <AGB ?&5,DB1987   UG6C.

F2S'(41
 A-=%` !&D6]3$2[.HNIW    F'1 %G&'( ?&G6= l!a 9,G#   AGDm

?\Sn 9 0G234 /,&5,6 ,7 8 ]5$4[  ?&'G2( = 8  KG6,D1)
3

 g / cm2 (  > $

                                                      
1- /,'e( =  

2- AB/  o,DB/,@  

3- 9%&@= 9CHe( = 

4- Nielsen 

 P'de. 9,1%`kcal/mol100 01AB,72
]7$6[ . 

 /,H3(  /,eQ $ JE%6 8?&'2( =HNIW =$An 8%-5   $%G&'( %&. )  %.M,7

+,&@ CSd'GG6 )*  %GG&. )HMX( ) PdGGB2( JGG6  ]8[ .= /GG5%70  8f7,GGD1

 <= = F'GDhN# $ 0./ %n 9/ A-,; 80W,&2-%@ /,&5,6 8b,'pCk5  9,G#

q'g0HD6CL-20        JG6  <AGB r/ !G` $ ?G&Q%` / %G4 ?GOW,s1 =/CG1 

]10$9[ .<= = o,6  %7    b/AG4 )  9/,G'O1 ?G@ 07%6 ?( C&6  J2. 9,#
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 =4?8 CL-20 @2<80.4</ A>.B C0TADFIWD<80  "+).4( EF!( .<G ,7(.H=<I7J7K :2LM :1 N 

4 GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GG  !"# $"%&–  '()!* +,-./ 0)1 +2345647 869&  :/;<73  7)=7 '()!* +16 + >=?)791  

01 9:%( %; K'@%. >- /,H3(  8AB,7 /,@0- +*/ A\1 820%-14 7'  %&Ge

 ) HMX J6  ]11[.  8K'@%. F-  b,'pCk5 )  9/,'275  G'L %   UG6C.

 JG6  <AB /$%1 8X( /,dN# $ F2S'( ]12[ .HNIW    9,G1= $ /,GeQ /=

 t/C1 0S; /,Vm 9 / = 8U']1!8 "8 # $ $ 0G1    u%GQ ?G@ 8AGB,7$  9 / =

t/C1 0S; F-  F'7 /= ?&'2( = F-%&e'701 ,#AB,7 ]16-13[ . 

r$/  !&D6 9 %7 9=AO&1 9,#-@%. F' <AB r/ !` 0NSE +C&1 /= K

JGG6  ]17[ .%\.-L,GGj r$/ ?GG'S@ /= !&DGG6 9,GG#HNIW  ) GG;'X <=,GG1 

1088868482812- P-!D7 !"#-1281088868482-   +,G&-!./$$!-   )*  !G"# 

)HBIW( <=,3&6  810 =CB?7 K'@%. F-  AO7 ?Sn%1 /= ?@ 812888682- 

P'&6   %&.-1084-  P-!D7 9=-1281088868482- +,&-!./$$!-   )*  !"# 

)TADBIW( Aj.- P<AB ]18$12[  $P-!D7 vw6   /= <AG(,1 04,G7 9,#

/,&5,6TADBIW 01     KG'@%. $ <AGB ?GS'1%Q AD( C.12888682-    %G&.

P'&GG6 -1084- PGG'1%Q 9=-1281088868482- +,GG&-!./$$!-   )*  !GG"# 

)TADFIW( )  PdGGB3 ( AGGDD@ =,GGGH-   / ]19[  UGGG6C. ?GGdD-  ,GGG- 8

  KG'@%. 8+C'6 )$%&'(12888682-   P'&G6   %G&.-1084-   $)$%G&'( 9=-

1281088868482-  +,G&-!./$$!-   )*  !"# )TADNIW(    8AGDD@ =,GH-   /

01 b,j'@%. F-  $=%# ?@ x&G2'6 U6C. 0`=,6 ?7 AD( C.   <%G&'( 9,G#

 A(CB <%&'( qS&T1 <ADD@]20  $12[ .  

 ?GD'1) /= 9=,-) b,\'\].   !&DG6CL-20     +=%G@ <%G&'( UG6C. G;'X 

<=,1 ,#9 <$%` 9$,n$)$%&'( 9,# ]12[ PG'1%Q 8 ]21[    u,GH(  P'&G6  $

J6  <AB . 

 !&DGG6HNIW  ) GG;'X <=,GG1 TADFIW _CGGS5 $ 9=,GGk&4  %GGy( )  8

K6,D1 8^Ck]1?@ J6  r$/ F-%.  A'6  >-%&'( )  <=,3&6  ,7100 %

   G1 u,GH(  8z'GSI >-/C3WC6 A'6  /=0  =CGB)  PdGB4  (]23$22[.  /=

  +C'6 %&'(- FU6 $ An ,# 6  U6C.' /C3WCG6 A-   8M,G7 o,G'\1 /= 8>

?7?7 A'6  >-/C3WC6 +AB ['4/ P'W= {* ?S'6$   F'Gn /= <AGB A'WC.

01 t%k1 >-/C3WC6 A'6  9=,-) /,'27 / A\1 8XD@ $ u,H(   ?G@ =CB

1 AD- %Q F-  +,-,; /=0,7-==%` fQ= $ <AB 0|D5 J2 . 
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 !" 1-   !"#$%&'( )*"+*,-*".&/)  &.% %01 %&'( )HNIW  *.CL-20.(  

N N
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NO2O2N

O2N 
 !" 2-   !"#$%!"/ )*"+*, -*"2%345#,%01 %!"/)HMX.( 

N N
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 !###" 3- )*"+*666,12787672- 8#"666,% %!666"/-1074-  8666#9!: ;<-

1271078767472--*".&/)  &.% %01 %&'( )TADFIW.(  

=>?@/ 8#A< B#C(< D.*( )   EF6GG2 E!6"#$ H"I#, B.% )< !##J/ KLM

FN O*P$% .F#,%K.&9 F9*M ;*(   KA3L6, =64CM 0% %) ;<*.0 )*#I> ;*(

        H"6I#, )< DQ<)36+ <*6P.% OF6R 7)36"2%) HPS T(*2 7<!2)*2 )<

    U.)3VA36, F#6,% =6> KWI$ 7KI.0 X#Y9 ;%!> -<3> BC.% 7B#GZC(

D9 %)%<FGN*> ]24[ . 

 7=66A*[9 B66.% )< \]66/#!   *(F#66,% D664^ !"( 0% E<*V"66,%   =66> -%366GR    

KI#A*/*2(  B6'C( !6#_ ;* ]29-25[ 7  ) !6>;   -3#6,%!"#$TADFIW 

   K66:!Q )%!66` D66,)!> <)3669 .K66I#A*/*2   ;%)%< B66'C( !66#_ ;*66(       

TG2%     ab36cY9 0% E<*, ;0*,%FM 7b*> ;!.d^ e*f"$% 7b*> ;!.d^

D9 K:*.0*> K#4>*`FGN*> ]39-30[.  7g#[Y/ B.% )<\]/#!    -*690 7*69<  

D4^  !"( h4"f9 i%3$%  &"G, E!L> !> 7*(F#,%HNIW  )%!` D,)!> <)39

K:!Q.  

2- $%&'( )*%  

2-1- +,- ./'( 012+3  

TADFIW  ]37[     B#666666GZC(   H7SiW9V3O407  H3PMo12O407          

 -H3PMo12O40   H3[P(W3O104)]4 ]42 41[ ? ) X6666,3/ *6666(; 

?)%&Q  F$F6N =#L/ DC4R -3"9 )< EFN.     a*6W#2!/ j364+   )*"+*6,

 7;!cGR &#A*$1 X,3/IR7 1H NMR   13C NMR  D,)!> <)39/  ]#.F 

 K66:!Q )%!66` .    0*>!66, B#k3669 =66A3A X66,3/ e l =66m[$ E*'"66,< )<

Electrothermal la 8103 FN ;!#Q E0%F$% .n 6# hIR    E*'"6,< X6,3/

Perkin-Elmer 3700   o5.!/*669 0% E<*V"66,% *66>KBr K66:!Q O*66P$%   .

N N

N N

N

NO2

N

O2N

NO2

NO2

O2N

O2NN N

N N

N

CHO

N

OHC

COCH3

COCH3

H3COC

H3COC

Mixture of HNO3 / Heteropolyacid

65 0C, 2.5 h

  
 !" 4 -  -3#,%!"#$TADFIW  =>HNIW. 
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  !"# $%$& '()* +,-.!  /"0 123- +4"(5 67-'% 

  !"# $"%&–  '()!* +,-./ 0)1 +2345647 869&  :/;<73  7)=7 '()!* +16 >=?)7 +91 666666666666666666666666666666666666666666666 666666666666666666666666666666665 

n#h *6(; 1H NMR   13C NMR    E*'"6,< X6,3/Backer 300MHz 

 pF9WG-300  E*'"6,< X,3/ ;!cGR &#A*$1   FN O*P$% Carlo-Erba 

 pF9EA-1108  O*P$%K:!Q.  

2-2-  5,16+&71812989692-   17#6+ +&7(-1094-    #1-&: ;.-

1291098969492-  +<= +3>?5@7A3(B003A+ )TADFIW(  

4/0  O!66Q)mmol 1 (TADFIW =66>  0% Dn3664f9 =66> 7q.)F66/ml 10 

 F#,% U.!"#$98 %   <!,1/0  or,   EFN =:*s% 7F#,% D4^ !"( O!Q

;*9< */ TG2%  t34f9  C 70  O!Q FN  => aF95/2    B6.% )< KR*6,

F$*9 *9< .    ;*69< *6/ 7TG62%  t364f9 7-*90 B.% KNdQ 0% o^  C 35 

; ) !>   EFN <!,10  ="f.) ;)<3^ u. O!Q F6N )  856N4 .(  e36,) 

=>    a*6G>!5#> H.F6, 0% i*W6N% p34Y9   e1 *>   EFN v*w 7EF91 K,<

 ="INFN .=> e3,)   =6> 7EF691 K6,<  aF6924   )< - 1 - )< KR*6,

;*9<  C 40 <!Q Ux+.F. HPLC  j34+HNIW  =6>   %) EF691 K6,<

5/99 % -*x$<%<.  

3- @78A 0 C DE%  

3-1- F6@G- H@*78+I16+ $JK0&7? LA&(  

y,*G9 e*f"$% 7g#[Y/ B.% vF( B#A % B.!/A*/*2#!Q& 0%  D4^ !"( B#>

D6669 <3666M39 ;*(F#666,%0% F666G/)*WR =6662 F666N*> :H7SiW9V3O40 7

H3PMo12O407  -H3PMo12O40   H3[P(W3O104)]4.    =62 F6N EF(*x9

    F6#A3/ E<0*> a*W#2!/ B.% ;F#,% a)F` T(*2 *>  j364+ B#6GZC(  

CL-20 9 T(*2 EFN &"G,D.F>* .42 )<#*901 =.    )< EF6N O*6P$% a*6x

%.*9< 7=4S!9 B; TG2%   C60  FN e*f"$%)  p F6M1 .(   =6> =6M3/ *6> 

E<%< =66> ;*66(  EF6691 K66,<66GZC(  #B  K66C#`     7&"G66, KA3L66,

H3[P(W3O104)]4 =>y,*G9 -%3GRF.<!Q e*f"$% !Q&#A*/*2 B.!/.  

PW>SiW>PMo>SiMo  

;F#,% a)F` T.%&:%  

          M0IN 1-  -3#,%!"#$TADFIW h4"f9 ;*(F#,% D4^ !"( 0% E<*V",% *>.  

 E)*CN

*901.T  
-3#,%!"#$ 89*R  

 KWI$HNO3/HPA 

(ml/gr) 

 -*90 

) =[#`< :KR*,( 

 E<0*> 

 (%) 

1 HNO3/H2SO4 10/2ml 4:00
 

5/84 

2 HNO3/H3[P(W3O104)]4 10/ 1/0  2:30
 

93 

3 HNO3/H7SiW9V3O40 10/ 1/0  2:35
 

5/92 

4 HNO3/ -H3PMo12O40 10/ 1/0  2:40
 

91 

5 HNO3/H3PMo12O40 10/ 1/0  3:00
 

90 

 

3-2- OG1/%<@6;  &P31Q@(@R B+IS-  

y,*G9 e*f"$% 0% o^TG2%  B.% ;%!> !Q&#A*/*2 B.!/   =6G#L> )< Dz,

F.<!Q !Q&#A*/*2 )%F[9 -<!2 .E<%< D69 -*x$ EF91 K,< => ;*(  F6G(<

0% E<*V",% =2 ml 10     U6.!"#$ F#,%1/0   O!6QH3[P(W3O104)]4  )<

 8>*[94/0  O!QTADBIW D9 8w*S %) =P#"$ B.!"L> F6G2 .42 )< 6# =

*901.% )< EFN O*P$% a*x. *9< 7T( {^ 0% =4S!9 B C60 6,% )%F[9 7#F 

$#!". EFN E<*V",% Uml10TG2%  -*90 75/2  A*6/*2 i3$   KR*,# !Q&

H3[P(W3O104)]4<!Q e*66f"$% 766. F)p F66M2 .( %&66:% *66>. K66|4_ T

A*/*2#&P/ p*C"S% 7!Q&.IV` )*"+*, =D %.&/)  &. %&6:% -*". T.    =6":*

9 T(*2 TG2%  E!L>D.F>*.  

3-3- OG1/%<@6; )GR+0 ;@-.  

=> D>*.0)% )3|G9\]/#!      &"G6, E<0*6> !6> h64"f9 ;*(*9<CL-20  B6.% 7

   B#6> D.*69< E< FY9 )< TG2% 20   *6/ C 85   42 )<   F6N O*6P$% 6# =

*901.% a*x.A*/*2 0% 7=4S!9 B# !Q& H3[P(W3O104)]4  69!M KW6I$ *>D 

A*/*2# A % E<*69 => !Q& 6# =25/0     TG62%  -*690   E<*V"6,%5/2   KR*6,

<!Q e*f"$%.F .;*9< )< C20  C45TLCt34f9 7  7TG62%     =65A =6,

9 -*x$D =2 <%<(#} O%F2  => t3>!9CL-20 %!>*G>   <3W$.0*, %FM B; 

Fx$ O*P$% TG2%  t34f9 .*9< )<;  C 55    C 65 7&#$TLC   t34f9

9 -*x$ %) =5A  < TG2% D *S =2 <%<; CL-20 <3W$ .  !/b*6> ;*9< )<

 0% C 70  EFN O*P$% 89*2 TG2%   TG2%  p3cY9 *LG/ CL-20 D9-

FN*> .TG2%  ;*9< B.!"L> B.%!>*G>  C 70 F.<!Q e*f"$% .  %&6:% *6>. T

*9<; => 7TG2% A<#&P/ 8.IV` )*"+*, =D %.&/)  &.7-*"  TG2%  E<0*>

9 T(*2D.F>*. 

M0IN 2- \]/#!  KI#A*/*2 )%F[9H3[P(W3O104)]4 !>  &"G, -*9F$%)HNIW. 

E)*CN *901.T 
D4^ !"( )%F[9 F#,% 

H3[P(W3O104)]4)gr(  

 E<0*> (%) 

1 05/0
 

60 

2 1/0
 

93 

3 15/0
 

91 

4 2/0
 

90 
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 $890 CL-20 :;(0-18(! <%1= >-TADFIW'(0-  ?@*18A BCDA 1(E F"A1G$(7"H"/ I;J) I, +  

6 66666666666666666666666666666666666666666666666666666666666666666666666666 66  !"# $"%&–  '()!* +,-./ 0)1 +2345647 869&  :/;<73  7)=7 '()!* +16 + >=?)791  

M0I###N 3- \]666/#!     &"G666, -*9F666$%) !666> *6669<HNIW   86669*R *666>

$#,%!"#-3HNO3/H3[P(W3O104)]4 . 

*901 E)*CN.T *9<) C( E<0*>(%) 

1 20
 

28 

2 30 30 

3 45 56 

4 55
 

75 

5 65
 

85 

6 70
 

93 

7 85
 

89 

3-4-  OG1/%<@6;  5@-<)GR+0  

 7a*x.*901 B.% 0% =4S!9 B#9)*L~ )< \]6/#!    6> 7TG62%  -*690 !  E<0*6>

 &"G,CL-20 K:!Q )%!` D,)!> <)39 . E<%< =6> =M3/ *>  =6> ;*6(  K6,<

    < F6S *6/ TG62%  -*90 -<!> b*> 7=2 FN �fx9 EF915/2   7KR*6,

      TG62%  -*690 T.%&6:% *6> *69% 7FN F(%3+ TG2%  E<0*> T.%&:% �R*>

 0% T#>5/2 R*,K:*. F(%3+ T(*2 &#$ E<0*> 7K .42 )< 6#*901 =.  a*6x

%.A*/*2 0% 7=4S!9 B# !Q&H3[P(W3O104)]4 9!M KWI$ *>D A*/*2# => !Q&

A % E<*9# =25/0 *9<   E<*V",%; TG2%   C 70 FN e*f"$%.  

M0I###N 4- \]666/#!    &"G666, -*9F666$%) !666> -*66690HBIW   86669*R *666>

$#,%!"#-3.HNO3/H3[P(W3O104)]4  

*901 E)*CN.T   -*90)KR*,( E<0*> (%) 

1 1 42 

2 5/1 50 

3 2 81 

4 5/2 93 

5 3 89 

6 5/3 70 

7 4 65 

4- ;&1P O'178  

$ )<#,%!"# -3TADFIW  $ t364f9 X,3/#!" 6. 6,% U#F-  )3VA36,. U

,%# E)%3C( F.cA*+*$ UD <.9 EFD    91 !6CR p36n =62 <36N 6#E& *6(;    

CL-20  KY/ %)\]/#! 9 )%!`DF(< . B.% )<    F6.FM ? ) U. 7g#[Y/

9� &"G, ;%!> 7!\HNIW  0%TADFIW     % =62 K6,% EF6N ?)%&6Q 6. B

cA*+*$D K,% EFN vdS p3cY9 )< .;�!$%!^ y#2!/CL-20 D9 F$%3/

-3#,%!"#$ 0% TADFIW )<    )<   b*6> E<0*6> *> 7*(F#,% D4^ !"( )3�S

<3N F#A3/ b*> j34+ .% 0% E<*V",%. 6,% B# <*6[9 )< *(F.A*/*2 !# "6ID 7

>=*M; )3VA3,.,% U#0*,%FM a@5x9 F;  $ t364f9#!" 6. 6,% U#   F

)3VA3,.,% U#9 �:) %) FDFG2 .  0% E<*V"6,% =62 <%< -*x$ *9 a*[#[Y/ 

H3[P(W3O104)]4    =6> %) p36cY9 j364+   E<0*> B.!/b*> <)%< p*6W$< .

=G#L>       ;*69< )< TG62%  O*6P$% 7=62 <%< -*6x$ TG62%  X.%!6N ;0*,      

 C 70  -*90  5/2  7KR*,CL-20   E<0*6> *> 7%)93 %    b*6> j364+ *6>  

F#A3/ D9FG2 .=>  y6#2!/ 7g#[Y/ B.% )< =w@+ )3nCL-20   U6. *6> 7

   0% 7b*6> j364+   E<0*6> *> 7F.FM ? )  T#6^   E<*69TADFIW   &"G6,

F.<!Q.  

TN+&-  
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