
!"#$%&'(&")*&+,-*",./&0-$&1*.)0-,/2&'(&")*&&

34'$#.",'-&'(&!"#54'5%6&70-"),.&8-)%$4,$*&

!"##$%&'($"#)*+',-"./'

'

01"'2./&"',%1**.'

3#/4"5'66'

78"5'69'

:/;"8*#<5':1"-$);#<'

74=$)*#5'(#*>"))*#'3"*#8"'2/#/+<'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'



89/"40.":&

2$)?!"#@#*@*A<B;1$*%/#C*+<.DE')F.>$4"G'/.)*'&+*H+'/)$!"#@#*@<.'A/+;1$%'

/+1<4#$4"G')"#=")'/)'/'F)">F.'@#"%F#)*#';*'*;1"#'*#8/+*)F.>F#'%*-@*F+4)'

/+4'$)'/.)*'%*--"#%$/..<'$-@*#;/+;'/)'/'>.*;/;$*+'/8"+;'$+'*#"'@#*%"))$+8I'01"'

&$+";$%)'*>';1"'#"/%;$*+'C";H""+'@*;/))$F-'!"#@#*@<.'A/+;1/;"'/+4'";1<.'

%1.*#*>*#-/;"'$+'H1$%1'$;'$)'@#*4F%"4'H"#"');F4$"4'$+'*#4"#';*'".F%$4/;"'/'

-"%1/+$)-'/+4'"+/C."'$-@#*="-"+;'*>';1"'<$".4I'0*'4";"#-$+"';1"'#"/%;$*+'

&$+";$%)G';1"'%*+%"+;#/;$*+)'*>'#"/%;$*+')@"%$")'H"#"'-*+$;*#"4'*="#';$-"'$+'

)"="+'#"/%;$*+)G'"/%1'H$;1'4$>>"#"+;'$+$;$/.'#"/%;/+;'%*+%"+;#/;$*+)G')/-@.$+8'

$+;"#=/.)G'/+4'#"/%;$*+';$-")I'01"'#"/%;$*+'H/)'>*F+4';*';/&"'@./%"'$+';H*'

)"%*+4'*#4"#');"@)G'$+'H1$%1'*+"'"JF$=/."+;'*>'@*;/))$F-'!"#@#*@<.'A/+;1/;"'

>$#);'#"/%;)'H$;1'";1<.'%1.*#*>*#-/;"';*'>*#-';1"'$)*./C."'$+;"#-"4$/;"'%K

";1*A<%/#C*+<.K&K!"#@#*@<.'4$;1$*%/#C*+/;"G'H1$%1';1"+'#"/%;)'H$;1'/+*;1"#'

"JF$=/."+;'*>'@*;/))$F-'!"#@#*@<.'A/+;1/;"';*'>*#-';1"'>$+/.'@#*4F%;I'

!/;1"-/;$%/.'-*4".)'*>';1"'#"/%;$*+')<);"-'H"#"'4"=".*@"4G'/+4';1"'#/;"'

%*+);/+;)'*>'C*;1');"@)'H"#"'4";"#-$+"4I'

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK'

01"'/F;1*#'H*F.4'.$&"';*';1/+&'(#*>"))*#'3"*#8"'2/#/+<'>*#')"#=$+8'/)'/'-"+;*#'*+'

;1$)'#")"/#%1'@#*L"%;'/+4';1"'M+$="#)$;<'*>'!$++")*;/'N"@/#;-"+;'*>':1"-$);#<'>*#'

@#*=$4$+8'+"%"))/#<'>/%$.$;$")'/+4'-/;"#$/.)'

' '



' O'

;096*&'(&<'-"*-"/:&

& 0$;."'(/8"5KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK6'

' 7C);#/%;'/+4'7%&+*H."48"-"+;)5'KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKP'

' 0/C."'*>':*+;"+;)5'KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKO'

' Q+;#*4F%;$*+'/+4'RCL"%;$=")5KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKS'

' TA@"#$-"+;/.'!";1*4)'/+4'(#*%"4F#")5'KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKU'

' V")F.;)'/+4'N$)%F))$*+5'KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKW'

V">"#"+%")5'KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK6S'

7@@"+4$A'75':*+%"+;#/;$*+'N/;/KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK6U'

7@@"+4$A'25'74LF);-"+;'>*#'!"%1/+$%/.'X*))")KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK6W'

'

& &



' S'

=-"4'$#.",'-&0-$&>9?*.",@*/:&

01"'#"/%;$*+'C";H""+'@*;/))$F-'!"#@#*@<.'A/+;1/;"'/+4'";1<.'%1.*#*>*#-/;"'

1/)'.*+8'C""+'&+*H+G'C"$+8'>$#);'#"@*#;"4'C<'Y".4"'$+'6W99I?6E'Q;)'@#*4F%;G$!"#@#*@<.'

A/+;1$%'/+1<4#$4"G'$)'F)"4'/)'/'@#"%F#)*#'>*#'*;1"#'*#8/+*)F.>F#'%*-@*F+4)G?PE'>*#'

@#*;"%;$*+'*>'/-$+*'/%$4)'$+'@"@;$4"')<+;1")$)G?OE'/+4'/)'/'>.*;/;$*+'/8"+;'$+'*#"'

@#*%"))$+8I?SE'Z*H"="#G'F+;$.'+*H'$;)'-"%1/+$)-'1/4'+*;'C""+'%*+%.F)$=".<'

");/C.$)1"4I'(#"=$*F)'"=$4"+%"'>*#'%K";1*A<%/#C*+<.K&K!"#@#*@<.'4$;1$*%/#C*+/;"'/)'

/+'$+;"#-"4$/;"'%*-@*F+4'%*-")'>#*-'$;)'C"$+8'4";"%;"4'/)'/+'$-@F#$;<'$+';1"'

%#F4"'#"/%;$*+'@#*4F%;I?PE'01"'>$#);');"@G';1"+G'H/)';1*F81;';*'C"'/')$-@."'

+F%."*@1$.$%'/%<.')FC);$;F;$*+G'/+4';1$)'#")"/#%1'%*+>$#-)';1/;'%*+L"%;F#"I'01"'

-"%1/+$)-'*>';1"')"%*+4');"@G'1*H"="#G'H/)'."))'%."/#I''

Q+'*#4"#';*'4";"#-$+"';1"'-"%1/+$)-'*>'C*;1');"@)'/+4'"+/C."';1"'

$-@#*="-"+;'*>';1"'<$".4G';1"'&$+";$%)'*>';1"'#"/%;$*+'H"#"');F4$"4'C<'-*+$;*#$+8'

;1"'%*+%"+;#/;$*+'*>';1"'#"/%;$*+')@"%$")'*="#';$-"'$+')"="#/.'"A@"#$-"+;)G'"/%1'

H$;1'4$>>"#"+;'@/#/-";"#)I''Q+';1"'>$#);')";'*>'"A@"#$-"+;)G'@*;/))$F-'!"#@#*@<.'

A/+;1/;"'H/)'#"/%;"4'H$;1'/');*$%1$*-";#$%'/-*F+;'*>'";1<.'%1.*#*>*#-/;"'F+4"#'

%*+4$;$*+)')1*H+';*'8$="'8**4'<$".4)'/+4'"+/C."'"/)<'#"%*="#<'*>'@#*4F%;G'/+4';1F)'

F)/C."'$+'/'@#"@/#/;$="'-";1*4I'Q+';1"'+"A;')";G'/';H*>*.4'"A%"))'*>'";1<.'

%1.*#*>*#-/;"'H/)'F)"4G'/+4';1"'#"/%;$*+'H/)'4$.F;"4'C<'=/#$*F)'/-*F+;)G'$+'*#4"#'

;*'@#*=$4"'%*+;#/);$+8'$+$;$/.'%*+4$;$*+)'/+4';1F)'"+)F#"'/'#*CF);'-*4".'/@@.$%/C."'

F+4"#'/'H$4"'=/#$";<'*>'%$#%F-);/+%")I'[$+/..<G';*'"+/C."'%.*)"');F4<'*>';1"')"%*+4'

#"/%;$*+');"@G'@*;/))$F-'!"#@#*@<.'A/+;1/;"'H/)'#"/%;"4'4$#"%;.<'H$;1'%K

";1*A<%/#C*+<.K&K!"#@#*@<.'4$;1$*%/#C*+/;"'$+'/';1$#4')";'*>'"A@"#$-"+;)I''



' U'

01"'4/;/')F@@*#;'/'-"%1/+$)-'$+'H1$%1'C*;1');"@)'/#"')"%*+4'*#4"#G'/+4'

"+/C."';1"'4";"#-$+/;$*+'*>'#/;"'%*+);/+;)I'01"'&+*H."48"'*>';1"'&$+";$%)'*>';1$)'

$-@*#;/+;'#"/%;$*+'+*;'*+.<')1"4)'.$81;'*+';1"'-"%1/+$)-G'CF;'/.)*'"+/C.")';1"'

@#"4$%;$*+'*>';1"'%*+%"+;#/;$*+'*>'@#*4F%;'*="#';$-"'8$="+'$+$;$/.'#"/%;/+;'

%*+%"+;#/;$*+)G'H1$%1'H$..'%"#;/$+.<'@#*="'F)">F.'$+';1"'%*F#)"'*>'*@;$-$\$+8';1"'

<$".4I'

AB5*4,2*-"06&1*")'$/&0-$&34'.*$#4*/&

01"'%*+%"+;#/;$*+)'*>'%K";1*A<%/#C*+<.K&K!"#@#*@<.'4$;1$*%/#C*+/;"'/+4$

!"#@#*@<.'A/+;1$%'/+1<4#$4"'H"#"'-*+$;*#"4'*="#';$-"'F+4"#'4$>>"#"+;'$+$;$/.'

%*+4$;$*+)I':1"-$%/.)'F)"4'H"#"'*>'7:,'#"/8"+;'8#/4"G'"A%"@;'@*;/))$F-'!"#@#*@<.'

A/+;1/;"'/+4'%K";1*A<%/#C*+<.K&K!"#@#*@<.'4$;1$*%/#C*+/;"G'H1$%1'H"#"'@#*4F%"4'

/%%*#4$+8';*';1"'@#*%"4F#")'8$="+'C".*HI'Q+'/..'"A@"#$-"+;)'/')-/..'/-*F+;'*>'

!"#@#*@<.'A/+;1$%'4$)F.>$4"'H/)'@#")"+;G'4F"';*'$;)'C"$+8'/+'$-@F#$;<'*+';1"'*#4"#'*>'

]IU^'$+';1"'@*;/))$F-'!"#@#*@<.'A/+;1/;"');/#;$+8'-/;"#$/.I'Z*H"="#G';1$)'4$4'+*;'

@*)"'/'@#*C."-'>*#'JF/+;$;/;$*+'*>';1"'%*+%"+;#/;$*+'*>'!"#@#*@<.'A/+;1$%'/+1<4#$4"G'

/)';1"'_!V')@"%;#/'*>';1"';H*'%*-@*F+4)'/#"')F>>$%$"+;.<'4$>>"#"+;I'7..'#"/%;$*+)'

H"#"'%/##$"4'*F;'/;'#**-';"-@"#/;F#"'F+."))');/;"4'*;1"#H$)"I'_!V')@"%;#/'H"#"'

;/&"+'*+'/'U]]'!Z\'`/#$/+'$+);#F-"+;'H$;1'4"F;"#/;"4'%1.*#*>*#-'/)';1"')*.="+;I'

7..'*>';1"'"A@"#$-"+;)'H"#"'%/##$"4'*F;'F)$+8'/'O5P'-$A;F#"'*>'-";1/+*.'/+4'H/;"#I'

M+4"#';1")"'%*+4$;$*+)G';1"'!"#@#*@<.'A/+;1$%'/+1<4#$4"'@#"%$@$;/;")'/)'/'>$+"'

)F)@"+)$*+G'CF;';1"'-$A;F#"'%/+'C"'%*+)$4"#"4'1*-*8"+*F)'>*#';1"'@F#@*)"'*>'

4";"#-$+$+8'%*+%"+;#/;$*+I'Q+'>/%;G';1"')*.="+;'H/)'$+$;$/..<'%1*)"+'>*#'@#"@/#/;$="'

-";1*4)';*'"+/C."'>/%$."'%*.."%;$*+'*>'!"#@#*@<.'A/+;1$%'/+1<4#$4"'C<'>$.;#/;$*+I'



' a'

34*5040",'-&'(&5'"0//,#2&$"#54'5%6&B0-")0"*5''

:,P'BSWS'-XG'WI]6'-*.D'H/)').*H.<'/44"4'*="#'6]'-$+F;")'H$;1'=$8*#*F)'

);$##$+8';*'/')*.F;$*+'*>'bRZ'BSOa'8G'9I99'-*.D'$+'!"#@#*@/+*.'BPIU'XD'/+4'H/;"#'B6]]'

-XD'$+'/+'$%"'C/;1'/;'U'c:I'01"'#"/%;$*+'-$A;F#"'H/)');$##"4'>*#'/+'/44$;$*+/.'>$="'

-$+F;")G'/>;"#'H1$%1';1"'%#"/-K%*.*#"4'@#"%$@$;/;"'H1$%1'1/4'>*#-"4'H/)'%*.."%;"4'

C<'=/%FF-'>$.;#/;$*+'*+'/'2F%1+"#'>F++".G'H/)1"4'H$;1'";1<.'/%";/;"'BU]]'-XDG'/+4'

4#$"4'F+4"#'=/%FF-'*="#+$81;I'd$".45'e9PIW'8'B9P^D'

34*5040",'-&'(&%C*")'B%.049'-%6C&C$"#54'5%6&$,"),'.049'-0"*5''

T;1<.'%1.*#*>*#-/;"'B6]]'-XG'6I]S'-*.D'H/)'/44"4'/..'/;'*+%"'H$;1');$##$+8';*'

/')*.F;$*+'*>'@*;/))$F-'!"#@#*@<.'A/+;1/;"'B6WO'8G'6I]S'-*.D'$+'!"#@#*@/+*.'BeW]'

-XD'/+4'H/;"#'BSP]'-XD'$+'/+'$%"'C/;1'/;'U'c:I',;$##$+8'%*+;$+F"4'>*#'/+'/44$;$*+/.'

;H*'1*F#)G'/>;"#'H1$%1';1"'@#*4F%;'H/)'"A;#/%;"4'$+;*':Z:.O'B6'XDG'H/)1"4'H$;1'

H/;"#'BO'A'O]]'-XDG'4#$"4'H$;1'/+1<4#*F)'!8,RS'B6PU'8D'/+4'%*+%"+;#/;"4'C<'

#*;/#<'"=/@*#/;$*+';*'<$".4'/'<"..*H'*$.'B6W]IO'8G'WO^DI'?_!V'f'UI9U'B)"@;";G'g'h'aIP'

Z\G'6'ZDG'SIOP'BJG'g'h'9I6'Z\G'P'ZDG'6ISU'B4G'g'h'aIP'Z\G'a'ZDG'6IOO'B;G'g'h'9I6'Z\G'O'ZDEI'

34*5040",'-&'(&!"#54'5%6&70-"),.&8-)%$4,$*:&

& T;1<.'%1.*#*>*#-/;"'BPU'-XG']IPa'-*.D'H/)'/44"4').*H.<'*="#'U'-$+F;")'H$;1'

);$##$+8';*'/')*.F;$*+'*>'@*;/))$F-'!"#@#*@<.'A/+;1/;"'Be6IU'8G']IUP'-*.D'$+'-";1/+*.'

BSP]'-XD'/+4'H/;"#'BPW]'-XDI',;$##$+8'%*+;$+F"4'>*#'/+'/44$;$*+/.'1*F#G'4F#$+8'

H1$%1';$-"'/'>$+"'<"..*H'@#"%$@$;/;"'>*#-"4I'01"'@#"%$@$;/;"'H/)'%*.."%;"4'C<'

=/%FF-'>$.;#/;$*+'*+'/'2F%1+"#'>F++".'/+4'4#$"4'F+4"#'=/%FF-';*'<$".4'/'<"..*H'

@*H4"#'BS9IOS'8G'9a^DI'[*#'@F#$>$%/;$*+G'$;'H/)'#"%#<);/..$\"4'>#*-'C*$.$+8'1"A/+")'



' 9'

BPOU'-XDG'<$".4$+8'<"..*H'%#<);/.)'BOWIUP'8G'aP^DI'?_!V'f'UI9S'B)"@;";G'g'h'aIU'Z\G'P'

ZDG'6ISU'B4G'ghaIU'Z\G'6P'ZDE'

D*0.",'-&E:&F*-*406&34'.*$#4*:&

T;1<.'%1.*#*>*#-/;"'BPU'-XG']IPa'-*.D'H/)'/44"4'H$;1');$##$+8';*'/')*.F;$*+'

*>'@*;/))$F-'!"#@#*@<.'A/+;1/;"'Be6IU'8G']IUP'-*.D'$+'-";1/+*.'BSP]'-XD'/+4'H/;"#'

BPW]'-XDI'T="#<'>$="'-$+F;")'>*#';1"'+"A;'1*F#G'PU'-X'*>'#"/%;$*+'-$A;F#"'H"#"'

#"-*="4I'T/%1'@*#;$*+'H/)'"A;#/%;"4'H$;1'C#$+"'BP]'-XD'/+4'4$";1<.'";1"#'BP]'-XDG'

4#$"4'H$;1'/+1<4#*F)'!8,RS'BU8DG'/+4'%*+%"+;#/;"4'C<'#*;/#<'"=/@*#/;$*+I'7;';1"'

"+4'*>';1"'1*F#G';1"'#"-/$+$+8'#"/%;$*+'-$A;F#"'H/)'H*#&"4'F@'$+';1"')/-"'H/<G'

CF;'H$;1'@#*@*#;$*+/;".<'8#"/;"#'/-*F+;)'BPWU'-X'*>'C#$+"'/+4'";1"#'/+4'9U'8'

4#<$+8'/8"+;DI'

D*0.",'-/&G&")4'#H)&I:&

0*');F4<'*;1"#'/)@"%;)'*>';1"'#"/%;$*+G')$A'-*#"'#"/%;$*+)'H"#"'@"#>*#-"4'

F)$+8'"))"+;$/..<';1"')/-"'@#*%"4F#"'CF;'H$;1'4$>>"#"+;'$+$;$/.'%*+4$;$*+)G')/-@.$+8'

$+;"#=/.)G'/+4'#"/%;$*+';$-")I'V"/%;$*+'P'H/)');$..';1"'*="#/..'#"/%;$*+G'CF;'#F+'*+'/'

.*+8"#';$-"')%/."I'Q+'V"/%;$*+)'OG'SG'/+4'UG'/';H*>*.4'"A%"))'*>'";1<.'%1.*#*>*#-/;"'

H/)'F)"4G'/+4';1"'#"/%;/+;)'H"#"'4$.F;"4'C<'=/#$*F)'/-*F+;)I'Q+'V"/%;$*+)'a'/+4'9G'

@*;/))$F-'!"#@#*@<.'A/+;1/;"'H/)'4$#"%;.<'#"/%;"4'H$;1';1"'$+;"#-"4$/;"I'

V"/%;$*+'
_F-C"#5'

V"/%;$*+'
NF#/;$*+'
B1#ID5'

,/-@.$+8'
Q+;"#=/.'
B-$+ID5'

,*.="+;'
`*.F-"'
B-XD5'

(*;/))$F-'
'"#@#*@<.'i/+;1/;"'
F)"4'B-*.D5'

T;1<.'
:1.*#*>*#-/;"'
F)"4'B-*.D5'

Q+;"#-"4$/;"'
F)"4'B-*.D5'

6' 6' U' 9]]' ]IUP' ]IPa' ]'
P' S' 6U' 9]]' ]IUP' ]IPa' ]'
O' 6' U' 9]]' ]IUP' ]IUP' ]'
S' ]IU' U' 9]]' ]I6O' ]I6O' ]'
U' ]IU' U' 6S]]' ]I]UP' ]I]UP' ]'
a' 6' U' 9]]' ]IPa' ]' ]IPa'
9' P' 6]' 9]]' ]IPa' ]' ]IPa'



' W'

D*/#6"/&0-$&J,/.#//,'-&

01"'#"/%;$*+'C";H""+'@*;/))$F-'!"#@#*@<.'A/+;1/;"'/+4'";1<.'%1.*#*>*#-/;"'

$)'@#*@*)"4';*';/&"'@./%"'$+'/';H*K);"@'@#*%"))I'Q+';1"'>$#);');"@G'*+"'"JF$=/."+;'*>'

@*;/))$F-'!"#@#*@<.'A/+;1/;"'#"/%;)'C<'+F%."*@1$.$%'/%<.')FC);$;F;$*+'H$;1'*+"'

"JF$=/."+;'*>'";1<.'%1.*#*>*#-/;"';*'>*#-';1"'$+;"#-"4$/;"'%*-@*F+4'%K

";1*A<%/#C*+<.K&K!"#@#*@<.'4$;1$*%/#C*+/;"'B[$8F#"'6DI'

'

Q+';1"')"%*+4');"@G';1"'$+;"#-"4$/;"'#"/%;)'H$;1'/+'/44$;$*+/.'"JF$=/."+;'*>'

@*;/))$F-'!"#@#*@<.'A/+;1/;"';*'>*#-';1"'>$+/.'@#*4F%;I'01$)');"@'$)'@#*@*)"4';*'C"'

)$-$./#';*'/';#/+);1$*");"#$>$%/;$*+G'"A%"@;'H$;1'/+'$##"="#)$C."'"A@F.)$*+'*>'%/#C*+<.'

)F.>$4"';1/;'4#$=")';1"'#"/%;$*+'>*#H/#4)'B[$8F#"'PDI'

''

[$8F#"'6'

[$8F#"'P'



' e'

01$)'-"%1/+$)-'$-@.$")';1/;';1"')"%*+4');"@'$)').*H"#';1/+';1"'>$#);G')$+%"'

;1$*");"#)'/#"'."))'#"/%;$="';1/+'/%$4'%1.*#$4")';*H/#4)'+F%."*@1$.$%'/%<.'

)FC);$;F;$*+G'/+4';1/;'C*;1');"@)'/#"')"%*+4'*#4"#'*="#/..I'01F)G';1"'#/;"'./H'$)5'

!"
!" ! !!!!"'

!"
!" ! !!!!"'

!"
!" ! !!!" ! !!!"'

!"
!" ! !!!"'

H1"#"'7'$)';1"'%*+%"+;#/;$*+'*>'@*;/))$F-'!"#@#*@<.'A/+;1/;"G'2'$)';1"'%*+%"+;#/;$*+'

*>'";1<.'%1.*#*>*#-/;"G':'$)';1"'%*+%"+;#/;$*+'*>'$+;"#-"4$/;"G'/+4'N'$)';1"'

%*+%"+;#/;$*+'*>'>$+/.'@#*4F%;I'0/&$+8'+*;"';1/;'

! ! !! ! ! ! !!'

! ! !! ! ! ! !'

H1"#"'!!'/+4!!!'/#"';1"'#")@"%;$="'$+$;$/.'%*+%"+;#/;$*+)G';1"'#/;"'./H'%/+'C"'

#"H#$;;"+5'

!"
!" ! !!!!! ! ! ! !!!!!! ! ! ! !!! !!!!! ! ! ! !!!!'

!"
!" ! !!!!! ! ! ! !!!!'

01$)')<);"-'*>'+*+.$+"/#'4$>>"#"+;$/.'"JF/;$*+)'$)'+*;'/+/.<;$%/..<')*.=/C."G')*'

+F-"#$%/.'-";1*4)'-F);'C"'F)"4I'Z*H"="#G'!!'%/+'"/)$.<'C"'4";"#-$+"4'C<'4$#"%;'

#"/%;$*+'*>'$+;"#-"4$/;"'H$;1'@*;/))$F-'!"#@#*@<.'A/+;1/;"G')F%1'/)'$+'V"/%;$*+)'a'



' 6]'

/+4'9I'Q+';1$)'%/)"'*+.<');"@';H*'*>';1"'*="#/..'#"/%;$*+'*%%F#)G')*';1"'#"/%;$*+'$)'/'

)$-@."')"%*+4'*#4"#'*+"I'01"'$+;"8#/;"4'#/;"'./H'$)';1F)5'

!
! !

!
!!
! !!!'

01"'#/;"'%*+);/+;'$)'"/)$.<'%*-@F;"4'C<'#"8#"))$*+'*+';1"'$+;"#-"4$/;"'

%*+%"+;#/;$*+'H$;1'#")@"%;';*';$-"'B[$8F#"'ODI'

'

!!'H/)'>*F+4';*'C"'!!!""! !!!"" !
!"#!!I'2"%/F)"'!!!$)'&+*H+G'!!'%/+'/.)*'C"'>*F+4I'

01"'+F-"#$%/.'$+;"8#/;$*+'*>';1"')<);"-'*>'4$>>"#"+;$/.'"JF/;$*+)'H/)'@"#>*#-"4'$+'

Y*.>#/-'!/;1"-/;$%/G'/+4'!!'H/)'>*F+4'C<'#"8#"))$*+'*+';1"'$+;"#-"4$/;"'

%*+%"+;#/;$*+';*'C"'!!!"#! !!!"! !
!"#!!'B[$8F#"'SDI'

'

'

'

Intermediate Concentration vs. Time

0 50 100
0

0.1

0.2

0.3

Time (minutes)

In
te

rm
ed

ia
te

 (m
ol

/l)

Auto Fit for: Data Set | Intermediate 

y = 1/(At+2.7)

A: 0.1441 +/- 0.01054

RMSE: 0.02676 mol/l

[$8F#"'O'



' 66'

34*$,."*$&0-$&1*0/#4*$&=-"*42*$,0"*&<'-.*-"40",'-&@/K&;,2*&

'

Y1$."';1$)'-*4".'/%%F#/;".<'@#"4$%;)';1"'$+;"#-"4$/;"'%*+%"+;#/;$*+'/;'"/#.<';$-")G'

$;'*="#@#"4$%;)';1"'%*+%"+;#/;$*+'/;'./;"';$-")'B[$8F#"'SDG'C*;1'$+';1"'*="#/..'

#"/%;$*+'/+4'$+';1"'4$#"%;'#"/%;$*+'*>'$+;"#-"4$/;"'H$;1'@*;/))$F-'!"#@#*@<.'

A/+;1/;"I'01$)'$)'@#*C/C.<'4F"';*';1"').*H'4"%*-@*)$;$*+'*>'$+;"#-"4$/;"'C<'

1<4#*.<)$)G'H1$%1'H*F.4'-*);'.$&".<'C"'/'>$#);'*#4"#'@#*%"))I?UE'7.)*G'$+'%/.%F./;$+8'

;1"'%*+%"+;#/;$*+'*>'$)*@#*@<.'A/+;1$%'/+1<4#$4"G';1"'-*4".'/))F-")';1"*#";$%/.'

<$".4)'>*#';1"'#"/%;$*+G'#")F.;$+8'$+'*="#@#"4$%;$*+'B[$8F#"'UDI'0*'/%%*F+;'>*#'+*+K

$4"/.'<$".4)G';1"'@#"4$%;"4'@#*4F%;'%*+%"+;#/;$*+'H/)')%/."4'4*H+'C<'/'>/%;*#'*>'

]I9aG'H1$%1'%*##")@*+4)'H$;1'*C)"#="4'<$".4)'$+';1"'@#"@/#/;$="'-";1*4I'

'

'

'

'

'

[$8F#"'S'0$-"'B-$+D'

:*+%"+;#/;$*+'
B-*.jXD'



' 6P'

34*$,."*$&0-$&1*0/#4*$&!"#54'5%6&70-"),.&8-)%$4,$*&<'-.*-"40",'-&@/K&;,2*&

'

01"'%*##")@*+4$+8'-*4".'$+'H1$%1';1"')"%*+4');"@'$)'>$#);'*#4"#'H/)'/.)*'

%*+)$4"#"4I'Z*H"="#G';1"'@#"4$%;$*+)'*>';1$)'-*4".'4*'+*;'/8#""'H$;1'*C)"#=/;$*+)I'

01"'-*4".'@#"4$%;)'/').*H"#'$+$;$/.'#$)"'*>'$+;"#-"4$/;"'%*+%"+;#/;$*+'$+';1"'*="#/..'

#"/%;$*+';1/+';1/;'*C)"#="4G'/+4'F+4"#@#"4$%;)';1"'$+;"#-"4$/;"'%*+%"+;#/;$*+'>*#'

./#8"';$-")'B[$8F#"'aDI'

L,4/"&>4$*4&34*$,."*$&0-$&1*0/#4*$&=-"*42*$,0"*&<'-.*-"40",'-/&@/K&;,2*&

&

[$8F#"'U'0$-"B-$+D'

:*+%"+;#/;$*+'
B-*.jXD'

:*+%"+;#/;$*+'
B-*.jXD'

0$-"B-$+D' [$8F#"'a'

'''Q4"/.'d$".4)'
'
'
'
'''9a^'d$".4)'



' 6O'

Y1$."';1"'*="#@#"4$%;$*+'*>';1"')"%*+4'*#4"#'-*4".'/;'./#8"';$-")'%/+'C"'"A@./$+"4'

C<'4"%*-@*)$;$*+'*>';1"'$+;"#-"4$/;"G';1"#"'$)'+*'#/;$*+/.'"A@./+/;$*+'>*#';1"'

F+4"#@#"4$%;$*+'*>';1"'>$#);'*#4"#'-*4".I'01F)G'$;'$)'%."/#';1/;';1"'*C)"#="4'

$+;"#-"4$/;"'%*+%"+;#/;$*+'-/;%1")'C";;"#'H$;1'/')"%*+4'*#4"#'-*4".';1/+'H$;1'/'

>$#);'*#4"#'*+"I''

!*#"*="#G'H1"+';1"'#"/%;$*+'H/)'4$.F;"4'B$+'#"/%;$*+)'OG'SG'/+4'UDG';1"'#/;"'

4"%#"/)"4'C<';1"')JF/#"'*>';1"'4$.F;$*+'>/%;*#I'Y1"+';1"'#"/%;$*+'H/)'4$.F;"4'C<'/'

>/%;*#'*>'>*F#G';1"'#/;"'4"%#"/)"4'C<'/'>/%;*#'*>'!"!!! !!!k'H1"+';1"'#"/%;$*+'H/)'

4$.F;"4'C<'/'>/%;*#'*>';H"+;<G';1"'#/;"'4"%#"/)"4'C<'/'>/%;*#'*>'!"#! !"'B[$8F#"'9DI'

01$)'4"%#"/)"'$+'#/;"'@#*@*#;$*+/.';*';1"')JF/#"'*>';1"'4$.F;$*+'>F#;1"#')F@@*#;)'

)"%*+4'*#4"#'&$+";$%)'*="#/..I'

'[$8F#"'9'



' 6S'

Q+'%*+%.F)$*+G';1"'#"/%;$*+'C";H""+'";1<.'%1.*#*>*#-/;"'/+4'@*;/))$F-'

!"#@#*@<.'A/+;1/;"'H/)'>*F+4';*';/&"'@./%"'C<'/';H*K);"@'-"%1/+$)-'$+'H1$%1'C*;1'

);"@)'/#"')"%*+4'*#4"#I'01$)')F@@*#;)';1"'@#*@*)"4'-"%1/+$)-G')$+%"'+F%."*@1$.$%'

/%<.')FC);$;F;$*+)'B$+%.F4$+8';#/+);1$*");"#$>$%/;$*+)D'/#"'&+*H+';*'C"')"%*+4'*#4"#I'

01"'-/;1"-/;$%/.'-*4".)'@#")"+;"4'/%%F#/;".<'@#"4$%;';1"'%*+%"+;#/;$*+)'*>'

$+;"#-"4$/;"'/+4'@#*4F%;'*+')1*#;'/+4'-"4$F-';$-")%/.")G'CF;'4*'+*;'/%%*F+;'>*#'

4"%*-@*)$;$*+'=$/'1<4#*.<)$)I'01"#">*#"G'-*#"'"A@"#$-"+;/;$*+'$)'+""4"4';*'

4";"#-$+"';1"'#/;"'*>'4"%*-@*)$;$*+'*>'$+;"#-"4$/;"I'Z*H"="#G'8$="+';1/;';1"';/#8";'

%*-@*F+4'$)'#"/)*+/C.<');/C."'F+4"#';1"'#"/%;$*+'%*+4$;$*+)'"-@.*<"4G?UE'

4"%*-@*)$;$*+'$)'+*;'.$&".<';*'C"'/'-/L*#'$))F"'>*#'/+<'@#"@/#/;$="'-";1*4'C/)"4'*+'

;1$)'H*#&I'

D*(*4*-.*/:&

65'ZI'Y".4"G'()$*+,-.)$/012)3'EMG'@I'SP'B6W99D''

P5'7./<+"'XI',%1#*..G'3"*#8"'2/#/+<G'_*=".',<--";#$%/.'/+4'!$A"4':/#C/-*<.'/+4''
7-$+*'(*.<)F.>/+")'C<'V"/%;$*+)'*>'B7.&*A<4$%1.*#*-";1<.D@*.<)F.>/+<.'
,FC);#/;")'H$;1'_K!";1<./+$.$+"G'()$&+4)$/012)G'MEB6]DG'@@I'6Waal6WW6'
B6eWaD''

'
O5'3"*#8"'2/#/+<G'2"#+/#4'YI'[F.@$F)G'0I'(I'b$+8G':*+="+$"+;'_"H'(#*%"4F#")'>*#''

;1"',<+;1")$)'*>'T;1*A<;1$*%/#C*+<.'N"#$=/;$=")'*>'7-$+*'7%$4)G'()$&+4)$
/012)G'NOB6SDG'@@I'PeO]lPeOP'B6e9WD'
'

S5'VI'NI':#*\$"#G',F.@1$4"'%*.."%;*#'-$+"#/.'C*+4$+8'/+4';1"'-"%1/+$)-'*>'>.*;/;$*+G'
5!61+,7"$864!611+!64G'NB9DG'@@I'WOeKWUW'B6ee6D' '

'
U5'!$%1/".'ZI'g*+")G'g/-")'0I'Y**4%*%&G'(#"@/#/;$*+G'F.;#/=$*.";')@"%;#*@1*;*-";#$%''

4";"#-$+/;$*+G'/+4'/JF"*F)'4"%*-@*)$;$*+'*>'/.&<.'A/+;1$%'/+1<4#$4")G'
96,7:.!;,$/0!2!;,$9;.,3'EPOG'@@I'S6KU]'B6eW9D'

'
'

& &



' 6U'

855*-$,B&8:&<'-.*-"40",'-&J0"0:&
 

D*0.",'-&Q#29*4&
;,2*&
R2,-S&

,34B0&
34'$#."&

.'-.*-"40",'-&
R2'6TUS&

=-"*42*$,0"*&
.'-.*-"40",'-&

R2'6TUS&
D*0.",'-&E:&>@*4066&4*0.",'-&

R/)'4"&",2*/.06*S&
' ' '6' 6' ]I]O6' ]I69e'

6' U' ]I]W9' ]IPPW'
6' 6]' ]I]eP' ]IP6e'
6' 6U' ]I]eS' ]IP]O'
6' P]' ]I66S' ]I6e]'
6' PU' ]I669' ]I6WO'
6' O]' ]I6PW' ]I69U'
6' OU' ]I6PW' ]I6aO'
6' S]' ]I6SS' ]I6SO'
6' SU' ]I6Se' ]I6S]'
6' U]' ]I69W' ]I6PP'
6' UU' ]I6We' ]I6]6'
6' a]' ]IP6S' ]I]9U'

D*0.",'-&G:&>@*4066&4*0.",'-&
R6'-H&",2*/.06*S&

' ' 'P' 6U' ]I666' ]I6eS'
P' O]' ]I6aP' ]I6UO'
P' SU' ]IP]9' ]I]9a'
P' a]' ]I6eP' ]I]99'
P' 9U' ]I6ea' ]I]Ua'
P' e]' ]IP6S' ]I]OU'
P' 6]U' ]IPS6' ]I]6a'
P' 6P]' ]IPaP' ]I]6e'
P' 6OU' ]IPW6' ]I]]e'
P' 6U]' ]IP9O' ]I]6P'
P' 6aU' ]IPa]' ]I]6W'
P' 6W]' ]IPaU' ]I]6P'
P' 6eU' ]IPSW' ]I]]W'
P' P6]' ]IPSS' ]I]6U'
P' PPU' ]IP9a' ]I]6O'
P' PS]' ]IP99' ]I]6P'

'
' '



' 6a'

'

D*0.",'-&Q#29*4&
;,2*&
R2,-S'

,34B0&
34'$#."&

.'-.*-"40",'-&
R2'6TUS'

=-"*42*$,0"*&
.'-.*-"40",'-&

R2'6TUS'
D*0.",'-&O:&GB&*B.*//&
*")%6&.)6'4'('420"*&

' ' 'O' U' ]I]OSW' ]IaPP'
O' 6]' ]I]P]P' ]IaSW'
O' 6U' ]I]]]]' ]Ia9U'
O' P]' ]I]6]9' ]IaPS'
O' PU' ]I]66U' ]Iaa6'
O' O]' ]I]6OU' ]IaPS'
O' OU' ]I]]eP' ]Ia9e'
O' S]' ]I]]W9' ]IaUO'
O' SU' ]I]6OO' ]IaUe'
O' U]' ]I]]9a' ]IaOW'
O' UU' ]I]6P6' ]IaO6'
O' a]' ]I]]9S' ]IaWW'

D*0.",'-&N:&GB&*B.*//&
*")%6&.)6'4'('420"*V&

NB&$,6#",'-'
' ' 'S' 6' ]I]]]6' ]I]aa]'

S' U' ]I]]PO' ]I]eOa'
S' 6]' ]I]]SS' ]I]eOa'
S' 6U' ]I]]a]' ]I]e6U'
S' P]' ]I]]96' ]I]WeP'
S' PU' ]I]]aW' ]I]e]O'
S' O]' ]I]]WW' ]I]ee9'

D*0.",'-&M:&GB&*B.*//&
*")%6&.)6'4'('420"*V&

GWB&$,6#",'-'
' ' 'U' 6' ]I]]]]' ]I]]6a'

U' U' ]I]]]P' ]I]]O]'
U' 6]' ]I]]]O' ]I]]Pe'
U' 6U' ]I]]]S' ]I]]Pe'
U' P]' ]I]]]a' ]I]]Pe'
U' PU' ]I]]]a' ]I]]Pe'
U' O]' ]I]]]a' ]I]]PW'

'
' '



' 69'

'

D*0.",'-&Q#29*4&
;,2*&
R2,-S'

,34B0&
34'$#."&
.'-.*-"40",'-&
R2'6TUS'

=-"*42*$,0"*&
.'-.*-"40",'-&
R2'6TUS'

D*0.",'-&X:&!*.'-$&/"*5&4*0.",'-&
R/)'4"&",2*/.06*S'

' ' 'a' U' ]I]SOU' ]IP]aP'
a' 6]' ]I]SW9' ]I6ee6'
a' 6U' ]I]a69' ]I6W]9'
a' P]' ]I]9a6' ]I6aaO'
a' PU' ]I]We]' ]I6ae9'
a' O]' ]I]eSP' ]I6SeO'
a' OU' ]I6]S' ]I6OO'
a' S]' ]I6PO' ]I6]P'
a' SU' ]I6SP' ]I6]a'
a' U]' ]I6WO' ]I]WO'
a' UU' ]I6eU' ]I]9O'
a' a]' ]I6eU' ]I]aW'

D*0.",'-&I:&!*.'-$&/"*5&4*0.",'-&
R2*$,#2&",2*/.06*S'

' ' '9' 6]' ]I]W]a' ]IO6PU'
9' P]' ]I]W]9' ]IO6UW'
9' O]' ]IP66' ]I6Pe'
9' S]' ]I6WS' ]I6S6'
9' U]' ]IPOU' ]I]eO'
9' a]' ]IPaU' ]I]96'
9' 9]' ]IPW]' ]I]9]'
9' W]' ]IPeP' ]I]UW'
9' e]' ]IPe]' ]I]Se'
9' 6]]' ]IPe9' ]I]S]'
9' 66]' ]IO]W' ]I]O6'
9' 6P]' ]IOPS' ]I]PU'

'

' '



' 6W'

855*-$,B&Y:&8$?#/"2*-"&('4&1*.)0-,.06&U'//*/:&

Q+';1"'%*F#)"'*>'"A@"#$-"+;/;$*+G'$;'H/)'>*F+4';1/;';1"'/-*F+;'*>'@#*4F%;'

%*.."%;"4'/;'"/%1';$-"'@*$+;'H/)')&"H"4'4*H+H/#4)'C<'-"%1/+$%/.'.*))")'4F#$+8'

H*#&F@G'H1$%1'./#8".<'%/-"'>#*-';1"'@#*4F%;'C"$+8'/C)*#C"4'C<'>$.;"#'@/@"#'4F#$+8'

#"-*=/.'*>';1"'4#<$+8'/8"+;I'Q+';1"*#<G'.*))")'$+';1$)'>/)1$*+'/#"'+*;'4"@"+4"+;'*+'

/-*F+;'*>'@#*4F%;G'*+.<'*+'%*+%"+;#/;$*+'*>'@#*4F%;'$+';1"'"A;#/%;$*+')*.="+;I'

01"#">*#"G'$;'$)'@*))$C."';*'/4LF);'>*#';1"-'C<'%*-@/#$+8';1"'/-*F+;'%*.."%;"4'>#*-'

;1"'./);')-/..'#"/%;$*+')/-@."'/+4';1"'/-*F+;'%*.."%;"4'>#*-';1"'>$+/.'"A;#/%;$*+'*>'

@#*4F%;I''

[*#'"A/-@."G'$+'V"/%;$*+'6G']Ie9P'8'*>'*#8/+$%)'H"#"'%*.."%;"4'>#*-';1"'PU'

-X'#"-*="4'/;'UU'-$+F;")G'/+4'PaIPP'8'H"#"'%*.."%;"4'>#*-';1"'SPU'-X'#"-/$+$+8'

/;'a]'-$+F;")I'7))F-$+8';1"'%*+%"+;#/;$*+'=/#$"4'.$;;."'%*-@/#"4';*';1"'/-*F+;'*>'

-"%1/+$%/.'.*))")'4F#$+8';1"'$+;"#="+$+8'U'-$+F;")G'

!"!!!!! !
!"#!" ! !!!"#!! !

!"!" ! ! ! !!!"!!!'

H1"#"'!'$)';1"'/-*F+;'*>'@#*4F%;'.*);I'01"'/-*F+;)'*>'-"%1/+$%/.'.*))")'>*#';1"'

*;1"#'#"/%;$*+)'H"#"'%/.%F./;"4'$+';1"')/-"'-/++"#G'/+4';1"'%*+%"+;#/;$*+)'

@#")"+;"4'1"#"'1/="'C""+'/4LF);"4';*'/%%*F+;'>*#'-"%1/+$%/.'.*))")I'Z*H"="#G'

C"%/F)"'-"%1/+$%/.'.*))")'/#"'+*;'%*-@.";".<'%*+);/+;G';1"<'#"-/$+';1"'-/$+'

)*F#%"'*>'"##*#'$+';1"'4/;/I'Q+'>F;F#"'H*#&G'-*#"')*.="+;'-/<'C"'F)"4'>*#'"A;#/%;$*+'

;*'#"4F%"';1$)')*F#%"'*>'"##*#I'

'


