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"#$%! &'()! &*%! +*(($,-! './! */! /#,! 0*1'(*/'(2! '3! 4(5*6$+! 7#,8$%/(29! :,;*(/8,6/! '3!

<*/.(*=!>+$,6+,%9!?1'!@)*-,8$!A6$B,(%$/29!-.($65!/#,!;,($'-!CDDEFCDGDH!"#,!&'()!&*%!

3$6*6+$*==2! %.;;'(/,-! 12! "#,! I$66$%#! J(*-.*/,! >+#''=! '3! K6B$('68,6/*=! >+$,6+,! *6-!

",+#6'='529! L*=/,(! '+#! 0$%$! L*#=%! %/$3/,=%,! 3M(! 6*/.(B,/,6%)*;=$5! 3'(%)6$659! ?1'!

@)*-,8$!N,%,*(+#!I'.6-*/$'6!*6-!?=*6-%!%OP=B%/2(,=%,%!EQFR(%O.1$=,.8%3'6-H!

!

S!&'.=-!=$),!/'!,T;(,%%!82!%$6+,(,%/!5(*/$/.-,!/'!82!%.;,(B$%'(9!U('3,%%'(!0,$3!V('61,(59!

3'(! /#,!8*62! =*.5#%!#,!#*%!+'6/($1./,-!&$/#!'B,(! /#,!2,*(%9! 3'(!#$%!;*/$,6+,!&$/#!82!

%='&!&($/$65!*6-!3'(!#$%!,T;,(/!*-B$%,H!U#:!W'#*6!K($)%%'6!X>/'+)#'=8!A6$B,(%$/2Y!$%!*=%'!

5(*/,3.==2! *+)6'&=,-5,-! 3'(! *! 5''-! +'==*1'(*/$'6! *6-! ;#'/'+#,8$+*=! ,T;,(/$%,H! S! *=%'!

&$%#!/'!/#*6)!U#:!@/=*%$!:*6,%#B*(!X>&,-$%#!A6$B,(%$/2!'3!@5($+.=/.(,Y!3'(!*!%.++,%%3.=!

+'==*1'(*/$'6H!I.(/#,(8'(,!S!&$%#!/'!/#*6)!U('3,%%'(!Z*(O*F0$$%*!N$,))'=*!*6-!U('3,%%'(!

7#($%/$*6! [&$,6,(! 3'(! (,B$,&$65! 82! /#,%$%! *6-! ?),! \,(58*6! 3'(! *++,;/$65! /'! 1,! 82!

';;'6,6/H!

!

>;,+$*=!/#*6)%!5'!/'!82!+='%,!3*8$=2!3'(!/#,$(!%.;;'(/!*6-!='B,H!0*%/!1./!6'/!=,*%/9!S!&$%#!

/'!/#*6)!82!&'6-,(3.=!&$3,!0$6-*FZ*($,!3'(!#,(!,B,(=*%/$65!.6-,(%/*6-$659!%.;;'(/!*6-!

3($,6-%#$;H!!!!!

!!

Z*($,#*869!CDGC!

W,%;,(!>B*63,=/
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4B,(! /#,!;*%/! 3,&!-,+*-,%!-(.5%!#*B,!1,+'8,!*6! $8;'(/*6/!;*(/!'3!'.(!,B,(2-*2! =$3,!

*6-9! +'6%,].,6/=29! /#,2! *(,! +'6%.8,-! $6! B,(2! =*(5,! ].*6/$/$,%! ,B,(2! 2,*(H! "#,! *+/$B,!

$65(,-$,6/%! '3! -(.5%! *(,! ,T+(,/,-! 3('8! /#,! 1'-2! B$*! .($6,! *6-! 3,+,%! *6-! +*(($,-! /'!

&*%/,&*/,(! /(,*/8,6/! ;=*6/%H! @%! +'8;=,/,! (,8'B*=! $6! /#,! /(,*/8,6/! ;=*6/! $%! %,=-'8!

*+#$,B,-9! /#,%,! 1$'='5$+*==2! *+/$B,! +'8;'.6-%! *(,! +'6/$6.'.%=2! -$%+#*(5,-! /'! /#,!

*].*/$+! ,6B$('68,6/! &$/#! /#,! ,33=.,6/! &*/,(H! N,+,6/! -,B,=';8,6/%! $6! *6*=2/$+*=!

+#,8$%/(2! #*B,! ,6*1=,-! (,=$*1=,! ].*6/$3$+*/$'6! *6-! 8'6$/'($65! '3! *! (*65,! '3! *+/$B,!

;#*(8*+,./$+*=!$65(,-$,6/%!$6!%,B,(*=!,6B$('68,6/*=!8*/($+,%H!7.((,6/=29!%/.-$,%!'6!/#,!

,6B$('68,6/*=! 3*/,!'3!-(.5%!*(,! (,+,$B$65! $6+(,*%$65!*//,6/$'69!*%! /#$%! $%! *6! $8;'(/*6/!

(,%,*(+#!*(,*!'3!&#$+#!/#,(,!$%!%/$==!B,(2!=$8$/,-!)6'&=,-5,H!!

"#$%!/#,%$%!3'+.%,%!'6!/#,!,6B$('68,6/*=!'++.((,6+,!*6-!;#'/'+#,8$+*=!3*/,!'3!%,=,+/,-!

*+/$B,! ;#*(8*+,./$+*=! $65(,-$,6/%H! @6*=2/$+*=! 8,/#'-'='5$,%! 3'(! ].*6/$3$+*/$'6! '3!

;#*(8*+,./$+*=%! $6! &*%/,&*/,(! *6-! %.(3*+,! &*/,(! *6-! 3'(! %/.-2$65! ;#'/'+#,8$+*=!

/(*6%3'(8*/$'6! ;*/#&*2%! '3! $6-$B$-.*=! +'8;'.6-%! *(,! ;(,%,6/,-H! S6! *--$/$'69! %'8,!

%26/#,/$+!8,/#'-%!3'(!*++,%%$65!/(*6%3'(8*/$'6!;('-.+/%!'3!/#,!*6/$F$63=*88*/'(2!-(.5!

-$+='3,6*+!*(,!-,%+($1,-H!!

S6! +'6+=.%$'69! /#$%! /#,%$%! +'6/($1./,%!&$/#! 6,&! *6-! $8;'(/*6/! )6'&=,-5,! /#*/!&$==! 1,!

#,=;3.=!3'(!/#,!,6B$('68,6/*=!($%)!*%%,%%8,6/!'3!/#,!%/.-$,-!-(.5%H!

!!!

3



!

!

$!

(:;<58=<!!

A6-,(!-,!%,6*%/,!R(/$'6-,6*!#*(!=P),8,-,=!1=$B$/!,6!*==/!B$)/$5*(,!-,=!*B!BR(!B*(-*5!'+#!

3M=O*)/=$5,6! )'6%.8,(*%! -,! R(=$5,6! $! ,6'(8*! 8P65-,(H! 0P),8,-=,6%! *)/$B*! P86,6!

./%M6-(*%! 3(R6! )(';;,6! 8,-! .($6! '+#! 3,)*=$,(9! B*(,3/,(! -,! /(*6%;'(/,(*%! /$==!

*B=';;%(,6$65%B,()H! "$==! 3M=O-! *B! *//! (,6$65%B,(),6! $6/,! 3.==%/P6-$5/! 3M(8R(! (,6*!

*B=';;%B*//6,/!3(R6!-,%%*!1$'='5$%)/!*)/$B*!P86,6!)'88,(!-,!)'6/$6.,(=$5/!*//!/$==3M(*%!

B*//,68$=OM6!8,-!./=';;%B*//6,/H!:,6!%,6*%/,!/$-,6%!./B,+)=$65!$6'8!*6*=2/$%)!),8$!#*(!

5O'(/!-,/!8MO=$5/!*//9!;R!,//!/$==3M(=$/=$5/!%P//9!)B*6/$3$,(*!'+#!%/.-,(*!,//!%/'(/!*6/*=!*)/$B*!

P86,6!$!,//!3=,(/*=!'=$)*!;('B/*56$65%8$=OM,(H!S-*5!3$66%!,//!M)*/!3'(%)6$65%$6/(,%%,!)($65!

-,!*)/$B*!P86,6*%!M-,!$!8$=OM69!-HBH%H!#.(!-,!;RB,()*%!*B!'=$)*!32%$)*=$%)*9!),8$%)*!'+#!

1$'='5$%)*!;('+,%%,(!$!6*/.(,69!,3/,(%'8!-,//*!P(!,//!B$)/$5/!3'(%6$65%'8(R-,!%'8!-,/!P6!

%R!=P65,!3$66%!82+),/!=$/,!).6%)*;!'8H!

:,66*! *B#*6-=$65! $6($)/*(! %$5! ;R! -,! *)/$B*! P86,6*%! 3M(,)'8%/! '+#! 3'/'),8$%)*! M-,! $!

8$=OM6H! S! *B#*6-=$65,6! ;(,%,6/,(*%! 3(*8/*56*! *6*=2/$%)*! 8,/'-,(! 3M(! )B*6/$3$,($65! *B!

8,-$+$6%)*! 3M(,6$65*(! $! *B=';;%B*//,6! '+#! 2/B*//,6! %*8/! 3M(! %/.-$,(! *B! B$%%*! ./B*=-*!

3M(,6$65*(%!3'/'),8$%)*!/(*6%3'(8*/$'6%BP5*(H!:P(/$==!1,%)($B%!6R5(*!%26/,/$%)*!8,/'-,(!

3M(!*//! 3R! /$==5R65! /$==! /(*6%3'(8*/$'6%;('-.)/,(!*B!-,6!*6/$$63=*88*/'($%)*! %.1%/*6%,6!

-$)='3,6*)H!

>*88*63*//6$65%B$%!/$==3M(!*B#*6-=$65,6!62!'+#!B$)/$5!).6%)*;!%'8!)'88,(!*//!B*(*!/$==!

#OP=;!B$-!8$=OM($%)1,-M86$65!*B!-,!%/.-,(*-,!8,-$+$6%)*!3M(,6$65*(6*H!!
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.! @6*=2%$%! '3! /#2('$-! #'(8'6,%! $6! (*&! *6-! /(,*/,-! &*%/,! &*/,(H! >B*63,=/9! WH9!

K($)%%'69!WH9!V('61,(59!0H!W'.(6*=!'3!7#('8*/'5(*;#2!@!DEFE9!GCGE9!^_^`a^_E_H!

..! <,5=,+/,-!%'.(+,%!'3!;#*(8*+,./$+*=%a3''/;($6/%!'3!*!(,55*,!3,%/$B*=H!:*6,%#B*(9!

@H9! >B*63,=/9! WH9! V('61,(59! 0H9! L,2#,68,2,(9! JH! W'.(6*=! '3! K6B$('68,6/*=!

8'6$/'($65!DEFD9!G_9!Q`^a^DbH!

...! @! U#'/'+#,8$+*=! %/.-2! '3! -$+='3,6*+! *6-! $/%! 8*O'(! /(*6%3'(8*/$'6! ;('-.+/%H!

K($)%%'69!WH9!>B*63,=/9!WH9!V('61,(59!0H!U#'/'+#,8$%/(2!*6-!U#'/'1$'='52!DEFE9!c^9!

QCcaQbCH!

.2! U#'/'+#,8$+*=!/(*6%3'(8*/$'6!'3!/#,!/#2('$-!#'(8'6,!=,B'/#2('T$6,!$6!*].,'.%!

%'=./$'6H! >B*63,=/9! WH9! K($)%%'69! WH9! V('61,(59! 0H! K6B$('68,6/*=! >+$,6+,! *6-!

U'==./$'6!N,%,*(+#!DEFF9!Gc9!cEGacE^H!!

2! >26/#,%$%! '3! %.1%/$/./,-! -$;#,62=*8$6,%! *6-! +*(1*d'=,%e! ;#'/'/(*6%3'(8*/$'6!

;('-.+/%!'3!-$+='3,6*+H!>B*63,=/!WH9!V('61,(59!0H!K6B$('68,6/*=!7#,8$%/(2!0,//,(%9!

DEFF9!`9!G_GaG__H!

!

"<G65!@A:B>98<>?C;!

2.! >,*%'6*=! B*($*/$'6%! $6! /#,! '++.((,6+,! *6-! 3*/,! '3! 1*%$+! *6-! 6,./(*=!

;#*(8*+,./$+*=%! $6! *! >&,-$%#! ($B,(a=*),! %2%/,8H! :*6,%#B*(9! @H9! >B*63,=/9! WH9!

V('61,(59!0H9!U(fB'%/9!ZH9!L,2#,68,2,(9!JH!7#,8'%;#,(,!DEFE9!cD9!bDGabD`H!

2..! L$6/,(!*++.8.=*/$'6!'3!*+$-$+!;#*(8*+,./$+*=%!$6!*!>&,-$%#!($B,(H!:*6,%#B*(9!@H9!

>B*63,=/9!WH9!V('61,(59!0H9!U(fB'%/9!ZH9!L,2#,68,2,(9!JH!!K6B$('68,6/*=!>+$,6+,!

*6-!U'==./$'6!N,%,*(+#!DEEH9!GE9!`Dca`G^H!

!
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2...! K6B$('68,6/*=! I*/,! *6-! g*d*(-%! '3! /#,! U#*(8*+,./$+*=! :$+='3,6*+! $6! @].*/$+!

K6B$('68,6/%H!>B*63,=/9!WH9!V*==$'9!WFZH9!K($)%%'69!WH9!V('61,(59!0I!7#*;/,(!GG!XC_ba

CQQY! $6J!7'6/*8$6*6/%!'3!,8,(5$65!+'6+,(6! $6! /#,!,6B$('68,6/e!K+'='5$+*=!*6-!

#.8*6! #,*=/#! +'6%$-,(*/$'6%H! g*=-,69! NH! X,-$/'(Y9! @8,($+*6! 7#,8$+*=! >'+$,/2!

DEFEH!

!

W,%;,(!>B*63,=/!#*%!+'6/($1./,-!/'!/#,!;*;,(%!$6!/#$%!/#,%$%!*%!%/*/,-!1,='&e!!

S! "#,! (,%;'6-,6/! &*%! $6B'=B,-! $6! %*8;=,! +'==,+/$'69! 8,/#'-! -,B,=';8,6/! *6-!

*6*=2%$%H!g,!&*%!*=%'!8*$6=2!(,%;'6%$1=,!3'(!&($/$65!/#,!;*;,(H!!!

SS! "#,!(,%;'6-,6/!;*(/$+$;*/,-! $6!/#,!*6*=2/$+*=!&'()!*6-!-*/*! $6/,(;(,/*/$'6!*6-!

&*%!$6B'=B,-!$6!&($/$65!/#,!;*;,(H!!

SSS! "#,!(,%;'6-,6/!;*(/$+$;*/,-! $6!/#,!*6*=2/$+*=!&'()!*6-!-*/*! $6/,(;(,/*/$'6!*6-!

&*%!$6B'=B,-!$6!&($/$65!/#,!;*;,(H!

Sh! "#,!(,%;'6-,6/!&*%!$6B'=B,-!$6!%*8;=,!*6*=2%$%!*6-!-*/*!$6/,(;(,/*/$'6!*6-!&*%!

8*$6=2!(,%;'6%$1=,!3'(!&($/$65!/#,!;*;,(H!

h! "#,! (,%;'6-,6/! ;,(3'(8,-! /#,! %26/#,/$+*=! &'()9! *6*=2%,%! *6-! -*/*!

$6/,(;(,/*/$'6H!g,!&*%!*=%'!8*$6=2!(,%;'6%$1=,!3'(!&($/$65!/#,!;*;,(H!!

!

!

!

!

!
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@S! *+/$B,! $65(,-$,6/i! /#,!+#,8$+*=! +'8;'.6-! (,%;'6%$1=,! 3'(! /#,!1$'='5$+*=!

*+/$B$/2!'3!*!-(.5! !

@US!! ! */8'%;#,($+!;(,%%.(,!$'6$d*/$'6!

:*! :*=/'69!.6$3$,-!*/'8$+!8*%%!.6$/!

K>S! ! ,=,+/('%;(*2!$'6$d*/$'6!

INK"! ! IM(%/,(!(,%'6*6+,!,6,(52!

J7! 5*%!+#('8*/'5(*;#2!

g0\! ! #2-(';#$=$+!=$;';#$=$+!1*=*6+,!!

g4Z4!! #$5#,%/!'++.;$,-!8'=,+.=*(!'(1$/*=!

gU07! #$5#!;,(3'(8*6+,!=$].$-!+#('8*/'5(*;#2!

gNZ>! #$5#!(,%'=./$'6!8*%%!%;,+/('8,/(2!

S>! $6/,(6*=!%/*6-*(-!

0@g! =$/#$.8!*=.8$6.8!#2-($-,!

07! ! =$].$-!+#('8*/'5(*;#2!

0AZ4! ! ='&,%/!.6'++.;$,-!8'=,+.=*(!'(1$/*=!

Z@4>! ! 8$+('&*B,!*%%$%/,-!'(5*6$+!%26/#,%$%!!

ZNZ! 8.=/$;=,!(,*+/$'6!8'6$/'($65!

Z>! ! 8*%%!%;,+/('8,/(2!

Z>jZ>!! /*6-,8!8*%%!%;,+/('8,/(2!

8jd! ! 8*%%!/'!+#*(5,!(*/$'!
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(!

<ZN! 6.+=,*(!8*56,/$+!(,%'6*6+,!

<>@S:! ! 6'6F%/,('$-*=!*6/$F$63=*88*/'(2!-(.5!

UK7! ;(,-$+/,-!,6B$('68,6/*=!+'6+,6/(*/$'6!

UK"! ! ;#'/'F$6-.+,-!,=,+/('6!/(*6%3,(!

U"U! ! ;#'/'/(*6%3'(8*/$'6!;('-.+/!

k! ! ].*-(.;'=,!

]Z>! ! %$65=,!].*-(.;'=,!8*%%!%;,+/('8,/(2!

(F"b! XC>YFCF*8$6'FbFl_FX_F#2-('T2Fb9QF-$$'-';#,6'T2YFbF

$'-';#,62=m;(';*6'$+!*+$-!'(!b9bn9QnF/($$'-'F0F/#2('6$6,!

>UK! ! %'=$-!;#*%,!,T/(*+/$'6!

b9bnF"C! CF*8$6'FbFl_FX_F#2-('T2FbF$'-'F;#,6'T2YFbF$'-'F;#,62=m;(';*6'$+! *+$-!

'(!b9bnF-$$'-'/#2('6$6,!!

b9QF"C! CF*8$6'FbFl_FX_F#2-('T2;#,6'T2YFb9QF-$$'-';#,62=m;(';*6'$+! *+$-! '(!

b9QF-$$'-'/#2('6$6,!

"b! XC>YFCF*8$6'FbFl_FX_F#2-('T2FbF$'-'F;#,6'T2YFb9QF-$$'-'F

;#,62=m;(';*6'$+!*+$-!'(!b9bn9QF/($$'-'F0F/#2('6$6,!

"_! XC>YFCF*8$6'FbFl_FX_F#2-('T2Fb9QF-$$'-';#,6'T2YFb9QF

-$$'-';#,62=m;(';*6'$+!*+$-!'(!b9Q9bn9QnF/,/(*$'-'F0F/#2('6$6,!

"4I! ! /$8,!'3!3=$5#/!

"U! ! /(*6%3'(8*/$'6!;('-.+/!

LL"U!! &*%/,&*/,(!/(,*/8,6/!;=*6/!

Ah! .=/(*!B$'=,/!
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*+,-./0-111111111112212111111111111111111111111111112223!
*+,-./4-11111111122111111111111211111111111111111111233!
53,-!67!89+:30/-36;,11111111111122111111121111111111111111333!
<-=>.!?9+:30/-36;,1111111111111221111112111111111111111123@!
53,-!67!/++.>@3/-36;,111111111211111111111221111111111111122@!
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LL"U% 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 A"!
:,%$56!*6-!+'6%.8;/$'6 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 A$!
U#2%$+'+#,8$+*=!;(';,(/$,%222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 A%!

9)':%&'(&+;%&+;%,1, 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222223<!

9"=:$%&>'.5?0:2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 3@!
A*"$B+1)"$&+''$,222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 3C!
D1E01/&);.'="+'6.":;B22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222223C!
D1E01/&);.'="+'6.":;B&F&=",,&,:%)+.'=%+.B22222222222222222222222222222222222222222222222222222222222222222222228G!

K=,+/('%;(*2!$'6$d*/$'6222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 "B!
H;'+');%=1,+.B22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 8I!
A)+1J"+1'* 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222228<!

91*6$%+&"*/&+.1:$%+&%K)1+%/&,+"+%, 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222L3!

M"+%,&'(&")+1J"+%/&,:%)1%,2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222L8!
N%")+1J"+1'*&:.')%,,%, 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222LL!

H;'+');%=1)"$&.%")+1'*,22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222LO!
P0"*+0=&B1%$/ 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222LQ!

R;%=1)"$&,B*+;%,1,22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 LQ!
S))0..%*)%&'(&A-,&1*&+;%&"E0"+1)&%*J1.'*=%*+&T:":%.,&-?--U222222222222 L<!
S))0..%*)%&'(&"&+;B.'1/&;'.='*%&1*&"&VV!H&%(($0%*+&TH":%.&-U 22222222222222222222222222222222222L<!
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!

AB!

W*%K:%)+%/&,'0.)%,&'(&A-,&TH":%.&--U222222222222222222222222222222222222222222222222222222222222222222222222222222222222222O3!

H;'+'+."*,('.="+1'*&'(&A-,&T:":%.,&---?-XU2222222222222222222222222222222222222222222 OQ!
N1)$'(%*")&TH":%.&---U 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222OQ!

!;B.'K1*%&TH":%.&-XU222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222OC!

9B*+;%,1,&'(&:;'+'+."*,('.="+1'*&:.'/0)+,&T:":%.&XU 222222222222222222222 QL!
R".#"Y'$%,22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222QL!
N1:;%*B$"=1*%, 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222QO!

90==".B&"*/&)'*)$0,1'*22222222222222222222222222222222222222222222222222222222222222222222222222222 Q<!
41#$1'6.":;B 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 QC!
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!

!

AA!

.C<5?LA9<>?C!

M89=N5?ACL!!

S/! $%! %*3,! /'! *%%.8,! /#*/! -(.5%! #*B,! 1,,6! ;(,%,6/! $6! /#,! ,6B$('68,6/! 3'(! *%! ='65! *%!

;,';=,!#*B,!+'6%.8,-!/#,89!2,/!/#,2!&,(,!'6=2!(,+,6/=2!-,/,+/,-H!h,(2!=$//=,!$%!)6'&6!

*1'./! /#,! 3*/,%! *6-! ='65F/,(8! ,33,+/%! '3! /#,! *+/$B,! $65(,-$,6/%! X@S%Y! 3'.6-! $6! /#,!

,6B$('68,6/! /'! ;(,%,6/! -*/,9! #,6+,! /#,2! *(,! %/$==! &$-,=2! (,3,((,-! /'! *%! o,8,(5$65p!

+'6/*8$6*6/%H!@S%!*(,!,T+(,/,-!$6!.($6,!*6-!3,+,%!,$/#,(!*%!/#,!;*(,6/!+'8;'.6-%!'(!*%!

8,/*1'=$/,%H!Z'-,(6!&*%/,&*/,(! /(,*/8,6/!;=*6/%! XLL"U%Y!*(,!.6*1=,!/'!+'8;=,/,=2!

(,8'B,! *==! @S%! 3('8! /#,! $63=.,6/! &*/,(! *6-! *%! *! (,%.=/!8*62! '3! /#,8! *(,! 3(,].,6/=2!

,6+'.6/,(,-!$6!/#,!,33=.,6/!*6-!-'&6%/(,*8!&*/,(+'.(%,H!!

@=/#'.5#!%'8,!,*(=2!(,;'(/%!'6!/#,!'++.((,6+,!'3!6*/.(*=!*6-!%26/#,/$+!,%/('5,6%!*6-!

'/#,(!@S%!$6!/#,!,33=.,6/%!'3!LL"U%!*;;,*(,-!*=(,*-2!-.($65!/#,!^D%!*6-!ED%!X>/.88F

['==$65,(!G`^Qi!"*1*)!G`EDi!J*(($%'6!G`EQi!g$56$/,!G`EEY9!$/!&*%!6'/!.6/$=!/#,!=*/,!G``D%!

*6-!,*(=2!CDDD%! /#*/!%/.-$,%!'6! /#,!,6B$('68,6/*=!'++.((,6+,!'3!@S%! (,*==2! $6/,6%$3$,-!

X,H5H! Xg*==$65F>q(,6%,6! \H! G``ci! ",(6,%! G``ci! V'=;$6! CDDCi! h$,6'! CDDEYH! "#,! %.--,6!

$6+(,*%,!$6!/#,!6.81,(!'3!8'6$/'($65!%/.-$,%!,8,(5$65!-.($65!/#$%!;,($'-!$%!+'((,=*/,-!

/'! 1(,*)/#('.5#%! $6! /#,! -,B,=';8,6/! '3! *6*=2/$+*=! /,+#6$].,%! */! /#*/! /$8,! X\*(+,=r!

CDDEYH! 46,! ;*(/$+.=*(=2! $8;'(/*6/! /,+#6$].,! &*%! /#,! =$].$-! +#('8*/'5(*;#2F

,=,+/('%;(*2! $'6$d*/$'6F].*-(.;'=,! 8*%%! %;,+/('8,/(2! X07FK>SF]Z>Y! +'.;=$659! &#$+#!

#*-!*!(,B'=./$'6$d$65!$8;*+/!'6!*6*=2/$+*=!%+$,6+,H!"'-*2!/#,!,B,(!5('&$65!8.=/$F1$==$'6!

-'==*(! ;#*(8*+,./$+*=! $6-.%/(2! $6! +'81$6*/$'6! &$/#! $8;('B,-! *6*=2/$+*=! *6-! %*8;=,!

;(,;*(*/$'6!/,+#6$].,%!#*B,!=,-!/'!/#,!-,/,+/$'6!'3!8'(,!/#*6!GcD!@S%!$6!,6B$('68,6/*=!

%*8;=,%!X>*-,d)2!CDGDY9!*6-!/#,(,!$%!6'&!*!%#*(,-!+'6+,(6!*8'65!,T;,(/!%/*),#'=-,(%!

&'(=-&$-,! *1'./! /#,! ;'/,6/$*==2! -*8*5$65! $8;*+/! '3! ;#*(8*+,./$+*=%! '6! *].*/$+!

,+'%2%/,8%!X:',((FZ*+K&,6!CDD^YH!

S6!/#,!,6B$('68,6/!@S%!8*2!$6/,(*+/!&$/#!*==!+'8;'6,6/%!$6!/#,!,+'%2%/,89!1'/#!*1$'/$+!

*6-! 1$'/$+H! >'8,! '3! /#,%,! $6/,(*+/$'6%! 8*2! ,B,6/.*==2! =,*-! /'! 8'-$3$+*/$'6%!

X/(*6%3'(8*/$'6%Y!'3!/#,$(!8'=,+.=*(!%/(.+/.(,%9!+(,*/$65!6,&!+'8;'.6-%!&$/#!-$33,(,6/!
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!

!

A"!

;#2%$+'+#,8$+*=! *6-! 1$'='5$+*=! ;(';,(/$,%H! "#,! 6,,-! /'! *=%'! +'6%$-,(! /#,! ;('-.+/%! '3!

/(*6%3'(8*/$'6!(,*+/$'6%!3.(/#,(!+'8;=$+*/,%!/#,!,6B$('68,6/*=!($%)!*%%,%%8,6/!'3!@S%H!

@! +'6%$-,(*1=,! ;*(/! '3! /#$%! /#,%$%! &$==! 1,! +'6+,(6,-!&$/#! '6,! '3! /#,!8'%/! $8;'(/*6/!

6*/.(*=! /(*6%3'(8*/$'6! ;('+,%%,%! 3'(! *! &$-,! (*65,! '3! '(5*6$+! ;'==./*6/%9! 6*8,=2!

;#'/'/(*6%3'(8*/$'6H! @%! 8'%/! @S%! +'6/*$6! 3.6+/$'6*=! 5('.;%! /#*/! *1%'(1! .=/(*! B$'=,/!

*6-j'(!B$%$1=,!=$5#/9!%.6=$5#/F8,-$*/,-!(,*+/$'6%!$6!&*/,(!8*2!#*B,!*!-,+$%$B,!$8;*+/!'6!

/#,$(!,6B$('68,6/*=!3*/,H!!!!

%68;?C;!7?5!9?C965C!

"#,(,!*(,!3'.(!;($6+$;*=!(,*%'6%!&#2!@S%!].*=$32!*%!;'/,6/!,6B$('68,6/*=!+'6/*8$6*6/%e!

*Y!/#,2!*(,!;('-.+,-!$6!%$56$3$+*6/!].*6/$/$,%i!1Y!/#,2!*(,!+'6/$6.'.%=2!$6/('-.+,-!/'!/#,!

,6B$('68,6/! B$*! /#,! ,33=.,6/! '3! LL"U%i! +Y! /#,2! *(,! +#,8$+*==2! -,%$56,-! /'! ,=$+$/!

1$'='5$+*=!(,%;'6%,%!*/!='&!+'6+,6/(*/$'6%i!*6-!-Y!/#,2!*(,!,33,+/$B,=2!-$%;,(%,-!$6!/#,!

,6B$('68,6/H!!

LL"U%!

Z.6$+$;*=! LL"U%! *(,! .6-'.1/,-=2! /#,! 8'%/! $8;'(/*6/! %'.(+,! '3! @S%! $6! /#,! *].*/$+!

,6B$('68,6/H! g'&,B,(9! /#,(,! *(,! '/#,(! .6,T;,+/,-! %'.(+,%! *%!&,==9!&#$+#!8*2! ,B,6!

1,+'8,!/,8;'(*(2! s#'/!%;'/%n!'3!@S%H!@6!,T*8;=,!'3!%.+#!*!+*%,! $%! /#,!(,55*,!3,%/$B*=!

/#*/!&$==!1,!-$%+.%%,-!=*/,(H!@!/2;$+*=!/(,*/8,6/!;('+,%%! $6!*!LL"U!+'6%$%/%!'3!%,B,(*=!

%/,;%! ,H5He! GY! ;(,=$8$6*(2! /(,*/8,6/i! CY! ;($8*(2! /(,*/8,6/i! bY! *-B*6+,-! ;($8*(2!

/(,*/8,6/i! _Y! %,+'6-*(2! /(,*/8,6/! *6-! QY! /,(/$*(2! /(,*/8,6/H! "#,! ;.(;'%,! '3!

;(,=$8$6*(2!/(,*/8,6/!$%!/'!(,8'B,!=*(5,!'1O,+/%!3('8!/#,!&*/,(!/#*/!&'.=-!'/#,(&$%,!

-$%/.(1!/#,!(,%/!'3!/#,!/(,*/8,6/!;('+,%%H!:.($65!%/,;%!CY!*6-!bY!%.%;,6-,-!%'=$-%!*(,!

(,8'B,-!3('8!/#,! $63=.,6/!.%$65!8,/#'-%!%.+#!*%!%+(,,6$659! 3$=/(*/$'69!%,-$8,6/*/$'69!

*,(*/$'6! *6-! 3='/*/$'6H! "#,! &*/,(! $%! /#,6! %.1O,+/,-! /'! 8$+('1$*=! -,5(*-*/$'69! &#$+#!

(,8'B,%!%.%;,6-,-!*6-!-$%%'=B,-!'(5*6$+!8*//,(!X%/,;!_YH!<./($,6/%!X;#'%;#'('.%!*6-!

6$/('5,6Y! *(,! '3/,6! (,8'B,-! -.($65! /#$%! %/*5,! X%/,;! _Y! *%!&,==H! I$6*==29! /#,! ,33=.,6/! $%!

+#,8$+*==2!-$%$63,+/,-9!.%.*==2!12!*--$/$'6!'3!%'-$.8!#2;'+#='($/,!'(!/#('.5#!'d'6*/$'6!

X%/,;! QY9! 1,3'(,! -$%+#*(5,-! $6/'! /#,! (,+$;$,6/! &*/,(H! :,;,6-$65! '6! /#,! -$%$63,+/$'6!
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!

!

A#!

8,/#'-! .%,-! *6! *--$/$'6*=! %/,;! 8*2! %'8,/$8,%! 1,! (,].$(,-! /'! (,8'B,! (,%$-.*=!

-$%$63,+/*6/H!@6!*=/,(6*/$B,!*6-!$6+(,*%$65=2!*;;=$,-!/,+#6'='52!3'(!,33=.,6/!-$%$63,+/$'6!

$%! Ah! $((*-$*/$'6! X7*6'6$+*! CDDcYH! "#,! 8*$6! 1,6,3$/! '3! /#$%! /,+#6$].,! 'B,(! +#,8$+*=!

-$%$63,+/$'6! 8,/#'-%! $%! /#*/! 6'! %.1%,].,6/! /(,*/8,6/! $%! (,].$(,-! 3'(! (,8'B*=! '(!

$6*+/$B*/$'6!'3!(,%$-.*=!-$%$63,+/*6/!X"+#'1*6'5='.%!CDDCi!7*%%'6!CDD^YH!"#,!+#*==,65,9!

/#'.5#9! $%!/'!,6%.(,!/#*/!*==!'3!/#,!&*/,(! $%!+'6/$6.'.%=2!%.1O,+/,-!/'!*!(*-$*/$'6!-'%,!

/#*/! $%! #$5#! ,6'.5#! 3'(! +'8;=,/,! ;*/#'5,6! ,=$8$6*/$'6! XU$=)$65/'6! G``QYH! I('8! *6!

,6B$('68,6/*=! B$,&;'$6/! /#,! $6+(,*%$65! *;;=$+*/$'6! '3! Ah! $((*-$*/$'6! /,+#6'='52! $6!

LL"U%! (*$%,%! +'6+,(6! 'B,(! /#,! ($%)%! '3! $6/('-.+$65! %'8,! ;'/,6/$*==2! /'T$+!

;#'/'/(*6%3'(8*/$'6! ;('-.+/%! XU"U%Y! '3! ;#'/'(,*+/$B,! '(5*6$+! ;'==./*6/%! X,H5H! @S%Y!

-$(,+/=2!/'!/#,!*].*/$+!,6B$('68,6/!X7*6'6$+*!CDDcYH!@=/#'.5#!%'8,!&*/,(!;.($3$+*/$'6!

/,+#6$].,%! %.+#! *%! 5(*6.=*(! *+/$B*/,-! +*(1'6! *(,! ;'/,6/$*==2! +*;*1=,! '3! ,33,+/$B,=2!

(,8'B$65! @S%! *6-! '/#,(! ;'=*(! ;'==./*6/%! 3('8! /#,! &*%/,&*/,(9! $/! &'.=-! +'8,! */! *6!

.6%.%/*$6*1=2!#$5#!+'%/H!"'!(,-.+,!,6B$('68,6/*=!+'6/*8$6*/$'6!$/!$%!$6%/,*-!%.55,%/,-!

/#*/!,33'(/%!*(,!;./!'6!';/$8$d*/$'6!'3!*B*$=*1=,!/(,*/8,6/!8,/#'-%!*%!&,==!*%!(,-.+/$'6!

*/!/#,!%'.(+,!XW'6,%!CDDQYH!@6'/#,(!(,-.+/$'6!8,*%.(,!'3/,6!*;;,*($65!$6!-$%+.%%$'6%!$%!

+'66,+/,-!/'!/#,!*+/.*=!;(,;*(*/$'6!'3!/#,!@S%!'(9!$6!*!=*(5,(!+'6/,T/9!/#,!-,%$56!/(,6-%!

&$/#$6! /#,! ;#*(8*+,./$+*=! $6-.%/(2H! "#,! 5(,,6! +#,8$%/(2! +'6+,;/9! *%! -,3$6,-! 12! U*.=!

@6*%/*%G9!$%!o/#,!-,%$56!'3!+#,8$+*=!;('-.+/%!*6-!;('+,%%,%!/#*/!(,-.+,!'(!,=$8$6*/,!/#,!

.%,! *6-! 5,6,(*/$'6! '3! #*d*(-'.%! %.1%/*6+,%t! XV#,/*6! CDDEYH! S3! *-';/,-! 12! /#,!

;#*(8*+,./$+*=! $6-.%/(2!/#,!5(,,6!+#,8$%/(2!*;;('*+#!&'.=-!(,%.=/! $6!@S%!/#*/9!-.,!/'!

/#,$(! +#,8$+*=!-,%$569! *(,!8'(,!,33,+/$B,=2!-,5(*-,-! $6!LL"U%! /#*6!8*62!'3! /'-*2n%!

-(.5%H!!!

"#,!+'6/$6.'.%!,6B$('68,6/*=!$6;./!3('8!LL"U%!+*6!8*),!+'8;'.6-%9!-,%;$/,!1,$65!

%.%+,;/$1=,! /'! 6*/.(*=! /(*6%3'(8*/$'6! ;('+,%%,%9! *;;,*(! ;,(%$%/,6/! $6! *! +'63$6,-!

,6B$('68,6/H!"#$%!%'!+*==,-!s;%,.-'F;,(%$%/,6+,n9!/#,!(,%.=/!'3!*!('.5#=2!,].*=!6.81,(!

'3! 8'=,+.=,%! ,6/,($65! *6-! =,*B$65! *! %2%/,8! */! *62! 5$B,6! /$8,9! #*%! (,+,6/=2! 1,,6!

-,8'6%/(*/,-!3'(!-$+='3,6*+i!*!+'88'6!6'6F%/,('$-*=!*6/$F$63=*88*/'(2!-(.5!X<>@S:Y9!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
A!:$(,+/'(!'3!u*=,!A6$B,(%$/2n%!7,6/,(!3'(!J(,,6!7#,8$%/(2!*6-!J(,,6!K65$6,,($65!
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!

A$!

$6!*!($B,(!-'&6%/(,*8!'3!*!LL"U!XN*-),!CDGDYH!"#,!+'8;'.6-!&*%!3'.6-!/'!1,!*--,-!

/'! /#,! ($B,(!*/!*;;('T$8*/,=2! /#,! %*8,! (*/,!*%! $/!&*%!1,$65!;#'/'F/(*6%3'(8,-H!@(,*%!

,T;,($,6+$65! =*(5,! B*($*/$'6%! $6! %.6=$5#/! *B*$=*1$=$/2! *6-! /,8;,(*/.(,! &$/#! %,*%'6*=!

%#$3/%! X=$),! /#,! \*=/$+! (,5$'6Y! &$==! *++'(-$65=2! #*B,! ;,($'-%! &$/#! %$56$3$+*6/=2! *=/,(,-!

$6;./F'./;./!(*/$'%!'3!@S%H!>,B,(*=!%/.-$,%!#*B,!*=%'!%#'&6!/#*/!@S%!/,6-!/'!*++.8.=*/,!

$6!($B,(%!*6-!=*),%!-.($65!+'=-!*6-!-*()!;,($'-%!'3!/#,!2,*(9!(,*+#$65!%.1%/*6/$*==2!#$5#,(!

+'6+,6/(*/$'6%! Xh$,6'!CDDEi!:*6,%#B*(!CDD`i!:*6,%#B*(!CDGDY! /#*6!-.($65!1($5#/!*6-!

&*(8!;,($'-%H!S6!%.+#!+*%,%9!*++.8.=*/$'6!$%!.%.*==2!+'66,+/,-!/'!*!='&,(!'./;./!'3!@S%!

-.,!/'!-,+(,*%,-!$63=.,6+,!'3!;#'/'F!*6-!1$'/(*6%3'(8*/$'6H!"#,(,!*(,!,T*8;=,%!'3!/#,!

';;'%$/,!%+,6*($'!*%!&,==9! $H,H!&#,6!#$5#,(!,6B$('68,6/*=!+'6+,6/(*/$'6%!*(,!'1%,(B,-!

*%! *! (,%.=/! '3! %,*%'6F-,;,6-,6/! ,=,B*/,-! $6;./%H! @S%! 3'=='&$65! %.+#! ;*//,(6%! *(,! ,H5H!

*6/$#$%/*8$6,%! .%,-! 12! ;,';=,! %.33,($65! 3('8! *==,(5$+! (,*+/$'6%H! "2;$+*==29! *!

+'6%.8;/$'6!;,*)!'3!/#,%,!+'8;'.6-%!+'$6+$-,%!&$/#!/#,!%.--,6!($%,!$6!/#,!*$(n%!;'==,6!

=,B,=%!-.($65!%;($65!XV'%'6,6!CDD`YH!I$6*==29! /#,(,!*(,!+'8;'.6-%! =$),!+*(1*8*d,;$6,9!

&#$+#9!-.,! /'! /#,$(! (,=.+/*6+,! /'! /(*6%3'(8!.6-,(!*62!,6B$('68,6/*=! +'6-$/$'6%9!8*2!

*++.8.=*/,! $6! (,+,$B$65! &*/,(%H! \,+*.%,! '3! $/%! ;,(%$%/,6+,! +*(1*8*d,;$6,! #*%! 1,,6!

;(';'%,-!*%!*!;'%%$1=,!*6/#(';'5,6$+!8*(),(!$6!/#,!*].*/$+!,6B$('68,6/!X7=*(*!CDD_YH!

@! ;'/,6/$*=! +'6%,].,6+,! '3! /#,! +'6/$6.'.%! -$%+#*(5,! '3! @S%! /'! ($B,(%9! *;*(/! 3('8!

;'/,6/$*=! /'T$+'='5$+*=! *6-! ,+'='5$+*=! $8;*+/%9! $%! /#,! ,8,(5,6+,!'3! *6/$1$'/$+F(,%$%/*6/!

1*+/,($*=! %/(*$6%H! >/.-$,%! %.55,%/! /#*/! /#,(,! $%! *! +'66,+/$'6!1,/&,,6!LL"U%! *6-! /#,!

%,=,+/$B,!$6+(,*%,!'3!*6/$1$'/$+F(,%$%/*6/!1*+/,($*!*%!&,==!*%!/#,!'++.((,6+,!'3!8.=/$F-(.5!

(,%$%/*6/!1*+/,($*! $6!*].*/$+!,6B$('68,6/%! XJ.*(-*1*%%$!G``ci!V$8!CDDEi![#*65!CDD`YH!

"#$%! $%! *=%'! %'8,/#$65! /#*/! 6,,-%! /'! 1,! +'6%$-,(,-! &#,6! *%%,%%$65! ,+'='5$+*=! *6-!

#.8*6!#,*=/#!($%)%!;'/,6/$*==2!*%%'+$*/,-!&$/#!/#,!,6B$('68,6/*=!'++.((,6+,!'3!@S%H!!!!!!!!!!

:,%$56!*6-!+'6%.8;/$'6!

@S%! *(,!8,/$+.='.%=2! -,%$56,-! 3'(! ';/$8*=! $6/,(*+/$'6!&$/#! 1$'='5$+*=! %2%/,8%! *6-! *(,!

/#.%!;'/,6/$*==2!#*d*(-'.%!/'!'(5*6$%8%!,B,6!*/!B,(2!='&!=,B,=%H!<'6,/#,=,%%9!/#,(,!*(,!

/'! -*/,! '6=2! /&'! &,==F-'+.8,6/,-! +*%,%! &#,(,! ,33,+/%! '6! &$=-=$3,! #*B,! 1,,6! /(*+,-!

1*+)! /'! %;,+$3$+! @S%H! "#,%,! *(,e! /#,! 3,8$6$d*/$'6! '3!8*=,! 3$%#! +*.%,-! 12! /#,! %26/#,/$+!
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!

A%!
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7&,%/?)*%6$ #+#6)$ ,"%1=2$ &#$ NH$ EC(#?)*%6,$ )%$ )"*,$ ,)7)#9#6)$ 7/#$ #H@H$ ."#6$ ("7*6$
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! number of molecules undergoing a specific process   
number of photons absorbed by the photoreactive substance!

 !

[!!\!
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*,$(%6,*,)#6)$.*)"$76$%&(=#7+7@#$7)$)"#$79*6%$7(*2$,*2#$("7*6$762$,1&,#81#6)$-%/97)*%6$

%-$ )"#$ *99%6*19$ *%6$ [YMQ=UQJ]
]
:$ 7$ ("7/7()#/*,)*($ -/7@9#6)7)*%6$ &#"7+*%/$ %-$

?/%)%67)#2$ %&79*6%$ 7(*2,H
$
B%9#$ ,#=#()#2$ 9#)"%2$ +7=*27)*%6$ ?7/79#)#/,$ -%/$ )"#$
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L)%-+",.&*(03"(30%&
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eedHe$ !b$

$

dhKHL$ !a$

$

dhKHL$ /G!a$

$
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$
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$

dOhHL$ 5B$
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$

$ $ $ $
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G)HHAIJ.6IB?!BK!6I>,EBKKAI*<6!>.55!5H,J6-B>,6-L!6B!6<,!.?.AL5I5!BK!
H<B6B6-.?5KB->.6IB?!H-B7=J65!BK!7IJABK,?.J!I?!M.6,-!=?7,-!?.6=-.A!5=?AI*<60G!
!"#$%&'(")(*&++(,-./0$"1.0$2!$N!OPNN"QR!(N'S(T"0!

U.-J,AV/!W0/!1,6-BXIJ/!@0!GY<.AA,?*,5!.?7!.J<I,X,>,?65!BK!8YE@C!I?!
,?XI-B?>,?6.A.?.AL5I5R!P"!L,.-5!B?0G!3$.%4+(5%(6%&'205/&'(78.15+0$2!P%!OPNN&QR!PETT0!

U.-6,A5/!10/!XB?!;+>HAI?*!Z-/![0!GCBA.-!-.7I.6IB?!I?KA=,?J,!B?!6<,!7,JB>HB5I6IB?!
H-BJ,55!BK!7IJABK,?.J!I?!5=-K.J,!M.6,-50G!,/5.%/.(")(08.(3"0&'(9%:5$"%1.%0!#&$!
OPNN&QR!T$#ST""0!

U-B3I?5\I/!ZE@0/!8.<6I/!@0/!]I\.-I/!)0/!^-B?F,-*/!80!GW,6,J6IB?!BK!?.H-B_,?!.?7!I65!
>,6.FBAI6,5!I?!KI5<!FIA,!KBAABMI?*!I?6-.H,-I6B?,.A!.?7!.`=,B=5!,_HB5=-,0G!
9%:5$"%1.%0&'(,/5.%/.(&%4(;"''#05"%(<.+.&$/8!T'!OPNTTQR!'TTE'T'0!

Y.?B?IJ./!C0/!@,=?I,-/!80/!XB?!a=?6,?/!b0!G1<B6B6-.?5KB->.6IB?!BK!5,A,J6,7!
H<.->.J,=6IJ.A5!7=-I?*!bc!6-,.6>,?6!BK!7-I?\I?*!M.6,-0G!=&0.$(<.+.&$/8!$P!
OPNN'QR!TPTETP'0!

Y.55B?/!80/!d=?6,-/!a0/!U,55!Z-!Z0!G;<,!Y<.AA,?*,!BK!6<,!9=6=-,R!]H,-.6I?*!4>,-*I?*!
WI5I?K,J6IB?!;,J<?BAB*I,50G!=&0.$(9%:5$"%1.%0(>.4.$&05"%?+(6%%#&'(3./8%5/&'(
9@85A505"%(&%4(7"%).$.%/.(BCCDE!W.AA.5R![.6,-!4?XI-B?>,?6!9B=?7.6IB?/!PNN%0!
%#%TE%#&N0!

Y<I=>I?.66B/!b0/!aB5,66I/!90/!WB55,66B/!10/!@.33=JJB/!40/!e.>HI,-I/!W0/!fBFB66I/!40/!
a,??.-B/!@0/!@.-,?*B/!40!G)=6B>.6,7!]?AI?,!CBAI7!1<.5,!4_6-.J6IB?!bA6-.!dI*<!
1,-KB->.?J,!8I`=I7!Y<-B>.6B*-.H<L!@,6<B7!YB=HA,7!MI6<!;.?7,>!@.55!
CH,J6-B>,6-L!KB-!W,6,->I?.6IB?!BK!9B-6LE;MB!;<,-.H,=6IJ!W-=*5!.?7!W-=*5!BK!
)F=5,!I?!d=>.?!b-I?,0G!6%&'205/&'(78.15+0$2!'P!OPNTNQR!"%#%S"%$"0!

YA.-./!@0/!C6-,??/!U0/!^-,=3I?*,-/!g0!GY.-F.>.3,HI?,!.5!.!HB55IFA,!.?6<-BHB*,?IJ!
>.-\,-!I?!6<,!.`=.6IJ!,?XI-B?>,?6R!I?X,56I*.6IB?5!B?!6<,!F,<.XIB=-!BK!
Y.-F.>.3,HI?,!I?!M.56,M.6,-!6-,.6>,?6!.?7!7=-I?*!*-B=?7M.6,-!I?KIA6-.6IB?0G!
=&0.$(<.+.&$/8!#'!OPNN$QR!($&E("$0!

W.?,5<X.-/!)/!CX.?K,A6/!Z0/!^-B?F,-*/!80/![,L<,?>,L,-/!a0!G[I?6,-!.JJ=>=A.6IB?!BK!
.JI7IJ!H<.->.J,=6IJ.A5!I?!.!CM,7I5<!-IX,-0G!9%:5$"%1.%0&'(,/5.%/.(&%4(;"''#05"%(
<.+.&$/8!T&!OPNN(QR!(N'E(T%0!

W.?,5<X.-/!)0/!CX.?K,A6/!Z0/!^-B?F,-*/!80/!1-2XB56/!@0/![,L<,?>,L,-/!a0!GC,.5B?.A!
X.-I.6IB?5!I?!6<,!BJJ=--,?J,!.?7!K.6,!BK!F.5IJ!.?7!?,=6-.A!H<.->.J,=6IJ.A5!I?!.!
CM,7I5<!-IX,-SA.\,!5L56,>0G!78.1"+-8.$.!'N!OPNTNQR!#NTS#N(0!
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W.?,5<X.-/!)0/!CX.?K,A6/!Z0/!^-B?F,-*/!80/![,L<,?>,L,-/!a0!Gg,*A,J6,7!5B=-J,5!BK!
H<.->.J,=6IJ.A5EKBB6H-I?65!BK!.!-,**.,!K,56IX.A0G!!"#$%&'(")(9%:5$"%1.%0&'(
1"%50"$5%F!T$!OPNTPQR!"(%E%N#0!

WB,--E@.J4M,?/!g0)0/!d.I*<6!@0!40!G4_H,-6!C6.\,<BA7,-5h!cI,M5!B?!6<,!@.?.*,>,?6!
BK!d=>.?!1<.->.J,=6IJ.A5!I?!6<,!4?XI-B?>,?60G!9%:5$"%1.%0&'(*&%&F.1.%0!#'!
OPNN%QR!'"#S'%%0!

4?JI?.5/!C0/!UB5J./!90/!@I-.?7./!@0!G1<B6BJ<,>I56-L!BK!P/%EWiIJ<AB-B7IH<,?LA.>I?,!
.?7!TEY<AB-BJ.-F.3BA,/!6<,!1<B6B.J6IX,!Y<-B>BH<B-,5!BK!WIJABK,?.J/!@,JABK,?.>IJ!
)JI7!.?7!;<,I-!@.jB-!1<B6BH-B7=J650G!;8"0"/8.15+0$2(&%4(;8"0"A5"'"F2!%'!OT(('QR!
%$NE%$"0!

4-I\55B?/!Z0/!f.<>/!C0/!a-,,?/!g/!U,-*>.?/!k0/!Z.\BF55B?/!40!G1<B6BJ<,>IJ.A!
6-.?5KB->.6IB?!BK!6,6-.F-B>BFI5H<,?BA!)!.?7!-,A.6,7!H<,?BA5!I?!M.6,-0G!
78.1"+-8.$.!"$!OPNN$QR!TT&ETP%0!

9IJ\/!Z0/!8I?7F,-*/!f0/!^.j/!80/!U-B-56-l>E8=?72?/!40!<.+#'0+()$"1(08.(,G.45+8(H&05"%&'(
,/$..%5%F(;$"F$&11.(BCIC(,#A$.-"$0(JK(;8&$1&/.#05/&'+E!g.6IB?.A!56=7L/!
C6BJ\<BA>R!CM,7I5<!4?XI-B?>,?6.A!f,5,.-J<!:?56I6=6,/!PNTT0!

9AB-,5Ec.AX,-7,!)0/!dB-MBB7!Z0/!dIAA!40!GWI5-=H6IB?!BK!6<,!56,-BI7!>,6.FBAB>,!I?!KI5<!
J.=5,7!FL!,_HB5=-,!6B!6<,!,?XI-B?>,?6.A!,56-B*,?!T&.AH<.E,6<I?LA,56-.7IBA0G!
9%:5$"%.1%0&'(,/5.%/.(&%4(3./8%"'"F2!$$!OPNTNQR!#""PE#""'0!

a.--I5B?!)0![0/!1BH,/!Z0!W0!,6!.A0!GaYm@C!.?.AL5I5!BK!B-*.?IJ!JB>HB=?75!I?!7B>,56IJ!
M.56,M.6,-50G!78.1E(7"%F$E(H"$08(61E(7"%0E/!T(&"0!

a.--I5B?/!)0![0/!1BH,/!Z0!W0!GaYm@C!.?.AL5I5!BK!B-*.?IJ!JB>HB=?75!I?!7B>,56IJ!
M.56,M.6,-50G!78.1E(7"%F$E(H"$08(61E(7"%0E/!T(&"0!

a,7L,/!f0/![,56.M.L/!C0/!)AI/!d0/!U.A7I5,-./!80/!8.F,-*,/!80!fB=5,AA/!Z0!G;<,!=5,!BK!
>IJ-BM.X,!BX,?5!KB-!-.HI7!B-*.?IJ!5L?6<,5I50G!3.0$&8.4$"%(L.00.$+!P&!OT('%QR!P&(S
P'P0!

aI*=,-,/!f0/!U-.L/!;0/!W=?J.?/!C0/!@.j,6IJ</!a0!G)HHAIJ.6IB?!BK!JB>>,-JI.A!>IJ-BM.X,!
BX,?5!6B!B-*.?IJ!5L?6<,5I50G!3.0$&8.4$"%(L.00.$+!P&!OT('%QR!$($"S$($'0!

a=.-7.F.55I!80/!1,6,-5,?!)0/!]A5,?!Z0/!W.A5*..-7!)0!G)?6IFIB6IJ!-,5I56.?J,!I?!
)JI?,6BF.J6,-!5HH0!I5BA.6,7!K-B>!5,M,-5!-,J,IXI?*!M.56,!,KKA=,?6!K-B>!.!<B5HI6.A!.?7!
.!H<.->.J,=6IJ.A!HA.?60G!6--'5.4(&%4(.%:5$"%1.%0&'(A5"'"F2!%$!OT(('QR!#$((E#"NP0!

d.AAI?*ECn-,?5,?!U0/!gB-5!gI,A5,?!C0/!8.?3\L!1090/!:?*,-5A,X!90/!dBA6,?!8+63<nK6!d0Y0/!
Zn-*,?5,?!C040!G]JJ=--,?J,/!K.6,!.?7!,KK,J65!BK!H<.->.J,=6IJ.A!5=F56.?J,5!I?!6<,!
,?XI-B?>,?6EE.!-,XI,M0G!78.1"+-8.$.!#%!OT(('QR!#"&E#(#0!

dI*?I6,/!Y0!.?7!)3.-?BKK/!W0!80!GW-=*5!.?7!7-=*!>,6.FBAI6,5!.5!,?XI-B?>,?6.A!
JB?6.>I?.?65R!J<AB-BH<,?B_LI5BF=6L-.6,!.?7!5.AIJLAIJ!.JI7!I?!5,M.*,!M.6,-!
,KKA=,?60G!L5).(,/5.%/.+!PN!OT(&&QR!##&E#$T0!
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ZB?,5/!]0/!cB=AXB=AI5/!g0/!8,56,-!Z0!Gd=>.?!1<.->.J,=6IJ.A5!I?![.56,M.6,-!;-,.6>,?6!
1-BJ,55,50G!7$505/&'(<.:5.G+(5%(9%:5$"%1.%0&'(,/5.%/.(&%4(3./8%"'"F2!#"!OPNN"QR!
$NTE$P&0!

^.AAIB/!ZE@0/!8.<6I/!@0/!]I\.-I/!)0/!^-B?F,-*/!80!G@,6.FBAI6,5!BK!6<,!)`=.6IJ!1BAA=6.?6!
WIJABK,?.J!I?!9I5<!UIA,0G!9%:5$"%1.%0&'(,/5.%/.(&%4(3./8%"'"F2!$$!OPNTNQR!&PT#S
&PT(0!

^.HH,/!Y0/!W.AAI?*,-/!W0/!@=-H<-,,/!C0!;$&/05/&'(*5/$"G&:.(,2%08.+5+()"$(M$F&%5/(
78.15+0+K(,0$&0.F5.+N(O%+0$#1.%0+N(&%4(;$"0"/"'+E![,I?<,I>R![:84oEcYd!c,-A.*!
a>Fd!p!YB0!/!PNN(0!

^.6-I63\L/!)0/!f,MJ.56A,/!a0/!c.5`=,3!7,!@I*=,A/!80!G:>H-BX,7!5L?6<,5,5!BK!
5=F56I6=6,7!J.-F.3BA,5!.?7!F,?3BJ.-F.3BA,5!XI.!AI6<I.6IB?!BK!6<,!
O7I.A\LA.>I?BQ>,6<LA!O.>I?.AQ!7,-IX.6IX,50G!!"#$%&'(")(M$F&%5/(78.15+0$2/!T(''R!
&($E&((0!

^<,6.?/!C0/!YBAAI?5/!;0!Gd=>.?!1<.->.J,=6IJ.A5!I?!6<,!)`=.6IJ!4?XI-B?>,?6R!)!
Y<.AA,?*,!6B!a-,,?!Y<,>I56-L0G!78.15/&'(<.:5.G+!TN&!OPNN&QR!P#T(EP#%$0!

^I>!C0/!)*.!W0!G1B6,?6I.A!,JBAB*IJ.A!.?7!<=>.?!<,.A6<!I>H.J65!BK!.?6IFIB6IJ5!.?7!
.?6IFIB6IJE-,5I56.?6!F.J6,-I.!K-B>!M.56,M.6,-!6-,.6>,?6!HA.?650G!"#$%&'(")(0"@5/"'"F2(
&%4(.%:5$"%1.%0&'(8.&'08E(;&$0(PN(/$505/&'($.:5.G+E!TN!OPNN&QR!""(E"&#0!

^BAHI?/!W0/!9=-AB?*/!40/!@,L,-/!@0/!;<=->.?/!40/!e.=**/!C0/!U.-F,-/!80/!U=_6B?/!d0/0!
G1<.->.J,=6IJ.A5/!<B->B?,5!.?7!B6<,-!B-*.?IJ!M.56,M.6,-!JB?6.>I?.?65!I?!b0C0!
56-,>5/!T(((EPNNPR!)!?.6IB?.A!-,JB??.I55.?J,0G!9%:5$"%1.%0&'(,/5.%/.(&%4(
3./8%"'"F2!#%!OPNNPQR!TPNPETPTT0!

^B5B?,?/!Z0/!^-B?F,-*/!80!G;<,!BJJ=--,?J,!BK!.?6I<I56.>I?,5!I?!5,M.*,!M.6,-5!.?7!I?!
-,JIHI,?6!-IX,-50G!9%:5$"%1.%0&'(,/5.%/.(&%4(;"''#05"%(<.+.&$/8!T%!OPNN(QR!"""E"%$0!

^B56IJ</!@C0/!8.3B-J<.\/!Z@0!GfI5\5!6B!.`=.6IJ!B-*.?I5>5!HB5,7!FL!<=>.?!
H<.->.J,=6IJ.A!=5,0G!,/5.%/.(")(08.(3"0&'(9%:5$"%1.%0!#'(!OPNN'QR!#P(E##(0!

8I2*.=A6/!U0/!8,,/!W0/!d=,56I5/!@0/!C6=.-6/!W0/!9.*?B=/!^0!G:?6-.>BA,J=A.-!17O::QE
J.6.AL3,7!B_I7.6IX,!FI.-LA!5L?6<,5I5!=?7,-!.I-R!-,.J6IB?!7,X,ABH>,?6!.?7!5JBH,0G!
!"#$%&'(")(M$F&%5/(78.15+0$2!&#!OPNN'QR!"NPPS"NP'0!

8I?756-l>/!10/!;I,-?,L/!Z0/![.6<,L/!U0/![,56>.?/!Z0!G@IJ-BM.X,!.55I56,7!B-*.?IJ!
5L?6<,5I5!E!.!-,XI,M0G!3.0$&8.4$"%!"&!OPNNTQR!(PP"E(P'#0!

@.-6q?!)0/!@,5.!@0/!WBJ.>HB!@0/!aV>,3!c0/!1,AAV?!f0!G9.56!5L?6<,5I5!BK!5=F56I6=6,7!
gEH<,?LA.?6<-.?IAIJ!.JI75!=5I?*!bAA>.??!JB?7,?5.6IB?!=?7,-!>IJ-BM.X,!I--.7I.6IB?!
I?!7-L!>,7I.0G!,2%08.05/(7"11#%5/&05"%+!#%!OPNN%QR!P&TSP&&0!

@.-6q?,3!U=,?B/!@0/!)*+,-./!)0/!d,-?.?7B/!@0/!aV>,3/!@0/!9,-?D?7,3E)AF./!)0!
G4X.A=.6IB?!BK!X.-IB=5!AI`=I7!J<-B>.6B*-.H<LE`=.7-=HBA,EAI?,.-!IB?!6-.HE>.55!
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5H,J6-B>,6-L!BH,-.6IB?!>B7,5!.HHAI,7!6B!6<,!.?.AL5I5!BK!B-*.?IJ!HBAA=6.?65!I?!
M.56,M.6,-50G!!"#$%&'(")(78$"1&0"F$&-82(6!TPT%!OPNN(QR!"(("S%NNP0!

@.=3,-.AA/!W0!G;<,!H<B6BJ<,>IJ.A!B-I*I?5!BK!AIK,!.?7!H<B6B-,.J6IB?!BK!K,--B=5!IB?!I?!
6<,!.-J<.,.?!BJ,.?50G!M$5F5%+(")(L5).(&%4(9:"'#05"%(")(P5"+-8.$.+!PN!OT((NQR!P(#E#NP0!

@JaA.7,/!Z0!996(3./8%5/&'($.-"$0(%"(IQBCICE(;8&$1&/.#05/&'+(5%(08.(.%:5$"%1.%0(R(
<.+#'0+(")(&%(996(G"$S+8"-E!;,J<?IJ.A!-,HB-6/!4=-BH,.?!4?XI-B?>,?6!)*,?JL/!
YBH,?<.*,?R!4=-BH,.?!4?XI-B?>,?6!)*,?JL/!PNTN0!

@,AB=?./!@0/!UB-7BX5\D/!C0/!a.AA./!80!G;<,!6<,->B7L?.>IJ!7I55BJI.6IB?!JB?56.?65!BK!
KB=-!?B?E56,-BI7.A!.?6IEI?KA.>>.6B-L!7-=*5!FL!6<,!A,.56E5`=.-,5!?B?AI?,.-!
-,*-,55IB?!BK!>=A6IM.X,A,?*6<!5H,J6-BH<B6B>,6-IJ!HdE6I6-.6IB?!7.6.0G!!"#$%&'(")(
;8&$1&/.#05/&'(&%4(P5"1.45/&'(6%&'2+5+!$"!OPNN&QR!""PS"%$0!

@BB-,/!W0/!fBF,-65E;<B>5B?/!C0/!e<,?/!W0/!W=\,/!Y0!G1<B6BJ<,>IJ.A!56=7I,5!B?!6<,!
.?6II?KA.>>.6B-L!7-=*!7IJABK,?.J0G!;8"0"/8.15+0$2(&%4(;8"0"A5"'"F2!"P!OT((NQR!
%'"E%(N0!

gB-M,*I.?!:?56I6=6,!KB-![.6,-!f,5,.-J<!Og:c)Q0!9<CTK(L.:.'+(")(;8&$1&/.#05/&'+(&%4(
U$#F+(")(6A#+.(5%(08.(,/"005+8(9%:5$"%1.%0E!CJB6A.?7!.?7!gB-6<,-?!:-,A.?7!9B-=>!KB-!
4?XI-B?>,?6.A!f,5,.-J</!PNN(0!

1.J\,-/!Z0/![,-?,-/!Z0/!8.6J</!W0/!@Jg,IAA/!^0/!)-?BA7/![0!G1<B6BJ<,>IJ.A!K.6,!BK!
H<.->.J,=6IJ.A5!I?!6<,!,?XI-B?>,?6R!g.H-B_,?/!7IJABK,?.J/!JABKIF-IJ!.JI7/!.?7!
IF=H-BK,?0G!6V#&05/(,/5.%/.+(%"!OPNN#QR!#$PE#"T0!

1,6-BXIJ/!@0/!U.-J,AV/!W0!G8YE@C!KB-!I7,?6IKLI?*!H<B6B7,*-.7.6IB?!H-B7=J65!BK!
H<.->.J,=6IJ.A5!I?!6<,!,?XI-B?>,?60G!3$.%4+(5%(6%&'205/&'(78.15+0$2!P%!OPNN&QR!
$'%S$(#0!

1IA\I?*6B?/!g0!GWI5I?K,J6IB?!BK!M.6,-!.?7!M.56,!M.6,-!FL!=A6-.!XIBA,6!I--.7I.6IB?0G!:?!
*"4.$%(0./8%5V#.+(5%(G&0.$(&%4(G&+0.G&0.$(0$.&01.%0/!FL!80/!1-I,56A,L/!)0!^BA.-I\0!
@,AFB=-?,R!YC:f]!1=FAI5<I?*/!T(("0!

1BI*,-/!;0/!U=5,-/!dEf0/!@+AA,-/!@0!G1<B6B7,*-.7.6IB?!BK!6<,!H<.->.J,=6IJ.A!7-=*!
7IJABK,?.J!I?!.!A.\,R!1.6<M.L/!KI,A7!>,.5=-,>,?65/!.?7!>.6<,>.6IJ.A!>B7,AI?*0G!
9%:5$"%1.%0&'(3"@5/"'"F2(&%4(78.15+0$2!PN!OPNNTQR!P"%SP%#0!

f.7\,/!@0/!bA-IJ</!d0/![=->/!Y0/!^=?\,A/!b0!GWL?.>IJ5!.?7!)66,?=.6IB?!BK!)JI7IJ!
1<.->.J,=6IJ.A5!.AB?*!.!fIX,-!C6-,6J<0G!9%:5$"%1.%0&'(,/5.%/.(&%4(3./8%"'"F2!$$!
OPNTNQR!P(%'SP(&$0!

f.L?,/!C0/!9B-,56/!^0/!9-I,5,?/!^0!G@,J<.?I56IJ!.5H,J65!-,*.-7I?*!6<,!7I-,J6!.`=,B=5!
,?XI-B?>,?6.A!H<B6BJ<,>I56-L!BK!H<,?BA!.?7!I65!5I>HA,!<.AB*,?.6,7!7,-IX.6IX,50!)!
-,XI,M0G!9%:5$"%1.%0(O%0.$%&05"%&'!#"!OPNN(QR!$P"S$#&0!

fB=6/!80/!Z.>>I/!C0/!1=??IL.>=-6<L/!;0!GgBX,A!Y=]!g.?BH.-6IJA,!J.6.AL3,7!YEg!J-B55!
JB=HAI?*!BK!.>I?,5!MI6<!IB7BF,?3,?,0G!M$F&%5/(L.00.$+!(!OPNN&QR!##(&S##((0!
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C.7,3\L/!)0/!8lKKA,-/!W0/!CJ<A+5,?,-/!fBI*/!U0/!;,-?,5/!;0!GY<.H6,-!$0!f,.A!5I6=.6IB?R!
]JJ=--,?J,!BK!6<,!>.I?!I?X,56I*.6,7!115!I?!M.6,-!FB7I,50G!:?!;8&$1&/.#05/&'+(5%(08.(
.%:5$"%1.%0(R(/#$$.%0(S%"G'.4F.(&%4(%..4(&++.++1.%0(0"($.4#/.(-$.+.%/.(&%4(51-&/0/!
FL!U,?BI6!fBI*/!#TE0!8B?7B?R!:[)!1=FAI5<I?*/!PNTN0!

CJ<,=-,AA./!@0/!9-.?\,./!C0/!C<.<F/!f0/!d+<?,-K=55/!d0!G]JJ=--,?J,!BK!7IJABK,?.J!.?7!
I65!>,6.FBAI6,5!I?!5=-K.J,!M.6,-!.?7!,KKA=,?6!5.>HA,5!K-B>!^.-.J<I/!1.\I56.?0G!
78.1"+-8.$.!&&!OPNN(QR!'&NE'&%0!

CJ<,L66/!;0/!@,-5>.??/!10/!8I?756r76/!f0/!d,F,-,-/!;0!GTE]J6.?BAm[.6,-!1.-6I6IB?!
YB,KKIJI,?65!BK!"!1<.->.J,=6IJ.A5!K-B>!d=>.?!@,7IJ.A!Y.-,R!Y.-F.>.3,HI?,/!
YABKIF-IJ!)JI7/!WIJABK,?.J/!:F=H-BK,?/!.?7!1-BHLH<,?.3B?,0G!=&0.$(&%4(65$(;"''#05"%!
T%"!OPNN"QR!#ETT0!

CJ<=A3,/!;0/![,I55/!C0/!CJ<L>.?5\I/!40/!Y.-56,?!XB?!7,-!]<,/!10/!CJ<>I66EZ.?5,?/!@0/!
)A6,?F=-*,-/!f0/!C6-,J\/!a0/!U-.J\/![0!G:7,?6IKIJ.6IB?!BK!.!H<L6B6B_IJ!H<B6BE
6-.?5KB->.6IB?!H-B7=J6!BK!7IJABK,?.J!=5I?*!,KK,J6E7I-,J6,7!.?.AL5I50G!9%:5$"%1.%0&'(
;"''#05"%!T"'!OPNTNQR!T$%TET$%%0!

CJ<M.I*,-./!Z0/!9,-AI?*./!d0/!@.AABM./!b0/![I?6,->.L-F/!d0/!g,*,A,/!f0!G;B_IJ!,KK,J65!BK!
6<,!?B?E56,-BI7.A!.?6IEI?KA.>>.6B-L!7-=*!7IJABK,?.J!!R!1.-6!:R!<I56BH.6<BAB*IJ.A!
.A6,-.6IB?5!.?7!FIB.JJ=>=A.6IB?!I?!-.I?FBM!6-B=60G!6V#&05/(3"@5/"'"F2!%'!OPNN$QR!
T$TET"N0!

C6=>>EeBAAI?*,-/!40/!9.I-!a0!@0!GUIB7,*-.7.6IB?!BK!56,-BI7!<B->B?,50G!!"#$%&'(")(08.(
=&0.$(;"''#05"%(7"%0$"'(>.4.$&05"%!#&!OT(%"QR!T"N%ET"TN0!

CX.?K,A6/!Z0/!4-I\55B?/!Z0/!^-B?F,-*/!80!G)!1<B6BJ<,>IJ.A!C6=7L!BK!WIJABK,?.J!.?7!:65!
@.jB-!;-.?5KB->.6IB?!1-B7=J650G!;8"0"/8.15+0$2(&%4(;8"0"A5"'"F2!'%!OPNTNQR!"P'S
"#P0!

CX.?K,A6/!Z0/!4-I\55B?/!Z0/!^-B?F,-*/!80!G)?.AL5I5!BK!6<L-BI7!<B->B?,5!I?!-.M!.?7!
6-,.6,7!M.56,!M.6,-0G!!"#$%&'(")(78$"1&0"F$&-82(6!TPT&!OPNTNQR!%$%(S%$&$0!

CX.?K,A6/!Z0/!^-B?F,-*/!80!GCL?6<,5I5!BK!5=F56I6=6,7!7IH<,?LA.>I?,5!.?7!J.-F.3BA,5R!
H<B6B6-.?5KB->.6IB?!H-B7=J65!BK!7IJABK,?.J0G!9%:5$"%1.%0&'(78.15+0$2(L.00.$+!(!
OPNTTQR!T$TET$$0!

;.F.\/!d0!d0!.?7!U=?J</!f0!80!GC6,-BI7!<B->B?,5!.5!M.6,-!HBAA=6.?650!:0!@,6.FBAI5>!BK!
?.6=-.A!.?7!5L?6<,6IJ!BX=A.6IB?EI?<IFI6I?*!<B->B?,5!FL!>IJ-BB-*.?I5>5!BK!
.J6IX.6,7!5A=7*,!.?7!H-I>.-L!5,66A,7!5,M.*,0G!U.:E(O%4E(*5/$"A5"'E!TT!OT(&NQR!#%&E
#&%0!

;J<BF.?B*AB=5/!a0!U=-6B?/!90/!C6,?5,A/!W0!=&+0.G&0.$(9%F5%..$5%F(3$.&01.%0(&%4(
<.#+.E!$6<!47I6IB?0!g,M!oB-\R!@Ja-.M!dIAA!dI*<,-!47=J.6IB?!/!PNNP0!

;,-?,5/!;0!G]JJ=--,?J,!BK!7-=*5!I?!a,->.?!5,M.*,!6-,.6>,?6!HA.?65!.?7!-IX,-50G!
=&0.$(<.+.&$/8!#P!OT(('QR!#P$"E#P%N0!

63



!

!

%$!

;I_I,-/!Y0/!CI?*,-/!d0/!],AA,-5/!C0/!@+AA,-/!C0!G]JJ=--,?J,!.?7!9.6,!BK!Y.-F.>.3,HI?,/!
YABKIF-IJ!)JI7/!WIJABK,?.J/!:F=H-BK,?/!^,6BH-BK,?/!.?7!g.H-B_,?!I?!C=-K.J,![.6,-50G!
9%:5$"%1.%0&'(,/5.%/.(&%4(3./8%"'"F2!#&!OPNN#QR!TN%TSTN%'0!

;-,?<BA>!f0/!c.?7,-KB-7!U0/!C?L7,-!C0!G]?EAI?,!5BAI7!H<.5,!,_6-.J6IB?!8YE@Cm@C!
.?.AL5I5!BK!H<.->.J,=6IJ.A!I?7IJ.6B-5!I?!M.6,-R!.!*-,,?!.A6,-?.6IX,!6B!JB?X,?6IB?.A!
>,6<B750G!3&'&%0&!&(!OPNN(QR!T$P"ET$#P0!

X.?!7,-![.A6/!U0/!Y.<?>.??/!d0!GCL?6<,5I5!BK!6<L-BI7!<B->B?,!>,6.FBAI6,5!FL!
H<B6BAL5I5!BK!6<L-B_I?,!.?7!6<L-B_I?,!.?.AB*5!I?!6<,!?,.-!bc0G!;$"/..45%F+(")(08.(
H&05"%&'(6/&4.12(")(,/5.%/.+(")(08.(W%50.4(,0&0.+(")(61.$5/&!&(!OT('TQR!T$(PET$(%0!

cI,?B/!g0!M//#$$.%/.(")(-8&$1&/.#05/&'+(5%(>5%%5+8(+.G&F.(0$.&01.%0(-'&%0+N(+#$)&/.(
G&0.$+(&%4(08.5$(.'515%&05"%(5%(4$5%S5%F(G&0.$(0$.&01.%0(-$"/.++.+E!1<W!6<,5I5/!
;.>H,-,!b?IX,-5I6L!BK!;,J<?BAB*L/!;.>H,-,R!;.>H,-,!b?IX,-5I6L!BK!;,J<?BAB*L/!
PNN&0!

cI*AI?B/!80/!)FB=AK.7A/!^0/!W.?,5<X.-!@.<X,A.6/!)0/!1-2XB56/!@0/!C.=X2/!C0!G]?EAI?,!5BAI7!
H<.5,!,_6-.J6IB?!.?7!AI`=I7!J<-B>.6B*-.H<Lm6.?7,>!>.55!5H,J6-B>,6-L!6B!`=.?6IKL!
H<.->.J,=6IJ.A5/!H,56IJI7,5!.?7!5B>,!>,6.FBAI6,5!I?!M.56,M.6,-5/!7-I?\I?*/!.?7!
5=-K.J,!M.6,-50G!!"#$%&'(")(.%:5$"%1.%0&'(1"%50"$5%F!TN!OPNN'QR!$'PE$'(0!

cI*AI?B/!80/!)FB=AK.7A/!^0/!1-2XB56/!@0/!C.=X2/!C0!U.0./05"%(")(;8&$1&/.#05/&'+N(;.$+"%&'(
7&$.(;$"4#/0+N(&%4(;.+05/54.+(5%(=&0.$(<.+"#$/.+(A2(6;7ORL7R*,Q*,E!)HHAIJ.6IB?!
?B6,R!$%%/!C.?!ZB5,R!;<,->B!9I5<,-!CJI,?6IKIJ!:?J0/!PNN(0!

[.-7A,/!U0!;$5%/5-'.+(&%4(6--'5/&05"%+(")(;8"0"/8.15+0$2E!Y<IJ<,56,-/![,56!C=55,_R!
ZB<?![IA,L!p!CB?5/!867/!PNN(0!

[.6,-5!YB-HB-.6IB?0!9%:5$"%1.%0&'(&%4(6F$"/8.15/&'(6--'5/&05"%+(H"0.A""SE!
Y.6.AB*=,/!@.55.J<=55,665R![.6,-5!YB-HB-.6IB?/!PNNP0!

[B?/!Y0!@0!G^I?,6IJ5!BK!7,*-.7.6IB?!BK!A,XB6<L-B_I?,!I?!.`=,B=5!5BA=6IB?!.?7!I?!5BAI7!
56.6,0G!;8&$1&/.#05/&'(<.+.&$/8!(!OT((PQR!T#TET#&0!

e<.?*!o0/!@.--5!Y0/!CI>B?!Y0/!sI!Y0!G[.56,M.6,-!6-,.6>,?6!JB?6-IF=6,5!6B!5,A,J6IX,!
I?J-,.5,!BK!.?6IFIB6IJ!-,5I56.?J,!.>B?*!)JI?,6BF.J6,-!5HH0G!,/5.%/.(")(08.(0"0&'(
.%:5$"%1.%0!$N&!OPNN(QR!#&NPE#&N%0!

e<.?*/!90/!U.-6,A5/!@0/!U-B7,=-/!Z0/!@JYAL>B?6/!40![BB7F=-?/!^0!Gt=.?6I6.6IB?!BK!T&uE
,6<I?LA,56-.7IBA!I?!.`=.6IJ!5.>HA,5!=5I?*!AI`=I7EAI`=I7!H<.5,!,_6-.J6IB?/!7.?5LA!
7,-IX.6I3.6IB?/!.?7!AI`=I7!J<-B>.6B*-.H<LmHB5I6IX,!,A,J6-B5H-.L!6.?7,>!>.55!
5H,J6-B>,6-L0G!<&-54(7"11#%5/&05"%+(5%(*&++(,-./0$"1.0$2!T'!OPNN$QR!P&#(EP&$P0!

e<B=/!d0!C>I6</!W0!G)7X.?J,7!6,J<?BAB*I,5!I?!M.6,-!.?7!M.56,M.6,-!6-,.6>,?60G!
7&%&45&%(!"#$%&'(")(75:5'(9%F5%..$5%F!P'!OPNNTQR!$(E%%0!

$

64



Jesper Svanfelt

Occurrence and photochemical fate of 
selected pharmaceutical active ingredi-
ents in the aquatic environment
 

Jesper Svanfelt | O
ccurrence and photochem

ical fate of selected pharm
aceutical active ingredients in the aquatic environm

ent | 2013

Jesper Svanfelt

Occurrence and pho-
tochemical fate of se-
lected pharmaceutical 
active ingredients in 
the aquatic environ-
ment

ISBN 978-952-12-2844-5


	Paper I.pdf
	Analysis of thyroid hormones in raw and treated waste water
	Introduction
	Experimental
	Chemicals
	Solid phase extraction (SPE)
	Liquid chromatography
	Mass spectrometry
	Synthesis of 2-amino-3-[4-(4-hydroxy-3-iodo-5-nitrophenoxy)-3,5-diiodophenyl]propanoic acid (IS)
	Quantification and method validation
	Sample collection

	Results and discussion
	SPE
	LC–MS/MS
	Method validation
	Samples

	Conclusion
	Acknowledgements
	References


	Paper II.pdf
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival

	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival

	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival
	Neglected sources of pharmaceuticals in river watertnqh_x2014footprints of a Reggae festival


	Paper IV.pdf
	Photochemical transformation of the thyroid hormone levothyroxine in aqueous solution
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Experimental
	Chemicals

	Methods
	UV irradiation experiments

	Results and discussion
	Conclusion
	References


	Paper V.pdf
	Synthesis of substituted diphenylamines and carbazoles: phototransformation products of diclofenac
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusion
	Acknowledgments
	References




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20130201124721
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     1
     No
     795
     392
     None
     Left
     28.3465
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     2.2677
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     64
     63
     64
      

   1
  

    
   HistoryItem_V1
   Nup
        
     Trim unused space from sheets: yes
     Allow pages to be scaled: yes
     Margins and crop marks: none
     Sheet size: 6.929 x 9.843 inches / 176.0 x 250.0 mm
     Sheet orientation: tall
     Scale by 100.00 %
     Align: top left
      

        
     0.0000
     8.5039
     5.6693
     0
     Corners
     0.2999
     ToFit
     1
     1
     1.0000
     0
     0 
     1
     0.0000
     0
            
       D:20130201125411
       708.6614
       B5
       Blank
       498.8976
          

     Tall
     279
     279
     0.0000
     TL
     0
            
       CurrentAVDoc
          

     0.0000
     1
     2
     0
     1
     0 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.929 x 9.843 inches / 176.0 x 250.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20120412210307
       708.6614
       B5
       Blank
       498.8976
          

     Tall
     1
     0
     No
     795
     392
     None
     Left
     28.3465
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     2.2677
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     0
     64
     63
     64
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all odd numbered pages
     Trim: extend right edge by 5.67 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20120412210307
       708.6614
       B5
       Blank
       498.8976
          

     Tall
     1
     0
     No
     795
     392
     None
     Left
     28.3465
     0.0000
            
                
         Odd
         AllDoc
              

       CurrentAVDoc
          

     Bigger
     5.6693
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     0
     64
     62
     32
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all even numbered pages
     Trim: extend left edge by 5.67 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20120412210307
       708.6614
       B5
       Blank
       498.8976
          

     Tall
     1
     0
     No
     795
     392
     None
     Left
     28.3465
     0.0000
            
                
         Even
         AllDoc
              

       CurrentAVDoc
          

     Bigger
     5.6693
     Left
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     1
     64
     63
     32
      

   1
  

    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 1
     same as current
      

        
     1
     1
     1
     722
     405
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 2 to page 104
     Font: Helvetica 10.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 19.84 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     2
     H
     1
     0
     789
     337
     0
     10.0000
            
                
         Both
         103
         2
         SubDoc
              

       CurrentAVDoc
          

     0.0000
     19.8425
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     1
     104
     103
     103
      

   1
  

    
   HistoryItem_V1
   DelPageNumbers
        
     Range: all pages
      

        
     1
     800
     443
            
                
         276
         AllDoc
         282
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     1
     104
     103
     104
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 2 to page 104
     Font: Helvetica 10.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 25.51 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     2
     H
     1
     0
     789
     337
     0
     10.0000
            
                
         Both
         103
         2
         SubDoc
              

       CurrentAVDoc
          

     0.0000
     25.5118
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     1
     104
     103
     103
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: all pages
     Mask co-ordinates: Horizontal, vertical offset 418.89, 640.35 Width 28.53 Height 21.02 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     418.8947 640.3475 28.5269 21.0198 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     3
     106
     105
     106
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 18.77, 609.57 Width 21.02 Height 18.77 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     18.7677 609.5685 21.0198 18.7677 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     48
     106
     48
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 26.27, 606.57 Width 18.77 Height 23.27 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     26.2748 606.5657 18.7677 23.2719 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     53
     106
     53
     1
      

   1
  

 HistoryList_V1
 qi2base





