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"#$! %'B/4*$! ,1! (,( ;.'2$3/'+<$!
0,<-3&))#&*'.$3=!<'2('(=!&(.! ,/#$*!0<&(/!)$<<!
D&<<!),(3/'/4$(/3! '3! .'$/&*-! 1'+$*7! "#$!
0,<-3&))#&*'.$! 0*$+',/')3! &*$! *$3'3/&(/! /,!
#-.*,<-3'3! +-! #4%&(! $(?-%$3=! +4/! %&-+$!
.'2$3/$.! +-! 0*,+',/')! +&)/$*'&! &(.! #&A$!
#$&</#! +$($1'/37!R*$+',/')3! 30$$.! 40! /#$!
/*&(3'/! ,1! +,D$<! ),(/$(/3=! '()*$&3$! 1&4)&<!
+4<>!&(.!1*$\4$()-=!&(.!/#43!0*,/$)/!/#$!+,.-!
1*,%!),<,(!)&()$*=!.'A$*/')4<&*!.'3$&3$3=!&(.!
'**'/&+<$! +,D$<! 3-(.*,%$7!]..'/',(&<<-=! /#$!
<$A$<3!,1!)#,<$3/$*,<!'(!/#$!+<,,.!)&(!&<3,!+$!
*$.4)$.! &(.! ),*, (&*-! .'3$&3$!%&-! &<3,! +$!
0*$A$(/$.!ZG;L[7!

! "#$! .'11$*$(/! /-0$3! ,1! 2<-),3'.')!
<'(>&2$3!'(!%,3/!%43#*,,%!0,<-3&))#&*'.$3!
&*$!<'($&*!&(.!+*&()#$.!2<4)&(!34)#!&3!5G=8̂!!
; 2<4)&(3=!5G=N8!; 2<4)&(3!&(.!5G=8̂!;

2<4)&(37!"#$! 2<4)&(! 1,*%! '3! /#$! %,3/!
&+4(.&(/! /-0$! ,1! 2<4)&(37! 9,%$! ,/#$*!
0,<-3&))#&*'.$3! &*$! #$/$*,2<-)&(3!
),(/&'('(2 ! 1*4)/,3$=! &*&+'(,3$=!%&((,3$=!
2&<&)/,3$=! B-<,3$=! &(.! 2<4),3$! '(! .'11$*$(/!
),%+'(&/',(3 !ZG;L=! N[7!"#$! 0,/$(/'&<! #$&</#!
+$($1'/3! ,1! /#$!0,<-3&))#&*'.$3!&*$!1*,%!&(!
$(#&()$%$(/! ,1! %&)*,0#&2$! 14()/',(! &(.!
#,3/! *$3'3/&()$! /,! %&(-! +&)/$*'&<=!14(2&<=!
A'*&<=!&(.! 0&*&3'/')! '(1$)/',(3!ZG;^=! N;O[7!C(!
&..'/',(= ! &)/'A&/',(! ,1! /#$! (,( ;30$)'1')!
'%%4($!3/'%4<&/',(!&(.! *$.4)/',(! ,1!+<,,.!
2<4),3$!<$A$<3!&(. !+<,,.!)#,<$3/$*,<!ZG;^=!N;
O[! &*$! /#$! #$&</#! +$($1'/3! ,1! 0*$+',/')!
),(34%0/',( 7!

! _4//,(!%43#*,,%! 5. /)01(2&%$(8!'3!/#$!
%,3/!)4</'A&/$.!%43#*,,%!&*,4(.!/#$!D,*<.=!
1,<<,D$.! +-! 3#''/&>$! 53#4'14$() #5&5#(8=!
,-3/$*!%43#*,,%3!5!"#$%&'$(!3008=!D,,.!$&*!
%43#*,,%! 5.$%1-$"*) *$%1-$"*8=! D'(/$*!
%43#*,,%!56"*7$"14*)8#"$'12#(8=!&(.! 3/*&D!
%43#*,,%!59&"8*%1#""*)8&"8*-#*8!ZM;H[7'

6,*! /#$! 0*,.4)/',(3! ,1! ,<'2,3&))#& ;
*'.$3=! /#$! 3-(/#$3'3! ,1! ,<'2,3&))#&*'.$3! '3!
%,*$!.'11')4</!/#&(!,/#$*!0,<-%$*3!'()<4.'(2 !
(4)<$')! &)'.3! &(.! 0$0/'.$37 !"#$! *$&)/',(3!
($$.!/,!+$!),(/*,<<$.!30$)'1')&<<-!/,!0*$A$(/!
/#$! .$2*&.&/',(! ,1! ,<'2,3&))#&*'.$37 !"#$!
3-(/#$3'3!0*,)$33!'3!%,*$!$B0$(3'A$=!.'11')4</!
/,! *$0*,.4)$! ,(! &! <&*2$! 3)&<$=! &(.! <,D!

-'$<.'(2 !Z̀ [7!aB/*&)/',(3!,1!,<'2,3&))#&*'.$3!
1*,%! &+4(.&(/<-! &A&'<&+<$! (,(; )$<<4<,3')!
&2*')4</4*&<! 0*,.4)/3! D,4<.! $11')'$(/<-!
0*,A'.$! /#$! A&<4&+<$! 3&))#&*'.$3! 1,*!
),(34%0/',(!1,*!A&*',43!#$&</#!+$($1'/37 !]( !
'.$&<!$B/*&)/',(!%$/#,.!3#,4<.!3'%0<'1-! /#$!
,<'2,3&))#&*'.$! 0*,.4)/',(! 0*,)$33=! <,D$*!
/#$!),3/=!*$.4)$!,<'2,3&))#&*'.$!.$2*&.&/',(=!
&(.! 2'A$! &! #'2#! -'$<.7 ! "#$! $11')'$(/!
,<'2,3&))#&*'.$! $B/*&)/',(! %$/#,.! D,4<.!
%&>$!),%%$*)'&<;3)&<$!0*,.4)/',(!1$&3'+<$7!!

C(! /#'3! 3/4.-=! D$! '(A$3/'2&/$.! /#$!
),%+'(&/',(!,1!%')*,D&A$!#$&/'(2!&(.!&)'.!
)&/&<-3'3! /,! 0*,%,/$! /#$! #-.*,<-3'3! ,1!
0,<-3&))#&*'.$3! '(! 2*$-! ,-3/$*! %43#*,,%3!
'(/,! 0,33'+<-! %,*$! +',<,2')&<<-! &)/'A$!
,<'2,3&))#&*'.$37 ! "#$! <'%'/&/',(3! ,1!
#-.*,<-3'3! *$&)/',(! .,($! 0 *$A',43<-! &*$! G8!
<,(2!*$&)/',(!/'%$=!L8!<,D!-'$<.3=!&(.!8̂!#'2#!
),3/ !ZGG;GL[7!"#$!#-.*,<-3'3!%&-!/&>$!&!<,(2!
/'%$! /,! ),%0<$/$=!/#$*$1,*$! %')*,D&A$!
'**&.'&/',(! %&-!+$!&00<'$.!'(!/#$!#-.*,<-3'3!
*$&)/',(! /,! 30$$.! 40! /#$! 0*,)$337 !"#$!
%')*,D&A$! 1&)'<'/&/$.! #-.*,<-3'3! D,4<.!
),(3/'/4/$! /#$! 3'%0<$=! ),3/; $11$)/'A$=! &(.!
*$0*,.4)'+<$!0*,/,),<! ,(!&(! '(.43/*'&<!3)&<$!
Z̀ [7!!
! "#$!.$A$<,0$.!%$/#,.!%&-!),(/*'+4/$!
/,! 3,<A'(2!/#$!),%0<')&/',(3!'(A,<A$.!'(!/#$!
3)&<$;40!,1!,<'2,3&))#&*'.$!$B/*&)/',(!'(!/#$!
1,,.!'(.43/*- 7!b$!'(A$3/'2&/$.!/#$!$11$)/3!,1!
&)'.! ),()$(/*&/',(3= ! &(. ! *$&)/',(!
/$%0$*&/4*$3! ,(! /#$! -'$<. 3! ,1!
,<'2,3&))#&*'.$3! +-! %')*,D&A$! 1&)'<'/&/$.!
&)'.! #-.*,<-3'3! ,1! 2*$-! ,-3/$*! %43#*,,%7!
" #$! ,0/'%&<! $B/*&)/',(! ),(.'/',(3 ! D$*$!
.$/$*%'($. 7' "#$! ,+/&'($.! ,<'2,3&))#&*'.$!
0*,.4)/3!1*,%!2*$-!,-3/$*!%43#*,,%3!D$*$!
)#&*&)/$*'?$.!1,*! /#$'*!%,<$)4<&*!D$'2#/!+-!
43'(2! /#$! 3'?$! $B)<43',(! )#*,%&/,2*&0#-!
59aJ 8!&(&<-3'3!%$/#,.7!

!
- #!./&0',/12!/%)! .0&3() 2!!
123' 4'05/'/&,(%! (6! 7'08! (82&0'!
9*23'((9!5(:)0' '

X*$-! ,-3/$*! %43#*,,%3! 5"#$%&'(%)!
)*+'&,-*+%8!D$*$!04*)#&3$.!1*,%!R*&(2/,(2!
5S, 7!cXLd ;FFN8! &/! "&<&.! "#&'! %&*>$/=!
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R&/#4%! "#&('=! "#&'<&(.7!"#$! %43#*,,%3!
D$*$!)4/! '(/,!3%&<<!0'$)$3!&(.!D&3#$.!D'/#!
D&/$*! /#*$$! /'%$37! ]1/$*! D&3#'(2=! /#$!
%43#*,,%3!D$*$!.*'$.!&/!NF!IJ !1,*!^!.&-3!'(!
&!#,/!&'*!,A$(7!]1/$*D&*.=!/#$-!D$*$!+<$(.$.!
'(!&!#,43$#,<.!+<$(.$*!&(.!3'$A$.!/,!,+/&'(!&!
0&*/')<$!3'?$!,1!<$33!/#&(!F7LH!e%7!"#$!.*'$.!
0,D.$*!,1!2*$-!,-3/$*!%43#*,,%!D&3!3/,*$.!
'(! &(! &'*;/'2#/! ),(/&'($*! 1,*! 34+3$\4$(/!
43&2$7'
!
121'%)45)67/!
! K-.*,)#<,*')!&)'.=! 34<14*')!&)'.! 5̀ H;
`EV8=!0#$(,<=!J,,%&33'$!_*'<<'&(/!_<4$!X;
LHF=!$/#&(,<!5̀ ` 7OV8=!&(.!.'#-.*,B-&)$/,($!
5 QK] 8 ! D$*$! 04*)#&3$.! 1*,%! P$*)>!
5X$*%&(-8 7 !9,.'4%! #-.*,B'.$=! 0,/&33'4%!
3,.'4%!/&*/*&/$=!&(.!^=!H;.'('/*,3&<')-<')!&)'.!
D$*$!04*)#&3$.!1*,%!9'2%&;]<.*')#! 5f9] 87!
R4<<4<&(!0,<-3&))#&*'.$!)&<'+*&/',(!>'/3!D$*$!
04*)#&3$! 1*,%! ]2'<$(/7 ! P&((,3$! &(.!
&*&+'(,3$! D$*$! 04*)#&3$.! 1*,%! 9$((!
J#$%')&<3!59D'/?$*<&(.8 7 !X&<&)/,3$! &(.!
2<4),3$!D$*$!04*)#&3$.!1*,%!6<4>&!5f9] 87!
]<<! )#$%')&<3! 04*)#&3$.! D$*$! &(&<-/')&<!
2*&.$7!
!
128'9:;-,+4<)'-4.:47:,6'=*.-,> */:/ '

"#$! 3)#$%&/')! .$3)*'0/',(! ,1! /#$!
$B/*&)/',(!0*,)$33!&(.!&(&<-3$3!'3!3#,D(! '(!
6'27!G7!"#$!$B0$*'%$(/3!D$*$!)&**'$.!,4/!'(!&!
%')*,D&A$! .'2$3/',(! '(3/*4%$(/! 5JaP=!
f9]=! Q'3),A$*! 9R! `F`GHH8!1,*! #-.*,<-3'37!
X*$-!,-3/$*!%43#*,,%!0,D.$*!D&3!.*'$.!&/!
NF!IJ !1,*!^!.&-3!/,!*$%,A$!%,'3/4*$!+$1,*$!
+$'(2! #-.*,<-?$.! +-! %')*,D&A$! *&.'&/',(!
&(.! &(! &)'.! )&/&<-3/7!P')*,D&A$! *&.'&/',(!
D&3! .,($! '(! &! GF! %g! +&/)#;/-0$! *$&)/,*!
A$33$<! '(! &! )<,3$.;3-3/$%7! !"#$! *$&)/',(3!
D$*$! .,($! '(! /#$! 1,<<,D'(2! ),(.'/',(3 h!
%&B'%4%!0*$334*$!&/!L`F!03'=!*&%0'(2!/'%$!

,1!H!%'(=!&(.! 0,D$*! ,1!GHF!D&//37!F7G!2! ,1!
2*$-!,-3/$*!%43#*,,%!D&3!%'B$.!D'/#!G!%g!
,1! &(! KJ<! 3,<4/',(! &3! &! )&/&<-3/! '(! /#$!
%')*,D&A$!*$&)/,*!1,*!GH!%'(7!!

]1/$*! /#$! #-.*,<-3'3! *$&)/',(=! /#$!
3&%0<$3! D$*$!&<<,D$.! /,! ),,<! /,! *,,%!
/$%0$*&/4*$7!O!%g!,1!*$A$*3$!,3%,3'3!5TY8!
D&/$*! D&3! &..$.! &(.! 3/'**$.! 1,*! G! #*! /,!
3$0&*&/$! /#$!3,<4+<$!&(.! '(3,<4+<$!0,*/',(37!!
"#$! .'<4/$.! 3&%0<$3! D$*$! ($4/*&<'?$.! &(.!
)$(/*'142$.!&/!GM=FFF!*0%=!M!IJ =!1,*!GH!%'(=!
&(.! /#$! *$3'.4&<! 3,<'.! D&3! ),<<$)/$.! +-!
1'</$*'(2!/#*,42#!&!b#&/%&(!0&0$*!S,7!̀ ^!,(!
&! _4)#($*! 1'</$*! $\4'00$.! D'/#! &! A&)44%!
04%07!"#$!*$3'.4&<!3,<'.!D&3!.*'$.!&/!NF!IJ !
,A$*('2#/!&(.!/#$!)*4.$!0*,.4)/!D&3!>$0/!'(!
/#$!*$1*'2$*&/,*!&/!M!IJ !1,*!14*/#$*!&(&<-3'37!
'
12?' @-,A:B47)' ;,BC,/:7:,6' 464>*/:/' ,D'
5-)*',*/7)-'BE/=-,,B'C,+.)- '

" #$! 0*,B'%&/$! ),(3/'/4$(/3! ,1! 2*$-!
,-3/$*! %43#*,,%3! D$*$! &(&<-?$.! +-! 43'(2!
/#$!3/&(.&*.!%$/#,.!3$/!+-!]Y]J !ZG [̂7!"#$!
%,'3/4*$!),(/$(/!D&3!,+/&'($.!+-!#$&/'(2!L7F!
2!,1!&!1*$3#!3&%0<$!&/!GFH!IJ!4(/'<!&!),(3/&(/!
D$'2#/! '3! ,+/&'($.7 !J*4.$! 0*,/$'(! D&3!
.$/$*%'($.! +-! 43'(2! /#$! i@$<.&#<! %$/#,.!
D#')#!'(A,<A$3!1'(.'(2!/#$!V ! /,/&<!('/*,2$(!
'(! L 7F! 2! ,1! 3&%0<$=! /#$(! %4</'0<-'(2! /#$!
(4%+$*!+-!N7LH7!J*4.$!1&/!D&3!.$/$*%'($.!
+-! 43'(2! 0$/*,<$4%! $/#$*! /,! $B/*&)/! /#$! 1&/!
1*,%!H7F!2!,1!3&%0<$!'(!&!9,B#<$/!&00&*&/437!
]3#! D&3! .$/$*%'($.! +-! /&>'(2! GF7F! 2! ,1!
3&%0<$!&(.!'()'($*&/'(2!'/!&/!HHF!IJ!1,*!H!#*7!
J*4.$!1'+$*!'3!,+/&'($.!+-!43'(2!34<14*')!&)'.!
&(.! 3,.'4%! #-.*,B'.$! /,! .'2$3/! L 7F! 2! ,1!
3&%0<$=! /#$(! '()'($*&/'(2! /#$! *$3'.4$! '(! &!
14*(&)$! &/! HHF!IJ! 1,*! H! #*7 !J&*+,#-.*&/$!
),(/$(/!D&3!1,4(.!+-!34+/*&)/'(2 !GFF!+-!&<<!
(4%+$*3!ZGF[7!
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!
2*+3,43!D+,.;%(#+!0."+&#?(#:8"!9:&! (,.! .E(&%+(#:8!%80! ,40&:B4"#"! :9!?:B4"%++,%&#0."!9&:;!A&.4! :4"(.&!
;'",&::;!%80!(,.!"%;?B.!%8%B4"."*!
!
12F'G)7)-B:647:,6',D'/,>:.'>,// '
! "#$! %&'(! 1,)43! '3!/,! #-.*,<-?$! /#$!
)&*+,#-.*&/$! 0,*/',(3! ,1! /#$! +',%&337!"#$!
*$3'.4&<! 3,<'.! D&3! ),<<$)/$.! +-! 1'</$*'(2!
/#*,42#! &! b#&/%&(! 0&0$*! S,7! `^! ,(! &!
_4)#($*! 1'</$*! $\4'00$.! D'/#! &! A&)44%!
04%07!"#$!*$3'.4&<!3,<'.!D&3!.*'$.!&/!NF!IJ !
,A$*('2#/7!"#$!3,<'.!<,33!D&3!)&<)4<&/$.!+-!
/#$!$\4&/',(!3#,D(!+$<,D!ZGM;GH[=!!
!

!5L7G8!

!
D#$*$):3 !U!V !3,<'.!<,33!+&3$.!,(!/#$!.*'$.!
D$'2#/!,1!2*$-!,-3/$*!%43#*,,%7!

)))))))))));: ! U! /#$!D$'2#/! ,1!/#$!'('/'&<! .*'$.!
3,<'.!5287!!
))))))))))<: !U!/#$!D$'2#/!,1!*$3'.4&<!.*'$.!3,<'.!
5287!
!
' 12H' G)7)-B:647:,6' ,D' 7,74>'
;4-I,=*.-47)' J$& K'
! ",/&<! )&*+,#-.*&/$!D&3!%$&34*$.! +-!
/#$!0#$(,<; 34<14*')!&)'.!&33&-!%$/#,.!ZGO[7!
F7L!%g!,1!/#$!2*$-!,-3/$*!%43#*,,%!3,<4/',(!
D&3! .'<4/$.! /,! GF! %g!,1! TY! D&/$*! '(! &!
A,<4%$/*')!1<&3>7!G!%g!,1!HV!&\4$,43!0#$(,<!
3,<4/',(! D&3!%'B$.!D'/#!G!%g!,1!/#$!.'<4/$.!
3&%0<$!3,<4/',(!'(!&!)<,3$.!/$3/!/4+$=!&(.!/#$(!
H!%g!,1!34<14*')!&)'.!5̀H;`EV8!D&3!&..$.!/,!
/#$! %'B/4*$7 !"#$! %'B/4*$! D&3!),%0<$/$<-!
%'B$.!&(.!>$0/!'(!&!D&/$*!+&/#!&/!LH!¡J!1,*!

!""#$
!" #"

"$
!"
!

= "

!"#$%"&'%'()%*(+#$%,-#$(..,%"/%01 23%*.(%4%'")#%5&%/$+%.6+&%!
-!"#$%&"'%#($%%#&")*!+$%!

-&%,*+$%#!-%#*".)/#."**0#!"!,.#1,$2"-3/$,!%0#,4/#$%/+1)45#*+5,$#

F".!/%+'';!9#B(&%(#:8!(:!".?%&%(.!(,.!&."#0'.!
":B#0!:'(!:9!"'?.&8%(%8(!":B'(#:8!

>0G'"(!?H!:9!(,.!"'?.&8%(%8(!(:!8.'(&%B!
!

I8G.+(!"%;?B.!#8(:!H#A,!J.&9:&;%8+.!K#L'#0!
M,&:;%(:A&%?,4!NHJKMO!

7*/+(%'58+#/5.&%5#%9.,:;+/+'<%"''%=>%?"/+(!%80!"(#&!9:&!1!,:'&!
-!"#*%6,$,!%#*".+2.%#,4/#)4*".+2.%#6"$!)"4*!

H40&:B4P.!6.1!A!:9!;'",&::;!?:$0.&!#8!/%&#:'"!
+:8+.8(&%(#:8"!:9!HMB!":B'(#:8"Q!%80!/%&#:'"!(.;?.&%('&."!
- HCl concentration: 0.2, 0.4, 0.6, and 0.8 M !
- Reaction temperature: 70, 80, 90, 100, 110, 120, 130, 140 and 150 °C!

7.%4/#)4#-"+*%-"./#
2.%4/%$ ,4/#*)%'%/#!"#
"2!,)4 #*,&6.%#
6"8/%$#
-#6,$!)1.%#*)9%*#"(#.%**#
!-,4#: .;<#=&!

->4)!),.#$%,1!)"4#*1$%%4)45: ?<#
,4/#@:#&)4+!%*!
-A6!)&)9%/#$%,1!)"4#!)&%: ?<#
&)4+!%*!

B$%6,$,!)"4#

C)5%*!)"4#

D%4!$)(+5%#*+6%$4,!,4!#
*".+!)"4#
-?E0:::#$6&#,!#E FD##
-?<#&)4+!%* #
/$3#!-%#$%*)/+%#*".)/#)4#!-%#
"'%4#,!#G: FD#"'%$4)5-!#2%("$%#
8%)5-)45#

-@#BH#,I+,5%.-AJ#1".+&4* !
-D,$2"-3/$,!%#1".+&4!
!

D-,$,1!%$)9,!)"4#
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7<=*

LF!%'(7!]!"#$*%,!6'3#$*!9)'$(/'1')!fc ;cC9!
30$)/*,0#,/,%$/$*! 3-3/$%!5XGF9! fc ;cC9=!
f9] 8!D&3!43$.!/,!%$&34*$!/#$!&+3,*+&()$!,1!
/#$!%'B/4*$!&/!M`F!(%7!]!+<&(>!D&3!0*$0&*$.!
+-!HV! &\4$,43!0#$(,<!3,<4/',(!%'B$.!D'/#!
TY!D&/$*=!&(.!`HV! 34<14*')!&)'.!&/!GhGhH!+-!
AjAjA7! "#$! 3/&(.&*.! )4*A$! 1,*! "J!
.$/$*%'(&/',(! ,1! 3&%0<$! 3,<4/',(! ,1!
%43#*,,%! D&3! %&.$! +-! 43'(2! &\4$,43!
3,<4/',(3! ,1! 2<4),3$! &/! .'11$*$(/!
),()$(/*&/',(3 7!"J!D&3!*$0,*/$.!'(! V!52*&%!
,1!"J! '(!GFF!2! ,1! /#$! .*'$.!D$'2#/! ,1!2*$-!
,-3/$*!%43#*,,%87!
!
12L'G)7)-B:647:,6',D'-).E;:65'/E54-' J%#K'
! T9! D&3! %$&34*$.! +-! /#$!
.'('/*,3&<')-<')! &)'.! &33&-!ZG [̀7!",! 0*$0&*$!
/#$!.'('/*,3&<')-<')!&)'.!3,<4/',(=!H7F!2!,1!̂ =H;
.'('/*,3 &<')-<')!&)'.!&(.!GHF!2!,1!0,/&33'4%!
3,.'4%!/&*/*&/$!D$*$!%'B$.!'(!GFF!%g!,1!L7F!
P!S&YK7!"#$!%'B/4*$!D&3!&.@43/$.!/,!HFF!
%g!+-!43'(2!TY!D&/$*7!F7L!%g!,1!/#$!3&%0<$!
3,<4/',(!&(.!L!%g!,1!/#$!.'('/*,3&<')-<') !&)'.!
3,<4/',(!D$*$!%'B$.!),%0<$/$<-!'(!&!)<,3$.!
/$3/! /4+$7 ! !"#$! %'B/4*$! D&3! '%%$*3$.! '(!
+,'<'(2!D&/$*!1,*!GF!%'(!+$1,*$!*&0'.<-!+$'(2!
),,<$.!/,!*,,%!/$%0$*&/4*$!+-!')$!D&/$*7!"#$!
fc!&+3,*+&()$! ,1!/#$!%'B/4*$!D&3!%$&34*$.!
&/! HEF! (%! +-! 43'(2! &!"#$*%,! 6'3#$*!
9)'$(/'1')! fc ;cC9! 30$)/*,0#,/,%$/$*!
3-3/$%!5XGF9!fc ;cC9=!f9] 87!] !+<&(>!D&3!
0*$0&*$.!+-!&!%'B/4*$!,1!.'('/*,3&<')-<')!&)'.!
3,<4/',(! &(.! TY! D&/$*! 5LhF7L=! AjA87! "#$!
3/&(.&*.! )4*A$! 1,*! T9! .$/$*%'(&/',(! D&3!
%&.$!+-!43'(2!&\4$,43!3,<4/',(3!,1!2<4),3$!
&/!.'11$*$(/!),()$(/*&/',(3 7 !T9!D&3!*$0,*/$.!
'(! V!52*&%!,1!T9!'(!GFF2!,1!/#$!.*'$.!D$'2#/!
,1!2*$-!,-3/$*!%43#*,,%87!
!
12M'9,6,/4;;=4-:.)'464>*/:/ '
! "#$! 3&))#&*'.$! ),%0,3'/',(! &(&<-3'3!
,1!#-.*,<-?$.!3&%0<$3!D&3!)&**'$.!,4/!D'/#!
&(! ]2'<$(/! GLNF! C(1'('/-! KRgJ! 3-3/$%=!
5XG^L`_=! X$*%&(-8! $\4'00$. ! D'/#! &!
)&*+,#-.*&/$! ),<4%(! 5ga]Q! ),<4%(= !
"*&(32$(,%' )!J]T_Y9aR!JKYNOL=!JKY ;
`` ; `OHM=! f9] 87! "#$! #-.*,<-?$.! 3&%0<$3!
D$*$! .'<4/$.! &(.! ($4/*&<'?$.! 1,<<,D$.! +-!

1'</*&/',(!/#*,42#!%$%+*&($!1'</$*3!5F7L!e%87!
]1/$*! 1'</*&/',(=! LF! eg! ,1! /#$! 3&%0<$! D&3!
'(@$)/$.! '(/,! /#$! KRgJ7 !"#$! %,+'<$! 0#&3$!
43$.!D&3!.$',('?$.!D&/$*!5QC8!&(.!/#$!1<,D!
*&/$!D&3!3$/!&/!F7M!%gj%'( 7!"#$!/$%0$*&/4*$!
, 1! /#$! ),<4%(! D&3! >$0/! &/! OF! IJ7!
P,(,3&))#&*'.$3!&(.!,<'2,3&))#&*'.$3!D$*$!
%,('/,*3!+-!*$1*&)/'A$!'(.$B!.$/$)/,*7!
' '
12N'O@P&'/:Q)')A;>E/:,6';=-,B47,5-4C=*'
J#R&K'464>*/:/'

! "#$!9aJ!&(&<-3'3!D&3!.,($!+-!43'(2!
&(! ]2'<$(/! GLNF! C(1'('/-!KRgJ! 3-3/$%=!
5XG^L`_=! X$*%&(-8!$\4'00$. ! D'/#! &! Rg!
&\4&2$<!24&*.!&(.!̂ !Rg!&\4&2$<;YK!),<4%(3!
5Rg! &\4&2$<;YK! LF! 9aJ! ),<4%(3=! H! e%=!
E7HB^FF! %%87!"#$! .'<4/$.! 3&%0<$! D&3!
($4/*&<'?$.! &(.! 1'</$*$.! /#*,42#! &! F7L! e%!
%$%+*&($7!GFF! eg! ,1!/#$! 3&%0<$! D&3!
'(@$)/$.!'(/,!KRgJ 7!"#$!%,+'<$!0#&3$!'3!QC!
D&/$*!D'/#!&!1<,D!*&/$!,1!F7̀!%gj%'( 7!Q4*'(2!
/#$! &(&<-3'3! 0*,)$33=! /#$! ),<4%(k3!
/$%0$*&/4*$! D&3! %&'(/&'($.! &/! ^N!¡J 7!]!
*$1*&)/'A$! '(.$B! .$/$)/,*! ,(! /#$!KRgJ!D&3!
43$.! /,! %,('/,*! /#$! /-0$3! ,1!
%,(,3&)) #&*'.$3=! ,<'2,3&))#&*'.$3=! &(.!
0,<-3&))#&*'.$3!+&3$.!,(!*$/$(/',(!/'%$37!
'
123S'T9% '/C);7-,/;,C* '
! "#$!$B/*&)/$.!0,<-3&))#&*'.$!5R98!D&3!
.*'$.! 14)8*-$&7!"#$!3/*4)/4*$!,1!/#$!$B/*&)/$.!
0,<-3&))#&*'.$!D&3!'.$(/'1'$.!+-!?K!(4)<$&*!
%&2($/')! *$3,(&()$!5SPT 87 !SPT!30$)/*&!
D$*$!*$),*.$.!&/!L`O!i!D'/#!&!_*4>$*!]3)$(.!
"P!NFF!30$)/*,%$/$*!,0$*&/'(2!&/!NFF!PK?7!
J#$%')&<! 3#'1/3! &*$! $B0*$33$.! '(! 00%7!
Q$4/$*'4%!,B'.$!5Q; Y8!D&3!43$.!&3!&!3,<A$(/!
1,*! SPT! &(&<-3$37 ! "#$! $B/*&)/$.!
0,<-3&))#&*'.$!D&3! .'33,<A$.! '(!Q; Y!&/! ^F!
IJ! &(.! >$0/! &/! /#&/! /$%0$*&/4*$! .4*'(2! /#$!
%$&34*$%$(/7'
'
; #!<02*1&2!/%)!=,2+*22,(%!!
823'@-,A:B47)';,BC,/:7:,6/'464>*/:/ ''

' "#$! *$34</3! ,1! /#$! 0*,B'%&/$!
),%0,3'/',(! &(&<-3$3! ,1! /#$! 2*$-! ,-3/$*!
%43#*,,%3!&*$!34%%&*'?$.!'(!"&+<$!G7!"#$!
)&*+,#-.*&/$=! %,'3/4*$=! <'0'.=! &3#=! 0*,/$'(=!
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7<>*

&(.! )*4.$! 1'+$*! ),(/$(/ 3! , 1! 2*$-! ,-3/$*!
%43#*,,%3!&*$!1,4(.!/,!+$!&/!3'%'<&*!<$A$<3!
D'/#!/#,3$!,1!6*4)#')*"!ZGN[7!J&*+,#-.*&/$!'3!
/#$!,(<-!%&@,*!),%0,($(/!,1!/#$!.*-!%&33!,1!
2*$-!,-3/$*!%43#*,,%7'

! _&3$.!,(!.*'$.!D$'2#/3=!)&*+,#-.*&/$3!
),(/*'+4/$ ! /, ! NM7̀MV! ,1! 2*$-! ,-3/$*!
%43#*,,%37!"#$! )&*+,#-.*&/$3! ),(3'3/! ,1!
A&*',43! ),%0,4(.3! 34)#! &3!
%,(,3&))#&*'.$3=! ,<'2,3&))#&*'.$3=! &(.!
0,<-3&))#&*'.$37!J&*+,#-.*&/$3! &*$! %&'(<-!
0*$3$(/! '(! /#$! 2*$-! ,-3/$*! %43#*,,%3! &3!
0,<-3&))#&*'.$3! '(! /#$! 1,*%3! ,1! 2<-),2$(=!
'(.'2$3/'+<$!1'+$*3!5)$<<4<,3$=! .'$/&*-!1'+$*3=!
)#'/'(=! ! &(.! 2<4)&(38=! &(.! ,/#$*!
#$%')$<<4<,3$3!5%&((&(3=! B-<&(3=! &(.!
2&<&)/&(387!
'
$4I>)' 32! R*,B'%&/$! ),%0,3'/',(! ,1! 2*$-!
,-3/$*! %43#*,,%! 50$*)$(/! +&3$.! ,(! .*'$.!
D$'2#/38=! /#$!.&/&! 0*$3$(/$.! &3! %$&(l F7FN!
9aP 7!

!
!821'RDD);7/ ',D'7=)')A7-4;7:65'7)BC)-47E-)'!
* "#$! *$&)/',(! /$%0$*&/4*$! #&3! &(!
'%0,*/&(/! *,<$! '(! /#$!#-.*,<-3'3! *$&)/',(! ,1!
2*$-!,-3/$*!%43#*,,%7!X$($*&<<-=!3,<'.!<,33!
59g8=!/,/&<!)&*+,#-.*&/$!5"J 8=!&(.!*$.4)'(2!
342&*!5T98! ,1! /#$! #-.*,<-?$.! 2*$-! ,-3/$*!
%43#*,,%! '()*$&3$.! D'/#! '()*$&3'(2!
/$%0$*&/4*$7!9g!*$&)#$.!/#$!%&B'%4%!A&<4$!
,1!̀ ^ 7N V̂!4(.$*!/#$!),(.'/',(3!,1!GHF! ¡J=!GH!
%'(=!&(.! F7L!P!KJ<!3,<4/',(! 56'27 !L&87!"J!
*$&)#$.!/#$!%&B'%4%!A&<4$!,1!NH7NGV!4(.$*!
/#$!),(.'/',(3!&/!G^F! ¡J!1,*!GH!%'(!D'/#!F7L!
P! KJ<! 3,<4/',(! 56'27!L+87 !T9! *$&)#$.! /#$!

%&B'%4%! A&<4$! ,1! HF7`LV ! 4(.$*! /#$!
),(.'/',(3!&/!GMF! ¡J!1,*!GH!%'(!D'/#!F7M!P!
KJ<!3,<4/',(!56'27!L)87!"#$!%&B'%4%!A&<4$3!
,1! 9g=! "J=! &(.! T9! &*$! '(! /#$! *$&)/',(!
/$%0$*&/4*$!*&(2$!,1!G^F!¡J ;GHF!¡J 7 !9,%$!
'(/$*%$.'&/$! . $),%0,3'/',(! 0*,.4)/3 ! ,1!
P&'<<&*.! _*,D('(2! &(.! J&*&%$<'?&/',(!
5P_JT 8! D$*$! 2$($*&/$.! 1*,%! /#$!
.$2*&.&/',(! ,1! 0*,/$'(3! &(.! )&*+,#-.*&/$3 !
ZLF; LL[7 !_$-,(.! /#'3! *$&)/',(! /$%0$*&/4*$!
5mGHF! IJ8=! 9g=! "J=! &(.! T9! .$)*$&3$.!
+$)&43$! 3,%$! ,1! /#$! )&*+,#-.*&/$3! &(.!
0*,/$'(3! '(! /#$! #-.*,<-?$.! %43#*,,%! D$*$!
),(A$*/$.!/,!&!*$3'.4&<!+<&)>!3,<'.!&/!#'2#$*!
/$%0$*&/4*$37!
* "#$!#'2#! -'$<.! ,1!2<4)&(! ,+/&'($.! '(!
/#'3!3/4.-!)&(!+$!&//*'+4/$.!/,!/#$!4/'<'?&/',(!
,1! &! ),%+'(&/',(! ,1! %')*,D&A$! *&.'&/',(!
#$&/'(2!&(.!KJ<!&3!&!)&/&<-3/7!
!
828'RDD);7/',D'O&>';,6;)67-47:,6''
! "#$!),()$(/*&/',(!<$A$<!,1!KJ<!#&3!&(!
'%0,*/&(/! *,<$! '(! /#$! #-.*,<-3'3! ,1! 2*$-!
,-3/$*! %43#*,,%7 ! 9g=! "J=! &(.! T9!
3'2('1')&(/<-!'()*$&3$.! D'/#! '()*$&3'(2! KJ<!
),()$(/*&/',(3 7 !9g=! "J=! &(.! T9! '()*$&3$.!
.*&%&/')&<<-! D#$(! /#$! KJ<! ),()$(/*&/',(!
D&3!'()*$&3$.!1*,%!F7L!/,!F7O!P7!9g!,1!2*$-!
,-3/$*!%43#*,,%!*$&)#$.!&!%&B'%4%!A&<4$!
,1!̀ ^ 7N V̂!4(.$*!/#$!),(.'/',(3!&/!GHF! IJ!1,*!
GH!%'(!D'/#!F7L!P!KJ<!3,<4/',(! 56'27 !̂ &87!
"J! ,1! 2*$-! ,-3/$*! %43#*,,%! *$&)#$.! &!
%&B'%4%! A&<4$! ,1! NH7NGV ! 4(.$*! /#$!
),(.'/',(3!&/!G^F!IJ!1,*!GH!%'(!D'/#!F7L!P!
KJ<!3,<4/',(! 56'27 !̂ +87 !T9! ,1!2*$-! ,-3/$*!
%43#*,,%! *$&)#$.! &! %&B'%4%! A&<4$! ,1!
HF7̀LV!4(.$*!/#$!),(.'/',(3!&/!GMF!IJ !1,*!GH!
%'(!D'/#!F7M!P!KJ<!3,<4/',(!56'27!̂ ) 87!"#$!
#'2#$*! KJ<! ),()$(/*&/',(3! /$(.! /,! 2$($*&/$!
%,*$!P_JT!0*,.4)/3 !ZLF;LL[7

!! !!

Moisture (%) 1.26 ± 0.03 
Lipid (%) 1.30 ± 0.03 

Crude Protein (%) 24.59 ± 0.21 
Crude fiber (%) 0.97 ± 0.00 

Ash (%) 6.94 ± 0.09 
Carbohydrate (%) 64.94 ± 0.26 
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7<7*

2*+3,53!R,.!.99.+(!:9!&.%+(#:8!(.;?.&%('&.!:8!(,.!,40&:B4"#"!:9!A&.4!:4"(.&!;'",&::;S !%O!":B#0!B:""Q!3O!
(:(%B!+%&3:,40&%(."Q!%80!+O!&.0'+#8A!"'A%&"!%(!&.%+(#:8!(#;.!1T!;#8Q!&%(#:! :9!&.%+(#:8! /:B';.! (:!A&.4!
: 4"(.&!;'",&::;!;%""!:9!16 S1!/U$!%80!&.?.%(!<!(#;."*
! ' '
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7<8*

' '

' '
2*+3,63,R,.!.99.+(!:9!HMB!+:8+.8(&%(#:8!:8!(,.!,40&:B4"#"!:9!A&.4!:4"(.&!;'",&::;S!%O!":B#0!B:""Q!3O!(:(%B!
+%&3:,40&%(."Q!%80!+O!&.0'+#8A!"'A%&"!%(!(,.!&.%+(#:8!(#;.1T!;#8Q!&%(#:!:9!&.%+(#:8!/:B';.!(:!A&.4!:4"(.&!
;'",&::;!;%""!:9!16 S1!/U$ !%80!&.?.%(!<!(#;."*
,
,
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7<<*

82?' #:Q)' RA;>E/:,6' &=-,B47,5-4C=*'
J#R&K'464>*/:/'

! ",! 3$$! /#$! $11$)/3! ,1! /#$! *$&)/',(!
),(.'/',(3!,(!/#$!,<'2,3&))#&*'.$3 k!3'?$3=!/#$!
0*,.4)/3! D$*$! &(&<-?$.! +-! 3'?$! $B)<43',(!
)#*,%&/,2*&0#-7 ! "#$! )&<'+*&/',(! )4*A$!
.$%,(3/*&/$3! &! <'($&*! *$<&/',(3#'0! +$/D$$(!
/#$!<,2!,1!3&))#&*'.$!%,<$)4<&*!D$'2#/3!&(.!
*$/$(/',(!/'%$3!56'27!M87!"#$!*$/$(/',(!/'%$ 3!
,1! ,<'2,3&))#&*'.$3! D'/#! L; LF! 4('/3! '3!
+$/D$$(!LH! /,!L`!%'( 7 !"#$!0,<-3&))#&*'.$!
0$&>3!&*$!&/!<$33!/#&(!LH!%'(7 !" #$!*$/$(/',(!
/'%$! ,1!%,(,3&))#&*'.$3! '3!&*,4(. !^G!%'(7!
]1/$*! /#$! #-.*,<-3'3! *$&)/',(=! /#$! *$/$(/',(!
/'%$3!,1!0,<-3&))#&*'.$3!53#,*/; )#&'(88!&(.!
,<'2,3&))#&*'.$3! D$*$! <$33! /#&(! L`! %'(7!
P,(,3&))#&*'.$3! D$*$! ,+/&'($.! &/! #'2#$*!
*$&)/',(! /$%0$*&/4*$3! ,1! GMF; GHF!IJ 7 !"#$!
*$&)/',(! /$%0$*&/4*$! &*,4(.! GLF; G^F!IJ!
0*,A'.$3! ,<'2,3&))#&*'.$3=! D#'<$!/#$!<,D$*!
/$%0$*&/4*$3!*$34</!'(!#'2#$*!0,<-3&))#&*'.$!
0,*/',(3 7! "#$! <$(2/#! ,1! 3#,*/$*!
0,<-3&))#&*'.$3!,+/&'($.!D&3!%,*$!/#&(!^N!
4('/3!D'/#!/#$!,+/&'($.!0*,.4)/ !,1!EM7LHV! &/!
/#$!),(.'/ ',(3!,1!`F! ¡J=!GH!%'(!D'/#!F7L!P!
KJ<7 ! Y<'2,3&))#&*'.$3! D'/#! L;H! 4('/3!
5̀^ 7EFV8!D$*$!,+/&'($.!4(.$*!/#$!),(.'/',(3!
&/!GLF!IJ!1,*!GH!%'(=!&(.!F7N!P!KJ<!3,<4/',(7!'
! P,(,3&))#&*'.$3!D$*$! ,+/&'($.!D'/#!
/#$!,+/&'($.!0*,.4)/ !,1!&+,4/!EN7EFV! 4(.$*!
/#$!),(.'/',(3!&/!GHF!IJ!1,*!GH!%'(=!&(.!F7N!
P!KJ<!3,<4/',( 7!
!

!
2*+3 ,73!M%B#3&%(#:8!+'&/.!:9!"%++,%&#0."!"(%80%&0!
'".0! (:! +%B+'B%(.!(,.! 8';3.&! :9! '8#( "! :9!
,40&:B4P.0!"%;?B."!9&:;! (,.! %8%B4"#"!34!HJKM!
.L'#??.0!$#(,!"#P.!.E+B'"#:8!+:B';8*!
!

82F' O@P&' 464>*/)/' D,-' 7*C)/' ,D'
B,6,/4;;=4-:.)/ '
! R,<-3&))#&*'.$3! '(! 2*$-! ,-3/$*!
%43#*,,%! D$*$! #-.*,<-?$.! +-! &!
),%+'(&/',(! ,1! /#$! #$&/! 2$($*&/$.! +-!
%')*,D&A$!*&.'&/',(!&/!/#$!/$%0$*&/4*$!*&(2$!
,1!EF!IJ!/,!GHF!IJ=!KJ<!),()$(/*&/',(!,1!F 7L!
P!/,!F 7O!P=!&(.!*$&)/',(!/'%$!,1!GH!%'(=!/,!
0*,.4)$! ,<'2,3&))#&*'.$3! &(.!
%,(,3&))#&*'.$37 ! ]1/$*! /#$! #-.*,<-3'3!
*$&)/',( =! /#$! %,(,3&))#&*'.$3! 2<4),3$=!
&*&+'(,3$=! &(.! %&((,3$!D$*$! ,+3$*A$.!+-!
43'(2! )&*+,#-.*&/$! ),<4%(=! D'/#! /#$!
*$/$(/',(! /'%$ 3! &/! LF=! LH! &(.! ^F! %'(=!
*$30$)/'A$<-!56'27!H87!]3!$B0$)/$.=!2<4),3$!'3!
/#$! %&@,*! %,(,%$*! +4'<.'(2! +<,)>! ,1! /#$!
0,<-3&))#&*'.$3!'(!2*$-!,-3/$*!%43#*,,%7!!
'

'
,
2*+3 ,83! R,.! HJKM! +,&:;%(:A&%;! :9! (,.! A&.4!
:4"(.&! ;'",&::;! %9(.&! ,40&:B4"#"! 34! '"#8A!
+%&3:,40&%(.!+:B';8*!
!
82H'! O'T9%'464>*/:/ '
! "#$! ?K! SPT! 30$)/*4%! ,1! /#$!
$B/*&)/$.! 2*$-! ,-3/$*! %43#*,,%! 5 &/! /#$!
*$&)/',(!),(.'/',(3!,1!GLF! IJ=!GH!%'(=!F7N!P!
KJ<8!'(!Q ; Y!'3!3#,D(!'(! 6'27 !H7!"#$!SPT!
30$)/*4%!3#,D3!&!2,,.!&2*$$%$(/!D'/#! /#$!
0*$A',43<-!*$0,*/$.! .&/&!ZO[7!"#$!3'2(&<!,1!
/#$!30$)/*4%!'3!*$0,*/$.!'(!)#$%')&<!3#'1/3=!n!
500%87! "#$! 3'2(&<! &/! !M7ML;M7M^! 00%!
),**$30,(.3!/,!/#$!0*,/,(!3'2(&<! 5K;G8!,1! !
&(,%$*')!0*,/,( 37!"#$!3'2(&<!&/! !M7H!; !M7O!
00%! ),**$30,(.3! /,! /#$! '(/$*(&<! K; G!
*$3,(&()$3! ,1!5G=8̂!+&)>+,($! )#&'(! ,1!2*$-!
,-3/$*!%43#*,,%7!"#$!3'2(&<!&/! !^7F`!;!M7H!
00%!),**$30,(.3!/,!/#$!'(/$*(&<!K;G!,1!5G=8̂;

! <'(>$.! +&)>+,($! )#&'(! &(.! 5G=N8; !
<'(>$.! 3'.$! )#&'(7! "#$! GK! SPT! 3'2(&<3!

!
!!

!

!

!! !!
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.$3)*'+$.! &+,A$!),(1'*%! /#$! #-.*,<-3'3! ,1!
2*$-!,-3/$*!%43#*,,%!1*,%!0,<-3&))#&*'.$3!
'(/,!,<'2,3&))#&*'.$3!D'/#!/#$!*$0$&/'(2 !4('/3!
,1!5G=8̂!&(.! 5G=N8; 2<4)&(!1,*%7'

'
2*+3 ,83! ! H!V=-!"?.+(&';! :9! .E(&%+(.0!AB'+%8"!
9&:;!A&.4!:4"(.&!;'",&::;!#8!W "X!%(!<6!YM*!
!
>#!?(%+1*2,(%!

! C(! /#'3! 3/4.-=! D$! 34))$3314<<-!
.$A$<,0$.!&(! $11')'$(/! %$/#,.! /,! $B/*&)/!
,<'2,3&))#&*'.$3!1*,%!2*$-!,-3/$*!%43#*,,%!
+-! &! ),%+'(&/',(! ,1! %')*,D&A$! &(.! &)'.!
#-.*,<-3'3!/,!,+/&'(!2<4)&(,<'2,3&))#&*'.$37!
"#$! %&@,*! 3&))#&*'.$! ),%0,3'/',(! ,1! 2*$-!
,-3/$*!%43#*,,%!'3!2<4),3$=!D#'<$!%&((,3$!
'3! &! %'(,*! ),%0,($(/ 7!"#$! $11$)/3! ,1! /#$!
$B/*&)/',(! /$%0$*&/4*$! &(.! &)'.!
),()$(/*&/',(!D $*$!'(A$3/'2&/$.!/,!.$/$*%'($!
/#$! ,0/'%'?$.! ),(.'/',(3!D#')#!0*,A'.$! /#$!
#'2#$3/! ,<'2,3&))#&*'.$! -'$<.7' "#$! +$3/!
),(.'/',(3!1,*! /#$!#-.*,<-3'3! ,1!2*$-! ,-3/$*!
%43#*,,%! D#')#! *$34</$. ! '(! ,<'2,3&))#&;
*'.$3!'3!&/!GLF!¡J=!/#$!*$&)/',(!/'%$!,1!GH!%'(!
D'/#! F7N! P! KJ<! 3,<4/',(! 0*,A'.$! /#$!
%&B'%4%! -'$<.! ,1! L7LMV 7! "#$!
,<'2,3&))#&*'.$3!,+/&'($.!&/!/#$3$!),(.'/',(3!
#&A$!&*,4(.!L;H!4('/3!&(.!&!(4%+$*!&A$*&2$!
%,<$)4<&*! D$'2#/! ,1! ^OM;^OML! Q&7! "#$!
0*$3$(/!1'(.'(23!$%0#&3'?$!/#$!'%0,*/&()$!,1!
%')*,D&A$! *&.'&/',(! /,! ,+/&'(! /#$!
,<'2,3&))#&*'.$3! '(! 3#,*/$*!$B/*&)/',(! /'%$3!
D#$(! ),%0&*$.! /,! $(?-%$! #-.*,<-3'3 !
0*,)$.4*$37'
!
@+A%(:10)7090%&2!
! "#'3! D,*>! D&3! 3400,*/$.! +-! /#$!
"#&'<&(.!T$3$&*)#!64(.!5T9]NLOFGFN87!b$!
/#&(>! J$(/$*! ,1! 9)'$(/'o)! a\4'0%$(/! 1,*!
].A&()$.!T$3$&*)#=!"#&%%&3&/! f('A$*3'/-!
5"fJ9a]T 8!1,*! 3400,*/'(2! 1&)'<'/'$3! &(.!
$\4'0%$(/7!*

*

*
@BB'0C,/&,(%2!
9,<'.!<,33! ! ! 9g!
",/&<!)&*+,#/.*&/$! ! " J !
T$.4)'(2!342&*!! ! T9!
Q$2*$$!,1!0,<-%$*'?&/',(! QR!
9'?$!$B)<43',(!)#*,%&/,2*&0#-! 9aJ !
S4)<$&*!%&2($/')!*$3,(&()$! SPT *
*
<060'0%+02!
Z1[!! >#0%!2=V>Q!D,',%#;#!=Q!\%P#0!=Q!>30*!

],%8#!=> *!='",&::;!%"!?:(.8(#%B!":'&+.!
:9! ?&.3#:(#+"* ! R&.80"! #8! 9::0! ^!
(.+,8:B:A4*!566C756ST_@̀@T*!

!
Z5[!! >80&#4!DQ!a%(.&#8%!=Q!>BB%!DQ!I/%8!bQ!b#&#!

DQ!cB%0#;#&!dQ!dB#ef%!aQ!b%8%!M*!]B'+%8!
9&:;!9&'#(!3:0#."!:9!+'B(#/%(.0!;'",&::;"!
=%,:2$8:9&$982,.8:9!%80!=%,:2$8:9&,2501))S!
D(&'+('&.!%80!?:(.8(#%B!?&.3#:(#+!%+(#/#(4*!
M%&3:,40&%(.!J:B4;.&"*!566C7@_STgh̀T_*!

!
Z<[!! =%9(:'8! JQ! H.B;#! bQ! =:,%;;%0! DQ!

-:"B#80%!=Q!V:&!iQ!H.",%;!> *!R,.!.0#3B.!
;'",&::;! =%,:2$8:9&9AA*S!I*!j#:0#/.&"#(4!
%80! 8'(&#(#:8%B! /%B'."* ! I8(.&8%(#:8%B!
G:'&8%B! :9!3#:(.+,8:B:A4! 9:&! k.BB8.""!
#80'"(&#."*!561T7gS_@̀h<*!

!
Zg[!! b%8(%&%;%8%8(!J*Q!W.+,%!D*Q!a'"';%&8!V*Q!

V:8A?:&8! H* Q! -%?.?'8! k *  l ` AB'+%8`
+:8(%#8#8A!?:B4"%++,%&#0.!.E(&%+(!9&:;!(,.!
A&.4!:4"(.&!;'",&::;!"(#;'B%(."!AB'+:".!
'?(%f.!34!(,.!K_!;4:('3." * I8(.&8%(#:8%B!
2::0!-.".%&+,!b:'&8%*!!561g751S@@C`hg*!!

!
ZT[!! I&#8%!>aQ!-'#!M Q!R%(#%8%!aaQ!XBA%!V] Q!

D,#! \ *! M,.;#+%B! +:;?:"#(#:8! %80!
8'(&#(#:8%B! /%B'.! :9! (,.! ;'",&::;!
B:2)":%.2).& .:2)":%.2*C:3.,* !b:'&8%B! :9!
2::0!%80!V'(&#(#:8!-.".%&+,*!561T7<Sg@h̀
h5*!!

!
Z_[!! D,'L#8!m' Q!i,%:,'%!JQ!m#%:G'%8!m'!K#8%!

i *! j&%8+,#8A! "(&'+('&.! %80! +,%#8!
+:89:&;%(#:8! :9! $%(.&` ":B'3B.! ]B'+%8!
.E(&%+(.0! 9&:;!B:2)":%.2).& .:2)":%.2*
C:3.,* !b:'&8%B! :9! >A&#+'B('&%B! %80! 2::0!
M,.;#"(&4*!56157_6S<gCh̀T6_*!

!

!!
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Z@[!! i,%:+,.8A! = Q! b#%8A':! kQ!K#8%! i*!
D(&'+('&.! %80! +,%#8! +:89:&;%(#:8! :9!
AB'+%8! #":B%(.0! 9&:;!B:2)":%.2).&
.:2)":%.2*C:3., . ! j#:?:B4;.&" *!
566h7hCS_1g̀ 55*!

!!
Zh[! \:'8A `R.+f!aQ!d'8`H..!aQ!M,%.G::8!MQ!

W%/#0!KkQ!M,%8̀k,%!aQ!D.'8A`R%#f!K*!
D(&'+('&%B!+,%&%+(.&#P%(#:8! :9! 3`ẀN1*<Q!
1*_ÒB#8f.0! AB'+%8"! '"#8A! V=-!
"?.+(&:"+:?4* ! M%&3:,40&%(.! -.".%&+,*!
56667<5hS<<1̀g1*!

!
ZC[!! R,:8A"::f!RQ!M,%#G%;&'"!D*!=:0#9#+%(#:8!

:9! ?,4"#:+,.;#+%B! ?&:?.&(#."! :9! +:?&%!
;.%B! 34! 0#B'(.! %+#0! ,40&:B4"#"D&
I8(.&8%(#:8%B!b:'&8%B! :9! 2::0! D+#.8+.! ^!
R.+,8:B:A4*!561g7gCS1g_1̀C*!

!
Z16[! V:&;%,!jQ!=#&%0%('B!V=-Q!=:,#3%,!=Q!

2'P#.%,!DQ!V:&%PB#8%!IQ!V'&'B!D==Q!a'!
HaH * ! d99.+(! :9! 0#B'(.! "'B9'&#+! %+#0!
,40&:B4"#"! :9!+:+:8'(! 0&.A"! :8!+,.;#+%B!
%80! (,.&;%B! ?&:?.&(#."* ! J&:+.0#%!
d8A#8..&#8A*!561<7_hS<@5̀h*!

!
Z11[! n#%8A!KQ!\'`M%#!HQ!=:!mQ!]%:!bQ!m#8!mQ!

b#%8`=#8A! \Q! K#%8A`i,#! K * ! I;?&:/#8A!
.8P4;%(#+!,40&:B4"#"!:9!$,.%(!"(&%$!'"#8A!
#:8#+!B#L'#0!1`.(,4B̀ <̀ ;.(,4B!#;#0%P:B#';!
0#.(,4B! ?,:"?,%(.! ?&.(&.%(;.8(*!
j#:&.":'&+.! R.+,8:B:A4*!566C7166S<T@6̀
T*!

!
Z15[! > *R*k *= *!HQ!i..;%8 !] *!J&.(&.%(;.8("!(:!

.8,%8+.!(,.!0#A."(#3#B#(4!:9!B#A8:+.BB'B:"#+!
3#:;%""* ! j#:&.":'&+.! R.+,8:B:A4 *!
566C7166S16̀ 1h*!

!
Z1<[! > *X*>*MQ!X99#+#%B!=.(,:0"!:9!>8%B4"#"!:9!

>X>M! I8(.&8%(#:8%BQ! >X>M!
I8(.&8%(#:8%BQ!=%&4B%807!5666*!

!
Z1g[! a,'$#G#(G%&'! JQ! J:f?:8A! >Q!

aB#8+,:8Af:8!aQ!D,'G#!>*!J&:0'+(#:8!:9!
XB#A:"%++,%&#0."! 9&:;! M:+:8'(! =.%B! 34!
D'3+&#(#+%B!k%(.&!R&.%(;.8(*!I8(.&8%(#:8%B!
b:'&8%B!:9!2::0!D+#.8+.!%80!R.+,8:B:A4*!
561g7gCS1Cg_̀T5*!

!
Z1T[! a,'$#G#(G%&'! JQ! k%("%8#(! aQ! >0%+,#! D*!

M%&3:,40&%(.!M:8(.8(!%80!M:;?:"#(#:8!:9!

J&:0'+(!9&:;!D'3+&#(#+%B!k%(.&!R&.%(;.8(!
:9!M:+:8'(!=.%B*!b:'&8%B!:9!I80'"(&#%B!%80!
d8A#8..&#8A!M,.;#"(&4*!561571hS55T̀C*!

!
Z1_[! 2%8!KQ!i,%8A!DQ!\'!KQ!=%!K* !d/%B'%(#:8!

:9! %8(#:E#0%8(! ?&:?.&(4! %80! L'%B#(4! :9!
3&.%0"! +:8(%#8#8A!B:2)":%.2).!
.:2)":%. !?:B4"%++,%&#0.! 9B:'&* ! 2::0!
M,.;#"(&4!566@7161N<OS11Th̀_<*!

!
Z1@[! d"(,.&! >DQ! >8#.f%8%3%"#! FIQ! =%A'!

RX* J&:E#;%(.! %8%B4"#"! %80! ;#8.&%B!
.B.;.8(! +:;?:"#(#:8! :9! 9%B".! 4%;!
N)".")0.82)"#.08#.O! ('3.&! %80! :4"(.&!
;'",&::;! NA%,:2$8:9! $982,.8:9O*!
I8(.&8%(#:8%B! b:'&8%B! :9! M,.;#+%B!
D+#.8+."*!561_71S<1̀ C*!

!
Z1h[! W'3:#"! =Q! ]#BB."! a>Q! H%;#B(:8! baQ!

-.3.&"!J>Q!D;#(,Q!2*!M:B:&#;.(&#+!;.(,:0!
9:&! 0.(.&;#8%(#:8! :9! "'A%&"! %80! &.B%(.0!
"'3"(%8+."*! >8%B4(#+%B! M,.;#"(&4*!
1CT_75hS<T6̀_*!

!
Z1C[! M,%?B#8! =2Q! a.88.04!b2*!M%&3:,40&%(.!

>8%B4"#"!` ! >! J&%+(#+%B! >??&:%+,* ! I-K!
J&.""! K(0* ! J'3B#"+%(#:8Q! XE9:&0Q!
k%",#8A(:8Q!WM7!1CCg*!

!
Z56[! D#;?":8 ! jaQ! V:BB.(! K=Q! R:B0&o! 2Q!

j.8G%f'B! DQ! J%B#4%(,! ]Q! H'#! \H*! 2::0!
j#:+,.;#"(&4! %80! 2::0! J&:+.""#8A*! >!
b:,8! k#B.4! %80! D:8"! K(0* !J'3B#+%(#:8"Q!
I:$%!NFD>O7!566_*!

!
Z51[! a&:,! Kk *! M%&%;.B#"%(#:8! #8! 2::0! %80!

j./.&%A." *!2::0!M,.;#"(&4 *!1CCg7T1S<@<̀
C*!

!
Z55[! M%;?3.BB̀JB%((! ]*! 2::0! D+#.8+.! %80!

R.+,8:B:A4* ! >! b:,8! k#B.4! %80! D:8"!
J'3B#"+%(#:8"Q!XE9:&0!NFa O7!566C*!

!!


