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! 53! 1%&'()*+,+%-./!1%3! %:%'./!62,2-! .+%-%! 3(<2*! 2! Q*+-'+Q+/&! 1%! #CDK! _#`"! 5-.*%!

#CDE! 0! #CAE! %3! B*/:"! 8X2-1*2&%VX2*2a%-V2.2! 62,2-! N#KKKW#C=EO! Q()3+';! (-2! &%*+%! 1%!

+-9%&.+<2'+/-%&! *%&Q%'./! 2! 32! 1+:*2''+;-!1%! 32! 3(J^! 0! %3! #T!1%!L2*J/!1%! %&%! 2b/^! %PQ(&/!

2-.%!(-2!2(1+%-'+2!'+%-.F:+'2!32!Q*+,%*2!%PQ3+'2'+;-!1%.233212!1%3!:%-;,%-/!)2?/!%3!.F.(3/!

Zf+*! S&#0*! N*(.*/.7+[c! Q/&.%*+/*,%-.%^! B"! B*+-<&X%+,! _D`! '/-'3(0%! H(%! %3! %:%'./!

1%&'()+%*./! Q/*! 8"a"! 62,2-! %&! (-! :%-;,%-/! %-.%*2,%-.%! -(%9/! 0! &(<+%*%! H(%! &%!

1%)%*F2! 332,2*! ZY4#/)2! N*9*+[^! 0! 23! %&Q%'.*/! 1%! -(%92&! 3F-%2&! 1%-/,+-2*&%! ZY$%#/)-2!

N*9*+["!5-!#CAE!*%'+)+;!%3!B*%,+/!I/)%3!1%!GF&+'2!Q/*!&(!.*2)2?/"!

!

53! %:%'./! 62,2-! &%! )2&2! %-! %3! :%-;,%-/! 1%! 32!

1+&Q%*&+;-!+-%3U&.+'2!1%!32!3(J!Q/*!32!,2.%*+2"!8(2-1/!

(-2! *21+2'+;-! %3%'.*/,2<-M.+'2^! '/**%&Q/-1+%-.%!

<%-%*23,%-.%!2!32!*%<+;-!1%3!9+&+)3%!NXd+O!+-'+1%!&/)*%!

(-2!,/3M'(32^! M&.2! &%! %P'+.2! X2&.2! (-! %&.21/! 9+*.(23!

-/! %&.2'+/-2*+/! Q2*2! 1%'2%*^! Q/&.%*+/*,%-.%^! 2! (-!

%&.21/! 9+)*2'+/-23,%-.%! %P'+.21/! %,+.+%-1/! (-!

:/.;-! 62,2-! /! :/.;-! +-%3U&.+'/! NXd$O"! 5&.%! :/.;-!

Q(%1%! Q*%&%-.2*! (-2! %-%*<F2!,%-/*! /!,20/*! H(%! %3!

:/.;-!+-'+1%-.%^!1%Q%-1+%-1/!1%3!-+9%3!9+)*2'+/-23!%-!

%3!H(%! +-+'+23,%-.%!&%!%-'(%-.*%! 32!,/3M'(32^!12-1/!

3(<2*!2!32!2Q2*+'+;-!1%!32&!3F-%2&!4./V%&!0!\-.+W4./V%&^!

*%&Q%'.+92,%-.%"!!

!

!

! \,)2&! &%*+%&! &%! 1+&Q/-%-! 1%! ,2-%*2! &+,M.*+'2! *%&Q%'./! 2! 32! 3F-%2! %P+.2.*+J! /!

6203%+<X^!H(%!'/**%&Q/-1%!2! 32!1+&Q%*&+;-!%3U&.+'2!1%! 32! 3(J!1/-1%!%3! :/.;-! +-'+1%-.%!0!

%,+.+1/! .+%-%-! 32!,+&,2! %-%*<F2"! 5-! 32!5361.7+ !"#! &%! %&H(%,2.+J2-! 32&! .*%&! :/*,2&! 1%!

1+&Q%*&+;-!%-!(-!1+2<*2,2!1%!%-%*<F2"!!

!

!

!

 
 

83.+ 9"*"+ :7;7,! 1(*2-.%! (-!

1+&'(*&/! %-! %3! eN*9*+!

N#$#*-/;L+$).)&)#[!%-!f2-<23/*%"!
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5361.7+ !"#Y! $+2<*2,2! %-%*<M.+'/! ,/&.*2-1/! 32&! .*%&! :/*,2&! 1%! 1+&Q%*&+;-! 1%! 32! *21+2'+;-!

%3%'.*/,2<-M.+'2"!g2!,/3M'(32!23'2-J2!(-!-+9%3!1%!%-%*<F2!N%&.21/!9+*.(23O!H(%!-/!33%<2!2!(-!%&.21/!

%3%'.*;-+'/!%&.2'+/-2*+/!%P'+.21/^!Q(1+%-1/!%,+.+*!(-!:/.;-!&%'(-12*+/!1%!23<(-/!1%!3/&!.*%&!.+Q/&!

*%Q*%&%-.21/&"!!

!

! \! .%,Q%*2.(*2! 2,)+%-.%! %3! -+9%3! 9+)*2'+/-23! :(-12,%-.23! %&! %3!,U&! Q/)321/! 0!

Q/*!.2-./^!32&!3F-%2&!4./V%&!&/-!,('X/!,U&!+-.%-&2&!H(%!32&!\-.+W4./V%&^!2(-H(%!2,)/&!

Q*/'%&/&! &/-!,(0! Q/'/! Q*/)2)3%&"! B/*! .2-./^! %3! 62,2-! %&! (-! %:%'./!,(0! 1M)+3! 0! -/&!

Q%*,+.%!/).%-%*!+-:/*,2'+;-!&/)*%!3/&!,/1/&!-/*,23%&!1%!9+)*2'+;-!1%!32!,/3M'(32!1%!

,2-%*2! 2-U3/<2! 2! 32! %&Q%'.*/&'/QF2! +-:*2**/?2^! &+%-1/! %&.2&! 1/&! .M'-+'2&!

'/,Q3%,%-.2*+2&!%-.*%!&F"!

! 53! :%-;,%-/!4564!Ne4(*:2'%W5-X2-'%1!62,2-!4'2..%*+-<h!/!e4(*:2'%W5-X2-'%1!

62,2-! 4Q%'.*/&'/Q0hO! _AWC`! &%! '2*2'.%*+J2! Q/*! 32! %P.*2/*1+-2*+2! +-.%-&+:+'2'+;-! H(%!

%PQ%*+,%-.2-! 3/&! %&Q%'.*/&! 62,2-! 1%! 1%.%*,+-212&! ,/3M'(32&! '(2-1/! &%! %-'(%-.*2-!

&+.(212&!%-!32&!Q*/P+,+121%&!1%!'+%*.2&!&(Q%*:+'+%&!,%.U3+'2&!*(</&2&!-2-/%&.*('.(*212&"!

! g2! %&Q%'.*/&'/QF2! 62,2-! Q*/Q/*'+/-2! +-:/*,2'+;-! ,/3%'(32*! 23.2,%-.%!

%&Q%'F:+'2! 0! Q%*,+.%! %3! 2-U3+&+&! 1%! ,%J'32&! +-.%<*212&! Q/*! 92*+/&! '/,Q/-%-.%&^! &+-!

%,)2*</^!Q*%&%-.2!%3!+-'/-9%-+%-.%!1%!32!)2?2!+-.%-&+121!1%!32!&%b23"!5-!%&.%!&%-.+1/^!%3!

1%&'()*+,+%-./!1%3!:%-;,%-/!4564!X2!'/-&.+.(+1/!(-!<*2-!292-'%^!Q%*,+.+%-1/!2Q3+'2*!

!"# $!"%!"# &'!"% !"# ('!"%

!"#$%&'()#*$+

,#&-." /0#(1,#&-."2$3+.(45

678.)&9:*;0#(:&9'(<)$:(&0$+

!"# !"% !"# !"#!"% !"%

!"#$%&9.+.:#)=0(:&9 .>:(#$%&

Estado electrónico fundamental 

Estado electrónico excitado 

Estado virtual 
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%&.2! .M'-+'2!2!(-2!<*2-!92*+%121!1%!&+&.%,2&!H(%!Q*%9+2,%-.%!%*2-! +-2''%&+)3%&!Q/*! &(!

)2?2!&%-&+)+3+121"!

!

!"#+<=>21?.3;3=,-/+@+0=>7../AA/+3,3237A+0=A+8B:8!

! g2!Q*+,%*2!/)&%*92'+;-!4564!:(%!*%23+J212!'2&(23,%-.%!Q/*!L"!G3%+&X,2-!0!'/3"!

%-! %3! 2b/! #C=S! 23! *%<+&.*2*! %3! %&Q%'.*/! 62,2-! 1%! (-2! 1+&/3('+;-! 2'(/&2! 1%! Q+*+1+-2!

21&/*)+12!&/)*%!(-!%3%'.*/1/!1%!Q32.2!&/,%.+1/!2!92*+/&!'+'3/&!1%!/P+12'+;-W*%1(''+;-^!

'+'3/&!H(%!Q*/1('F2-!32!*(</&+121!&(Q%*:+'+23!-%'%&2*+2!&+-!32!H(%!-/!%*2!Q/&+)3%!1%.%'.2*!

&%b23! 62,2-! 23<(-2! _=`"! i-+'+23,%-.%^! 32! <*2-! +-.%-&+121! 1%3! %&Q%'.*/! &%! 2'X2';!

&+,Q3%,%-.%!23! +-'*%,%-./!1%3!-j,%*/!1%!,/3M'(32&!Q*%&%-.%&!%-!32!&(Q%*:+'+%^!02!H(%!

%&.%!.*2.2,+%-./!Q*/1('%!(-!2(,%-./!1%3!U*%2!1%3!%3%'.*/1/^!Q%*/^!1/&!2b/&!1%&Q(M&^!1/&!

<*(Q/&! 1%! +-9%&.+<2'+;-! 1%&'()*+%*/-^! +-1%Q%-1+%-.%,%-.%^! H(%! 3/! H(%! *%23,%-.%!

&('%1F2! %*2! H(%! %&.2)2! 2'.(2-1/!(-!-(%9/! 0!1%&'/-/'+1/! :%-;,%-/!H(%! &%!1%-/,+-;!

4564! _K^##`"! 8(2-1/! (-2! ,/3M'(32! &%! %-'/-.*2)2! %-! Q*%&%-'+2! 1%! (-! ,%.23^!

%&Q%'+23,%-.%! Q32.2^! '/-! +**%<(32*+121%&! &(Q%*:+'+23%&! -2-/,M.*+'2&! 1%! 1+,%-&+/-%&!

'/,Q2*2)3%&! 2! 32! 3/-<+.(1! 1%! /-12! 1%! 32! %P'+.2'+;-! 3U&%*^! &%! '/-&%<(F2! *%<+&.*2*! 1%!

,2-%*2!*(.+-2*+2!%3!%&Q%'.*/!62,2-!%-!'/-1+'+/-%&!%P.*%,2&^!2!)2?F&+,2!'/-'%-.*2'+;-^!

Q/&+)+3+.2-1/! &(! (&/! '/,/! .M'-+'2! 2-23F.+'2!,(0! &%-&+)3%"! 53! 1%&'()*+,+%-./! 1%3! 4564!

1%&Q%*.;! <*2-1%&! %PQ%'.2.+92&^! 0! (-! <*2-! -j,%*/! 1%! +-9%&.+<21/*%&! '/,%-J2*/-! 2!

*%23+J2*!%PQ%*+%-'+2&!'3U&+'2&!&/)*%!%3%'.*/1/&!2'.+921/&!/!&/)*%!Q2*.F'(32&!'/3/+123%&!1%!

,%.23%&!-/)3%&"!

! 5-! 32! 1M'212! Q/&.%*+/*! 2! &(! 1%&'()*+,+%-./! &%! Q*/1(?/! (-2! <*2-! 2'.+9+121! %-!

%&.%!'2,Q/^!23'2-JU-1/&%!23!:+-23!1%!%&.%!Q%*+/1/!(-/&!D7E!2*.F'(3/&!Q()3+'21/&!23!2b/"!

5-! %&.%! .+%,Q/! &%! Q(1/! '/,Q*/)2*! H(%! %3! 4564! &%! '2*2'.%*+J2! Q/*! :2'./*%&! 1%!

+-.%-&+:+'2'+;-! 62,2-! ,(0! 92*+2)3%&^! +-+'+23,%-.%! %&.+,21/&! %-! &%+&! ;*1%-%&! 1%!

,2<-+.(1!1%!Q*/,%1+/!_S`"!5&.2!+-.%-&+:+'2'+;-!&%!,/&.*;!%P.*%,212,%-.%!1%Q%-1+%-.%!

1%!32!-2.(*23%J2!1%!32!,/3M'(32!N,/3M'(32&!2*/,U.+'2&!'/,/!Q+*+1+-2!Q*/1('%-!+-.%-&/&!

%&Q%'.*/&^!,+%-.*2&!H(%!%3!4564!1%3!2<(2!%&!,(0!1M)+3O^!32!-2.(*23%J2!1%3!,%.23!N3/&!4564!

,U&! +-.%-&/&! &%! /).%-F2-! '/-! ,%.23%&! 23'23+-/&! 0^! &/)*%! ./1/^! ,%.23%&! -/)3%&^!

%&Q%'+23,%-.%! Q32.2O! 0! 32! ,/*:/3/<F2! 1%! 32! &(Q%*:+'+%^! 02! H(%! &%! *%H(+%*%! H(%! .%-<2!

+**%<(32*+121%&^!/!&%!%-'(%-.*%!%&.*('.(*212^!2!%&'232!-2-/,M.*+'2c!&/)*%!&(Q%*:+'+%&!3+&2&!

/! Q(3+12&! -/! &%! /)&%*92! +-.%-&+:+'2'+;-! 2Q*%'+2)3%"! 8/,/! *%&(3.21/^! %3! 4564! 1%! (-2!

,/3M'(32! Q(%1%! &%*! ,(0! 1+:%*%-.%! 1%Q%-1+%-1/! 1%! 32&! '/-1+'+/-%&! %PQ%*+,%-.23%&"!

\1%,U&^!2!,%-(1/!/'(**%!H(%!32! +-.%-&+:+'2'+;-!-/!%&!(-+:/*,%!%-!./12&! 32&! 3F-%2&!1%3!
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%&Q%'.*/!62,2-^!/)&%*9U-1/&%!'2,)+/&!%-.*%!32&!+-.%-&+121%&!*%32.+92&!1%!3/&!%&Q%'.*/&!

62,2-!0!4564^!3/!H(%!+,Q3+'2!(-!'2,)+/!%-!32&!*%<32&!1%!&%3%''+;-^!*%<32&!H(%!&%!1%*+92-!

1%3!,%'2-+&,/!H(%!%&.M!2'.(2-1/!%-!'212!%PQ%*+%-'+2!N5361.7+ !"$O"!5&./^!92!2!1%Q%-1%*!

1%! 3/&! :2'./*%&! 02! ,%-'+/-21/&^! %-! %&Q%'+23! 1%3! Q/.%-'+23! %3M'.*+'/! 1%! 32! +-.%*:2&%! %-!

%PQ%*+%-'+2&!4564!%3%'.*/H(F,+'2&"!

!

!

!

!

!

!

!

!

!

!

!

!

5361.7+!"$"!5&Q%'.*/&!62,2-!1%!32!1+&/3('+;-!2'(/&2!0!4564!1%!A^7W1+,%.+3Q+*+1+-2!21&/*)+12!&/)*%!

%3%'.*/1/!1%!Q32.2!2!Q/.%-'+23%&!'/,Q*%-1+1/&!%-.*%!E!0!W#"S!a!9&"!\<k\<83kl83&2.!_DC`"!

!

! 53! X%'X/! 1%! H(%! 23<(-/&! .+Q/&! 1%! %PQ%*+%-'+2&! 4564! Q(%12-! *%23+J2*&%! '/-! 32!

'/-:+<(*2'+;-!1%!(-!!%&Q%'.*;,%.*/!62,2-!%&.U-12*^!0!-/!*%H(+%*2-!-%'%&2*+2,%-.%!(-2!

+-&.*(,%-.2'+;-!21+'+/-23^!+-1(?/!2!H(%!(-!<*2-!-j,%*/!1%!+-9%&.+<21/*%&!'/,%-J2*2-!!

2!.*2)2?2*!%-!%&.%!'2,Q/^!'/-9+*.+M-1/&%!*UQ+12,%-.%!%-!(-!.%,2!,(3.+1+&'+Q3+-2*+/^!1%!

+-.%*M&!.2-./!Q2*2!:F&+'/&!'/,/!Q2*2!H(F,+'/&!1%!1+9%*&2&!%&Q%'+23+121%&"!

! $%&1%!&(!1%&'()*+,+%-./^!%3!'2,Q/!1%!32!%&Q%'.*/&'/QF2!4564!X2!%PQ%*+,%-.21/!

%P.*2/*1+-2*+/&!292-'%&^!2!Q%&2*!1%!%33/^!&(&!2Q3+'2'+/-%&!%-!/.*/&!'2,Q/&!'+%-.F:+'/&!&/-!

)2&.2-.%! *%'+%-.%&"! 5-! Q2*.+'(32*^! &%! X2! )%-%:+'+21/! %-! <*2-! ,%1+12! 1%! 3/&! 292-'%&!

*%23+J21/&! 2! Q2*.+*! 1%! 32! 1M'212! 1%! 3/&! CE^! '/-! 32! :2)*+'2'+;-! 1%! ,2.%*+23%&! '/-!

Q*/Q+%121%&!Q32&,;-+'2&"!5-!%&.%! &%-.+1/^! 32&!-2-/Q2*.F'(32&!,%.U3+'2&! &(&Q%-1+12&!%-!

12 8a

CTno 
CT

!"
!#
$#
###
###
###
###
###
###
%&
'%

()
"*
#$

'+,+-

.+
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(-!,%1+/!/!'/3/+1%!&%!X2-!'/-9%*.+1/!%-!3/&!&()&.*2./&!4564!,U&!%,Q3%21/&!1%)+1/!2!&(!

23.2! %:+'2'+2"! 5&./! &%! 1%)%! 2! H(%! 32! 2<*%<2'+;-! Q2*'+23! 1%! -2-/Q2*.F'(32&! 12! 3(<2*! 2!

+-.%-&2&!&%b23%&!4564^!&/)*%!./1/!%-!%3!%&Q2'+/!*%,2-%-.%!%-.*%!%332&!N3/&!332,21/&!eX/.!

&Q/.&hO^! %-! 1/-1%! .+%-%! 3(<2*! 32! ,UP+,2! 2,Q3+:+'2'+;-! 1%3! '2,Q/! %3%'.*/,2<-M.+'/^!

'/,/!&%!X2!'/,Q*/)21/!Q/*!%&.(1+/&!.%;*+'/&!0!%PQ%*+,%-.23%&!_#DW#S`"!

! g2!'/,)+-2'+;-!1%!32!23.2!&%-&+)+3+121!'/-!&(!&%3%'.+9+121!&(Q%*:+'+23!'/-9+%*.%-!

23!4564!%-!(-2!.M'-+'2!%&Q%'.*/&';Q+'2!9+)*2'+/-23!,(0!%:+'2J!H(%!Q%*,+.%!32!1%.%''+;-!

%&.*('.(*23! 1%!,/3M'(32&! %-!,(0!)2?2! '/-'%-.*2'+;-!/! %-! .*2J2&^! 33%<2-1/! +-'3(&/! 2! 32!

1%.%''+;-!%!+1%-.+:+'2'+;-!1%!,/3M'(32&!2+&3212&!N4+-<3%!L/3%'(3%!5PQ%*+%-'%&^!4L5O^!32!

,20/*!&%-&+)+3+121!Q/&+)3%!%-!1%.%''+;-!,/3%'(32*"!

!

!"$"+ 9/,-./C=.>37+ >/?.=+ A/>+ ;=27,3>;/>+ 0=+ 3,-=,>3D327234,+ @+ .=6A7>+ 0=+
>=A=2234,+

! B2*2!%PQ3+'2*!%&.%!:%-;,%-/^!02!2!Q*+-'+Q+/&!1%!3/&!2b/&!KE!&%!X2)F2-!Q*/Q(%&./!

92*+/&! ,%'2-+&,/&! 1%! 1+&.+-.2! -2.(*23%J2^! 0! ,(3.+.(1! 1%! 92*+2-.%&^! 2&(-./! M&.%! H(%!

1(*2-.%! .*%+-.2! 2b/&! X2! &+1/! /)?%./! 1%! (-2! :(%*.%! '/-.*/9%*&+2! _S`"! 5&./&!,%'2-+&,/&!

/:*%'%-! 9+&+/-%&! Q2*'+23%&^! X2)+%-1/! &+1/! Q*/Q(%&./&! Q/*! <*(Q/&! 1%! +-9%&.+<2'+;-! 1%!

H(F,+'/&! /! :F&+'/&^! 1%&1%! Q%*&Q%'.+92&! %-!,('X/&! '2&/&! 1+:%*%-.%&"! 5&.2! '+*'(-&.2-'+2^!

?(-./! '/-! 3/&! Q*/)3%,2&! 1%! *%Q*/1('+)+3+121! %-! 32! :2)*+'2'+;-! 1%! 3/&! &()&.*2./&!

,%.U3+'/&^!1+:+'(3.;!&(!1%&2**/33/^!Q%*/!-/!+,Q+1+;!32!(.+3+J2'+;-!1%3!4564!%-!2Q3+'2'+/-%&!

,(0!92*+212&"!8/,/!*%&(3.21/!1%! ./1/!%&./^!1(*2-.%! 32! &%<(-12!1M'212!&%!2Q*%'+2!(-2!

%&.2)+3+J2'+;-!%-!%3! +-.%*M&!1%!32!'/,(-+121!'+%-.F:+'2!X2'+2!%3!4564"!$%&1%!%3!2b/!#CK7!

X2&.2!#CC7!&%!,2-.(9/!(-2!,%1+2!1%!D7E!2*.F'(3/&!Q()3+'21/&!23!2b/!

! Z/0! %-! 1F2! &%! 2'%Q.2! H(%! %-! 4564! 2'.j2-! 1/&! ,%'2-+&,/&! :(-12,%-.23%&!

N5361.7+ !"%O^! 3/&!1%-/,+-21/&!,%'2-+&,/&!1%! +-.%-&+:+'2'+;-!%3%'.*/,2<-M.+'/! N5LO!0!

1%!.*2-&:%*%-'+2!1%!'2*<2!N8@O!_A^S`^!2!Q2*.+*!1%!3/&!'(23%&!&%!X2-!%&.2)3%'+1/!(-2!&%*+%!1%!

*%<32&!1%!&%3%''+;-!1%&.+-212&!2!%PQ3+'2*!32&!+-.%-&+:+'2'+/-%&!&%3%'.+92&!/)&%*9212&!_AWC`"!

5&./&! ,%'2-+&,/&! &%! :(-12,%-.2-! %-! Q*+-'+Q+/&! ./.23,%-.%! 1+&.+-./&^! Q%*/! Q(%1%-!

2'.(2*! 1%! :/*,2! '/-?(-.2! /! Q/*! &%Q2*21/! 1%Q%-1+%-1/! 1%! 32&! '/-1+'+/-%&! 1%! '212!

%PQ%*+%-'+2"!g2!'/-.*+)('+;-!*%32.+92!1%!'212!(-/!1%!%33/&!2! 32! +-.%-&+:+'2'+;-!<3/)23!1%!

(-2! ,/3M'(32! %&! (-2! '(%&.+;-! 1%! &(,2! +,Q/*.2-'+2! H(%! 2j-! -/! X2! &+1/!

&2.+&:2'./*+2,%-.%!*%&(%3.2"!

!
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5361.7+!"%"!L%'2-+&,/&!4564!23.%*-2.+9/&!)2&21/&!%-!32!2,Q3+:+'2'+;-!1%3!'2,Q/!%3%'.*/,2<-M.+'/!

N5EO!/!1%!32!Q/32*+J2)+3+121!,/3%'(32*!NmO"!

!

! 53! ,%'2-+&,/! 5L! %PQ3+'2! ';,/! %3! ,%.23! 2,Q3+:+'2! 32! *21+2'+;-! N5EO^!

'/-'%-.*U-1/32!%-!&(!&(Q%*:+'+%^!Q/*! 3/!H(%!(-2!,/3M'(32! &+.(212!%-!&(&!Q*/P+,+121%&!

%&.U!&/,%.+12!2!(-2!*21+2'+;-!,('X/!,U&!+-.%-&2!H(%!%-!2(&%-'+2!1%3!,%.23"!$%Q%-1%!

1%! 32! Q*%&%-'+2! 1%! X%.%*/<%-%+121%&! %-! 32! &(Q%*:+'+%! ,%.U3+'2! 0! &(! +-.%-&+:+'2'+;-!

Q*/9+%-%!1%!32!2,Q3+:+'2'+;-!1%!32!*21+2'+;-!Q/*!32!%P'+.2'+;-!1%!Q32&,/-%&!&(Q%*:+'+23%&!

3/'23+J21/&! Ng4BO^! 3/&!'(23%&! &%!%-'(%-.*2-!'/-:+-21/&!%-! 32&!23.%*2'+/-%&!,/*:/3;<+'2&!

1%3! ,%.23"! 4+! '(2-1/! +-'+1%! (-! :/.;-! &/)*%! %&.2! -2-/%&.*('.(*2! ,%.U3+'2! 3/! X2'%! %-!

'/-1+'+/-%&! 1%! *%&/-2-'+2! '/-! 32&! :*%'(%-'+2&! 1%! 3/&! g4B^! %-./-'%&! .+%-%! 3(<2*! 32!

%P'+.2'+;-!1%! M&./&^! /*+<+-U-1/&%! %3! :%-;,%-/! '/-/'+1/! '/,/!6%&/-2-'+2!1%!B32&,;-!

4(Q%*:+'+23!g/'23+J21/!Ng4B6O"!g2!'/-'%-.*2'+;-!1%!32!3(J!&%!Q*/1('%!Q*%:%*%-.%,%-.%!%-!

9M*.+'%&! /! *%'/1/&! 1%! ,%.23%&! -/)3%&! NQ32.2^! /*/! 0! '/)*%O! H(%! Q/&%%-! Q32&,/-%&!

&(Q%*:+'+23%&! '/-! *%&/-2-'+2&! %-! 32! *%<+;-!1%3! 9+&+)3%! _#T^#=`"!5&! <%-%*23,%-.%! 2'%Q.21/!

H(%! %3! ,%'2-+&,/! 5L! *%Q*%&%-.2! 32! ,20/*! '/-.*+)('+;-! N%-! ./*-/! 2! #ETO! 1%! 32!

+-.%-&+:+'2'+;-!4564!<3/)23!_A^#KWD#`^!0!&%!'/-&+1%*2!H(%!M&.%!%&!(-!,%'2-+&,/!(-+9%*&23^!

2'.(2-1/! %-! ./12&! 32&! %PQ%*+%-'+2&! 4564^! Q%*/! -/! Q(%1%! Q/*! &F! &/3/! %PQ3+'2*! 23<(-2&!

'2*2'.%*F&.+'2&! /)&%*9212&! '/,/! 32! 1%Q%-1%-'+2! 1%! 3/&! *%&(3.21/&! '/-! %3! Q/.%-'+23!

%3M'.*+'/!1%!32!+-.%*:2&%"!!

! g2&! *%<32&! 1%! &%3%''+;-! 4564! 1%*+9212&! 1%3! ,%'2-+&,/! 5L! &/-! )2&.2-.%!

2Q*/P+,212&!_AW7^DD`^!Q/*!3/!H(%!&(%3%-!2Q3+'2*&%!1%&Q(M&!1%!X2)%*!*%23+J21/!(-2!&%*+%!1%!

&(Q/&+'+/-%&! Q2*2! H(%! &%2-! ,U&! &%-'+332&! 0! :U'+3%&! 1%! 2Q3+'2*"! 4/-! Q*U'.+'2,%-.%!

µ = ! E0

!
Mecanismo CT

Químico, RR

E0 
Mecanismo EM

Físico

INFORMACION INFORMACION

Reglas de 
Selección
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+-1%Q%-1+%-.%&! 1%! 32! ,/3M'(32! 21&/*)+12^! 23! &(Q/-%*! H(%! 32&! )2-12&! 62,2-! ,U&!

+-.%-&+:+'212&! 1%)%-! '/**%&Q/-1%*! 2! ,/1/&! -/*,23%&! 9+)*2-1/! %-! 1+*%''+;-!

Q%*Q%-1+'(32*! 2! 32! &(Q%*:+'+%"! 4%! 1%-/,+-2-! Z%-2%#+$.):! -&1#$["! 8/-! %&.2&! *%<32&! &%*F2!

Q/&+)3%!1%.%*,+-2*! 32!%&Q%'+%!H(F,+'2!H(%!+-.%*2''+/-2!'/-!%3!,%.23^! 32!/*+%-.2'+;-!1%3!

21&/*)2./!&/)*%!%3!,+&,/!0!&+!%P+&.%-!'2,)+/&!'/-:/*,2'+/-23%&!0k/!H(F,+'/&!Q/*!Q2*.%!

1%!32!,/3M'(32!21&/*)+12"!!

! B/*!/.*/!321/^!53!,%'2-+&,/!1%!.*2-&:%*%-'+2!1%!'2*<2!N8@O!+,Q3+'2!'2,)+/&!%-!

3/&!%&.21/&!%3%'.*;-+'/&!1%3!&+&.%,2!,%.23W,/3M'(32!1%)+1/!2!H(%!&(Q/-%!32!:/*,2'+;-!1%!

(-!'/,Q3%?/!&(Q%*:+'+23!,%.23W21&/*)2./!NLW\O^!1%!(-!%-32'%!H(F,+'/!%-.*%!2,)/&^!0!32!

%P+&.%-'+2! 1%! Q*/'%&/&! *%&/-2-.%&! &+,+32*%&! 23! 1%! 6%&/-2-'+2! 62,2-! N66O"! 5-! %&.%!

,%'2-+&,/^!%3!:/.;-!+-'+1%-.%!Q*/1('+*F2!32!.*2-&:%*%-'+2!1%!(-!%3%'.*;-!1%&1%!%3!,%.23!

23! 21&/*)2./! NLnW\WO^! /! 9+'%9%*&2! NLWW\nO^! %-! %3! %&.21/! %P'+.21/!8@^! %&.2)3%'+M-1/&%! 32!

*%&/-2-'+2! %-.*%! %3! %&.21/! :(-12,%-.23! 1%3! '/,Q3%?/! &(Q%*:+'+23! 0! 3/&! -(%9/&! %&.21/&!

%3%'.*;-+'/&! 1%3! '/,Q3%?/! '/-! '2*U'.%*! 8@"! g2! +-.%-&+:+'2'+;-! &%! 3/<*2! %-! %&.%! '2&/! 2!

.*29M&!1%! 32!Q/32*+J2)+3+121!,/3%'(32*!m! N5361.7+ !"%O"!53!Q*/)3%,2!%&!H(%!%&./&!-(%9/&!

%&.21/&!%P'+.21/&!&(Q%*:+'+23%&!&;3/!X2-!&+1/!/)&%*921/&!1+*%'.2,%-.%!%-!,(0!'/-.21/&!

'2&/&!0!-/!X2-!Q/1+1/!&%*!'2*2'.%*+J21/&^!Q%*/!X20!%9+1%-'+2&!+-'/-.%&.2)3%&!H(%!29232-!

32!Q2*.+'+Q2'+;-!1%!%&.%!,%'2-+&,/"!5&.%!,%'2-+&,/!-/!&%*F2!(-+9%*&23!'/,/!%3!5L^!02!

H(%!1%Q%-1%!1%! 32!-2.(*23%J2!1%3! &+&.%,2!,%.23W,/3M'(32!%&.(1+21/!0^!1%!,2-%*2!,(0!

%&Q%'+23^! 1%3! Q/.%-'+23! %3M'.*+'/! 1%! 32! +-.%*:2&%^! H(%! &+-./-+J2! 32! Q/&+'+;-! 1%3! -+9%3! 1%!

G%*,+!1%3!,%.23!0^!Q/*!.2-./^!32!%-%*<F2!1%!32!.*2-&+'+;-!8@"!5-!'/-&%'(%-'+2!0!Q2*2!(-!

1%.%*,+-21/! &+&.%,2!LW\^! 32! '/-1+'+;-!1%! *%&/-2-'+2! %&.2*U!1%.%*,+-212! .2-./!Q/*! 32!

1+:%*%-'+2!1%!Q/.%-'+23!1%!32!+-.%*:2&%!'/,/!Q/*!32!%-%*<F2!1%!3/&!:/./-%&!(.+3+J21/&"!5&.%!

,%'2-+&,/! &F! Q%*,+.%! %PQ3+'2*! 32! +-.%-&+:+'2'+;-! &%3%'.+92! 1%! '+%*.2&! )2-12&! '/-! %3!

Q/.%-'+23!1%3!%3%'.*/1/"!

! g2&!*%<32&!1%!&%3%''+;-!1%*+9212&!1%3!,%'2-+&,/!8@!.2,)+M-!&/-!,(0!'/,Q3%?2&!

0! -/! Q(%1%-! <%-%*23+J2*&%"! 4/-! &+,+32*%&! 2! 32&! *%<32&! 1%! &%3%''+;-! H(%! /Q%*2-! %-!

6%&/-2-'+2! 62,2-! _C^DA^DS`^! 2! 1+:%*%-'+2! 1%! H(%! %-! %&.%! '2&/! 3/&! &+-<3%.%&! %P'+.21/&!

+,Q3+'21/&! %-! 3/&! .*U-&+./&! %3%'.*;-+'/&! &%! '/-/'%-! ,('X/! ,%?/*! H(%! 3/&! %&.21/&! 1%!

.*2-&:%*%-'+2!1%!'2*<2!+,Q3+'21/&!%-!%3!,%'2-+&,/!8@"!$%Q%-1%-!1%!32&!Q*/Q+%121%&!1%!

32&!&(Q%*:+'+%&!1%!%-%*<F2!Q/.%-'+23!1%!3/&!%&.21/&!%3%'.*;-+'/&!+,Q3+'21/&!%-!%3!Q*/'%&/!

*%&/-2-.%c!Q%*/!%&.2&!Q*/Q+%121%&!1%!32!,/3M'(32!%-!%3!%&.21/!:(-12,%-.23!1%3!'/,Q3%?/!

&(Q%*:+'+23! NLW\O^! 0! %&Q%'+23,%-.%! %-! %3! %&.21/!8@!%P'+.21/! NLWW\n!/!LnW\WO^! &/-!,(0!

Q/'/!'/-/'+12&"!\!Q2*.+*!1%!%&.2&!*%<32&!1%!&%3%''+;-!Q(%1%!/).%-%*&%!+-:/*,2'+;-!&/)*%!

32! %&.*('.(*2! %3%'.*;-+'2! .2-./! %-! %3! %&.21/! :(-12,%-.23! '/,/! %-! 3/&! -(%9/&! %&.21/&!
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*%&/-2-.%&! 1%! .*2-&:%*%-'+2! 1%! '2*<2! 1%! 32! ,/3M'(32! 2! %&.(1+2*"! B/*! .2-./^! %&.%!

,%'2-+&,/!%PQ3+'2!32!+-.%-&+:+'2'+;-!4564!%-!:(-'+;-!1%!32&!'2*2'.%*F&.+'2&!%3%'.*;-+'2&!

1%! 32! ,/3M'(32! %-! %&.(1+/^! 2! 1+:%*%-'+2! 1%3! ,/1%3/! 5L! H(%! j-+'2,%-.%! '/-&+1%*2! 32!

-2.(*23%J2!1%3!,%.23"!!

! 5&./&! ,%'2-+&,/&! &%! :(-12,%-.2-! %-! Q*+-'+Q+/&! ./.23,%-.%! 1+&.+-./&^! Q%*/!

Q(%1%-! 2'.(2*! 1%! :/*,2! '/-?(-.2^! /! Q/*! &%Q2*21/^! 1%Q%-1+%-1/!1%! 32&! '/-1+'+/-%&!1%!

'212!%PQ%*+%-'+2"!

! 5-!)2&%!2!%&./&!,%'2-+&,/&^!%3![*(Q/!1%!5&Q%'.*/&'/QF2!0!5&.*('.(*2!L/3%'(32*!

1%3!$%Q2*.2,%-./!1%!R(F,+'2!GF&+'2!1%!32!o-+9%*&+121!1%!LU32<2!%-:/'2!32!+-9%&.+<2'+;-!

1%3!:%-;,%-/!4564!X2'+2!1/&!Q(-./&!'329%&Y!

! 2O! i1%-.+:+'2*! -/! &;3/! 32! %&Q%'+%! H(F,+'2! ,/3%'(32*! H(%! &%! 21&/*)%! &/)*%! 32!

&(Q%*:+'+%!,%.U3+'2!&+-/^!21%,U&^!'/-/'%*!%3!U./,/!/!<*(Q/!:(-'+/-23!1%3!21&/*)2./!H(%!

+-.%*2''+/-2!'/-!32!&(Q%*:+'+%!,%.U3+'2^!'/,/!%&!%3!'2&/!1%!,/3M'(32&!'/-!X%.%*/U./,/&!

/!'/-!&(&.+.(0%-.%&!'2Q2'%&!1%!+-.%*2''+/-2*!'/-!%3!,%.23"!5-!%&.2!3F-%2^!&%!X2-!%&.(1+21/!

3/&! %&Q%'.*/&! 4564! %-! -2-/%&.*('.(*2&! '/3/+123%&! 1%! Q32.2! 1%! U'+1/&! '2*)/PF3+'/&^! IW

X%.%*/'+'3/&^!2,+12&!2*/,U.+'2&^!2,+-/U'+1/&^!%.'"!_D7`"!!

! )O!5&.(1+2*! %3! /*+<%-!1%! 32! +-.%-&+:+'2'+;-! 4564! +1%-.+:+'2-1/!H(M!,%'2-+&,/&!

+-.%*9+%-%-!%-!(-2!%PQ%*+%-'+2!4564!0!%&.+,2-1/!&(&!'/-.*+)('+/-%&!*%32.+92&"!B2*2!%33/!

&%! X2-! '(2-.+:+'21/! &(&! Q/&+)3%&! %:%'./&! ,%1+2-.%! (-2! &+&.%,U.+'2! 1%! 2-U3+&+&! 1%! 3/&!

%&Q%'.*/&!4564!)2&212!%-!%3!,%'2-+&,/!8@!_DT`"!5-!%&.%!'2&/^!&%!X2-!*%23+J21/!%&.(1+/&!

4564! %-! %3%'.*/1/! 1%! Q32.2! 1%! ,/3M'(32&! 2*/,U.+'2&! '/-! 23<j-! X%.%*/U./,/! %-! &(!

%&.*('.(*2!,/3%'(32*! '/,%-J2-1/! Q/*! 32! Q+*+1+-2^! H(%! %&! 32!,/3M'(32! %,)3%,U.+'2! %-!

4564!23!1%&'()*+*&%!1+'X/!:%-;,%-/!'/-!%&.2!,/3M'(32!_=`^!Q2*2!'/-.+-(2*!'/-!&+&.%,2&!

*%32'+/-21/&! '/,/! Q+*2J+-2^! Q+*+,+1+-2^! Q+*+12J+-2^! %.'"! 0! &(&! *%&Q%'.+9/&! 1%*+921/&!

,%.+321/&"!

! 53!Q*/)3%,2!2!32!X/*2!1%!2-23+J2*!21%'(212,%-.%!(-!%&Q%'.*/!4564!%&!'/-/'%*!

'(U3! /! '(U3%&! 1%! %&./&! ,%'2-+&,/&! +-.%*9+%-%-! %-! (-2! %PQ%*+%-'+2! 0! %&.+,2*! &(&!

'/-.*+)('+/-%&!*%32.+92&"!5&.2!'(%&.+;-!'2Q+.23!-/!%&.U!2j-!*%&(%3.2!X/0!%-!1F2!1%)+1/!2!32!

'/,Q3%?+121!+-.*F-&%'2!1%3!:%-;,%-/!4564!0!2!32!&%-&+)+3+121!.2-!2'(&212!H(%!,(%&.*2!32!

+-.%-&+:+'2'+;-!'/-!1+:%*%-.%&!92*+2)3%&^!Q*+-'+Q23,%-.%^!!32!%-%*<F2!1%3!:/.;-!+-'+1%-.%!0!

32!'2F12!1%!Q/.%-'+23!%3M'.*+'/!%-!32!+-.%*:2&%"!!

! o-! %?%,Q3/! +3(&.*2.+9/! 1%! 32! '/,Q3%?+121! 1%3! 4564! %&! %3! X%'X/! 1%! H(%! Q(%1%!

12*&%! %3! '2&/!1%! H(%! 32!,2<-+.(1!1%! 32! +-.%-&+:+'2'+;-!1%!1/&!,/3M'(32&^! %-! Q*+-'+Q+/^!

Q2*%'+12&^!&%2!,(0!1+:%*%-.%^!/!)+%-^!H(%!32!&%b23!4564!1%!(-2!,+&,2!,/3M'(32!&/)*%!(-!
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1%.%*,+-21/!,%.23! 92*F%! %-! 92*+/&! ;*1%-%&! 1%!,2<-+.(1! 1%Q%-1+%-1/! 1%3! ,M./1/! 1%!

Q*%Q2*2'+;-! 1%! 32! &(Q%*:+'+%"! 5&.2&! '2*2'.%*F&.+'2&! 1%.%*,+-2-! H(%! &%2! ,(0! 1+:F'+3!

1+&Q/-%*! 1%! ,/1%3/&! Q*U'.+'/&! 1%! 2,)/&! ,%'2-+&,/&! 1%! +-.%-&+:+'2'+;-^! H(%! &%2-!

'2Q2'%&!1%!Q*/Q/*'+/-2*!%&.+,2'+/-%&!'(2-.+.2.+92&!1%!&(&!%:%'./&"!B/*!%&.%!,/.+9/!-/!%&!

&%-'+33/! 1%'+1+*! H(M! .+Q/! 1%! ,%'2-+&,/! %&.U! 2'.(2-1/! %-! (-! %&Q%'.*/! 2! Q2*.+*! 1%! 32!

+-.%-&+:+'2'+;-!&%3%'.+92!1%!'+%*.2&!)2-12&"!8/,/!%?%,Q3/^!2!Q%&2*!1%!H(%!%3!4564!1%!32!

Q+*+1+-2! X2! &+1/! %3! ,U&! %&.(1+21/! 1(*2-.%! 3/&! j3.+,/&! 9%+-.%! 2b/&^! 32! +-.%-&+:+'2'+;-!

&%3%'.+92! 1%! 3/&! :(-12,%-.23%&! T2^! C2! 0! K2! X2! &+1/! 2-23+J212! Q/*! 4'X2.J! 0! '/3"! _D=`!

&(Q/-+%-1/! H(%! %&! 1%)+12! 23! ,%'2-+&,/! %3%'.*/,2<-M.+'/^! 0! Q/*! -(%&.*/! <*(Q/!

_DT2^DT)`! Q2*.+%-1/! 1%! 32! )2&%! 1%! H(%! 32! +-.%-&+:+'2'+;-! 1%! %&.2&! 9+)*2'+/-%&! %&.U!

/*+<+-212! Q/*! %3!,%'2-+&,/! 1%! .*2-&:%*%-'+2! 1%! '2*<2"! B2*%'%! H(%! 3/&!,+&,/&! X%'X/&!

Q(%1%-! &%*! %PQ3+'21/&! *%'(**+%-1/! 2! ,/1%3/&! )2&21/&! %-! ,%'2-+&,/&! ./.23,%-.%!

1+:%*%-.%&"!!

! $212! &(! '/,Q3%?2! 0! 1%&'/-/'+12! -2.(*23%J2^! %3! :%-;,%-/! 4564! X2! '/-9+9+1/!

1%&1%! &(&! /*F<%-%&! %-.*%!1+:%*%-.%&! /Q+-+/-%&"! i-'3(&/!X/0!1F2! &%! '/-.+-j2!1%)2.+%-1/!

&/)*%! 23<(-/&! 1%! 3/&! 2&Q%'./&! :(-12,%-.23%&! '/,/! %3! ,%'2-+&,/! *%&Q/-&2)3%! 1%! 32!

+-.%-&+:+'2'+;-!N5L!9&"!8@O^!32!+,Q/*.2-'+2!1%!%:%'./&!1%!*%&/-2-'+2^!/!32!'(2-.+:+'2'+;-!

1%3!:2'./*!1%!+-.%-&+:+'2'+;-!)2?/!'/-1+'+/-%&!4564"!!

+

!"%"+83-17234,+72-17A+0=A+8B:8+

! g2! Q*+-'+Q23! '2*%-'+2! 1%3! ,%'2-+&,/! 5L! %&! H(%! 32! Q2*.%! ,/3%'(32*! _AE`! %&.U!

Q*U'.+'2,%-.%!2(&%-.%!1%3!,/1%3/!_A#`^!0!-/!&%!Q(%1%!/39+12*!H(%!3/!H(%!&%!/)&%*92!&/-!

)2-12&! 9+)*2'+/-23%&! 1%! 32&!,/3M'(32&^! 0! H(%! %&! ?(&.2,%-.%! %&2! 1%.233212! +-:/*,2'+;-!

,/3%'(32*! 32! H(%! Q*/Q/*'+/-2! 23! 4564!(-! +-.%*M&! %&Q%'+23! 0! 3/! 1+&.+-<(%! :*%-.%! 2! /.*2&!

.M'-+'2&! 23.%*-2.+92&"! 5&.%! ,%'2-+&,/! -/! %&! '2Q2J! 1%! Q*/Q/*'+/-2*! (-2&! *%<32&! 1%!

&%3%''+;-! /Q%*2.+92&! Q2*2! %PQ3+'2*^! Q/*! %?%,Q3/^! 32&! 1+:%*%-'+2&! %-.*%! 3/&! 4564! 1%! 32!

5361.7+ !"$"!g2&!Q/Q(32*%&!%-2%#+$.):! -&1#$!1%3!,%'2-+&,/!5L!)2&212&!%-!/*+%-.2'+/-%&!

&(Q%*:+'+23%&! %&.U-! &+%-1/! 2)2-1/-212&! 23! +*&%! '/,Q*/)2-1/! H(%! -/! %&.U-!

&(:+'+%-.%,%-.%! :(-12,%-.212&"! B%*/! %3! 1%.233%! 1%! 3/&! %&Q%'.*/&! '/-.+%-%! (-2!

+-:/*,2'+;-! 923+/&F&+,2! &/)*%! 32! &(.+3! ,2-%*2! 1%! ';,/! (-2! ,/3M'(32! 0! (-! ,%.23!

,/1+:+'2-!&(&!Q*/Q+%121%&!23!%-32J2*&%^!0!';,/!+-.%*2''+/-2-!1%!,2-%*2!'/-?(-.2!'/-!32!

*21+2'+;-! %3%'.*/,2<-M.+'2"! !\!1F2! 1%!X/0!-/!1+&Q/-%,/&!1%!X%**2,+%-.2&! '2Q2'%&! 1%!

%P.*2%*!./12!%&2!+-:/*,2'+;-!'/-.%-+12!%-!'212!%&Q%'.*/"!!
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!!
#D!

!
! !

! o-2!9+&+;-!,/1+:+'212!1%3!,%'2-+&,/!4564!&%!X2!%&H(%,2.+J21/!%-! 32!5361.7+

!"&^!%-!1/-1%!&%!%3+,+-2*F2!32!'/-.*/9%*&+2!%P'3(0%-.%!&/)*%!32!,20/*!/!,%-/*!*%3%92-'+2!

1%! 32&!'/-.*+)('+/-%&!5L!0!8@^!/! 32!-%'%&+121!1%!%3%<+*!2*)+.*2*+2,%-.%!(-2&!*%<32&!1%!

&%3%''+;-! (! /.*2&! N5361.7+ !"%O"! f2?/! %&.2! Q%*&Q%'.+92^! 2,)/&! :%-;,%-/&! 5L! 0! 66!

1%)%*F2-!'/-&+1%*2*&%!'/,/!&+,(3.U-%/&^!Q%*/!'212!(-/!%PQ3+'2*F2!(-2!Q2*.%!1%3!./1/"!53!

,/1%3/! 5L! %&! :(-12,%-.23,%-.%! 1%! '2*U'.%*! :F&+'/! _AD`! 0! &%! 2Q*/P+,2*F2! 2! %&%! ./1/!

Q2*.+%-1/! 1%3! ,%.23^! %3! &+&.%,2! 1%! ,20/*! .2,2b/"! 5&.%! ,%'2-+&,/! &%! '%-.*2! %-! 32!

*%&Q(%&.2! *%&/-2-.%! 1%3! 2<*%<21/! /! '3j&.%*! -2-/,M.*+'/! )2?/! 32! %P'+.2'+;-! 3U&%*^! Q%*/!

Q*/Q/*'+/-2-1/! (-2! +-:/*,2'+;-! ,/3%'(32*! ,U&! )+%-! Q/)*%"! B/*! %3! '/-.*2*+/^! %3!

,%'2-+&,/! 66! &%! 2Q*/P+,2! 23! 4564! 1%&1%! (-! Q(-./! 1%! 9+&.2! ,/3%'(32*^! 2! Q2*.+*! 1%!

:(-12,%-./&!H(+,+'/:F&+'/&^!Q%*/!1%)%!'(,Q3+*!32!1+:F'+3!.2*%2!1%!'/-&+1%*2*!%3!'/,Q3%?/!

%:%'./! 1%3! ,%.23! &/)*%! 32! %&.*('.(*2! 1%3! 21&/*)2./! 0! 9+'%9%*&2^! .2-./! %-! &(&! %&.21/&!

%3%'.*;-+'/&! :(-12,%-.23! '/,/! %P'+.21/&"! @+%-%! %3! +-'/-9%-+%-.%! 1%! H(%! 32&! *%<32&! 1%!

&%3%''+;-!4564W66!-/!Q(%1%-!&%*!<%-%*23%&!&+-/!%923(212&!Q2*2!'212!'2&/"!5&.2&!*%<32&!

&/-!1+:F'+3%&!1%!%&.+,2*!Q%*/^! +-'3(&/!'(23+.2.+92&^! &%*F2-!&(,2,%-.%!j.+3%&!Q2*2!%P.*2%*!

923+/&2! +-:/*,2'+;-! &/)*%! 32&! Q*/Q+%121%&! 1%! &+&.%,2&! XF)*+1/&! ,%.23W,/3M'(32! 0! &(!

+-.%*2''+;-!'/-!32!*21+2'+;-!%3%'.*/,2<-M.+'2"!

!

!

!

!

!

!

!

!

!

!

5361.7+ !"&"!L%'2-+&,/!4564!)2&21/!%-!32!2,Q3+:+'2'+;-!&+,(3.U-%2!1%3!'2,Q/!%3%'.*/,2<-M.+'/!NBEO!
0!1%!32!Q/32*+J2)+3+121!,/3%'(32*!NmO"!

!

! !

µ = ! E0

!
Mecanismo RR

Químico

Información
Molecular

E0
Mecanismo EM

Físico

INFORMACION
MOLECULAR

Reglas de 
Selección
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! 5-! %3! 4564! &%! 12-! '+.2! '(%&.+/-%&! )U&+'2&^! '/,/! 32&! +-(&(23%&! Q*/Q+%121%&!

;Q.+'2&!1%!3/&!Q32&,/-%&!&(Q%*:+'+23%&^!'/-!/.*2&!1%!'2*U'.%*!2Q3+'21/^!'/,/!%3!1+&%b/!0!32!

'/-&.*(''+;-!1%!&%-&/*%&"!\1%,U&!&%!2j-2-!%3!,(-1/!,+'*/&';Q+'/^!2&/'+21/!23!,%.23^!0!

%3!,/3%'(32*^!2,)/&!'/-%'.21/&!2!.*29M&!1%!%&.*('.(*2&!-2-/,M.*+'2&"!g2!.%/*F2!1%3!4564!

1%)%*F2!&%*!'2Q2J!1%!%PQ3+'2*!32!:(-'+;-!1%!'212!(-/!1%!%&./&!&+&.%,2&^!+-.%<*2-1/!%-!(-!

j-+'/!,/1%3/!32&!1+:%*%-.%&!%&'232&!1%!.2,2b/"!I(%&.*/!Q*/Q;&+./^!.2-./!%-!3/&!.*2)2?/&!

2-.%*+/*%&!'/,/!%-!%&.2!@%&+&^!%&!292-J2*!%-!&(!'/-/'+,+%-./!0!Q*/Q/-%*!X%**2,+%-.2&!

j.+3%&! Q2*2! %-.%-1%*! ,%?/*! %3! :%-;,%-/! 0! 2&F! Q/1%*! '/-.*/32*3/! 0! 2,Q3+2*! &(&!

2Q3+'2'+/-%&"!

!

!"&"+F?G=-3C/>+0=+A7+H=>3>+

! 53!*%-/921/!+-.%*M&!H(%!%&.U!&(&'+.2-1/!32!%&Q%'.*/&'/QF2!4564!1%)+1/!2!-(%92&!

2Q3+'2'+/-%&^! '/,/! 32! Q/&+)+3+121! 1%! /)&%*92*! ,/3M'(32&! 2+&3212&^! &(! (.+3+J2'+;-! '/,/!

&%-&/*! (3.*2&%-&+)3%! /! %-! 1+2<-;&.+'/! )+/,M1+'/^! ?(&.+:+'2! %3! /)?%.+9/! 1%! %&.2! @%&+&! 1%!

Q*/:(-1+J2*!%-!%3!'/-/'+,+%-./!1%!&(!-2.(*23%J2"!!

! g2!'/-.*/9%*&+2!&/)*%!%3!/*+<%-!1%! 32!%-/*,%!+-.%-&+:+'2'+;-!1%! 32!&%b23!62,2-!

Q%*&+&.%!1%)+1/!2!32!'/,Q3%?+121!1%3!:%-;,%-/"!\!,%1+12!H(%!'/-&+<2,/&!+*!&(Q%*2-1/!

%&2! )2**%*2! Q/1*%,/&! 2''%1%*! 2! 3/&! :(-12,%-./&^! 0! Q/*! .2-./! 2!,%?/*2*! %3! '/-.*/3^! 1%!

./12!(-2!&%*+%!1%!&(.+3%&!+-.%*2''+/-%&!,%.23W,/3M'(32W*21+2'+;-!1%!+,Q/*.2-'+2!'2Q+.23!

%-!1+:%*%-.%&!U*%2&!1%! +-.%*M&!H(+,+'/:F&+'/^!1%&1%! 32!%3%'.*;-+'2!,/3%'(32*!X2&.2!/.*2&!

,U&! .*21+'+/-23%&! '/,/! 32! %3%'.*/H(F,+'2^! 32! 21&/*'+;-! 0! '2.U3+&+&"! 5&./&! '2,Q/&!

'+%-.F:+'/&! &/-! .2,)+M-! +-.*F-&%'2,%-.%! '/,Q3%?/&^! 02! H(%! '/,Q2*.%-! 3/&! ,+&,/&!

Q*/'%&/&!)U&+'/&^!:/./+-1('+1/&!/!-/^!3/'23+J21/&!%-!+-.%*:2&%&"!B2*2!%&.%!:+-!-%'%&+.2,/&!

,%./1/3/<F2&! 2Q*/Q+212&! 0! -(%&.*/! <*(Q/! %&.U! 2'.(23,%-.%! 1%&2**/332-1/! -(%92&!

X%**2,+%-.2&!'(02&!'2Q2'+121%&!92-!2!&%*!'/-.*2&.212&!%-!%&.2!@%&+&"!!

! g2! %PQ%*+%-'+2! Q*%9+2! %-! %3! %&.(1+/! 1%! Q*/'%&/&!8@! *%&/-2-.%&! %-! 4564^! ?(-./!

'/-!3/&!*%&(3.21/&!Q*/,%.%1/*%&!H(%!%&.2,/&!/).%-+%-1/^!-/&!92-!2!Q%*,+.+*!'/,Q*/)2*!

%3!<*21/!1%!'(,Q3+,+%-./!1%!32!X+Q;.%&+&!1%!Q2*.+12!1%!-(%&.*2!Q*/Q(%&.2Y!%3!:%-;,%-/!

1%! *%&/-2-'+2! 62,2-! %-.*%! %&.21/&! %3%'.*;-+'/&! 1%3! '/,Q3%?/!,%.23W21&/*)2./! %&! (-2!

'/-.*+)('+;-!Q*%&%-.%!%-!,('X2&!%PQ%*+%-'+2&!4564"!5&.%!,%'2-+&,/!4564W66!&%*F2!%3!

*%&Q/-&2)3%! 1%3! '/,Q3%?/! '/,Q/*.2,+%-./! /)&%*921/! 0! 1%.%*,+-2*F2! 32&! *%<32&! 1%!

&%3%''+;-^! '/-.*+)(0%-1/! 21%,U&! 1%! ,2-%*2! &+<-+:+'2.+92^! 2(-H(%! ,+-/*+.2*+2^! 2! 32!

+-.%-&+:+'2'+;-!<3/)23!1%3!4564"!
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! $(*2-.%! %3! 1%&2**/33/! 1%! %&.2! @%&+&! &%! X2-! %&.(1+21/! 1+9%*&2&! '(%&.+/-%&!

:(-12,%-.23%&!*%32'+/-212&!'/-!%3!/*+<%-!1%!32!%-/*,%!+-.%-&+:+'2'+;-!H(%!%PQ%*+,%-.2!

%3! %&Q%'.*/!62,2-!1%! (-2!,/3M'(32! &+.(212! %-! 32&! Q*/P+,+121%&! 1%! '+%*.2&! &(Q%*:+'+%&!

,%.U3+'2&"!g2!-2.(*23%J2!1%3!,%'2-+&,/!1%!+-.%-&+:+'2'+;-!4564!-/!%&.U!./129F2!*%&(%3.2^!

3/! H(%! 9+%-%! /)&.2'(3+J2-1/! .2-./! 32! '2Q2'+121! 1%! 2-U3+&+&! 1%! 3/&! *%&(3.21/&! '/,/! %3!

1%&2**/33/!1%! &(&!2Q3+'2'+/-%&!%-^!Q/*!%?%,Q3/^! 32!1%.%''+;-!(3.*2&%-&+)3%!1%! &(&.2-'+2&!

H(F,+'2&"! pR(M!,%'2-+&,/!/!,%'2-+&,/&!2'.j2-!%-!(-2!%PQ%*+%-'+2! '/-'*%.2!0! ';,/!

Q(%1%-!*%'/-/'%*&%qpR(M!:2'./*%&!1%.%*,+-2-!&(!Q*%&%-'+2!/!-/^!H(M!*%<32&!1%!&%3%''+;-!

%&.U-!/Q%*2-1/!0!H(M!+-:/*,2'+;-!&%!Q(%1%!%P.*2%*!1%!%332&q!4/-!Q*%<(-.2&!2!32&!H(%!&%!

X2! +-.%-.21/! 12*! *%&Q(%&.2! %-! ./1/! /! %-! Q2*.%! '/-! 32! 20(12! 1%! X%**2,+%-.2&!

H(+,+'/:F&+'2&!%PQ%*+,%-.23%&!0!.%;*+'2&"!B2*2!%33/!&%!X2-!*%23+J21/!%PQ%*+%-'+2&!4564!%-!

%3%'.*/1/!1%!,/3M'(32&!%&Q%'+23,%-.%!&%3%''+/-212&^!Q*%&.2-1/!,(0!%&Q%'+23!2.%-'+;-!2!

32!1%Q%-1%-'+2!1%!3/&!*%&(3.21/&!'/-!%3!Q/.%-'+23!%3M'.*+'/!1%!32!+-.%*:2&%"!

! 8/-! %3! /)?%.+9/! 1%! +-12<2*! &/)*%! 3/&! ,%'2-+&,/&! 1%! +-.%-&+:+'2'+;-^! 3/&!

*%&(3.21/&! %PQ%*+,%-.23%&! 92-! 2! '/**%32'+/-2*&%! '/-! Q*%1+''+/-%&! .%;*+'2&! 1%! %-%*<F2&^!

:*%'(%-'+2&! 9+)*2'+/-23%&! 0^! ,(0! %&Q%'+23,%-.%^! 1%! +-.%-&+121%&! 62,2-! 1%)+12&! 2!

Q*/'%&/&!*%&/-2-.%&!%-.*%!%&.21/&!%3%'.*;-+'/&!1%3!'/,Q3%?/!&(Q%*:+'+23!,%.23W21&/*)2./!

NLW\O"! 5&.2&! +-.%-&+121%&! 92-! 2! &%*! %&.+,212&! (.+3+J2-1/! 32! ,%./1/3/<F2! H(%! X%,/&!

Q*/Q(%&./!)2&212!%-!'U3'(3/&!H(+,+'/'(U-.+'/&!1%! 32&!Q*/Q+%121%&!1%3!&+&.%,2!LW\!%-!

&(!%&.21/!%3%'.*;-+'/! :(-12,%-.23! 0! %P'+.21/&^! 0! &+,(32-1/! .%;*+'2,%-.%!%3! %:%'./!1%3!

Q/.%-'+23! 1%! 32! +-.%*:2&%! ,%1+2-.%! (-2! -(%92! &+&.%,U.+'2! 1%&2**/33212! Q/*! -/&/.*/&!

*%'+%-.%,%-.%!_DTX`"!

! g/&! /)?%.+9/&! <%-%*23%&! 1%! %&.2! @%&+&! Q(%1%-! %-<3/)2*&%! %-! 3/&! &+<(+%-.%&!

Q(-./&Y!!

• $+&'(.+*!%3!%:%'./!1%!3/&!Q*/'%&/&!1%!.*2-&:%*%-'+2!1%!'2*<2!%-!(-!%&Q%'.*/!4564!

*%<+&.*21/!2!1+:%*%-.%&!Q/.%-'+23%&!1%!%3%'.*/1/"!

• 5&.(1+/!1%!32!%:+'+%-'+2!1%3!Q/.%-'+23!1%!%3%'.*/1/!2!32!X/*2!1%!&+-./-+J2*!%&.21/&!

1%! .*2-&:%*%-'+2! 1%! '2*<2! %-! &+&.%,2&! XF)*+1/&! ,/3M'(32W-2-/%&.*('.(*2^! 2&F!

'/,/! 1%3! /*+<%-! 1%! 32! <2-2-'+2! %-%*<M.+'2! /)&%*9212! %-! %PQ%*+%-'+2&! 4564!

%3%'.*/H(F,+'2&"!

• $%.%*,+-2*! 3/&!,%'2-+&,/&!H(%!2'.j2-!%-!(-!%PQ%*+,%-./!4564!%-!Q2*.+'(32*!

'/-! %3! :+-! 1%! 1%&2**/332*! (-! '/-?(-./! 1%! *%<32&! 1%! &%3%''+;-! /Q%*2.+92&! H(%!

Q%*,+.2-^!23!,%-/&^!*%'/'%*!32!Q*%&%-'+2!1%!23<(-/!1%!%33/&"!
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• 8/**%32'+/-2*!32!+-.%-&+:+'2'+;-!1%!)2-12&!%&Q%'F:+'2&!%-!4564!!'/-!3/&!Q*/'%&/&!

*%&/-2-.%&! H(%! +,Q3+'2-! 2! 3/&! %&.21/&! :(-12,%-.23! 0! %P'+.21/! %-! '/,Q3%?/&!

_\<-WB0`
H"!

• $%&2**/33/! 1%! ,%./1/3/<F2&! .%;*+'2&! Q2*2! '(2-.+:+'2*! 1+&.+-./&! :2'./*%&! H(%!

2:%'.2-!2!32!%&.*('.(*2!1%!3/&!'/,Q3%?/&!,/3M'(32&W-2-/%&.*('.(*2&!

! 4%! .*2.2! 1%! '/,Q*/)2*! &+! %3! ,%'2-+&,/! 1%! *%&/-2-'+2! 62,2-! 4564W66! %&! (-!

,%'2-+&,/! (-+9%*&23! 1%3! 4564^! 2'.(2-1/! '/-?(-.2,%-.%! '/-! %3! ,%'2-+&,/! 5L! %-!

,('X2&!1%!32&!%PQ%*+%-'+2&^!'(23H(+%*2!H(%!&%2-!32&!'/-1+'+/-%&!1%!*%<+&.*/!!/^!3/!H(%!%&!

3/! ,+&,/^! &+! 3/&! Q*/'%&/&! 1%! *%&/-2-'+2! 62,2-! 1%3! '/,Q3%?/! &(Q%*:+'+23! LW\! &/-! 3/&!

*%&Q/-&2)3%&! 1%3! 1%.233%! ,/3%'(32*! %-! '212! %&Q%'.*/! 4564^! '(23H(+%*2! H(%! &%2-! 32&!

'/-1+'+/-%&! %PQ%*+,%-.23%&c! %&! 1%'+*^! H(%! &%2! (-!,%'2-+&,/! 1%! 2'.(2'+;-! <%-%*23! %-!

4564!N,%'2-+&,/!H(F,+'/r4564W66O^!0!-/!%&.M!*%&.*+-<+12!&(!Q2*.+'+Q2'+;-!2!Q*/'%&/&!

1%!.*2-&:%*%-'+2!1%!'2*<2!:/./+-1('+12!N4564W8@O"!f2?/!%&.2!Q%*&Q%'.+92!,U&!<%-%*23^!%3!

,%'2-+&,/! 4564W66! %-<3/)2*F2! %&./&! Q*/'%&/&! 4564W8@! &/)*%! 3/&! H(%! -(%&.*/! <*(Q/!

9+%-%!*%23+J2-1/!'*%%,/&!H(%!923+/&2&!2Q/*.2'+/-%&"!

! 4+!%&./! :(%*2!2&F^! &%!Q/1*F2!%PQ3+'2*! 32!&%-&+)+3+121!.2-!2'(&212!1%! 3/&!%&Q%'.*/&!

4564!'/-! 32!-2.(*23%J2!1%3!,%.23^!1%! 32!,/3M'(32!0!'/-! 32&!'/-1+'+/-%&!Q2*.+'(32*%&!1%!

*%<+&.*/"! g2! Q*/)3%,U.+'2! *21+'2! %-! 32! +-'%*.+1(,)*%! '/-! H(%! 2'.(23,%-.%! &%! Q(%1%-!

Q*%1%'+*!32&!Q*/Q+%121%&!,U&!*%3%92-.%&!1%3!'/,Q3%?/!LW\Y!32&!%-%*<F2&!1%!3/&!%&.21/&!0^!

,(0!%&Q%'+23,%-.%^!32&!+-.%-&+121%&!*%32.+92&!62,2-!H(%!&/-^!%-!1%:+-+.+92^!(-2&!*%<32&!

1%!&%3%''+;-!'(2-.+.2.+92&"!B/*!.2-./^!%&./!'/-&.+.(0%!./1/!(-!*%./"!

! B/*! /.*/! 321/^! &%! +-.%-.2! .2,)+M-! 1%! 12*! %PQ3+'2'+;-! 1%! /.*2! '2*2'.%*F&.+'2!

&/*Q*%-1%-.%!1%3!4564Y! 32! +-%&Q%*212!%:+'+%-'+2!1%3!Q/.%-'+23!1%!%3%'.*/1/!2! 32!X/*2!1%!

&+-./-+J2*! 3/&! %&.21/&! 1%! .*2-&:%*%-'+2! 1%! '2*<2"! 4%! .*2.2! 1%! %-.%-1%*! 3/&^! X2&.2! %3!

,/,%-./^!+-%PQ3+'21/&!*%&(3.21/&!%PQ%*+,%-.23%&!H(%!+-1+'2-!H(%!%3!1%&Q32J2,+%-./!1%!

32&!%-%*<F2&!1%!3/&!%&.21/&!1%!.*2-&:%*%-'+2!1%!'2*<2!1%3!'/,Q3%?/!&(Q%*:+'+23!LW\^!2Q2*.%!

1%! &%*!1%!,2<-+.(1!,(0!92*+212!0!,(0!1%Q%-1+%-.%!1%3! &+&.%,2!LW\!%&.(1+21/^! %&! %-!

,('X/&! '2&/&!,(0! &(Q%*+/*! 23! Q/.%-'+23! %3M'.*+'/! 2Q3+'21/! 2! 32! +-.%*:2&%^! 1%3! /*1%-!1%!

.*%&! /! '(2.*/! 9%'%&!,20/*"! 5&./! +,Q3+'2! (-! -(%9/!,%'2-+&,/! 1%! 6*+*+/.*! %-%*<M.+'2!

:*%-.%! 23! ,U&! '/-/'+1/! 1%! .+)#+$.4./*/.7+! 1%! 32! &%b23! 62,2-! H(%! &%! X2! 9%-+1/!

1%&'*+)+%-1/!X2&.2!%3!,/,%-./"!

! g/&!*%&(3.21/&!/).%-+1/&!1(*2-.%!%3!1%&2**/33/!1%!%&.2!@%&+&!&(Q/-%-!(-2!-(%92!

2Q/*.2'+;-!23!%&.(1+/!1%! 32!%&Q%'.*/&'/QF2!4564^!Q*/:(-1+J2-1/!,U&!'/-'*%.2,%-.%!%-!

%3! '/,Q/*.2,+%-./! 1%3! ,%'2-+&,/! 8@"! 4%! X2! /).%-+1/! -(%92! +-:/*,2'+;-! H(%!
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'/-.*+)(0%! ! 2! 2,Q3+2*! 32! Q%*&Q%'.+92! 2'.(23! 1%3! '/-/'+,+%-./! &/)*%! %&.%! :%-;,%-/! .2-!

'/-.*/9%*.+1/!0^!H(%!2! 32!9%J^!&%!%&Q%*2!H(%!&(Q/-<2!(-!%&.F,(3/!Q2*2! :(.(*/&!%&.(1+/&!

&/)*%!Q*/'%&/&!1%!.*2-&:%*%-'+2!1%!'2*<2!H(%!+,Q3+'2-!,%.23%&!0!,/3M'(32&"!

! 53! 2-U3+&+&! 1%! %&.%! ,%'2-+&,/! 8@! Q%*,+.+*U! (-2! ,%?/*! '/,Q*%-&+;-! 1%! 32&!

Q*/Q+%121%&! 1%! 3/&! %&.21/&! &(Q%*:+'+23%&! 1%! ,/3M'(32&! 21&/*)+12&! &/)*%! ,%.23%&!

-2-/,M.*+'/&^!3/&!'(23%&!*%&(3.2-!+,Q*%&'+-1+)3%&!Q2*2!%-.%-1%*!Q*/'%&/&!:F&+'/H(F,+'/&!

%-! +-.%*:2&%&!X%.%*/<M-%2&!1%!(-! +,Q/*.2-.%! +,Q2'./! .%'-/3;<+'/! %! +-1(&.*+23"!Z/0! %-!

1F2^! 21%,U&! 1%! 32&! U*%2&! '3U&+'2&! :F&+'/WH(F,+'2&^! 3/&! -(%9/&! '2,Q/&! '+%-.F:+'/&!

%,%*<%-.%&! *%32'+/-21/&! '/-! 32! %3%'.*;-+'2! ,/3%'(32*! /! 32! '/-9%*&+;-! 1%! %-%*<F2!

:/./9/3.2+'2!,%1+2-.%!,2.%*+23%&!XF)*+1/&^!(.+3+J2-!(-+/-%&!.+Q/!,/3M'(32W-2-/'3j&.%*%&^!

3/&!'(23%&!&/-^!2!&(!9%J^!'/-.*/321/&!Q/*!32&!Q*/Q+%121%&!1%!%&./&!%&.21/&!&(Q%*:+'+23%&"!!

! I(%&.*/![*(Q/!1%!+-9%&.+<2'+;-!'(%-.2!'/-!(-2!2,Q3+2!%PQ%*+%-'+2!%-!%3!%&.(1+/!

1%! 32! Q*%&%-'+2! 1%! Q*/'%&/&! *%&/-2-.%&! 1%! .*2-&:%*%-'+2! 1%! '2*<2! %-! %&Q%'.*/&! 4564!

N4564W8@O^!1/-1%! +-.%*9+%-%-!,/3M'(32&!(-+12&!2!-2-/%&.*('.(*2&!,%.U3+'2&^!,%1+2-.%!

(-2!,%./1/3/<F2!H(%!X%,/&!1%&2**/3321/!)2&212!%-!'U3'(3/&!,%'2-/'(U-.+'/&!_D7^DT`"!

! 5-! %&.2! @%&+&! &%! X2-! (.+3+J21/! 1+:%*%-.%&! ,M./1/&! '/,Q(.2'+/-23%&! '/-! %3!

Q*/Q;&+./!1%!'/-/'%*!32&!Q*/Q+%121%&!1%!3/&!%&.21/&!%3%'.*;-+'/&!1%!3/&!&+&.%,2&!H(%!&%!

92-! 2! %&.(1+2*"! B2*2! '23'(32*! %&.21/&! &+-<3%.%&! %P'+.21/&! 1%3! '/,Q3%?/!L%.23WL/3M'(32!

'/-! '2*U'.%*! 8@^! &%! X2-! *%23+J21/! 'U3'(3/&! )2&21/&! %-! 32! @%/*F2! 1%3! G(-'+/-23! 1%!

$%-&+121!1%Q%-1+%-.%!1%3!.+%,Q/!N@$W$G@O"!

! B2*2!%3!'U3'(3/!1%!+-.%-&+121%&!4564W8@^!&%!X2!.%-+1/!%-!'(%-.2^!Q/*!(-!321/^!32!

,/3M'(32! 2+&3212! %-! *%&/-2-'+2! '/-! &(! *%&Q%'.+9/! *21+'23! 2-+;-^! 0! Q/*! /.*/^! '/,Q3%?/&!

XF)*+1/&! NL-W\O
H! :/*,21/&! Q/*! (-2! ,/3M'(32! N\O! 0! -2-/'3j&.%*%&! ,%.U3+'/&! NLO^! '/-!

1+:%*%-.%&! .2,2b/&! N-O! 0! '2*<2&! NHO"! B2*2! %&.+,2*! %&.2&! +-.%-&+121%&! *%32.+92&! &%! X2-!

&%<(+1/!1/&! 2Q*/P+,2'+/-%&"!o-2!)2&212!%-! 32! %'(2'+;-!Q*/Q(%&.2!Q/*!B%.+'/32&! 0! '/3"!

_DK`^! H(%! Q%*,+.%! '23'(32*! 32&! +-.%-&+121%&! 1%! 2H(%33/&!,/1/&! -/*,23%&! '/-! 2'.+9+121!

G*2-'VW8/-1/-"! 5&.2! %PQ*%&+;-! '/-.+%-%! 32&! 1+:%*%-'+2&! %-.*%! 32&! %&.*('.(*2&! 1%!

%H(+3+)*+/! 1%! 2,)/&! %&.21/&! %3%'.*;-+'/&! %PQ*%&212&! %-! '//*1%-212&! +-.%*-2&"! 5&.%!

,M./1/! &%! X2! (.+3+J21/! %-! -(%&.*/&! Q*+,%*/&! .*2)2?/&! 1%! +-9%&.+<2'+;-! &/)*%! Q+*+1+-2^!

Q+*2J+-2!0!1%*+921/&!,%.+321/&! _DT2^DT'^DT1^DC`^! 0!X%,/&!1%,/&.*21/!H(%!'/**%32'+/-2!

&2.+&:2'./*+2,%-.%! 32&!,20/*%&! +-.%-&+121%&! 8@! '23'(3212&! '/-! 32&! %PQ%*+,%-.23%&"! 4+-!

%,)2*</^! %&.%! Q*/'%1+,+%-./! Q*%&%-.2! 23<(-2&! 1+:+'(3.21%&! 2! 32! X/*2! 1%! .*2)2?2*! '/-!

&+&.%,2&!,U&! '/,Q3%?/&! '/-! <*2-! -j,%*/! 1%! U./,/&^! 02! H(%! -%'%&+.2^! Q/*! (-2! Q2*.%^!

.*2)2?2*!%-!'//*1%-212&!+-.%*-2&!0!Q/*!/.*/^!'23'(32*!32!<%/,%.*F2!/Q.+,+J212!1%3!%&.21/!



0%12,34-!57!L+)-2(&//.7+!
!

!!
#=!

!
! !

%P'+.21/!+,Q3+'21/!%-!%3!Q*/'%&/!*%&/-2-.%"!B/*!%&.%!,/.+9/^!0!Q2*2!:2'+3+.2*!%3!.*2)2?/^!&%!

%,Q3%2! /.*2! %'(2'+;-! 2-U3/<2! 2! 32! 1%! B%.+'/32&! 1%:+-+12! 2X/*2! %-! '//*1%-212&!

'2*.%&+2-2&! H(%! Q%*,+.%! 21%,U&^! (.+3+J2*! %3! <*21+%-.%! 1%! :(%*J2&! Q2*2! %3! %&.21/!

%3%'.*;-+'/!%P'+.21/!%-!%3!Q(-./!1%!G*2-'VW8/-1/-^!&+-!-%'%&+121!1%!33%<2*!2!/Q.+,+J2*!

32!<%/,%.*F2!,/3%'(32*!%-!1+'X/!%&.21/"!\j-!2&F^!%&.%!,M./1/!'(%-.2!'/-! 32! 3+,+.2'+;-!

1%!%&.2*!*%&.*+-<+1/!2!32!'/-.*+)('+;-!1%!*%&/-2-'+2!1%!(-!j-+'/!%&.21/^!Q/*!%&.2!*2J;-!

+,Q3%,%-.2,/&! (-! -(%9/! ,M./1/! H(%! Q%*,+.%! '23'(32*! 32&! +-.%-&+121%&! 62,2-!

*%32.+92&^! %-! *%&/-2-'+2! /! -/! '/-! (-/! /! ,j3.+Q3%&! %&.21/&^! '/,/! &(,2./*+/! 1%! 32&!

'/-.*+)('+/-%&! 1%! ./1/&! 3/&! -%'%&2*+/&! X2&.2! 23'2-J2*! 32! '/-9%*<%-'+2"! $%! %&.2! :/*,2!

'/-&%<(+,/&!Q*%1%'+*!%3!%&Q%'.*/!4564!Q2*2!'(23H(+%*!Q/&+'+;-!1%!(-!1+2<*2,2!5!9&"!H%::"!

! G+-23,%-.%^! X20! H(%! *%&23.2*! H(%^! 2! Q2*.%! 1%3! Q*/Q+/! U,)+./! 1%3! 4564^! 3/&!

*%&(3.21/&!1%!%&.2!@%&+&!&%*U-!1%!+-.%*M&!.2-./!%-!U*%2&!'3U&+'2&!1%!32!H(F,+'2!:F&+'2!'/,/!

32! %3%'.*/H(F,+'2^! 32! 21&/*'+;-! /! 32! '2.U3+&+&! X%.%*/<M-%2^! 0! 3/&! '/**%&Q/-1+%-.%&!

:/./Q*/'%&/&!1%*+921/&!1%!'212!(-2!1%!%332&^!'/,/!%-!'2,Q/&!%,%*<%-.%&!*%32'+/-21/&!

'/-!32!'/-1(''+;-!%3M'.*+'2!2!%&'232!,/3%'(32*!/!32!'2Q.2'+;-!1%!%-%*<F2!&/32*!,%1+2-.%!

Q*/'%&/&!1%!.*2-&:%*%-'+2!1%!'2*<2!:/./+-1('+12"!!

!

!"'"+B>-.12-1.7+0=+A7+H=>3>+

! 5&.2!@%&+&!$/'./*23! &%!Q*%&%-.2!'/,/!'/,Q%-1+/!1%!Q()3+'2'+/-%&!0!'/-&.2!1%!

&%+&!82QF.(3/&Y!

! 5-!%&.%!Q*+,%*!97IJ-1A/+!^!1%1+'21/!2!32!i-.*/1(''+;-^!&%!X2!.*2.21/!1%!12*!(-2!

9+&+;-!<%-%*23!1%3!'2,Q/!'+%-.F:+'/!1%!32!.%&+&!0!&(!Q*/)3%,U.+'2^!1%3!.*2)2?/!*%23+J21/^!2&F!

'/,/!1%!1%&'*+)+*!3/&!/)?%.+9/&!,U&!+,Q/*.2-.%&!H(%!&%!X2-!Q32-.%21/"!

! 5-! %3!97IJ-1A/+ !!! &%! *%23+J2!(-2!1%&'*+Q'+;-!1%3! :%-;,%-/!4564^! %-! 32! H(%! &%!

'/,%-.2-! &(&! Q*+-'+Q23%&! '2*2'.%*F&.+'2&! 0! 3/&! :2'./*%&! %&%-'+23%&! H(%! +-:3(0%-! %-! 32!

+-.%-&+:+'2'+;-!1%!3/&!%&Q%'.*/&"!4%!1%&'*+)%-!32&!1/&!'/-.*+)('+/-%&!,U&!+,Q/*.2-.%&!2!

32! +-.%-&+:+'2'+;-Y! %3!,%'2-+&,/! %3%'.*/,2<-M.+'/! N5LO! 0! %3!,%'2-+&,/! H(F,+'/! /! 1%!

.*2-&:%*%-'+2!1%!'2*<2!N8@O"!!

! 53! 97IJ-1A/+ !!!^! *%:%*%-.%! 2! 32! L%./1/3/<F2^! '/-&.2! 1%! 1/&! Q2*.%&Y! 32! Q2*.%!

%PQ%*+,%-.23! 0! 32! 1%1+'212! 2! 3/&! 'U3'(3/&! .%;*+'/&"! 5-! 32! &%''+;-! %PQ%*+,%-.23! &%!

1%&'*+)%-! 32! ,%./1/3/<F2! %,Q3%212! %-! 32! Q*%Q2*2'+;-! 1%! 3/&! &(&.*2./&^! 2&F! '/,/! 32&!

.M'-+'2&!+-&.*(,%-.23%&!(.+3+J212&!%-!%3!*%<+&.*/!1%!3/&!%&Q%'.*/&!4564"!5-!%3!2Q2*.21/!1%!

'U3'(3/&!.%;*+'/&!&%!X2'%!(-2!1%&'*+Q'+;-!1%!3/&!,M./1/&!,%'2-/'(U-.+'/&!(.+3+J21/&^!0!
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32!,%./1/3/<F2!.%;*+'2!1%&2**/33212!Q2*2!2-23+J2*!3/&!%&Q%'.*/&!2.%-1+%-1/!23!,%'2-+&,/!

1%!.*2-&:%*%-'+2!1%!'2*<2"!!

! 5-! =A+ 97IJ-1A/+ !*! &%! Q*%&%-.2-! 3/&! .*2)2?/&! Q()3+'21/&! 0! 3/&! H(%! %&.U-!

Q%-1+%-.%&!1%!&%*3/"!5-!'212!Q()3+'2'+;-!&%!*%23+J2!(-!2-U3+&+&!1%.23321/!1%!3/&!*%&(3.21/&!

/).%-+1/&"!!

! 5-!%3!97IJ-1A/+*!&%!*%&(,%-!&('+-.2,%-.%!3/&!*%&(3.21/&!/).%-+1/&!2&F!'/,/!32!

1+&'(&+;-!1%!3/&!Q(-./&!,U&!1%&.2'21/&!1%3!.*2)2?/!1%!+-9%&.+<2'+;-"!

! B/*!j3.+,/^!%-!%3!97IJ-1A/+*!!&%!*%'/<%-!32&!'/-'3(&+/-%&!1%!,20/*!*%3%92-'+2"!

! \3! :+-23! 1%! '212! 97IJ-1A/! &%! +-'3(0%-! 32&! *%:%*%-'+2&! )+)3+/<*U:+'2&!

'/**%&Q/-1+%-.%&!2!'212!(-/!1%!%33/&"!

! !
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!"("+K1?A32723/,=>+

! g2!3+&.2!1%!Q()3+'2'+/-%&!Q/*!/*1%-!'*/-/3;<+'/!H(%!X2-!121/!3(<2*!2!%&.2!@%&+&!

%&!32!&+<(+%-.%Y!

#" L5.7,2MN9/,0/,+</;3,7-=>+-O=+81.D72=PB,O7,2=0+:7;7,+827--=.3,6+/D+%P

Q=-O@AI@.303,=R+ K./I=,>3-@+ :1A=>+ /D+ -O=+ 9O7.6=PH.7,>D=.+ Q=2O7,3>;+

1,0=.+:=012=0+8@;;=-.@S+

! !"#$"%& '(& )*+,*+-.& /0%1*#& 234*5W!"#$%&' ()**+#,' -"./%WBM*%J^! s(2-! G"! \*%-2&^!

! s(2-!4/./^!s(2-!8"!>.%*/"!

! DC!B;:$C!E;#9C!E!^!##(^!DATAC!NDE#DO"+

+

$" LT16=+ B,=.6@+ U73,+ 3,+ Q=-7AP-/PQ/A=21A=+ 9O7.6=+ H.7,>D=.+ K./2=>>=>R+ V+

9/;?3,=0+BDD=2-+/D+7,+BA=2-.327A+97I723-3C=+B,O7,2=;=,-+3,+W7,/;=-=.P

83X=+T/-+8I/->+7,0+-O=+BA=2-./,32+8-.12-1.=+/D+-O=+81.D72=+9/;IA=YS+

! s%&&+'2! 6/,2-WB%*%J^! 8*+&.+-2! 6(2-/^! 4+39+2! B"! 8%-.%-/^! i&2)%3! g;Q%JW@/';-^!

! s(2-!G"!\*%-2&^!s(2-!4/./^!s(2-!8"!>.%*/"!

! DC!B;:$C!E;#9C!E^!##Z!^!D=#K!NDE#SO"!

+ +

%" LF,+ -O=+ 017A+ 2O7.72-=.+ /D+ 2O7.6=0+ ;=-7A+ ;/A=21A=+ O@?.30>+ 7,0+ -O=+

/II/>3-=+?=O7C3/1.+/D+-O=+D/.[7.0+7,0+.=C=.>=+9H+I./2=>>=>S+

! s"! 6/,2-WB%*%J^! 4"! B"! 8%-.%-/^! L"! 6"! g;Q%JW62,t*%J^! s"! G"! \*%-2&^! s"! 4/./^! i"!

! g;Q%JW@/';-^!s"!8"!>.%*/"!

! B;:$C!E;#9C!E;#9C!B;:$C?!#(^!DDC7K!NDE#SO"!

+ + +

&" eHO=+ =A=2-./,32+ >-.12-1.=+ /D+ ;=-7AP;/A=21A=+ O@?.30>+ 3,+ 2O7.6=0+

3,-=.D72=>R+>1.D72=P=,O72=0+:7;7,+>=A=2-3/,+.1A=>+0=.3C=0+D./;+IA7>;/,P

A3M=+.=>/,7,2=>S+

! s"!6/,2-WB%*%J^!i"!g;Q%JW@/';-^!s"!g!82&.*/^!^!s"!G"!\*%-2&^!s"!4/./^!s"!8"!>.%*/"!

! B;:$C!E;#9C!E;#9C!B;:$"^!#)^!DADT!NDE#7O"!

!

'" LKA7>;/,PA3M=+ .=>/,7,2=>+ 3,+ A3,=7.+ >3AC=.+ 2A1>-=.>R+BDD=2-+/D+ -O=+ >3X=\+ -O=+

2O7.6=+7,0+-O=+70>/.I-3/,+/D+/.67,32+;/A=21A=>S+
! s"!6/,U-WBM*%J^!4"!B"!8%-.%-/^!s"!G"!\*%-2&^!i"!g;Q%JW@/';-^!s"!4/./^!s"!8"!>.%*/"!
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!")"+:=D=.=,237>+

N#O 8"a"!62,2-^!l"4"!l*+&X-2-^!S*)&-#!#$#!NAESKO^7E#!N#CDKO"!

NDO B"!B*+-<&X%+,^!S*)&-\.$$!#(^!77=!N#CDKO"!

NAO L"!L/&V/9+.&^!N#0C!I2(C!B;:$"!')^!=KA!N#CK7O"!

NSO s"\"!8*%+<X./-Y!3;#!$#1#/).2+!-&1#$! 42-!J&-4*/#bY+;*+/#(!N*9*+!J%#/)-2$/2%:?!#+!

ZJ%#/)-2$/2%:!24!J&-4*/#$[^!51"!6"s"Z"!832*V^!6"5"!Z%&.%*^!u+3%0^!8X+'X%&.%*!N#CKKO"!

N7O L"!L/&V/9+.&^!$"B"!$+g%332^!l"s"!L20-2*1?!M*+69&.-!&^!T=!N#CKKO"!

NTO \"!>../^!i"!L*/J%V^!Z"![*2)X/*-^!u"!\V%,2--^!DC!B;:$C@!E2+(#+$C!I*))#-!&\!##SA!

N#CCDO"!

N=O L"!G3%+&'X,2--^!B"Z"!Z%-1*2^!\"s"!L'R(+332-^!E;#9C!B;:$C!M#))"!$(^!#TA!N#C=SO"!

NKO $"!g"!s%2-L2+*%^!6"!B"!a2-!$(0-%^!sC!Y1#/)-2*+*1C!E;#9C?!Z&^!#!N#C==O"!

NCO 6"s"Z"!832*V^!@"s"!$+-%&^!\-<%]^!E;#9C!L+)C!Y(C!Y+61C!$'^!#A#!N#CATO"!

N#EO f"!B%..+-<%*^!DC!E;#9C!B;:$"!Z'^!=SSD!N#CKTO"!

N##O L"["!\3)*%'X.^!s"\"!8*%+<X./-^!DC!A9C!E;#9C!J2/C!]]^!7D#7!N#C==O"!

N#DO 5"8"! g%! 6(^! B"["! 5.'X%</+-^! 2-1! L"! L%0%*^! D2&-+*1! 24! E;#9./*1! B;:$./$"! #$'^!

DES=E#WDES=#S!NDEETO"!

N#AO I"s"! Z232&^! 4"! g23^! u"4"! 8X2-<^! 4"! g+-V^! 2-1! B"! I/*132-1%*?! E;#9./*1! N#0.#\$!

NDE##O"!

N#SO B"!I/*132-1%*^!8"!>()*%^!5"!B*/12-^!l"!g+^! 2-1!L"i"!4./'V,2-?! S*+2! M#))#-$"!&^!

KCCWCEA!NDEESO"!

N#7O s"!\"!8*%+<X./-^!J&-4C!J/."!#)%\+TT7!N#CKTO"!

N#TO s"\"!8*%+<X./-c!8"["!f32.'X:/*1c!L"["!\3)*%'X.^!DC!E;#9!J2/"^!G*-*(*:!3-*+$C!LL"!)'^!

=CE!N#C=CO"!

N#=O B"! f+332(1^! s"6"! Z(-.J+-<%*^! 5"! 8/..2-'+-^! s"! g%*,%^! L"! B%332*+-^! g"! \*-2(1^! L"!

f*/0%*^!I"!$%3!G2..+^!2-1!G"!a233%%^!Y&-C!B;:$C!DC!""!&%^!D=#WD=S!NDEE=O"!

N#KO L"!l%*V%*^!$"!4"!u2-<^!Z"!8X%]^!A%%1C!F%)C!#]^!S#7C!N#CKEO"!

N#CO 4"!L"!\:2*2^!L"!s"!$+<-2,^!DC!E;#9C!B;:$C!]E^!=#A!N#CKCO"!

NDEO L"!v(^!L"!s"!$+<-2,^!DC!E;#9C!B;:$C!](^!==7K!N#CCDO"!
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ND#O L"!v(^!L"!s"!$+<-2,^!DC!E;#9C!B;:$C!]]^!DAE=!N#CCAO"!

NDDO \"!82,Q+/-Y!N*9*+!J%#/)-2$/2%:^!%-!ZV.<-*).2+*1! J%#/)-2$/2%:! 24!I21#/&1#$! 2+!

J&-4*/#$[^!51"!s"@"!w2.%&!0!@"5"!L21%0^!B3%-(,^!I(%92!w/*V!N#CK=O"!

NDAO \"w"!Z+*2V2]2^!L"!@&()/+^!J/.#+/#^!#ZZ^!A7C!N#C=7O"!

NDSO $"B"!4.*/,,%-^!l"!I2V2,/./^!DC!E;#9C!Y(&/C!'&^!S=S!N#CC=O"!

ND7O 2O! s"G"! ! \*%-2&c! s"g"! 82&.*/^! s"8"! >.%*/c! s"i"!L2*'/&^! DC! N*9*+! J%#/)-2$/C! $%^! DSC!

N#CCDO"!)O!s"G"!\*%-2&c!L"\"!L/-.2b%Jc! s"8"!>.%*/c! s"! i"!L2*'/&^!V.<C! J%#/)-2$/C!&^!

#7C!N#CCAO"!'O!s"g"!82&.*/^!L"\"!L/-.2b%Jc!s"8"!>.%*/c!s"!i"!L2*'/&^!J%#/)-2$/C!M#))C!

$(^!DA=!N#CCAO"!1O!s"g"!82&.*/c!s"8"!>.%*/c!s"!i"!L2*'/&^!DC!I21!J)-&/)?!$]%^!AA=!N#CCAO"!

%O! s"g"! 82&.*/^! L"\"! L/-.2b%Jc! s"8"! >.%*/c! s"! i"! L2*'/&^! DC! I21! J)-&/)?! %&]^! ##A!

N#CC7O"! :O! "G"! !\*%-2&c! s"g"!82&.*/c! s"8"!>.%*/c! s"i"!L2*'/&^! DC! N*9*+!J%#/)-2$/C!$(^!

TA=! N#CC7O"! <O! s"g"! 82&.*/^! @%&+&!$/'./*23^!o-+9%*&+121! 1%!LU32<2! N#CCTO"! XO! s"g"!

82&.*/c! 4"! 4U-'X%JW8/*.M&c! s"a"! [2*'F2! 62,/&c! s"8"! >.%*/c! s"i"! L2*'/&^!

P.2$%#/)-2$/2%:!a/3"!%^!SSC!N#CC=O"!+O!s"g"!82&.*/c!s"8"!>.%*/c!s"i"!L2*'/&^!DC!N*9*+!

J%#/)-2$/C! $Z^! =T7! N#CC=O"! ?O! s"G"! ! \*%-2&c! s"g"! 82&.*/^! s"8"! >.%*/c! s"i"! L2*'/&^! DC!

N*9*+! J%#/)-2$/C! $]^! 7K7! N#CCKO"! XO!L"! 42*1/^! 8"! 6(2-/^! s"g"! 82&.*/^! i"! g;Q%JW

@/';-^! B"s"\"! 6+)%+*/W832*/^! s"8"! >.%*/^!E;#9! B;:$! M#))"! &()^! #E#! NDEEKO"! +O! L"!

42*1/^! 8"! 6(2-/^! s"g"! 82&.*/^! i"! g;Q%JW@/';-^! s"! 4/./^! B"s"\"! 6+)%+*/W832*/^! s"8"!

>.%*/^!B;:$C!E;#9C!E;#9C!B;:$C!##^!=SA=!NDEECO"!?O+L"6"!g;Q%JW62,+*%J^!8"!6(2-/^!

s"g"!82&.*/^!s"G"!\*%-2&^!s"!4/./^!s"8"!>.%*/^!DC!B;:$C!E;#9C!E?!##&^!=TTT!NDE#EO"+

NDTO 2O! s"G"!\*%-2&c! i"! g;Q%JW@/';-c! s"8"!>.%*/c! s"i"!L2*'/&^! DC! B;:$C! E;#9"! #EE^! CD7S!

N#CCTO"! )O! s"8"! >.%*/c! s"i"! L2*'/&^! L+0.)#(! M#/)&-#@! E;*-6#! 3-*+$4#-! B-2/#$$?! #+!

gVL);! L+)#-+*).2+*1! E2+4#-#+/#! 2+! N*9*+! J%#/)-2$/2%:c!51"Y!Z%0-&^!\"L"c! s/X-!

u+3%0! 2-1! 4/-&Y!8X+'X%&.%*"! N#CCKO"! 'O! s"G"!\*%-2&c!L"4"!u//3%0c! s"8"!>.%*/c! s"i"!

L2*'/&^!DC!B;:$C!E;#9C!#EE^!A#CC!N#CCTO"!1O!s"G"!\*%-2&c!i"!g;Q%JW@/';-c!s"8"!>.%*/c!

s"i"!L2*'/&^!V.<C! J%#/)-2$/C! #]^! D#A! N#CCCO"! %O! 4"B"! 8%-.%-/^! i"! g;Q%JW@/';-^! s"G"!

\*%-2&^! s"! 4/./^! s"8"!>.%*/"! DC! B;:$C! E;#9C! P^! ##E^! #SC#T! NDEETO"! :O! s"G"!\*%-2&^! i"!

g;Q%JW@/';-^!s"g"!82&.*/^!4"B"!8%-.%-/^!L"6"!g;Q%J!62,F*%J^!s"8"!>.%*/^!DC!N*9*+!

J%#/)-2$/"! %(^! 7#7! NDEETO"! <O! G"! x9+32^! 8"! 6(2-/^! i"! g;Q%JW@/';-^! s"G"! \*%-2&^! s"!

4/./^! s"8"!>.%*/?!E;#9!E299&+"!&)^!SD#A!NDE##O"!XO!G"!x9+32^!$"s"!G%*-2-1%J^! s"G"!

\*%-2&^!s"8"!>.%*/^!s"!4/./^!E;#9!E299&+"!&)^!SDDE!NDE##O"!

ND=O u"!w2-<^!["!8"!4'X2.J^!DC!E;#9C!B;:$C!])^!AKA#!N#CCDO"!
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NDKO u"g"!B%.+'/32&^!$"B"! 4.*/,,%-^!a"s"! g2V&X,+-2*202-2-^! DC! E;#9C! B;:$"!)%^! S#K7!

N#CKEO"!

NDCO s"! G"! \*%-2&^!i"! g;Q%J! @/';-^!L"! 4"!u//33%0^! s"! 8"! >.%*/^!s"! i"!L2*'/&^! DC! N*9*+!

J%#/)-2$/C!$]^!T=A!N#CCKO"!!

NAEO 6"!\*/'2^!J&-4*/#b#+;*+/#(!0.<-*).2+*1!$%#/)-2$/2%:^!u+3%0^!8X+'X%&.%*^!DEET"!

NA#O 5"8"! g%!6(^! B"["! 5.'X%</+-^!B-.+/.%1#$! 24! $&-4*/#! #+;*+/#(! N*9*+! $%#/)-2$/2%:!

*+(!-#1*)#(!%1*$92+./!#44#/)$^!53&%9+%*^!\,&.%*12,!DEEC"!

NADO g"!l21/*^!$"5"!Z/*-%^!u"5"!L/%*-%*?!DC!B;:$C!E;#9C!]&^!#DA=!N#CCEO"!
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!!"#"+97.72-=.J>-327>+0=A+D=,4;=,/+8B:8!

! 53!X%'X/!1%!H(%!23<(-/&!.+Q/&!1%!%PQ%*+%-'+2&!4564!Q(%12-!*%23+J2*&%!(&2-1/!(-!

%&Q%'.*;,%.*/!62,2-!%&.U-12*!&+-!-%'%&+121!1%!(-2!+-&.*(,%-.2'+;-!21+'+/-23^!2-+,;!2!

1+9%*&/&! +-9%&.+<21/*%&! 2! *%23+J2*! %&.(1+/&! %-! %&.%! '2,Q/! 1%! 32! 5&Q%'.*/&'/QF2^!

'/-9+*.+M-1/&%! *UQ+12,%-.%! %-! (-! .%,2!,(3.+1+&'+Q3+-2*+/! +-.%*%&2-.%! Q2*2! '+%-.F:+'/&!

1%!1+9%*&2&!%&Q%'+23+121%&"!

! $%&1%!32&!Q*+,%*2&!+-9%&.+<2'+/-%&!%-!4564!&%!Q(1+%*/-!/)&%*92*!(-!'/-?(-./!1%!

'2*2'.%*F&.+'2&! %&Q%'F:+'2&! 1%! %&.%! .+Q/! 1%! %&Q%'.*/&"!\"! 82,Q+/-! _#`! 32&! *%&(,+;! %-! 3/&!

&+<(+%-.%&!Q(-./&Y!

! B(%1%-!/).%-%*&%!%&Q%'.*/&!4564!1%!(-2!<*2-!'2-.+121!1%!,/3M'(32&!21&/*)+12&!

%-!32!&(Q%*:+'+%!1%!*%32.+92,%-.%!Q/'/&!,%.23%&"!!

! \(-H(%!%&.2&!,/3M'(32&!Q(%1%-!&%*!1%!'2*U'.%*!.2-./!/*<U-+'/!'/,/!+-/*<U-+'/^!

&%! X2! %-'/-.*21/! (-!,20/*! -j,%*/! 1%! Q()3+'2'+/-%&! &/)*%!,/3M'(32&! /*<U-+'2&"! w! %&!

3;<+'/^! 02! H(%! -/*,23,%-.%! %&! -%'%&2*+/! H(%! 32! ,/3M'(32! .%-<2! (-! '%-.*/! '2Q2J! 1%!

+-.%*2''+/-2*! '/-! 32! &(Q%*:+'+%!1%3!,%.23^! '/,/!Q/*! %?%,Q3/! 32!-()%! %3%'.*;-+'2!1%!(-!

&+&.%,2! y! '/-?(<21/^! 3/&! Q2*%&! 1%! %3%'.*/-%&! 3+)*%&! 1%! (-! X%.%*/U./,/! /! (-! <*(Q/!

:(-'+/-23! '/-!%P'%&/!1%!'2*<2!-%<2.+92^! '/,/!Q(%1%!&%*!%3!<*(Q/!'2*)/P+32./"!B/*!/.*/!

321/^!&/3/!(-!*%1('+1/!-j,%*/!1%!,%.23%&^!<%-%*23,%-.%!,%.23%&!-/)3%&!'/,/!32!Q32.2^!

%3!/*/^!%3!'/)*%!0!23<(-/&!,%.23%&!23'23+-/&!&%!Q(%1%-!(.+3+J2*!%-!%PQ%*+%-'+2&!4564!_D`"!

! g2!&(Q%*:+'+%!1%!1+'X/&!,%.23%&!1%)%!&%*!-%'%&2*+2,%-.%!*(</&2^!02!H(%!32!,20/*!

'/-.*+)('+;-! 1%! %&.%! :%-;,%-/! %&! 1%)+12! 2! 32! *(</&+121! 2! %&'232! -2-/,M.*+'2! N1%!

1+,%-&+/-%&!%-.*%!#E!0!#EE!-,O!_DW7`!/!2.;,+'2!N%&'23/-%&^!9M*.+'%&^!1%:%'./&^!%.'"O!_TWK`^!

1%Q%-1+%-1/! 1%3! &+&.%,2"! B/*! %33/^! 32!,20/*F2! 1%! ! %PQ%*+%-'+2&! 4564! &%! *%23+J2-! &/)*%!

'/3/+1%&! 0! %3%'.*/1/&! &/,%.+1/&! 2! 92*+/&! '+'3/&! 1%! /P+12'+;-W*%1(''+;-! H(%! Q%*,+.%-!

/).%-%*!,/*:/3/<F2&!*(</&2&!-2-/%&.*('.(*212&"!

! 6%:+*+M-1/-/&! 2! (-! ,%1+/! '/3/+123^! 32&! Q2*.F'(32&! %-! &(&Q%-&+;-! 02! Q*%&%-.2-!

(-2! '+%*.2! <2,2! 1%! +,Q%*:%''+/-%&! H(%! Q(%1%-! &%*! /)&%*9212&! %-! 32&! :/./<*2:F2&!

/).%-+12&! Q/*!,+'*/&'/QF2! %3%'.*;-+'2^!5361.7+ !!"#"! 5-! %332^! Q(%1%! /)&%*92*&%! ';,/! %3!

&+&.%,2! %&.U! :/*,21/! Q/*! -2-/Q2*.F'(32&! Q*U'.+'2,%-.%! %&:M*+'2&^! 32&! '(23%&! Q*%&%-.2-!

J/-2&!1%!&(Q%*:+'+%!+**%<(32*!(!/.*2&!1%!-2.(*23%J2!'*+&.23+-2!1+&Q(%&.2&!23!2J2*!_C`"!5&.2&!

+**%<(32*+121%&!&%!+-'*%,%-.2-!Q/*!%:%'./!1%!32!(-+;-!%-.*%!Q2*.F'(32&!'(2-1/!&%!2b21%!

%3!21&/*)2./^!:/*,U-1/&%!2<*%<21/&!1%!1+:%*%-.%&!:/*,2&!0!'(02!1+&.*+)('+;-!1%!.2,2b/&!

.+%-%! (-2! *%Q%*'(&+;-! 1+*%'.2! &/)*%! %3! :2'./*! 1%! 2,Q3+:+'2'+;-! 1%! 32! &%b23! 0! &/)*%! 32&!

+-.%-&+121%&!*%32.+92&!1%!32&!)2-12&!_#E`"!!
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5361.7+!!"#"+L+'*/<*2:+2!@5L!N@*2-&,+&&+/-!53%'.*/-!L+'*/&'/Q0O!1%!(-!'/3/+1%!1%!Q32.2!/).%-+1/!

,%1+2-.%! *%1(''+;-! '/-! )/*/X+1*(*/! &;1+'/! _#E`! 0! )O! L+'*/<*2:F2! 45L! N4'2--+-<! 53%'.*/-!

L+'*/&'/Q0O! 1%! 32! &(Q%*:+'+%! *(</&2! 1%! (-! %3%'.*/1/! 1%! /*/! 1%&Q(M&! 1%! (-! .*2.2,+%-./!

%3%'.*/H(F,+'/!_##`"!

!

! 5-! :(-'+;-! 1%! 32! ./Q/<*2:F2! 1%! 32! &(Q%*:+'+%! ,%.U3+'2^! %3! :%-;,%-/! 1%!

+-.%-&+:+'2'+;-! Q(%1%! %P.%-1%*&%! 2! 32*<2&! 1+&.2-'+2&! N1%'%-2&! 1%! -2-;,%.*/&O! 1%! 32!

&(Q%*:+'+%! _K`"! 5-! 23<(-/&! '2&/&^! &%! X2! Q/1+1/! 1+&.+-<(+*! 32&! ,/3M'(32&! 21&/*)+12&!

1+*%'.2,%-.%! &/)*%! %3! ,%.23! 1%! 32&! 21&/*)+12&! %-! '2Q2&! 2102'%-.%&^! 02! H(%! &%!

'2*2'.%*+J2-!Q/*!3/&!1%&Q32J2,+%-./&!9+)*2'+/-23%&^!32!2Q2*+'+;-!1%!-(%92&!)2-12&!0!(-2!

,20/*!+-.%-&+:+'2'+;-!1%!32!&%b23!62,2-"!

! g/&!Q%*:+3%&!1%!%P'+.2'+;-!N1%Q%-1%-'+2!1%!32!+-.%-&+121!1%!(-2!)2-12!*%&Q%'./!

1%! 32! :*%'(%-'+2! %P'+.2.*+JO! &%! 1%&9F2-! ,2*'212,%-.%! 1%3! '/,Q/*.2,+%-./! 62,2-!

-/*,23^!%-!1/-1%!&/-!:(-'+;-!1%!32!'(2*.2!Q/.%-'+2!1%!32!:*%'(%-'+2!%P'+.2.*+J^!zS^!3/!H(%!

+-1+'2!32!%P+&.%-'+2!1%!(-!:%-;,%-/!1%!*%&/-2-'+2"!5-!3/&!*%<+&.*/&!&/)*%!%3%'.*/1/!&%!X2!

'/,Q*/)21/!H(%!%&./&!Q%*:+3%&!1%!%P'+.2'+;-!1%Q%-1%-!1%3!Q/.%-'+23!2Q3+'21/!0!Q(%1%-!

&%*!1+&.+-./&!1%Q%-1+%-1/!1%3!,/1/!9+)*2'+/-23!&%3%''+/-21/"!

! $%! :/*,2! <%-%*23^! 32&! +-.%-&+121%&! 1%! 32&! )2-12&! 4564! 1%'*%'%-! 23!

+-'*%,%-.2*&%! &(! :*%'(%-'+2! 9+)*2'+/-23^! 3/! H(%! %PQ3+'2! 32! 1M)+3! +-.%-&+121! 1%! 3/&!

&/)*%./-/&"!

! g2&!)2-12&!4564!&/-!'/,Q3%.2,%-.%!1%&Q/32*+J212&!2!1+:%*%-'+2!1%! 32&!)2-12&!

62,2-!1%! 32!1+&/3('+;-!/!1%! 32&!,/3M'(32&!21&/*)+12&!&/)*%!&(Q%*:+'+%&!,%.U3+'2&! 3+&2&"!

5&.2!'+*'(-&.2-'+2!Q2*%'%!H(%!&%!1%)%!2!32!./Q/3/<F2!23.2,%-.%!+**%<(32*!1%!32!&(Q%*:+'+%!

_#D^#A`!,U&!H(%!2!1+&.+-.2&!/*+%-.2'+/-%&!1%!32!,/3M'(32!_#S`"!

 
7^+ ?^+
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! g2&! *%<32&! 1%! &%3%''+;-! 62,2-! %&.U-! *%32?212&^! 12-1/! '/,/! *%&(3.21/^! %-!

23<(-/&!'2&/&^!32!2Q2*+'+;-!1%!,/1/&!H(%!&/-!-/*,23,%-.%!+-2'.+9/&^!.2-./!%-!i-:*2**/?/!

'/,/! %-! 62,2-^! '/,/! %&! %3! '2&/! 1%! 3/&! :(-12,%-.23%&! 1%! %&Q%'+%! e(h! %-! %3! 4564! 1%!

Q+*2J+-2!/).%-+1/!&/)*%!%3%'.*/1/!1%!Q32.2!_#7^#T`"!

! I/*,23,%-.%^! 3/&! %&Q%'.*/&! 4564! ,(%&.*2-! (-! '/-.+-(/! 0! 1M)+3! :/-1/! 1%!

1+&Q%*&+;-! +-%3U&.+'2^! 2j-! %-! 2(&%-'+2! 1%! %&Q%'+%&! 21&/*)+12&^! Q/&+)3%,%-.%! /*+<+-21/!

Q/*!:%-;,%-/&!1%!%,+&+;-!%-!%3!,%.23"!@2,)+M-!Q/1*F2!%&.2*!*%32'+/-21/!%&.%!:%-;,%-/!

'/-!32!Q*%&%-'+2!1%!Q*/1('./&!1%!23./!'/-.%-+1/!%-!'2*)/-/^!02!&%2!Q/*!'/-.2,+-2'+;-!

1%!32!,(%&.*2!'/,/!Q/*!:/./1%&'/,Q/&+'+;-!1%!M&.2!1%)+1/!2!32!+-.%-&2!*21+2'+;-!0!2!32&!

Q*/Q+%121%&!'2.23F.+'2&!1%!32!&(Q%*:+'+%"!

! 4%! X2-! /)&%*921/! 1%&Q32J2,+%-./&! %-! 32&! :*%'(%-'+2&! 4564! 1%! 23<(-2&!

9+)*2'+/-%&! :(-12,%-.23%&! *%&Q%'./! 2! 32&! /)&%*9212&! %-! 62,2-"! 5&.2! '2*2'.%*F&.+'2! &%!

1%)%! 23! :%-;,%-/! 1%! 21&/*'+;-! 1%! 32! ,/3M'(32! &/)*%! 32! &(Q%*:+'+%! ,%.U3+'2"! g2&!

9+)*2'+/-%&!H(%!*%&(3.2-!,U&!2:%'.212&!Q/*!32!21&/*'+;-!'/**%&Q/-1%-!23!<*(Q/!:(-'+/-23!

H(%! +-.%*2''+/-2!'/-!%3!,%.23^! 21%,U&^! 3/&!1%&Q32J2,+%-./&! &(%3%-! +*! 2'/,Q2b21/&!1%!

(-! %-&2-'X2,+%-./! 1%! 32&! )2-12&"! 5&./&! 1%&Q32J2,+%-./&! %-! :*%'(%-'+2! -/&! Q%*,+.%-!

1%.%*,+-2*! 32!Q2*.%!1%! 32!,/3M'(32! +,Q3+'212!%-! 32! 21&/*'+;-^! 2&F! '/,/! &(!/*+%-.2'+;-!

&(Q%*:+'+23^! +-1%Q%-1+%-.%,%-.%! 1%3! ,%'2-+&,/! 1%! +-.%-&+:+'2'+;-! H(%! &%! %-'(%-.*%!

2'.(2-1/"!

!

!!"$"+572-/.=>+_1=+3,DA1@=,+=,+A7+3,-=,>3D327234,+8B:8!

! 8(2-1/!&%!*%<+&.*2!(-!%&Q%'.*/!%-!Q*%&%-'+2!1%!(-2!&(Q%*:+'+%!,%.U3+'2^!32!&%b23!

62,2-! %PQ%*+,%-.2! (-2! +-.%-&+:+'2'+;-! %&.+,212! %-! (-! 923/*! ,%1+/! 1%! #ETc! Q%*/! &(!

,2<-+.(1!1%Q%-1%!1%!(-!<*2-!-j,%*/!1%!92*+2)3%&!%PQ%*+,%-.23%&^!1%-.*/!1%!32&!'(23%&!

'2)%!1%&.2'2*! 32!-2.(*23%J2!1%3!21&/*)2./^!1%3!,%.23!0! 32!,/*:/3/<F2!1%! 32!&(Q%*:+'+%!1%!

M&.%"!

+ +
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! +
DK!

!
+ !

!!"$"#"+W7-1.7A=X7+0=A+70>/.?7-/+

! 8/,/! &%! X2! 1+'X/! 2-.%*+/*,%-.%^! 32! %&Q%'.*/&'/QF2! 4564! &%! 2Q3+'2! %-! ,20/*!

,%1+12!23! %&.(1+/!1%!,/3M'(32&!/*<U-+'2&!H(%! +-/*<U-+'2&^! 02!H(%! 32&!Q*+,%*2&!Q/&%%-!

(-!'%-.*/!'2Q2J!1%!+-.%*2''+/-2*!'/-!32!&(Q%*:+'+%!1%3!,%.23"!

! g2! +-.%-&+121!4564!1%Q%-1%!1%! 32!2:+-+121!1%3!21&/*)2./!Q/*! 32!&(Q%*:+'+%^!H(%!

Q(%1%!.*21('+*&%!%-!(-2!+-.%*2''+;-!1+*%'.2!,%1+2-.%!(-!,%'2-+&,/!1%!21&/*'+;-!:F&+'/!

/!H(F,+'/^!0!1%!32!*%&Q(%&.2!H(%!%&!'2Q2J!1%!Q*/1('+*!'(2-1/!%&!%P'+.21/!Q/*!%3!3U&%*!%-!

32&!'/-1+'+/-%&!1%3!%PQ%*+,%-./"!

! 8(2-1/! 32! %PQ%*+%-'+2! &%! *%23+J2! %-! 1+&/3('+;-^! %3! -j,%*/! 1%!,/3M'(32&! %-! 32!

+-.%*:2&%! %&! :(-'+;-! 1%! 32! &/3()+3+121! 1%3! '/,Q(%&./! 0^! .2-./! &+! %&!,(0! %3%9212! '/,/!

,(0!)2?2^!%-!<%-%*23!%P+&.+*U!(-2!'/-'%-.*2'+;-!&(Q%*:+'+23!&(:+'+%-.%!'2Q2J!1%!Q*/1('+*^!

%-!Q*+-'+Q+/^!(-2!&%b23!1M)+3"!i-'3(&/!&+!(-2!,/3M'(32!&%!%-'(%-.*2!%-!(-2!'/-'%-.*2'+;-!

&(Q%*:+'+23! 2Q*%'+2)3%^! 32! &%b23! 4564! 9+%-%! +-:3(%-'+212^! 21%,U&^! Q/*! /.*/&! :2'./*%&!

*%32'+/-21/&! '/-! 32! %&.*('.(*2! %3%'.*;-+'2! 1%! 32!,/3M'(32! 21&/*)+12^! %P+&.+%-1/! 2&F! (-!

'/,Q/*.2,+%-./! 1+:%*%-.%! Q2*2! '212! 21&/*)2./"! 5-! <%-%*23^! 32! &%b23! 4564! 1%! (-2!

1%.%*,+-212!,/3M'(32!1%Q%-1%!1%!&(!'/-'%-.*2'+;-^!2(-H(%!&+!32!%,+&+;-!%&!Q*/1('+12!

Q/*!,/3M'(32&!%-!'/-.2'./!1+*%'./!'/-!%3!,%.23^!'2)%!32!Q/&+)+3+121!1%!H(%!&%!Q*/1(J'2!

(-!:%-;,%-/!1%!&2.(*2'+;-!+-'3(&/!2!)2?2&!'/-'%-.*2'+/-%&"!

! 8/,/!'/-&%'(%-'+2!1%! ./1/! 3/! 2-.%*+/*,%-.%!%PQ(%&./^! %&!Q*%'+&/!%9+.2*! %-! 3/!

Q/&+)3%!32!Q*%&%-'+2!1%!+,Q(*%J2&!%-!32&!,(%&.*2&!02!H(%^!%-!'2&/!1%&:29/*2)3%^!%3!4564!

1%! 32! %&Q%'+%! H(F,+'2! ,20/*+.2*+2! Q(%1%! H(%12*! ./.23,%-.%! %-,2&'2*21/! Q/*! 32!

Q*%&%-'+2!1%!.*2J2&!1%!&(&.2-'+2&!%P.*2b2&"!

! 5-! *%&(,%-^! (-2! '2*2'.%*F&.+'2! %&%-'+23! 1%3! :%-;,%-/! 4564! %&! %3! <*21/! 1%!

&%-&+)+3+121! .2-! 1+:%*%-.%! 0! %&Q%'F:+'/! H(%! Q(%1%! ,/&.*2*^! *%&(3.2-1/! 2! 9%'%&! 1+:F'+3!

%P.*2Q/32*!(-!'/,Q/*.2,+%-./!1%.%*,+-21/"!

!

!!"$"$"+W7-1.7A=X7+@+;/.D/A/6J7+0=A+;=-7A!

+ 5-! :(-'+;-! 1%3! ,M./1/! 1%! Q*%Q2*2'+;-! 1%! (-2! &(Q%*:+'+%! ,%.U3+'2! 0! 1%! &(!

-2.(*23%J2^! (-! ,+&,/! 21&/*)2./! Q(%1%! ,/&.*2*! (-! <*21/! 1%! &%-&+)+3+121! 4564! ,(0!

1+:%*%-.%"!!

! g2&! '2*2'.%*F&.+'2&! %3%'.*;-+'2&! 1%3! ,%.23! 92-! 2! 1%.%*,+-2*! 32! '2Q2'+121! Q2*2!

Q*/Q/*'+/-2*! %&Q%'.*/&! 4564! ,U&! /! ,%-/&! +-.%-&/&"! g/&! ,%.23%&! 23'23+-/&! 0! ,%.23%&!
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! +
DC!

!
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-/)3%&!*%&(3.2-!&%*!3/&!,U&!21%'(21/&^!%&Q%'+23,%-.%!32!Q32.2^!H(%!Q*/1('%!3/&!%&Q%'.*/&!

4564!,U&!+-.%-&/&!0!Q/*!%33/!%&!%3!,U&!(.+3+J21/"!g%!&+<(%-^!%-!/*1%-!1%!+,Q/*.2-'+2^!%3!

'/)*%^!/*/^!3+.+/^!Q/.2&+/^!23(,+-+/!%!+-1+/"!

! 5-!*%32'+;-!2! 32!,/*:/3/<F2!1%3!,%.23^!02!&%!X2!'/,%-.21/!%-!92*+2&!/'2&+/-%&^!

H(%!Q2*2!/).%-%*!(-2!+-.%-&+:+'2'+;-!2Q*%'+2)3%!%&!-%'%&2*+2!32!%P+&.%-'+2!1%!*(</&+121%&!

&(Q%*:+'+23%&!2!%&'232!2.;,+'2!]A)29./!J&-4*/#!N2&6;+#$$?!AJNd!_#=`"!!

! 53! .*2.2,+%-./! &(Q%*:+'+23! 1%3! %3%'.*/1/! Q*%9+/! 2! 32! /).%-'+;-! 1%3! %&Q%'.*/^!

Q*/1('%! (-2! <*2-! '2-.+121! 1%! U./,/&! &/3+.2*+/&! &/)*%! %3! ,%.23^! 212./,&! _K2`^! H(%! &%!

2&%,%?2-! 2! ,+'*/%&.*('.(*2&! /! '3j&.%*%&^! 1/-1%! .+%-%! 3(<2*! Q*%:%*%-.%,%-.%! 32!

:/*,2'+;-!1%3!'/,Q3%?/!'/-!%3!21&/*)2./"!

! o-/!1%!3/&!+-'/-9%-+%-.%&!2&/'+21/&!2!32&!%PQ%*+%-'+2&!4564!%&!%3!X%'X/!1%!H(%!

./1/&! 3/&! %&Q%'.*/&! '/-33%92-! (-! '+%*./! <*21/! 1%! +**%Q*/1('+)+3+121! 1%)+1/! 2! 32!

+,Q/&+)+3+121! 1%! /).%-%*! %P2'.2,%-.%! (-2! &(Q%*:+'+%! 1%! 32&!,+&,2&! '2*2'.%*F&.+'2&! %-!

%PQ%*+%-'+2&!1+:%*%-.%&"!

! 5&! +-.%*%&2-.%! '/,%-.2*! 32! %&.*%'X2! *%32'+;-! %P+&.%-.%! %-.*%! 32! ,/*:/3/<F2!

&(Q%*:+'+23!0! 32!'2Q2'+121!'2.23F.+'2!1%3!,%.23^!02!H(%!(-2!&(Q%*:+'+%! +**%<(32*!Q/&%%^!%-!

<%-%*23^!(-2!,20/*!'2Q2'+121!Q2*2!'2.23+J2*!Q/&+)3%&!*%2''+/-%&!H(F,+'2&^!'/-!3/!H(%!%-!

23<(-2&! %PQ%*+%-'+2&! 4564! &%! Q(%1%-! 12*! .*2-&:/*,2'+/-%&! H(F,+'2&! H(%! /*+<+-%-!

-(%9/&! Q*/1('./&! 0! H(%! M&./&^! 2! &(! 9%J^! &%2-! '2Q2'%&! 1%! Q*/1('+*! +-.%*:%*%-'+2&! -/!

1%&%212&"!

!

!!"%"+Q=27,3>;/>+0=+3,-=,>3D327234,!

! o-2! .%/*F2! <%-%*23! 1%3! :%-;,%-/! 4564! 1%)%*F2! &%*! '2Q2J! 1%! %PQ3+'2*!

21%'(212,%-.%!%3!/*+<%-!1%!32!+-.%-&+:+'2'+;-!0!32&!1+:%*%-.%&!'2*2'.%*F&.+'2&!H(%!&%!X2-!

'/,%-.21/"!4+-!%,)2*</^!1%&1%!&(!1%&'()*+,+%-./!&%!X2-!Q*/Q(%&./!(-!<*2-!-j,%*/!1%!

,/1%3/&!.%;*+'/&!H(%!X2-!&+1/!2<*(Q21/&!&%<j-!%3!.+Q/!1%!,%'2-+&,/!%-!H(%!&%!)2&2-!

&+-!H(%!%P+&.2!X/0!%-!1F2!(-2!.%/*F2!(-+.2*+2"!

! \'.(23,%-.%^! &%! '/-&+1%*2! H(%! %P+&.%-! 1/&! .+Q/&! 1%! '/-.*+)('+/-%&!

:(-12,%-.23%&!23!:%-;,%-/!4564!_D^#K`Y!

• 8/-.*+)('+;-!'3U&+'2!/!%3%'.*/,2<-M.+'2!N5LO!

• 8/-.*+)('+;-!-/!'3U&+'2^!H(F,+'2!/!1%!.*2-&:%*%-'+2!1%!'2*<2!N8@O!
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! \,)2&! '/-&.+.(0%-! :%-;,%-/&! *%&/-2-.%&! H(%! +-.%-&+:+'2-! 32! &%b23! 62,2-! 2!

.*29M&!1%!,%'2-+&,/&!1+:%*%-.%&"!53!Q*/)3%,2!*21+'2!%-!1%.%'.2*!32!Q*%&%-'+2!/!2(&%-'+2!

1%!%&./&!,%'2-+&,/&!0^!&/)*%!./1/^!%-!%&.2)3%'%*!32!'/-.*+)('+;-!*%32.+92!1%!'212!(-/!1%!

%33/&! 2! 32! +-.%-&+:+'2'+;-! ./.23! /)&%*9212^! H(%! Q(%1%! 92*+2*! 1%Q%-1+%-1/! 1%! 32&!

'/-1+'+/-%&!%PQ%*+,%-.23%&^!&+%-1/!M&.2!(-2!1%! 32&!'(%&.+/-%&!H(%!H(%12-!Q/*!*%&/39%*!

%-!%&.%!'2,Q/"!

! 5-! 32! H7?A7+ !!"#! &%! *%:3%?2-! 32&! Q*+-'+Q23%&! '2*2'.%*F&.+'2&! 1%! '212! (-/! 1%! 3/&!

,%'2-+&,/&!1%!+-.%-&+:+'2'+;-!_#C`!1%!:/*,2!'/,Q2*2.+92"!

! !
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! +
A#!

!
+ !

H7?A7+!!"#"+8/,Q2*2'+;-!1%!32&!'2*2'.%*F&.+'2&!Q*+-'+Q23%&!1%!3/&!,%'2-+&,/&!1%!+-.%-&+:+'2'+;-!5L!

0!8@"!

+
;'(%+).*-!0?! ;'(%+).*-!8;!

@$)#'+!

B*/'%&/!*%&/-2-.%!1/-1%!Q2*.+'+Q2!32!

*21+2'+;-!+-'+1%-.%!0!.*2-&+'+/-%&!8@!

1%3!'/,Q3%?/!,%.23W,/3M'(32!NQ2*%'+1/!

23!Q*/'%&/!1%!6%&/-2-'+2!62,2-O"!

i-.%-&+:+'2'+;-!1%3!'2,Q/!

%3M'.*+'/!3/'23!1%)+1/!23!

2'/Q32,+%-./!1%3!:/.;-!

+-'+1%-.%!'/-!3/&!

Q32&,/-%&!&(Q%*:+'+23%&!

1%3!,%.23"!

:3#-.)&%&!
6(</&+121!2!%&'232!2.;,+'2!N&+.+/&!

2'.+9/&O"!

6(</&+121!2!<*2-!%&'232!

N#EWDEE!-,O!

>'1'+&'+()%!(-+!4%!
&).,%+()%!

5:%'./!1%!'/*./!23'2-'%"!i,Q/*.2-.%!

&/3/!Q2*2!%&Q%'+%&!1+*%'.2,%-.%!

21&/*)+12&!&/)*%!32!&(Q%*:+'+%!,%.U3+'2"!

5:%'./!1%!32*</!23'2-'%"!

i,Q/*.2-.%!+-'3(&/!Q2*2!

%&Q%'+%&!23%?212&!1%!32!

&(Q%*:+'+%!1%3!,%.23"!

>'1'+&'+()%!(-+!'4!

1-,'+()%4!

g2!%-%*<F2!1%!32&!.*2-&+'+/-%&!8@!

Q(%1%-!&%*!,/1(32&!Q/*!%3!Q/.%-'+23!

%3M'.*+'/!2Q3+'21/"!53!:2'./*!1%!

+-.%-&+:+'2'+;-!1%Q%-1%!1%3!Q/.%-'+23!

1%!%3%'.*/1/"!

53!:2'./*!1%!

+-.%-&+:+'2'+;-!-/!

1%Q%-1%!1%3!Q/.%-'+23!

2Q3+'21/"!g/&!'2,)+/&!1%!

+-.%-&+121!%-!3/&!Q%*:+3%&!

1%!%P'+.2'+;-!&%!1%)%-!2!

*%/*+%-.2'+/-%&!

&(Q%*:+'+23%&!/!32!

92*+2'+;-!1%!32!,/*:/3/<F2!

&(Q%*:+'+23!'/-!%3!

Q/.%-'+23!2Q3+'21/"!

>'1'+&'+()%!(-+!4%!

$%&)%()6+!'A(),%,$)B!

g2!'/-1+'+;-!1%!*%&/-2-'+2!1%Q%-1%!1%!

32!3/-<+.(1!1%!/-12!1%!32!*21+2'+;-!

+-'+1%-.%"!53!Q/.%-'+23!23!'(23!&%!

/).+%-%!(-2!+-.%-&+121!,UP+,2!%-!

4564!1%Q%-1%!1%!32!%-%*<F2!1%3!:/.;-!

+-'+1%-.%"!

53!:2'./*!1%!

+-.%-&+:+'2'+;-!1%Q%-1%!

1%!32!'/-&.2-.%!1+%3M'.*+'2!

1%3!,%.23^!32!'(23!%&!

1%Q%-1+%-.%!1%!32!

3/-<+.(1!1%!/-12"!

+

+
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!
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!!"%"#"++Q=27,3>;/+BA=2-./;76,`-32/+aBQ^+

! $+'X/! ,%'2-+&,/! '/-&+1%*2! H(%! %3! '2,Q/! %3%'.*/,2<-M.+'/! %:%'.+9/! 5E+ H(%!

+-'+1%!&/)*%!(-2!,/3M'(32!%&!,('X/!,20/*!%-!32&!Q*/P+,+121%&!1%!(-2!&(Q%*:+'+%!2'.+92!

%-!4564!H(%!%-!2(&%-'+2!1%!%332"!$+'X/!,%'2-+&,/!%&!'2Q2J!1%!%PQ3+'2*!<*2-!Q2*.%!1%!32!

+-.%-&+:+'2'+;-!62,2-!0!1%!?(&.+:+'2*!&(!1%Q%-1%-'+2!'/-!32!-2.(*23%J2!0!,/*:/3/<F2!1%3!

,%.23!2&F!'/,/!'/-!32!3/-<+.(1!1%!/-12!1%!32!*21+2'+;-!+-'+1%-.%^!&+%-1/^!%-!Q*+-'+Q+/^!

+-1%Q%-1+%-.%!1%3!.+Q/!1%!,/3M'(32!_D#^DD`"!

! g2!%-/*,%!+-.%-&+:+'2'+;-!H(%!%PQ%*+,%-.2!32!*21+2'+;-!62,2-!%-!Q*%&%-'+2!1%!

(-2! &(Q%*:+'+%! *(</&2^! Q(%1%! %PQ3+'2*&%! &%<j-! %&.%!,%'2-+&,/! '/,/! '/-&%'(%-'+2! 1%!

1/&!Q*/'%&/&!1+:%*%-.%&"!

! \! 32! +-.%-&+121! 1%! 32! *21+2'+;-! H(%! +-'+1%! 1+*%'.2,%-.%! &/)*%! 32!,/3M'(32! 1%3!

21&/*)2./! 1%)%! &(,2*&%! 32! *21+2'+;-! 1+&Q%*&212! Q/*! %3! ,%.23^! H(%! %&! 1%! 32! ,+&,2!

:*%'(%-'+2"!

! 53! '2,Q/! %3M'.*+'/! 2&/'+21/! '/-! 32! *21+2'+;-! 62,2-! ./.23! 1+&Q%*&212! %&! (-2!

'/,Q/&+'+;-!1%!32!*21+2'+;-!%,+.+12!1+*%'.2,%-.%!Q/*!32!,/3M'(32!0!32!1+&Q%*&212!Q/*!32&!

Q2*.F'(32&!,%.U3+'2&!1%!&(!%-./*-/"!

! \1%,U&^!%3!'2,Q/!1+&Q%*&21/!Q/*!32&!Q2*.F'(32&!,%.U3+'2&!*%&(3.2!%-/*,%,%-.%!

+-.%-&+:+'21/!&+!32!:*%'(%-'+2!1%!32!*21+2'+;-!+-'+1%-.%!&%!X2'%!'/+-'+1+*!'/-!32!:*%'(%-'+2!

1%!*%&/-2-'+2!1%!3/&!Q32&,/-%&!&(Q%*:+'+23%&!1%3!,%.23^!%&!1%'+*^!1%!32&!/&'+32'+/-%&!1%!3/&!

%3%'.*/-%&!1%! '/-1(''+;-!1%3!,+&,/! _DD^DA`"!\&F^! %3!,%.23! 2'.j2! '/,/!(-2!2-.%-2!H(%!

2,Q3+:+'2! .2-./! %3! '2,Q/!1%! 32! *21+2'+;-! %P'+.2.*+J! +-'+1%-.%! '/,/! 32! Q*/Q+2! *21+2'+;-!

62,2-! 1+&Q%*&212! Q/*! 32! ,/3M'(32^! &+%-1/! ,20/*! 32! +-.%-&+:+'2'+;-! %-! 32&! J/-2&! 1%!

,20/*!*(</&+121!_DE`"!5&.%!%:%'./!.+%-%!32!'2*2'.%*F&.+'2^!%9+1%-'+212!%PQ%*+,%-.23,%-.%^!

1%!H(%! &(! *21+/!1%!2''+;-! &%!%P.+%-1%!2!(-2!1+&.2-'+2! '/-&+1%*2)3%,%-.%!23%?212!1%! 32!

&(Q%*:+'+%!,%.U3+'2"!

! \(-H(%! %P+&.2! 1+&Q2*+121! 2! 32! X/*2! 1%! '(2-.+:+'2*! %3! :2'./*! 1%! +-.%-&+:+'2'+;-!

4564! Q*/1('+1/! Q/*! %&.%! ,%'2-+&,/! _DS`^! X20! '/-:/*,+121! %-! '/-&+1%*2*3/! '/,/!

'/-1+'+;-! -%'%&2*+2! Q2*2! /).%-%*! %&Q%'.*/&! +-.%-&/&"! 5&.%! ,%'2-+&,/! Q*%1+'%! 32!

1%Q%-1%-'+2!1%3!%:%'./!4564!'/-!32!,/*:/3/<F2!1%!32!&(Q%*:+'+%^!32!+-:3(%-'+2!H(%!%?%*'%!32!

1+&.2-'+2!2! 32!&(Q%*:+'+%!,%.U3+'2!%-!%3! :2'./*!1%! +-.%-&+:+'2'+;-!0^!21%,U&^!%&!'2Q2J^!1%!

%PQ3+'2*!32!1%&Q/32*+J2'+;-!1%!32!1+&Q%*&+;-!%3U&.+'2!%!+-%3U&.+'2!<%-%*212!Q/*!%3!&+&.%,2"!

! !
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!!"%"#"#"+W7-1.7A=X7+0=A+;=-7A+@+A7+.7037234,+=Y23-7-.3X"+Q/0=A/+-=4.32/!

! 53!,/1%3/!5L!,U&!&%-'+33/^!1%-/,+-21/!,/1%3/!1%! 32!%&:%*2!,%.U3+'2^! &(Q/-%!

H(%! (-2! *21+2'+;-! 1%! :*%'(%-'+2!!E!0! '/-! (-2! 2,Q3+.(1! 1%! '2,Q/! %3M'.*+'/! 5E^! +-'+1%!

&/)*%!(-2!,/3M'(32!&+.(212!2!(-2!1+&.2-'+2!e1h!1%!32!&(Q%*:+'+%!1%!(-!%3%'.*/1/!,%.U3+'/!

1%! :/*,2!%&:M*+'2!0!1%! *21+/! e2h^!1%!923/*!,('X/!,%-/*!H(%! 32! 3/-<+.(1!1%!/-12!1%! 32!

*21+2'+;-"!

! 5-!%&.2&!'/-1+'+/-%&^! 32!Q/32*+J2)+3+121!1%!32!,/3M'(32!-/!&%!9%!2:%'.212!Q/*! 32!

Q*%&%-'+2! 1%3! ,%.23^! Q%*/! &+! &%! +-1('%! (-! ,/,%-./! 1+Q/32*! H(%! /*+<+-2! %-! 32&!

Q*/P+,+121%&!1%!32!&(Q%*:+'+%!(-!'2,Q/!%3M'.*+'/!H(%!&%!*%Q*%&%-.2!%-!32!5361.7+ !!"$+%-!

:/*,2!1%!3F-%2&!1%!:(%*J2"!53!,/,%-./!1+Q/32*!+-1('+1/!&/)*%!%3!,%.23^!!!^!&%!*%32'+/-2!
'/-!%3!923/*!1%3!'2,Q/!%3M'.*+'/!+-'+1%-.%^!5E^!Q/*!32!%PQ*%&+;-Y!

!

! ! !! ! !!!!! ! ! ! ! Nii"#O!

!

! $/-1%!!!!%&!32!Q/32*+J2)+3+121!1%3!,%.23^!H(%!%&.U!*%32'+/-212!'/-!32!-2.(*23%J2^!

%3!.2,2b/!0!32!:/*,2!1%3!%3%'.*/1/^!&+%-1/!2Q3+'2)3%!Q2*2!(-2!%&:%*2!,%.U3+'2!32!%'(2'+;-!

_#^D`Y!

!

! ! !! ! !! !! ! !! !! ! !!! ! ! Nii"DO!

!

! $/-1%!{!%&!32!'/-&.2-.%!1+%3M'.*+'2!*%32.+92!1%3!,%.23!*%&Q%'./!1%3!,%1+/!H(%!3/!

*/1%2^!H(%^!2!&(!9%J^!1%Q%-1%!1%!32!:*%'(%-'+2!1%!32!*21+2'+;-!+-'+1%-.%"! !

!

!

5361.7+ !!"$"!6%Q*%&%-.2'+;-!1%3!'2,Q/!%3M'.*+'/!+-1('+1/!Q*;P+,/!2!32!&(Q%*:+'+%!1%!(-2!Q%H(%b2!

%&:%*2!,%.U3+'2!+3(,+-212!2!32!:*%'(%-'+2!1%!/&'+32'+;-!*%&/-2-.%!1%3!1+Q/3/!1%!32!%&:%*2!_#^D`"! !
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!
+ !

! g2!%P.*2/*1+-2*+2!+-.%-&+:+'2'+;-!1%3!'2,Q/!%3M'.*+'/!%-!32!&(Q%*:+'+%!,%.U3+'2!&%!

1%)%! 23! +-'*%,%-./! 1%! 32! Q/32*+J2)+3+121^!!!^! '(2-1/! %3! 1%-/,+-21/*!!! ! !!!&%! X2'%!
2Q*/P+,212,%-.%! '%*/! %-! 32&! '/-1+'+/-%&! 1%3! %PQ%*+,%-./^! Q*/1('+M-1/&%! (-2!

*%&Q(%&.2! *%&/-2-.%! H(%! /*+<+-2! (-! '2,Q/! %3M'.*+'/! %:%'.+9/! %-! 32&! Q*/P+,+121%&! 1%3!

,%.23!,('X/!,20/*!H(%!%-!%3!62,2-!-/*,23!_DE`"!

! 4%<j-! &%! X2! &%b2321/! 2-.%*+/*,%-.%^! 32! %P.*2/*1+-2*+2! +-.%-&+:+'2'+;-! H(%!

%PQ%*+,%-.2!32!*21+2'+;-!62,2-!&%!1%)%!2!1/&!Q*/'%&/&!:(-12,%-.23%&Y!

! g2! +-.%-&+121! 1%3! '2,Q/! %3%'.*/,2<-M.+'/! +-'+1%-.%! ./.23! H(%! 33%<2! 2! 32!

,/3M'(32^! &+.(212! %-! 32! Q/&+'+;-! *|^! 2(,%-.2! %-/*,%,%-.%"! 5&./! &%! 1%)%! 2! H(%! %&.%!

'2,Q/! %&.U! '/,Q(%&./! 21%,U&! 1%! Q/*! 32! *21+2'+;-! H(%! +-'+1%! 1+*%'.2,%-.%! &/)*%! 32!

,/3M'(32^! 5+N*|^! EO^! Q/*! %3! '2,Q/! 1%! g/*%-JWL+%! H(%^! 2! 32! ,+&,2! :*%'(%-'+2^! %&!

1+&Q%*&21/!Q/*!%3!Q*/Q+/!,%.23^!5gLN*|^!EO^!'/,/!&%!Q(%1%!/)&%*92*!%-!32!5361.7+!!"%"!B/*!

3/! .2-./^!%3!'2,Q/!%3M'.*+'/!./.23!5i!1%! :*%'(%-'+2!!E!H(%! +-'+1%!&/)*%! 32!,/3M'(32!%-!*|!

&%*UY!!

!

! ! !!!! !!!!! ! !! !!!!! ! !!"!!!!!!!! ! Nii"AO!
!

! 5&.%!'2,Q/!+-'+1%-.%!+-1('%!%-!32!,/3M'(32!(-!,/,%-./!1+Q/32*!!!!!!!!!!!H(%^!
,/1(321/!Q/*!32&!9+)*2'+/-%&!,/3%'(32*%&^!%,+.+*U!*21+2'+;-!62,2-!1%!:*%'(%-'+2!z6"!53!

,/,%-./! +-1('+1/! Q(%1%! &%*! %PQ*%&21/! %-! :(-'+;-! 1%! 32! Q/32*+J2)+3+121^!! ^! 1%! 32!
&+<(+%-.%!:/*,2Y!

!

! ! !! !!!!! ! !!! !!!!! ! ! ! Nii"SO!
!

! B/*!/.*2!Q2*.%^!%3!'2,Q/!%3M'.*+'/!2&/'+21/!'/-!32!*21+2'+;-!62,2-!1%!:*%'(%-'+2!

z6^!&(:*%!.2,)+M-!(-2!2,Q3+:+'2'+;-!Q2*%'+12!2!32!1%3!'2,Q/!+-'+1%-.%"!5-!32!Q/&+'+;-!*^!

%3! '2,Q/!%3M'.*+'/! ./.23!1+&Q%*&21/!1%! :*%'(%-'+2!z6!%&.U! '/,Q(%&./!Q/*! %3!1+&Q%*&21/!

1+*%'.2,%-.%! Q/*! 32! ,/3M'(32^ !!! !!!! ^! 0! Q/*! 32! Q2*.F'(32! ,%.U3+'2! '(2-1/! 3/&!

Q32&,/-%&!&(Q%*:+'+23%&!&/-!%P'+.21/&!'/-!(-2!:*%'(%-'+2!!!^!!!" !!!! !"!$%!%&.2!:/*,2^!

%3!'2,Q/!%3M'.*+'/!./.23!1+&Q%*&21/^!!!!!!!!O^!'/,/!Q(%1%!9%*&%!%-!32!5361.7+!!"%!&%*UY!

!

! ! !!! !!!!! ! !! !!!! ! !!"!!!!!!! ! Nii"7O!
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5361.7+ !!"%"! 5&H(%,2! 1%3! Q*/'%&/! 1%! 1+&Q%*&+;-! 62,2-Y! 2O! %-! 2(&%-'+2! 0! )O! %-! Q*%&%-'+2! 1%!

Q2*.F'(32&!,%.U3+'2&"!

!

! g2! +-.%-&+121!1%!'2,Q/!%3M'.*+'/!1+&Q%*&21/!+-%3U&.+'2,%-.%^!i*^!%-!%3!1%.%'./*^!

Q(%1%!'23'(32*&%!2!Q2*.+*!1%3!'2,Q/!%3M'.*+'/!./.23!1+&Q%*&21/^!56^!1%!:*%'(%-'+2!z6"!4+!i
E
*!!

%&!%3!923/*!1%!%&.2!+-.%-&+121!%-!2(&%-'+2!1%!,%.23^!Q(%1%!%-./-'%&!1%:+-+*&%!(-!:2'./*!1%!

+-.%-&+:+'2'+;-![!1%!32!&+<(+%-.%!:/*,2Y!

!

! ! ! ! !! !!!! ! ! ! ! Nii"TO!
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! 5&.%! :2'./*! 1%! 2,Q3+:+'2'+;-! [! Q(%1%! %PQ*%&2*&%!,%1+2-.%! 32! %'(2'+;-! H(%! &%!

%PQ/-%!2!'/-.+-(2'+;-!_#^DE`Y!

!

! ! ! ! ! ! !!! !! ! !!!!! !!!! ! !! !"! Nii"=O!
!

! 4+%-1/!<E!0!<6!3/&!923/*%&!1%!32!:(-'+;-!!! ! !! ! ! ! !Q2*2!32&!:*%'(%-'+2&!!zE!0!

z6^! *%&Q%'.+92,%-.%^! 0! {! %&^! &%<j-! &%! X2! +-1+'21/^! 32! '/-&.2-.%! 1+%3M'.*+'2! *%32.+92! 1%3!

,%.23!*%&Q%'./!23!,%1+/^!%&!1%'+*^!! ! !!!! !!"!

! g/&!1/&!Q*+,%*/&! :2'./*%&!1%Q%-1%-!1%! 32!-2.(*23%J2!1%3!,%.23! 2! .*29M&!1%! 3/&!

923/*%&! 1%! &(&! '/-&.2-.%&! 1+%3M'.*+'2&! {NzEO! 0! {Nz6O^! ! ,+%-.*2&! H(%! %-! %3! j3.+,/! &%!

+-'3(0%-!32&!1%Q%-1%-'+2&!'/-!*%&Q%'./!2!32!:/*,2!1%3!%3%'.*/1/^!e2h^!0!2!32!Q*/P+,+121!1%!

32!,/3M'(32! 2! 32! &(Q%*:+'+%^! e1h"! [! %&! +-1%Q%-1+%-.%! 1%! 32! -2.(*23%J2! 1%! 32!,/3M'(32! 2!

%&.(1+2*^! Q%*/! ,/3M'(32&! *%32.+92,%-.%! 23%?212&! 1%! 32! &(Q%*:+'+%! ,%.U3+'2! Q(%1%-!

'/-.*+)(+*!23!4564"!

! g2!'/-&.2-.%!1+%3M'.*+'2!1%!(-!,%.23^!%&!(-2!,2<-+.(1!'/,Q3%?2!H(%!'/-&.2!1%!

(-2! Q2*.%! *%23! 0! /.*2! +,2<+-2*+2^! 2,)2&! &/-! :(-'+;-! 1%! 32! 3/-<+.(1! 1%! /-12! 1%! 32!

*21+2'+;-"! ! B2*2! /).%-%*! (-2! 2,Q3+:+'2'+;-! *%&/-2-.%! 1%3! '2,Q/! %3M'.*+'/^! 32! Q2*.%!

+,2<+-2*+2!1%)%!.%-%*!(-!923/*!'%*'2-/!2!'%*/^!0!32!Q2*.%!*%23!(-!923/*!'%*'2-/!2!WD!2!32!

:*%'(%-'+2! %P'+.2.*+J! zE"! 5&./! %&! Q*%'+&2,%-.%! 32! '/-1+'+;-! 1%! *%&/-2-'+2! 1%! 3/&!

Q32&,/-%&!&(Q%*:+'+23%&!1%3!,%.23"!5&.%!,/1%3/!Q*%1+'%!(-!:2'./*!1%!+-.%-&+:+'2'+;-!1%!32!

&%b23! 62,2-! 1%3! /*1%-! 1%! #ET! H(%! '/+-'+1%! )2&.2-.%! )+%-! '/-! 32&! %&.+,2'+/-%&! 1%! [!

/).%-+12&!%PQ%*+,%-.23,%-.%"!5-!'(23H(+%*!'2&/^!%3!2&(,+*!(-!:2'./*!1%!+-.%-&+:+'2'+;-!

%3%'.*/,2<-M.+'/! 1%! %&.%! /*1%-! &(Q/-1*F2^! +-%9+.2)3%,%-.%^! %3+,+-2*! '(23H(+%*! /.*2!

'/-.*+)('+;-!&+<-+:+'2.+92!23!4564"!

! g2&!%PQ%*+%-'+2&!62,2-!0!4564!&%!*%23+J2-!-/*,23,%-.%!(.+3+J2-1/!32!3(J!9+&+)3%!

Q*/Q/*'+/-212! Q/*! 3U&%*%&! 1%!\*n! 0!l*n! '/,/! :(%-.%! 1%! %P'+.2'+;-! 0! %&./! X2'%! H(%! 32&!

'/-1+'+/-%&! 1%! 2,Q3+:+'2'+;-! 4564! H(%! &%! X2-! '/,%-.21/! &;3/! &%! '(,Q32-!

21%'(212,%-.%!Q2*2!\<^!8(^!\(!0!,%.23%&!23'23+-/&"!
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A=!

!
+ !

!!"%"#"$"+:16/>3070+>1I=.D3237A!

! g/&! %3%'.*/-%&!1%! '/-1(''+;-!1%!(-!,%.23! Q*%&%-.2-!(-2! &%*+%! 1%! 2)&/*'+/-%&!

%3%'.*;-+'2&! 1%-/,+-212&! Q32&,/-%&! H(%! &%! %-'(%-.*2-! 3/'23+J21/&! %-! 32! &(Q%*:+'+%^! 0!

Q2*2! H(%! &%! Q*/1(J'2! %3! %:%'./! 4564^! 32! *21+2'+;-! 3U&%*! 1%)%! Q/&%%*! &(:+'+%-.%! %-%*<F2!

'2Q2J! 1%! %P'+.2*! %&./&! ,/1/&! %3%'.*;-+'/&! &(Q%*:+'+23%&"! g2! %:+'+%-'+2! 1%3! ,%'2-+&,/!

%3%'.*/,2<-M.+'/!1%Q%-1%!1%!32!,/*:/3/<F2!1%!32!&(Q%*:+'+%^!.2-./!%-!%3%'.*/1/!'/,/!%-!

'/3/+1%! 2<*%<21/^! 02! H(%! 32! *21+2'+;-! 1+&Q%*&212! &%! +-.%-&+:+'2!,U&! %-! 32&! *%<+/-%&! 1%!

,20/*! '(*92.(*2! 1%! (-2! &(Q%*:+'+%! *(</&2! 23! 2'(,(32*&%! %-! 1+'X2&! J/-2&! %3! '2,Q/!

%3M'.*+'/!1%!32!*21+2'+;-!_D7`"!!

! 5-!%3!'2&/!1%!(-!'/3/+1%!1%!Q32.2^!%3!%&Q%'.*/!1%!2)&/*'+;-!%-!%3!9+&+)3%!,(%&.*2!

(-!,UP+,/! 3/'23+J21/!2!2Q*/P+,212,%-.%!SEE!-,! _DT`^! 3/!H(%!%-!Q*+-'+Q+/! *%H(%*+*F2!

(.+3+J2*!(-2!*21+2'+;-!3U&%*!1%!(-2!%-%*<F2!'/**%&Q/-1+%-.%!2!%&.2!3/-<+.(1!1%!/-12"!4+-!

%,)2*</^!%-!62,2-!'/-9%-'+/-23!32&!3F-%2&!,U&!(.+3+J212&!&/-!32&!1%!SKK"E^!7#S"7!;!TS="7!

-,^! H(%! '2*%'%-! 1%! 32! &(:+'+%-.%! %-%*<F2! Q2*2! Q/1%*! Q*/1('+*! 32! %P'+.2'+;-! 1%! 3/&!

Q32&,/-%&"!!

! @23! '/,/! &%! 2Q*%'+2! %-! 32! 5361.7+ !!"&^! %3! %:%'./! 1%! 32! 2<*%<2'+;-! 1%3! '/3/+1%!

+-1('+12! Q/*! 23<j-! 21&/*)2./! /*+<+-2! 32! 2Q2*+'+;-! 1%! -(%9/&! ,UP+,/&! &%'(-12*+/&! 2!

,20/*%&! 3/-<+.(1%&! 1%! /-12^! &+.(21/&! ?(&.2,%-.%! %-! (-2! *%<+;-! 1%3! %&Q%'.*/!

%3%'.*/,2<-M.+'/!%-!1/-1%!&%!%-'(%-.*2-!%&.2&!3F-%2&!%P'+.2.*+'%&"!

! Z20! 1/&! ,M./1/&! Q2*2! +-1('+*! 32! 2<*%<2'+;-! 1%! (-! '/3/+1%Y! 2O! 2b21+%-1/! %3!

21&/*)2./^!/!)O^!+-'/*Q/*2-1/!(-!2<%-.%!H(%!32!:2'+3+.%^!%-!%3!'2&/!1%!H(%!%3!21&/*)2./!-/!

&%2! '2Q2J! 1%! 2<*%<2*! %3! '/3/+1%"! 5-! <%-%*23^! 32! 21+'+;-! 1%3! 21&/*)2./! Q*/1('%! 32!

2<*%<2'+;-! 1%3! '/3/+1%^! 0! 32! 9%3/'+121! 1%! %&.%! Q*/'%&/! 1%Q%-1%! 1%! 32! -2.(*23%J2! 0! 32!

'/-'%-.*2'+;-!1%3!21&/*)2./"!

! !
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5361.7+ !!"&"! 5&Q%'.*/&! 1%! 2)&/*'+;-! oaWai4! 1%! (-! '/3/+1%! 1%! Q32.2Y! N2O! *%'+M-! Q*%Q2*21/^! N)O!

1%&Q(M&!1%!2b21+*!mW:%-+3<3+'+-2!X2&.2!(-2!'/-'%-.*2'+;-!#EWA!L^!N'O!1%&Q(M&!1%!2b21+*!:%-+3232-+-2!

X2&.2!(-2!'/-'%-.*2'+;-! #EWA!L^! N1O!1%&Q(M&!1%!2b21+*!l83!X2&.2!(-2!'/-'%-.*2'+;-! #EWA!L!0! N%O!

1%&Q(M&!1%!2b21+*!lI>A!X2&.2!(-2!'/-'%-.*2'+;-!#E
WA!L"!

!

! g/&!Q%*:+3%&!1%!%P'+.2'+;-!62,2-!1%,(%&.*2-!32!+,Q/*.2-'+2!1%!32&!2)&/*'+/-%&!

+-1('+12&! Q/*! 32! 2<*%<2'+;-! %-! %3! 4564^! H(%! &+<(%-! (-2! 92*+2'+;-! '/-! *%&Q%'./! 2! 32!

3/-<+.(1! 1%! /-12! Q2*23%32! 2! 32! 1%3! %&Q%'.*/! 1%! 2)&/*'+;-! 1%3! '/3/+1%^! 3/! H(%! Q*(%)2!

21%,U&!%3!'2*U'.%*!*%&/-2-.%!1%3!,%'2-+&,/!1%!+-.%-&+:+'2'+;-!%3%'.*/,2<-M.+'/"!

!

!!"%"#"%"+F.3=,-7234,+>1I=.D3237A+

! o-2!1%!32&!Q*+-'+Q23%&!'2*%-'+2&!1%3!,%'2-+&,/!5L!%&!-/!Q/1%*!%PQ3+'2*!';,/!

+-:3(0%! 32! -2.(*23%J2! 1%! 32!,/3M'(32! 21&/*)+12! %-! %3! 4564! /! 32! +-.%**%32'+;-! %-.*%! 3/&!

Q%*:+3%&! 1%! %P'+.2'+;-! 0! %3! Q/.%-'+23! 1%! %3%'.*/1/"! \1%,U&^! .2,Q/'/! %&! '2Q2J! 1%! 12*!

'(%-.2!1%!32&!92*+2'+/-%&!/)&%*9212&!%-!32&!+-.%-&+121%&!*%32.+92&!1%!32&!)2-12&!'(2-1/!

&%!,/1+:+'2!%3!Q/.%-'+23!%3M'.*+'/!1%!32!+-.%*:2&%"!B2*2!Q/1%*!%PQ3+'2*!%&./!j3.+,/!X20!H(%!

2&(,+*! 32! X+Q;.%&+&! 1%! H(%! 32&! ,/3M'(32&! &%! 1+&Q/-%-! %-! /*+%-.2'+/-%&! Q*%:%*%-.%&!

*%&Q%'./!2! 32! &(Q%*:+'+%!,%.U3+'2^!0!%&!Q*%'+&2,%-.%!%-!%&.2! +1%2!%-! 32!H(%!&%!)2&2-! 32&!

*%<32&!1%! &%3%''+;-!4564!1%*+9212&!1%! %&.%!,%'2-+&,/"!g2!X+Q;.%&+&! 2-.%&!,%-'+/-212!
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&(Q/-%! H(%! '2,)+/&! %-! %3! Q/.%-'+23! %3M'.*+'/! 1%! (-2! +-.%*:2&%! Q(%1%-! Q*/1('+*!

*%/*+%-.2'+/-%&!%-!%3!21&/*)2./^!(-!X%'X/!H(%!%&!)+%-!'/-/'+1/!%-!%3%'.*;1+'2"!

! g2!/*+%-.2'+;-!Q*+9+3%<+212!1%!(-2!,/3M'(32!*%&Q%'./!23!,%.23!Q(%1%!&%*!1%)+12!2!

32! 2''+;-! 1%3! '2,Q/! %3M'.*+'/! Q%*,2-%-.%! H(%! %P+&.%! %-! '(23H(+%*! +-.%*:2&%^! &+! 32!

,/3M'(32! Q/&%%! ,/,%-./! 1+Q/32*! Q%*,2-%-.%^! /! 2! 32! %P+&.%-'+2! 1%! 23<j-! .+Q/! 1%!

+-.%*2''+;-!:F&+'2!/!1%!%-32'%!H(F,+'/!,%.23W,/3M'(32"!

! G+-23,%-.%^! &%! 1%)%! &%b232*! H(%! 32! *%/*+%-.2'+;-! &(Q%*:+'+23! 1%! (-! 21&/*)2./!

.2,)+M-!Q(%1%!&%*!/*+<+-212!Q/*!%:%'./!1%3!<*21/!1%!*%'()*+,+%-./^!02!H(%!32&!,/3M'(32&!

Q(%1%-! 2'/,/12*&%! Q2*2! 12*! '2)+12! 2! (-!,20/*! -j,%*/! 1%! %332&! %-! 32! &(Q%*:+'+%^! 1%!

,2-%*2!H(%!3/&!'2,)+/&!/)&%*921/&!%-!32&!+-.%-&+121%&!*%32.+92&!1%!32&!)2-12&!23!92*+2*!

%3!Q/.%-'+23!Q/1*F2-!&%*!*%Q*/1('+1/&!.2,)+M-!,/1+:+'2-1/!%3!-j,%*/!1%!,/3M'(32&!%-!

32!&(Q%*:+'+%"!

+

!!"%"#"&"+:=6A7>+0=+>=A=2234,+BQ!

! 53! ,%'2-+&,/! 5L! %PQ3+'2! 32! +-.%-&+:+'2'+;-! &%3%'.+92! 1%! 1%.%*,+-212&! )2-12&!

4564! &(Q/-+%-1/!H(%! &%! %&.2)3%'%!(-2! +-.%*2''+;-! :F&+'2!/!H(F,+'2!%-.*%! %3!,%.23! 0! %3!

21&/*)2./!H(%!Q*/9/'2!32!21&/*'+;-!1%!32!,/3M'(32!&/)*%!32!&(Q%*:+'+%!,%.U3+'2!'/-!(-2!

/*+%-.2'+;-!Q*%:%*%-.%"!g2&!*%<32&!1%!&%3%''+;-!1%*+9212&!1%!%&.2!/*+%-.2'+;-!Q*+9+3%<+212!

&%!)2&2-!%-!1/&!&(Q(%&./&!H(%!&/-!2Q*/P+,21/&!_#`Y!

! 53! '2,Q/! %3%'.*/,2<-M.+'/! 23! H(%! %&.U! &/,%.+12! 32! ,/3M'(32! %&.U! /*+%-.21/!

:(-12,%-.23,%-.%!%-!1+*%''+;-!Q%*Q%-1+'(32*!2!32!&(Q%*:+'+%!,%.U3+'2"!

! g2! '/,Q/-%-.%!,20/*+.2*+2! 1%! 32! 92*+2'+;-! 1%3! .%-&/*! 1%! Q/32*+J2)+3+121! Q2*2!

(-2!1%.%*,+-212!'//*1%-212!-/*,23!'/+-'+1%!'/-! 32!1+*%''+;-!%-! 32!H(%!.+%-%! 3(<2*! 32!

9+)*2'+;-"!

! g2!2Q3+'2'+;-!1%!%&.2&!*%<32&!1%!&%3%''+;-!5L!&+,Q3+:+'212&!'/-1('%!2!H(%^!%-!%3!

'2&/!1%!,/3M'(32&!Q32-2&^!&%!Q(%12!1%1('+*!(-2!/*+%-.2'+;-!,/3%'(32*!Q%*Q%-1+'(32*!/!

Q2*23%32! 2! 32! &(Q%*:+'+%! 1%3! ,%.23! &+! %-! %3! %&Q%'.*/! 4564! &%! /)&%*92! (-2! ,20/*!

+-.%-&+:+'2'+;-!*%32.+92!1%!3/&!,/1/&!%-!%3!Q32-/!/!:(%*2!1%3!Q32-/^!*%&Q%'.+92,%-.%"!4+-!

%,)2*</! &+! &%! .+%-%-! %-! '(%-.2! 32&! '/,Q/-%-.%&! 1%! 32! Q/32*+J2)+3+121!,/3%'(32*! Q2*2!

'212!9+)*2'+;-!%-!32&!1+:%*%-.%&!1+*%''+/-%&!%&Q2'+23%&^!32!&+.(2'+;-!-/!%&!.2-!&%-'+332"!w!

21%,U&^!%&.2&!*%<32&!-/!%PQ3+'2-!Q/*!H(M!1%-.*/!1%!(-!,+&,/!.+Q/!1%!:(-12,%-.23%&^!%-!

%3!Q32-/!/!:(%*2!1%!M3^!X20!,/1/&!H(%!&%!+-.%-&+:+'2-!,U&!H(%!/.*/&!-+!32!92*+2'+;-!1%!32&!
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+-.%-&+121%&!4564!'/-!%3!Q/.%-'+23!1%!32!+-.%*:2&%!/)&%*9212!%-!3/&!%&Q%'.*/&!*%<+&.*21/&!

&/)*%!%3%'.*/1/"!

! f2&U-1/-/&! %-! 3/&! 1/&! &(Q(%&./&! ,%-'+/-21/&! 2-.%*+/*,%-.%^! 32&! *%<32&! 1%!

&%3%''+;-!4564!1%3!,%'2-+&,/!5L^!-/!1%)%-!'(,Q3+*&%!1%!(-2!:/*,2!,(0!*+<(*/&2!%-!

/.*/&! .+Q/&! 1%! %&Q%'.*/&'/Q+2&! '/,/! i6! /! 55g4! %-! &(Q%*:+'+%^! 1/-1%! 32! ,2<-+.(1!

*%3%92-.%!%&!%3!,/,%-./!1+Q/32*^!0!%&!Q/*!%&.2!*2J;-!Q/*! 32!H(%!X2-!&+1/!1%-/,+-212&!

Z%-2%#+$.):!-&1#$[!_D^D=`"!

! 5-!<%-%*23^!%3!<*21/!1%!'(,Q3+,+%-./!1%!%&.2&!*%<32&!1%!&%3%''+;-!1%Q%-1%!1%!32!

-2.(*23%J2! 1%! 32&! 9+)*2'+/-%&c! &%*U-! %&Q%'+23,%-.%! 21%'(212&! 2H(%332&! %-! 32&! H(%! 32&!

92*+2'+/-%&! 1%! 32&! '/,Q/-%-.%&! 1%3! .%-&/*! 1%! Q/32*+J2)+3+121! &%! 2-(3%-! %-! ./12&! 32&!

1+*%''+/-%&!%P'%Q./!%-!32!'/+-'+1%-.%!'/-!32!1%3!Q*/Q+/!%-32'%!H(%!9+)*2"!5-!%&.%!&%-.+1/^!

&%! X2! Q*/Q(%&./! H(%! 32&! 9+)*2'+/-%&! 1%! .%-&+;-! 8Z! 1%! ,/3M'(32&! Q32-2&! '(,Q3%-!

%&Q%'+23,%-.%!%&.2!'/-1+'+;-!_DK^DC`"!

! 5&.2&!*%<32&!1%!&%3%''+;-!&/-!:U'+3%&!0!&%-'+332&!1%!2Q3+'2*^!Q/*!3/!H(%!X2-!&+1/!32&!

,U&!(.+3+J212&!%-!32!,20/*F2!1%!3/&!.*2)2?/&!4564"!!

+

BD=2-/>+0=+I./Y3;3070+@+0=A+I/-=,237A+=A`2-.32/+

! 53! %-/*,%! <*21+%-.%! 1%3! '2,Q/! %3M'.*+'/! %-! 32&! Q*/P+,+121%&! 1%! 32! &(Q%*:+'+%!

,%.U3+'2! X2'%! H(%! 2H(%33/&! ,/1/&! 9+)*2'+/-23%&! 1%! 32! ,/3M'(32! H(%! &%! 3/'23+'%-! ,U&!

Q*;P+,/&!2!32!,+&,2!%PQ%*+,%-.%-!(-2!,20/*!+-.%-&+:+'2'+;-!4564!23!%&.2*!&/,%.+1/&!2!

(-! '2,Q/! %3M'.*+'/! ,U&! +-.%-&/! H(%! 32&! 9+)*2'+/-%&! ,U&! 23%?212&"! 5&.%! %:%'./! 1%!

Q*/P+,+121! Q(%1%! &%*! (.+3+J21/! %-! 32! 1%.%*,+-2'+;-! 1%3! <*(Q/! ,/3%'(32*! H(%! &%!

%-'(%-.*%!,U&!'%*'2-/!2!32!&(Q%*:+'+%!,%.U3+'2^!0!.2,)+M-!2:%'.2!2!32&!+-.%-&+121%&!1%!32&!

9+)*2'+/-%&!1%!.%-&+;-!8Z"!

! 5-!,/3M'(32&! 2&+,M.*+'2&^! %-! 1/-1%! -/! &%! Q(%12! 1%:+-+*! &+H(+%*2! (-! Q32-/! 1%!

&+,%.*F2^! %3! 2-U3+&+&! 1%3! %&Q%'.*/! 4564! Q(%1%! *%23+J2*&%! .2,)+M-! '/-&+1%*2-1/! 32&!

+-.%-&+121%&!1%!32&!)2-12&!1%!.%-&+;-!8Z!1%!3/&!1+:%*%-.%&!<*(Q/&!H(%!Q/&%2-!%-32'%&!1%!

%&.%! .+Q/! 0^! 21%,U&^! &+! 32!,/3M'(32! .+%-%! (-! .2,2b/! &(:+'+%-.%,%-.%! <*2-1%^! &%! 9%*U-!

%&Q%'+23,%-.%! +-.%-&+:+'212&! 2H(%332&! 9+)*2'+/-%&! H(%! '/**%&Q/-12-! 2! 32! Q/*'+;-! 1%!

,/3M'(32!,U&!Q*;P+,2!2!32!&(Q%*:+'+%"!

! 53! %:%'./! 1%3! Q/.%-'+23! %3M'.*+'/! 1%! 32! +-.%*:2&%! Q(%1%! '/-&+&.+*! %-! (-2!

*%/*+%-.2'+;-! ,/3%'(32*! 1%)+1/! 2! +-.%*2''+/-%&! %3%'.*/&.U.+'2&^! 0! .2,)+M-! Q/1*F2!

,/1+:+'2*!%3!<*21/!1%!*%'()*+,+%-./!&(Q%*:+'+23"!\&F^!23!2(,%-.2*!32!'/-'%-.*2'+;-!%-!32!
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&(Q%*:+'+%!-/*,23,%-.%!&%!/)3+<2!2!32&!,/3M'(32&!2!1+&Q/-%*&%!1%!:/*,2!,U&!9%*.+'23!Q2*2!

/'(Q2*!(-2!,%-/*!U*%2"!

+

!!"%"$"+Q=27,3>;/+b1J;32/+/+0=+H.7,>D=.=,237+0=+97.67+a9H^+

! 5&.%! ,%'2-+&,/^! 2! 1+:%*%-'+2! 1%3! 5L^! %&! '2Q2J! 1%! %PQ3+'2*! 32! 1%Q%-1%-'+2!

/)&%*9212!%-.*%!32!+-.%-&+:+'2'+;-!&%3%'.+92!1%!'+%*.2&!)2-12&!4564!'/-!32!-2.(*23%J2!1%!

32! %&Q%'+%! H(F,+'2! 21&/*)+12! 0! '/-! %3! Q/.%-'+23! %3M'.*+'/! 1%! 32! +-.%*:2&%"! \1%,U&! &%!

'%-.*2! %P'3(&+92,%-.%! &/)*%! 32! Q*+,%*2! ,/-/'2Q2! 1%! ,/3M'(32&! 1%! 21&/*)2./! %-!

'/-.2'./!1+*%'./!'/-! 32! &(Q%*:+'+%!,%.U3+'2"!5-!%&.2&!'/-1+'+/-%&^!Q(%1%-!12*&%!-(%92&!

.*2-&+'+/-%&! %3%'.*;-+'2&! 1%3! &+&.%,2! ,%.23W,/3M'(32! NLW\O! H(%! &%2-! '2Q2'%&! 1%! &%*!

%P'+.212&!'/-!32!%-%*<F2!1%!32!*21+2'+;-!3U&%*!(.+3+J212"!

! 5&.2&!-(%92&!)2-12&^!-/! &/-!%&.21/&! %&.2'+/-2*+/&!1%! 32!,/3M'(32! 2+&3212^! &+-/!

H(%!'/**%&Q/-1%-!2!.*2-&+'+/-%&!%3%'.*;-+'2&!%-!32&!H(%!&%!Q*/1('%!(-2!.*2-&:%*%-'+2!1%!

'2*<2!,%.23W21&/*)2./!/!21&/*)2./W,%.23"!!

! 5-!62,2-^!32!,/3M'(32!%&!%P'+.212!X2&.2!(-!%&.21/!9+*.(23!'2*2'.%*+J21/!Q/*!(-!

.+%,Q/!1%!9+12!,(0!'/*./^!02!H(%!-/!&%!'/**%&Q/-1%!'/-!(-!%&.21/!%&.2'+/-2*+/!N5361.7+

!!"'+ 7O"! 4+! 32! %-%*<F2! 1%! (-2! .*2-&+'+;-! %3%'.*;-+'2! Q%*,+.+12! Q/*! %3! ,%'2-+&,/! 1%!

*21+2'+;-! 1%! 1+Q/3/! %3M'.*+'/! 1%3! &+&.%,2!LW\! '/+-'+1%! '/-! 32! %-%*<F2! 1%! 32! *21+2'+;-!

%P'+.2.*+J!&%!%&.U!%-!(-2&!'/-1+'+/-%&!&+,+32*%&!2!32&!1%!6%&/-2-'+2!62,2-!N66O!_AE`" 5-!
%&.2&! '/-1+'+/-%&^! 32!,/3M'(32! %&! %P'+.212! X2&.2! (-! %&.21/! H(%! <%-%*23,%-.%! '/+-'+1%!

'/-!%3!Q*+,%*!&+-<3%.%!%P'+.21/!N4#O!N5361.7+!!"'+?O^!Q*/1('+M-1/&%!32!+-.%-&+:+'2'+;-!1%!32!

&%b23! 62,2-! 1%! '+%*.2&! )2-12&! 1%)+1/! 23! +-'*%,%-./! 1%! Q/32*+J2)+3+121!,/3%'(32*! 1%3!

21&/*)2./^ H(%! '/**%&Q/-1%-! 2! 1%.%*,+-21/&! ,/1/&! -/*,23%&! 1%! 9+)*2'+;-! 1%! 32!

,/3M'(32"!!
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5361.7+!!"'"+5&.21/&!+,Q3+'21/&!%-!3/&!,%'2-+&,/&!2O!62,2-^!)O!6%&/-2-'+2!62,2-!N66O"+

!

! 8/,/! '/-&%'(%-'+2! 1%! 32! 21&/*'+;-! &(Q%*:+'+23! Q(%1%! /*+<+-2*&%! (-! -(%9/!

%&.21/!1%! .*2-&:%*%-'+2! 1%! '2*<2! N8@O! &+.(21/!,U&! Q*;P+,/! 23! %&.21/! :(-12,%-.23! 1%3!

21&/*)2./^!4E^!H(%!%3!Q*+,%*!&+-<3%.%!%P'+.21/^!4#"!5&./!'/-33%92!'+%*.2&!9%-.2?2&^!0!%&!H(%!2!

%&.%! -(%9/! %&.21/! Q(%1%! 2''%1%*&%! '/-! 32&! 3F-%2&! 3U&%*! ,U&! '/,(-%&! N4564W8@O^!

Q(1+%-1/!2&F!*%<+&.*2*!%&Q%'.*/&!%-!'/-1+'+/-%&!1%!*%&/-2-'+2!!H(%!-/!Q/1F2-!/).%-%*&%!

%-!2(&%-'+2!1%3!,%.23!1%)+1/!2!H(%^!'/,/!%-!%3!'2&/!1%!32!Q+*+1+-2^!32!.*2-&+'+;-!%-.*%!%3!

%&.21/! :(-12,%-.23! 0! %3! Q*+,%*! &+-<3%.%! %P'+.21/! N4EW4#O! &%! %-'(%-.*2! %-! 32! *%<+;-!

(3.*29+/3%.2!02!H(%!32!Q+*+1+-2!-/!2)&/*)%!%-!%3!9+&+)3%"!

! g2!Q*+-'+Q23!1+:%*%-'+2! %-.*%!(-2!%PQ%*+%-'+2!62,2-! N6O!0!/.*2! %-!'/-1+'+/-%&!

1%! *%&/-2-'+2! N66! /! 4564W8@O! %&! %3! .+%,Q/! %-! %3! H(%! 32! ,/3M'(32! Q%*,2-%'%!

.*2-&+./*+2,%-.%!%P'+.212"!!5-!(-2!%PQ%*+%-'+2!62,2-!-/*,23!%3!:/.;-!+-'+1%-.%!%P'+.2!32!

,/3M'(32!X2&.2!(-!%&.21/!9+*.(23!H(%!&%!'2*2'.%*+J2!Q/*!.%-%*!(-!.+%,Q/!1%!9+12!,%1+/!

,(0!'/*./^!02!H(%!-/!'/**%&Q/-1%!2!(-!%&.21/!%&.2'+/-2*+/"!4+-!%,)2*</^!%-!'/-1+'+/-%&!

1%! *%&/-2-'+2^!%3! .+%,Q/!1%!9+12!1%3!%&.21/! .*2-&+./*+/!%&!,('X/!,20/*!0! 3/&!Q*/'%&/&!

:F&+'/&! H(%! 1%.%*,+-2-! 32! +-.%-&+:+'2'+;-! &%3%'.+92! 1%! '+%*.2&! )2-12&! 1%Q%-1%-! 1%! 32&!

&(Q%*:+'+%&!1%!%-%*<F2!Q/.%-'+23!N45BO!1%!3/&!%&.21/&!%3%'.*;-+'/&!+,Q3+'21/&"!

! 5-! %3! *%<+&.*/! 1%! %&Q%'.*/&! 4564! 1%! ,/3M'(32&! H(%! -/! Q*%&%-.2-! 2)&/*'+/-%&!

%3%'.*;-+'2&! %-! %3! 9+&+)3%! '/,/! 32! Q+*+1+-2! 0! 2-U3/</&^! &%! X2-! 1%.%'.21/! )2-12&! %-! %3!

9+&+)3%!H(%!-/!&%!%-'(%-.*2-!-+!%-!%3!%&Q%'.*/!%3%'.*;-+'/!1%3!,%.23!-+!1%3!21&/*)2./"!B/*!
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%&.2!*2J;-^!3/!3;<+'/!%&!Q%-&2*!H(%!%&2&!-(%92&!.*2-&+'+/-%&!&%!1%)%-!2!32!:/*,2'+;-!1%3!

'/,Q3%?/!&(Q%*:+'+23!,%.23W!21&/*)2./!_A#`"!!

! 5P+&.%-!1/&!Q/&+)3%&!Q*/'%&/&!8@!1%&'*+./&!%-!4564!%-!:(-'+;-!1%!H(%Y!

97>/+ 7^!g2!.*2-&:%*%-'+2!1%!'2*<2!.%-<2!3(<2*!1%&1%!%3!-+9%3!1%!G%*,+!1%3!,%.23!NGgO!23!

goL>!1%3!21&/*)2./"!

!

! ! ! ! !! ! !! ! !!!
!

>!9+'%9%*&2^!

97>/+?^!1%&1%!%3!Z>L>!1%3!21&/*)2./!23!-+9%3!1%!G%*,+!1%3!,%.23"!_ADWA7`"!!

!

! ! ! ! !! ! !! ! !!!
!

! 5-! 32! 5361.7+ !!"(! &%! *%Q*%&%-.2-! %&./&! 1/&! Q/&+)3%&! '2&/&"! $%Q%-1+%-1/! 1%3!

&+&.%,2!&%!12*U!(-2!&+.(2'+;-!(!/.*2^!0^!2&F!%&.(1+2-1/!32&!+-.%-&+121%&!1%!23<(-2&!)2-12&!

%-! :(-'+;-! 1%3! Q/.%-'+23! %3M'.*+'/! 0! 32! %-%*<F2! 1%! 32! 3F-%2! %P'+.2.*+J^! &%! X2! Q/1+1/!

%&.2)3%'%*! %-! '(U3! 1%! 3/&! 1/&! '2&/&! 2-.%*+/*%&! %&! %3! H(%! &%! 12! %-! (-2! %PQ%*+%-'+2"! 4+-!

%,)2*</^! 2(-H(%! 2,)/&! &/-! Q/&+)3%&^! <%-%*23,%-.%! &%! 21,+.%! H(%! 32! .*2-&:%*%-'+2!

%3%'.*;-+'2!/'(**%!1%&1%!%3!,%.23!23!21&/*)2./!N'2&/!2O"!

! !
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5361.7+ !!"("! 5&H(%,2! 1%3! ,%'2-+&,/! 8@! 1%3! 4564! Q2*2! 32! .*2-&:%*%-'+2! :/./+-1('+12! 1%! (-!

%3%'.*;-! 1%&1%! %3! -+9%3! 1%! G%*,+! 1%3! ,%.23! NGgO! 2! /*)+.23%&! 92'2-.%&! 1%3! 21&/*)2./! '2&/! 7^! /!

9+'%9%*&2!'2&/!?^"!

!

! g2! '/-1+'+;-! 1%! *%&/-2-'+2! %-! 4564! -/! &;3/! 1%Q%-1%! 1%! 32! %-%*<F2! 1%3! :/.;-!

+-'+1%-.%!N!! ! !!O!'/,/!%-!62,2-^!&+-/!H(%!21%,U&!.2,)+M-!1%Q%-1%!32!Q/&+'+;-!1%3!

-+9%3! 1%! G%*,+! 1%3!,%.23"! }&.%! Q(%1%! '/-.*/32*&%!,%1+2-.%! %3! Q/.%-'+23! %3M'.*+'/! 1%! 32!

+-.%*:2&%! N!! ! !! ! !" O! N5361.7+ !!")O^! 1%! 2XF! 32! 1%Q%-1%-'+2! 1%! 32&! +-.%-&+121%&!
*%32.+92&!1%3!4564!'/-!32!%-%*<F2!1%3!:/.;-!+-'+1%-.%!0!'/-!%3!Q/.%-'+23!1%3!%3%'.*/1/"!

! 53! -+9%3! 1%! 33%-21/! 1%! 3/&! /*)+.23%&! 1%3! ,%.23^! H(%! %&.U! *%32'+/-21/! '/-! 32!

Q/&+'+;-! 1%3! -+9%3! 1%! G%*,+^! &()%! /! )2?2! '(2-1/! %3! Q/.%-'+23! &%! X2'%!,U&! -%<2.+9/! /!

Q/&+.+9/^!*%&Q%'.+92,%-.%^!'/,/!&%!Q(%1%!/)&%*92*!%-!32!5361.7+!!"("+4+!32!%-%*<F2!1%!%&%!

-+9%3! ,U&! 32! 1%3! :/.;-! %P'+.2.*+J! '/+-'+1%! '/-! 32! Q/&+'+;-! 1%! /*)+.23%&! 92'2-.%&! 1%3!

21&/*)2./^!(-!%3%'.*;-! &+.(21/! +-+'+23,%-.%! %-!%3!,%.23!Q(%1%!23/?2*&%! .%,Q/*23,%-.%!

%-! /*)+.23%&! 1%! 32! ,/3M'(32^! Q*/1('+M-1/&%! 1%! ,2-%*2! .*2-&+./*+2! %3! '/**%&Q/-1+%-.%!

2-+;-! *21+'23! NL~W\�O! &+! &%! .*2.2! 1%! (-2!,/3M'(32! -%(.*2! '/,/! 32! Q+*+1+-2"! \&F! H(%! %&!

Q/&+)3%! 1%.%*,+-2*! &+! 32! .*2-&:%*%-'+2! %3%'.*;-+'2! /'(**%! 1%&1%! %3! ,%.23! 23! 21&/*)2./!

N'2&/!2O!/!9+'%9%*&2! N'2&/!)O^! %&.(1+2-1/! 32&! +-.%-&+121%&!1%!'+%*.2&!)2-12&!%-! :(-'+;-!

1%3!Q/.%-'+23!1%3!%3%'.*/1/!0!1%!32!%-%*<F2!1%!32!3F-%2!%P'+.2.*+J^!'/,/!&%!Q(%1%!/)&%*92*!

%-!32!5361.7+!!")"+

!"#$

%$#$

&'(

) (

*!
+,

-./0'.

-./0'1

+,

#234!''''''''''''''456$7843$'
9:
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5361.7+ !!")"+ $%Q%-1%-'+2! 1%! 32! '/-1+'+;-! 1%! *%&/-2-'+2! %-! %3! ,%'2-+&,/! 8@! 1%3! 4564! '/-! 32!

3/-<+.(1!1%!/-12!1%3!:/.;-!NÄO!0!32!Q/&+'+;-!1%3!-+9%3!1%!G%*,+!1%3!,%.23!NGgO"!

+

! 4239/!%-!&+&.%,2&!2*/,U.+'/&!1/-1%!%&!%&Q%'+23,%-.%!%&.2)3%!_ATWSE`^!%3!%&.21/!

1%!.*2-&:%*%-'+2!1%!'2*<2!-/!&%!23'2-J2!%-!32&!'/-1+'+/-%&!(&(23%&!1%!*%<+&.*/!4564"!\&F!

'/,/! (-2! %PQ%*+%-'+2! 1%! *%&/-2-'+2! 62,2-! N66O! &%! *%23+J2! -/*,23,%-.%! 1%&Q(M&! 1%!

*%<+&.*2*!%3!%&Q%'.*/!1%!2)&/*'+;-!%-!%3!9+&+)3%^!'/,Q*/)2-1/!H(%!(-2!)2-12!%3%'.*;-+'2!

'/+-'+1%! %-! %-%*<F2! '/-! 23<(-2&! 1%! 32&! 3F-%2&! 3U&%*! 1+&Q/-+)3%&^! %-! 4564! -/! &%! Q/1*F2!

Q*/'%1%*! 1%! 32! ,+&,2! ,2-%*2^! 02! H(%! &(*<%! %3! Q*/)3%,2! 1%! H(%! %-! %PQ%*+%-'+2&!

*%23+J212&!%-!%3%'.*/1/!%3!&+&.%,2!-/!.*2-&,+.%!3(J^!,+%-.*2&!H(%!23!(.+3+J2*!(-!'/3/+1%^!

32&! Q/&+)3%&! )2-12&! 8@! 2Q2*%'%-! %-! 32! ,+&,2! *%<+;-! 1/-1%! &%! /)&%*92-! 32&! -(%92&!

)2-12&! H(%! &(*<%-! Q/*! %:%'./! 1%! 32! 2<*%<2'+;-^! Q/*! 3/! H(%! *%&(3.2! Q*U'.+'2,%-.%!

+,Q/&+)3%!1%.%'.2*32&"!

! 4+-! %,)2*</^! 2(-H(%! -/! &%! /)&%*9%! %PQ%*+,%-.23,%-.%! 32! .*2-&+'+;-! 8@^! -/!

1%)%! 1%&'2*.2*&%! 32! +-.%*9%-'+;-! 1%! %&.%! ,%'2-+&,/! _S#`^! 02! H(%! &%! X2-! Q*/Q(%&./!

,%'2-+&,/&! 23.%*-2.+9/&! %-! 3/&!H(%! %3! %&.21/! %P'+.21/!1%! .*2-&:%*%-'+2!1%! '2*<2!-/! %&!

%&.2)3%!1(*2-.%!(-! 32*</!.+%,Q/^!0!&+,Q3%,%-.%!&%!*%H(+%*%!H(%!&(! .+%,Q/!1%!9+12!&%2!

,20/*!H(%!%3!.+%,Q/!1%!%P'+.2'+;-!1%!32!9+)*2'+;-!'/-&+1%*212"!

! !

!"#"$%

%&#"

'(')

'(

')

*+,"-.*/"0000000000000000#1/*%00000000000000000*+,"-.*/"
23 23

#45 *6 #35 *4# 5 *
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! +
ST!

!
+ !

!!"%"$"#+W7-1.7A=X7+0=A+70>/.?7-/++

! \! 1+:%*%-'+2! 1%3! ,%'2-+&,/! 5L^! %3! ,%'2-+&,/! 8@! %PX+)%! (-2! :(%*.%!

1%Q%-1%-'+2! '/-! %3! 21&/*)2./"! B/*! %?%,Q3/^! %3! 2<(2! Q*/1('%! (-! %&Q%'.*/! 4564! ,(0!

1M)+3^! 3/! H(%! Q%*,+.%! %3! *%<+&.*/! *(.+-2*+/! 1%! 21&/*)2./&! &/3()3%&! %-! %332! &+-! H(%! %3!

1+&/39%-.%!+-.%*:+%*2!1%!,2-%*2!&+<-+:+'2.+92^!,+%-.*2&!H(%!3/&!4564!1%!Q+*+1+-2!&/-!,(0!

+-.%-&/&"!5&.2!1%Q%-1%-'+2!Q(%1%!&%*!%PQ3+'212!%-!:(-'+;-!1%!:2'./*%&!-/!<%-%*23%&_SD`^!

'/,/! 32! :/*.23%J2! 1%! 32! 21&/*'+;-! ,/3%'(32*^! '(2-./! ,U&! :(%*.%! &%2! 32! (-+;-! ,%.23W

21&/*)2./!X2)*U!(-!,20/*!<*21/!1%!,%J'32!%-.*%!3/&!/*)+.23%&!1%!(-/!0!/.*/!&+&.%,2!0!&%!

:29/*%'%*U!%3!Q*/'%&/!8@^!32!:(-'+;-!1%!.*2)2?/!1%3!,%.23!H(%!,+1%!32!%-%*<F2!-%'%&2*+2!

Q2*2!2**2-'2*!(-!%3%'.*;-!1%3!-+9%3!1%!G%*,+!1%3!,%.23^!%&!1%'+*^!32!:2'+3+121!1%!'%1%*!%3!

%3%'.*;-! %-! %3! Q*/'%&/! 8@^! /! 32! %&.2)+3+121! 1%! 32! %&Q%'+%! ,/3%'(32*! %-! %3! %&.21/! 8@!

%P'+.21/"! 5&./&! 1/&! j3.+,/&! :2'./*%&! &/-!,(0! &%-&+)3%&! 2! 32! -2.(*23%J2! 1%3!,%.23! 0! 1%3!

21&/*)2./^! 3/!H(%!+,Q3+'2!H(%!,/3M'(32&!1+:%*%-.%&!Q*%&%-.%-!'/,Q/*.2,+%-./&!H(%!-/!

Q(%1%-! '/-&+1%*2*&%! '/,/!<%-%*23%&^! '2*2'.%*F&.+'2! H(%! &F! &%! '(,Q3%! %-! %3!,%'2-+&,/!

5L"!

! g2!2''%&+)+3+121!1%3!%&.21/!8@!%&.U!*%32'+/-212^!21%,U&^!'/-!/.*2&!Q*/Q+%121%&!

1%3! 21&/*)2./! .23%&! '/,/! Q/.%-'+23%&! 1%! +/-+J2'+;-^! 2:+-+121%&! %3%'.*;-+'2&! _AC^SE`! %!

+-'3(&/!'/-&.2-.%&!1%!+/-+J2'+;-!U'+1/W)2&%!_SA`^!Q(%&!1+'X2&!Q*/Q+%121%&!1%Q%-1%-!1%!

32!Q/&+'+;-!1%!3/&!-+9%3%&!1%!2:+-+121!1%3!21&/*)2./"+

+

!!"%"$"$+B-7I7>+0=A+I./2=>/+9H"+Q/0=A/>+-=4.32/>!

! \! 32! X/*2! 1%! 2-23+J2*! 3/&! %&Q%'.*/&! 4564! %-! )2&%! 2! (-!,%'2-+&,/!8@!-(%&.*/!

[*(Q/!1%!i-9%&.+<2'+;-!X2!Q*/Q(%&./!1/&!,/1%3/&!1+:%*%-.%&^!(-/!-/!*21+2.+9/!N8@WI6O!

0!/.*/!*21+2.+9/!N8@W66O"!!

!

Q=27,3>;/+9HPW:+

! 53!,/1%3/!8@WI6!'/-&+1%*2!23!,%.23!0!23!21&/*)2./!'/,/!%&Q%'+%&!1+:%*%-'+212&"!

4%! .*2.2!1%!(-!Q*/'%&/!%-!7!%.2Q2&! _#T`! *%Q*%&%-.212&!%-! 32!5361.7+ !!"Z""!5-! 32!Q*+,%*2!

%.2Q2! N2O! &%! <%-%*2! (-2! Q2*%?2! X(%'/W%3%'.*;-! %-! %3! ,%.23c! %3! :/.;-! +-'+1%-.%! .+%-%!

%-%*<F2! &(:+'+%-.%! '/,/! Q2*2! .*2-&:%*+*! (-! %3%'.*;-! 1%3! -+9%3! 1%! G%*,+! 1%3! ,%.23! 2!

/*)+.23%&!92'2-.%&!1%3!21&/*)2./^!%-!(-!Q*/'%&/!-/!*21+2.+9/!N%.2Q2!)O^!12-1/!3(<2*!2!32!

:/*,2'+;-!1%3!*21+'23!2-+;-!N%.2Q2!'O^!'/-&%*92-1/!32!,+&,2!%&.*('.(*2!,/3%'(32*!0!H(%!

X%,/&! 1%-/,+-21/! $E! Q/*! .*2.2*&%! 1%! (-! 1/)3%.%^! &+.(21/! %-! %3! Q(-./! 1%! G*2-'VW
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8/-1/-!NG8O!1%!32!&(Q%*:+'+%!1%!%-%*<F2!Q/.%-'+23!1%3!%&.21/!$E"!5-!%&.2!.%*'%*2!%.2Q2^!32!

&+.(2'+;-!&%*F2!&+,+32*!2!(-!Q*/'%&/!66!%-.*%!%3!%&.21/!%3%'.*;-+'/!:(-12,%-.23!4E!1%!32!

,/3M'(32!-%(.*2!0!%3!1%3!2-+;-!$E"!B/*!j3.+,/^!%-!/.*/!Q*/'%&/!-/!*21+2.+9/!N%.2Q2!1O!%3!

%3%'.*;-!*%9+%*.%!23!,%.23^!,+%-.*2&!H(%!32!,/3M'(32!H(%12!9+)*2'+/-23,%-.%!%P'+.212"!g2!

*%'/,)+-2'+;-!X(%'/W%3%'.*;-!Q*/1('%!32!%,+&+;-!1%3!:/.;-!62,2-!N%.2Q2!%O"!

!

!

!

!

!

!

!

!

!

5361.7+!!"Z"+L/1%3/!Q*/Q(%&./!Q2*2!(-!Q*/'%&/!4564W8@!-/!*21+2.+9/^!8@WI6"!

!

! g2! %P+&.%-'+2! 1%! (-! %&.21/! 8@! 2''%&+)3%! %-! 32&! '/-1+'+/-%&! %PQ%*+,%-.23%&!

-/*,23%&!1%Q%-1%!Q*+-'+Q23,%-.%!1%!32!-2.(*23%J2!1%3!21&/*)2./!0!1%3!,%.23^!2&F!'/,/!

1%!32&!'2*2'.%*F&.+'2&!,/*:/3;<+'2&!1%!M&.%"!

!

Q=27,3>;/+9HP::+

! 5-! %&.2! 23.%*-2.+92! %3! '/,Q3%?/! LW\! %&! 3/! &(:+'+%-.%,%-.%! :(%*.%! '/,/! Q2*2!

'/-&+1%*2*!%3!,%.23!0!%3!21&/*)2./!(-2!%&Q%'+%!j-+'2"!53!,/1%3/!8@W66!&%!*%Q*%&%-.2!%-!

32! 5361.7+ !!"]"+ 5-! %&.%! '2&/^! %3! Q*/'%&/! 8@! %&! &+,+32*! 23! 1%! 66"! 5-! (-! Q*/'%&/! 1%!

*%&/-2-'+2^!%3!:/.;-!3U&%*!.+%-%!32!%-%*<F2!&(:+'+%-.%!Q2*2!%P'+.2*!32!,/3M'(32!2!(-!%&.21/!

%&.2'+/-2*+/^!-/*,23,%-.%!%3!Q*+,%*!&+-<3%.%!%P'+.21/!4#"!5-!%3!,/1%3/!8@W66!%3!&+&.%,2!

,%.23W21&/*)2./!%&!'/-&+1%*21/!'/,/!(-!./1/!1%!,2-%*2!H(%!&%!.*2.2*F2!1%!(-!Q*/'%&/!

66!%-.*%!%3!%&.21/!4E!1%3!'/,Q3%?/!,%.23W21&/*)2./!0!(-!%&.21/!%P'+.21/!1%!.*2-&:%*%-'+2!

1%! '2*<2! 1%3! '/,Q3%?/! %-! %3! H(%! &%! Q*/1('%! (-2! *%1+&.*+)('+;-! 1%! 32! '2*<2Y! (-2!

1%.%*,+-212! '2-.+121! 1%! '2*<2! H(%! %&.2)2! &+.(212! Q*%:%*%-.%,%-.%! &/)*%! %3! ,%.23! &%!

NR2NR1

h! h!'

Qk

|n>
|m>

c3

c2

c1

E

(d)(a) (b) (c) (e)

NFNF

|k> D0

S0
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%-'(%-.*2!()+'212!2X/*2!&/)*%!%3!21&/*)2./"!$%&1%!%3!Q(-./!1%!9+&.2!1%3!21&/*)2./^!%&.%!

%&.21/!&%*F2!%H(+923%-.%!23!$E!1%3!2-+;-!*21+'23"!!

!

!

!

!

!

!

!

!

!

+

5361.7+!!"]"+L/1%3/!Q*/Q(%&./!Q2*2!(-!Q*/'%&/!4564W8@!*21+2.+9/^!8@W66"!

!

! 5-!2,)/&!,/1%3/&^!Q/*!.2-./^!%&.U!+-9/3('*212!32!:/*,2'+;-!1%3!2-+;-!*21+'23!0!

%&.U-! &/,%.+1/&! 2! 32&! *%<32&!1%! &%3%''+;-! 9+)*2'+/-23%&!1%!66^! &+-! %,)2*</^! %P+&.%!(-2!

1+:%*%-'+2!+,Q/*.2-.%!%-.*%!%33/&Y!%-!%3!8@WI6!32&!*%<32&!1%!&%3%''+;-!%3%'.*;-+'2&!%&.U-!

*%32?212&!1%)+1/!2!32!Q*%&%-'+2!1%!3/&!1/&!Q*/'%&/&!-/!*21+2.+9/&^!3/!H(%!-/!/'(**%!%-!%3!

,/1%3/!8@W66"!!

! 5-! 2-.%*+/*%&! .*2)2?/&! &%! X2! '/,Q*/)21/! H(%! 3/&! %&.21/&! 8@! Q*%&%-.2-!

'2*2'.%*F&.+'2&! %3%'.*;-+'2&! 2-U3/<2&! 2! 3/&! 1%3! *21+'23! 2-+;-! 0! H(%! 32&! 1+:%*%-'+2&!

%PQ%*+,%-.23%&!/)&%*9212&!%-!3/&!%&Q%'.*/&!4564!1%!32&!,/3M'(32&!2*/,U.+'2&!%&.(1+212&!

&%!Q(%1%-!%PQ3+'2*!&+<(+%-1/!(-!,/1%3/!8@W66"!

!

!!"%"$"%+:=6A7>+0=+>=A=2234,+9H+

! g2&!*%<32&!1%!&%3%''+;-!4564!1%*+9212&!1%3!,%'2-+&,/!1%!.*2-&:%*%-'+2!1%!'2*<2!

&/-! &+,+32*%&! 2! 32&! H(%! 1%.%*,+-2-! 32! +-.%-&+:+'2'+;-! &%3%'.+92! 1%! 32&! )2-12&! %-!

'/-1+'+/-%&!1%!*%&/-2-'+2!N66O!_AE`"!53!Q*/'%&/!1%!6%&/-2-'+2!62,2-!&%!12!%-!%3!'2&/!1%!

H(%! %3! :/.;-! +-'+1%-.%! Q/&%2! (-2! %-%*<F2! &(:+'+%-.%! '/,/! Q2*2! %P'+.2*! 2! 32! ! ,/3M'(32!!

 

S0 

S1 

RR CT SERS - 

M+-A-      D0 

M-A        S0 

h! 
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h!’ 
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1%&1%!!&(!!%&.21/!!%3%'.*;-+'/!!:(-12,%-.23!!N4EO!!X2&.2!!(-!!%&.21/!!%P'+.21/!%&.2'+/-2*+/^!!

Q*+,%*!!&+-<3%.%!!%P'+.21/!!N4+O"!

! 8/,/! %-! '(23H(+%*! .+Q/! 1%! %&Q%'.*/&'/QF2! %3%'.*;-+'2^! 32&! *%<32&! 1%!

+-.%-&+:+'2'+;-! 92-! 2! 1%Q%-1%*! 1%! 32&! &(Q%*:+'+%&! 1%! %-%*<F2! Q/.%-'+23! N45BO! 1%! 3/&!

%&.21/&! *%&/-2-.%&! +,Q3+'21/&^! 1%)+1/! 2! H(%! '212! 45B! %&! 1+:%*%-.%^! -/! Q(%1%! X2'%*&%!

(-2!*%<32!<%-%*23"!4+-!%,)2*</^!1%!3/&!*%&(3.21/&!4564!/).%-+1/&!1%!Q+*+1+-2!0!)%-'%-/!

X2!Q/1+1/!1%1('+*&%!H(%!%3!%P'+.21/!%-!4564W8@!&%*F2!%H(+923%-.%!23!*21+'23!2-+;-!1%!32!

,/3M'(32!21&/*)+12!Q2*2!%3!'2&/!1%!&+&.%,2&!/*+<+-2*+2,%-.%!-%(.*/&!_SS`"!

! \3! +<(23! H(%! %-! 66^! %-! (-! Q*/'%&/! 4564W8@! 32! %P'+.2'+;-! 2! (-! %&.21/!

%&.2'+/-2*+/!Q*/1('%!32!+-.%-&+:+'2'+;-!&%3%'.+92!1%!23<(-2&!)2-12&!1%3!%&Q%'.*/!62,2-"!

$+'X2! +-.%-&+:+'2'+;-! %&! Q*/Q/*'+/-23! ! 23! ! ,/,%-./! ! 1+Q/32*! ! NÅO! ! +-1('+1/! ! %-! ! 32!

,/3M'(32! Q/*! %3! '2,Q/! %3M'.*+'/! 1%! 32! *21+2'+;-! +-'+1%-.%! N5EO"! 5&.2&! 1/&!,2<-+.(1%&!

%&.U-!*%32'+/-212&!Q/*!,%1+/!1%!1%!32!Q/32*+J2)+3+121!NmOY!

!

! ! ! ! ! ! !! + + + + + Nii"KO!

!

! g2! Q*%&%-'+2! 1%! (-! %&.21/! *%&/-2-.%! Q(%1%! /*+<+-2*! (-! +-'*%,%-./! %-! 32!

Q/32*+J2)+3+121!,/3%'(32*"! ! $%! ! 2'(%*1/! ! '/-! ! %3! ! :/*,23+&,/! ! 1%! ! \3)*%.'X! ! Q2*2! ! 32!!

1+&Q%*&+;-! 1%! 6%&/-2-'+2! 62,2-! _S7`^! ! 32! Q/32*+J2)+3+121! %&! <%-%*23,%-.%! %PQ*%&212!

'/,/!32!&(,2!1%!S!.M*,+-/&Y!

!

! ! ! ! ! ! ! ! ! ! !! ! ! ! Nii"CO!

!

! 5-! ! Q*+-'+Q+/^! ! '(23H(+%*2! ! 1%! ! %33/&! ! Q(%1%! ! 33%<2*! ! 2! ! .%-%*! ! '/-.*+)('+/-%&!!

&+<-+:+'2.+92&^! 2(-H(%! &%! X2! Q/1+1/! '/,Q*/)2*! H(%! &(! +,Q/*.2-'+2! *%32.+92! 1+&,+-(0%^!

<%-%*23,%-.%^!%-!%3!,+&,/!/*1%-!%-!H(%!2Q2*%'%-!%-!32!%'(2'+;-!2-.%*+/*^!&+%-1/^!'/-!

1+:%*%-'+2^!3/&!,U&!!+,Q/*.2-.%&!!3/&!!1/&!!Q*+,%*/&!!.M*,+-/&!!'(0/!!/*+<%-!!&%!!1%)%!!2!!

32&!!&+<(+%-.%&!'/-.*+)('+/-%&Y!

!

H`.;3,/+V+a572-/.=>+0=+5.7,MP9/,0/,^"!

! 53! ! .M*,+-/W\^! ! H(%! ! *%'/<%! ! 32! ! '/-.*+)('+;-! ! 1%! ! G*2-'VW8/-1/-^! ! %&!!

<%-%*23,%-.%!'/-&+1%*21/!'/,/!%3!,U&!+,Q/*.2-.%!%-!32!+-.%-&+:+'2'+;-!&%3%'.+92!1%!32&!

)2-12&! 62,2-! %-! ! '/-1+'+/-%&! ! 1%! ! *%&/-2-'+2^! ! 0! ! &%! ! 1%)%! ! %P'3(&+92,%-.%! ! 2! ! 32&!!

1+:%*%-.%&!!%&.*('.(*2&!%3%'.*;-+'2&!1%3!&+&.%,2!%-!%3!%&.21/!:(-12,%-.23!0!%-!%3!%&.21/!
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*%&/-2-.%"!53! %:%'./!1%! %&.%! ! .M*,+-/! ! &/)*%! ! 32! ! +-.%-&+121! !1%! ! (-2! ! 9+)*2'+;-! ! 9+%-%!!

121/!!Q/*!!32!!&+<(+%-.%!%PQ*%&+;-!_D^ST`Y!

!

! ! ! !" !! !" !! !" ! ! ! ! !! ! ! ! ! !!"!!" ! !! ! !!!"! + Nii"#EO!

!

4+%-1/Y!!

!! !" !! !"Y!!8/,Q/-%-.%!Ç!/!É!1%3!,/,%-./!1%!32!.*2-&+'+;-!%3%'.*;-+'2!Q2*2!%3!

Q*/'%&/!Ñ<Ö!Ñ%Ö!"!

!!"!!" ! !! Y! G*%'(%-'+2&! 1%! 32! .*2-&+'+;-! 9+)*;-+'2! 0! 1%! 32! *21+2'+;-! +-'+1%-.%^!

*%&Q%'.+92,%-.%"!!

!!!"!Y!G2'./*!1%!2.%-(2'+;-!*%32'+/-21/!'/-!%3!.+%,Q/!1%!9+12!,%1+2!1%3!%&.21/!%P'+.21/"!

Ñ-Ö!0!Ñ,ÖY!\(./:(-'+/-%&!9+)*2'+/-23%&!%-!%3!%&.21/!:(-12,%-.23"!

!ÑVÖY!G(-'+;-!1%!/-12!%-!%3!%&.21/!%P'+.21/"!

! 8(2-1/!32&!:*%'(%-'+2&! !!"!!" ! !! ^!&/-!'/,Q2*2)3%&^!32!1+:%*%-'+2!%&!Q%H(%b2^!

0!%3!.M*,+-/!\!&%!X2'%!,(0!<*2-1%^!3/!H(%!%PQ3+'2!32!+-.%-&+:+'2'+;-!1%3!%&Q%'.*/!62,2-!

%-!'/-1+'+/-%&!*%&/-2-.%&"!!

! B2*2!!H(%!!32!!'/-.*+)('+;-!!1%3!!.M*,+-/!!\!!-/!!&%!!2-(3%!!&%!!.+%-%-!!H(%!!'(,Q3+*!!

32&!!1/&!'/-1+'+/-%&!&+<(+%-.%&Y!

! g/&!,/,%-./&!1%! 32!.*2-&+'+;-!X2-!1%!&%*!1+&.+-./&!1%!'%*/^!Q/*! 3/!H(%!M&.2!

1%)%!%&.2*!Q%*,+.+12!Q/*! 32&! *%<32&!1%! &%3%''+;-!1%3!,%'2-+&,/!1%! *21+2'+;-!1%!1+Q/3/!

%3M'.*+'/^!%&!1%'+*^!32!%P'+.2'+;-!1%)%!.%-%*!3(<2*!1%-.*/!1%3!Q%*:+3!1%!(-2!+-.%-&2!)2-12!!

1%! 2)&/*'+;-! 1%)+12! 2! (-2! .*2-&+'+;-! %3%'.*;-+'2! /! 2! (-! Q*/'%&/! 1%! .*2-&:%*%-'+2! 1%!

'2*<2"!!

! g2&! +-.%<*23%&! 1%! &/32Q2,+%-./+! ! ! ! !!0!! ! ! ! !!N+-.%<*23%&! 1%! G*2-'VW
8/-1/-O!1%!3/&!%&.21/&!9+)*2'+/-23%&!+,Q3+'21/&!%-!%3!Q*/'%&/!-/!&%!1%)%-!2-(32*"!5&.2!

&%<(-12!'/-1+'+;-!%&!%3!/*+<%-!1%! 32! +-.%-&+:+'2'+;-! &%3%'.+92!1%!'+%*.2&!)2-12&^! 0!Q2*2!

%33/!1%)%!'(,Q3+*&%!23!,%-/&!(-/!1%!3/&!&+<(+%-.%&!*%H(+&+./&Y!

! R(%!X202!(-!1%&Q32J2,+%-./!%-.*%!3/&!,F-+,/&!1%!32&!45B!N&(Q%*:+'+%!1%!%-%*<F2!

Q/.%-'+23O! 1%! 2,)/&! %&.21/&! *%&Q%'./! 2! 32! '//*1%-212! -/*,23!R+! 0^! Q/*! .2-./^! H(%! 32!

%&.*('.(*2! 1%! %H(+3+)*+/! -/! &%2! 32! ,+&,2! %-! 3/&! 1/&! -+9%3%&! +,Q3+'21/&^! 5361.7+ !!"#E"+

!X_07"! 53! 1%&Q32J2,+%-./! 1%! (-2! %&.*('.(*2! *%&Q%'./! 2! 32! /.*2! Q(%1%! %PQ*%&2*&%! %-!
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:(-'+;-!1%!!'//*1%-212&!!'2*.%&+2-2&!!-('3%2*%&^!!'//*1%-212&!+-.%*-2&!/!%-!:(-'+;-!1%!!

3/&!!,/1/&!!-/*,23%&!!1%!!9+)*2'+;-c!%&.2!j3.+,2!:/*,2!%&!32!,U&!21%'(212!Q2*2!'/-/'%*!!

1+*%'.2,%-.%! 0! '(2-.+:+'2*! H(M! 9+)*2'+;-! ! *%&(3.2! ! +-.%-&+:+'212! NÜRáEO"! @23!!

1%&Q32J2,+%-./! j-+'2,%-.%! Q(%1%! /'(**+*! Q2*2!,/1/&! ./.23,%-.%! &+,M.*+'/&! 2!,%-/&!

H(%!32!&+,%.*F2!1%!32!,/3M'(32!'2,)+%!%-!%3!%&.21/!%P'+.21/!_AE`"!

! R(%! 32&! :*%'(%-'+2&! 9+)*2'+/-23%&! 1%3! ,/1/! -/*,23! R+! '/-&+1%*21/! &%2-!

1+:%*%-.%&!%-!3/&!1/&!%&.21/&!%3%'.*;-+'/&!NÜ!áEO^!%&!1%'+*^!H(%!1%)%!X2)%*!(-!'2,)+/!%-!

32!:/*,2^!%-!32!'(*92.(*2^!1%!32!45B!1%3!%&.21/!%P'+.21/^!5361.7+!!"#E"+<.2O7"!!

! 5&.2&!!1+:%*%-'+2&!!Q(%1%-!/'(**+*!&+-!92*+2*!%3!<*(Q/!Q(-.(23!1%!!&+,%.*F2!!1%!32!

,/3M'(32!%-!%3!Q*/'%&/!*%&/-2-.%!0^!%-!%&.2!&+.(2'+;-^!&;3/!&%!+-.%-&+:+'2-!3/&!,/1/&!1%!

9+)*2'+;-!./.23,%-.%!&+,M.*+'/&"!

!

+

+

+

+

+

+

+

+

+

+

+

5361.7+!!"#E"+G2'./*%&!1%!G*2-'VW8/-1/-!%-.*%!1/&!%&.21/&!%3%'.*;-+'/&!1%&Q32J21/&!N!X_07O!0!-/!
1%&Q32J21/&!N<.2O7O"!

! !

E

Qk
!Qk

!"k

S0

CT(D0)
|k>

|m>
|n>

E

Qk
!Qk

!"k

S0

CT(D0)
|k>

|m>
|n>
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H`.;3,/+c+a572-/.=>+T=.X?=.6PH=AA=.^"!

! o-2!!9+)*2'+;-!!%&!!2'.+92!!%-!!66!!2!!.*29M&!!1%3!!.M*,+-/!!f!!'(2-1/!!2'/Q32!!1%!!

:/*,2! %:%'.+92! %3! %&.21/! *%&/-2-.%! Ñ%Ö! 0! /.*/! %&.21/! %3%'.*;-+'/! %P'+.21/! Ñ&Ö^! 0! &(!

+-.%-&+121!!9+%-%!1212!Q/*!32!%PQ*%&+;-Y!

!

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

!! !" !!"! !!!" !"!"!!"#$"!%# !!"#$%!!! !!!!" !!!
!

 

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

!! !" !!"! !!!" !"#$%!"#!!!"# !!"#$%!!! !!!!"
!

 

Nii"##O!

!

4+%-1/Y!

!!"! R+ i-.%<*23!!1%!!2'/Q32,+%-./!!9+)*;-+'/!!r!!à&ÑâZkâRÑ%Ö^!!H(%!!1%.%*,+-2!!32!!,%J'32!!

9+)*;-+'2!!%-.*%!3/&!1/&!%&.21/&!%P'+.21/&!Ñ%Ö!0!Ñ&Ö"!!

!! !"!!! !! !"Y!8/,Q/-%-.%&!*!/!&!1%3!,/,%-./!1%!32!.*2-&+'+;-!%3%'.*;-+'2!N_,*`<%!0!

_,&`&<á!EO"!8(,Q3%-!32&!*%<32&!1%!&%3%''+;-!1%3!,%'2-+&,/!1%!*21+2'+;-!1+Q/3/!%3M'.*+'/"!

! ! ! ! !!! 0! !! ! ! !! ! ! ! Y! B*/1('./&! 1%! 32&! +-.%<*23%&! 1%! 2'/Q32,+%-./! 0! 1%! 32!

.*2-&+'+;-^!&+%-1/!RV!!32!'//*1%-212!-/*,23"!

! w2! ! H(%! ! 32! ! 2Q*/P+,2'+;-! ! 2*,;-+'2! !! ! ! !! ! ! !!0!! ! ! !! ! ! !!-/! ! &/-!!
-(32&! %P'3(&+92,%-.%! '(2-1/! -rVä#! 0! Vr,ä#^! &%! 1%1('%! H(%! 32! 2'.+9+121! 2! .*29M&! 1%3!

.M*,+-/!f!!&;3/!!Q(%1%!!2:%'.2*!!2!!.*2-&+'+/-%&!!9+)*2'+/-23%&!!:(-12,%-.23%&^!!-r,ä#^!!0!!

-/! !Q2*2! &/)*%./-/&! !/! !)2-12&!1%! '/,)+-2'+;-"! !\! !1+:%*%-'+2! !1%3! ! .M*,+-/! !\^! ! %&.%!!

.M*,+-/! !Q(%1%!2'.+92*! ! .2-./! !2! !,/1/&! ! ./.23,%-.%! ! &+,M.*+'/&! ! '/,/! !2! !,/1/&! !-/!!

./.23,%-.%!!&+,M.*+'/&!1%Q%-1+%-1/!1%!&+!2,)/&!%&.21/&!.+%-%-!/!-/!32!,+&,2!&+,%.*F2"!

! o-/! 1%! 3/&! :2'./*%&! H(%! 1%.%*,+-2-! 32! ,2<-+.(1! 1%3! 2'/Q32,+%-./! %&! 32!

1+:%*%-'+2!%-!%-%*<F2! ! %-.*%! ! 3/&! !1/&! ! %&.21/&^!!"!"^! !Q(%&! ! &%*U! !,U&! ! %:%'.+9/! ! '(2-./!!

,U&!!'%*'2!!&%!%-'(%-.*%!(-/!1%3!/.*/"!

! 5-! 32! 5361.7+ !!"##+ &%! Q(%1%-! /)&%*92*! .*%&! '2&/&! 1+:%*%-.%&! 1%! 2'/Q32,+%-./!

9+)*;-+'/Y! 1M)+3! ! N2O^! ! :(%*.%! ! N)O! ! 0! ! ,(0! ! :(%*.%! ! N'O"! g2&! ! 3F-%2&! ! 1+&'/-.+-(2&!!

'/**%&Q/-1%-! ! 2! ! 32&! '(*92&! 1%! %-%*<F2! ! Q/.%-'+23! ! -/! ! Q%*.(*)212&! ! 0! ! 32&! ! '/-.+-(2&!!

'/**%&Q/-1%-!!2!!32&!!&+.(2'+/-%&!:+-23%&!1%!3/&!%&.21/&!Q%*.(*)21/&"!8(2-1/!32!1+:%*%-'+2!
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1%!%-%*<F2!%-.*%!3/&!%&.21/&!%&!<*2-1%^!Q*U'.+'2,%-.%!-/!%P+&.%!-+-<(-2!Q%*.(*)2'+;-!%-!

32&!&(Q%*:+'+%&!1%!3/&!%&.21/&^!'2&/!!N2O"!!8(2-1/!!%&.2!!1+:%*%-'+2!!1%!!%-%*<F2!!%&!!,%-/*^!!

'2&/! ! N)O^! ! 32! ! '(*92.(*2! ! 1%! ! 32&! &(Q%*:+'+%&! ! 1%! ! 3/&! ! %&.21/&! ! 2'/Q321/&! ! '2,)+2^!!

2(,%-.2-1/!!32!!1%3!!%&.21/!!&(Q%*+/*!!0!1+&,+-(0%-1/!!32!!1%3!!%&.21/!!+-:%*+/*^!!3/!!H(%!!

&%!!.*21('%!!%-!!1%&Q32J2,+%-./&!!%-!!32&!:*%'(%-'+2&!!9+)*2'+/-23%&!!1%!!23<(-/&!!,/1/&!!

-/*,23%&! ! %-! ! 3/&! ! %&.21/&! ! 2'/Q321/&! ! '/-! *%&Q%'./! 2! &(! 923/*! %-! 2(&%-'+2! 1%!

2'/Q32,+%-./^!Ük!áE"!53!2'/Q32,+%-./!%-!%3!'2&/!N'O!%&!.2-!:(%*.%!H(%!2Q2*%'%!(-!-(%9/!

,F-+,/!1%!32!:(-'+;-!Q/.%-'+23!1%3!%&.21/!+-:%*+/*!*%&Q%'./!2! 32!'//*1%-212!-/*,23!R"!

5-!%&.%!'2&/!%P.*%,/!&%!Q*/1('%!(-!1%&'%-&/!%-!%3!<*(Q/!!Q(-.(23!!1%!!&+,%.*F2^!!02!!H(%!!

ÜR!!%&!!1+:%*%-.%!!1%!!'%*/!!Q2*2!!(-2!!1%:/*,2'+;-!!-/!./.23,%-.%!&+,M.*+'2"!!

! B/*! /.*/! 321/^! 1%)+1/! 2! :2'./*%&! *%32'+/-21/&! '/-! 32! &+,%.*F2! 1%! 3/&! %&.21/&!

%P'+.21/&^! 32! ! +-.%<*23! !1%!!2'/Q32,+%-./!!9+)*;-+'/!!!"! !!-/!!&%! !2-(32!!Q2*2!!9+)*2'+/-%&!!

H(%! !&%! ! .*2-&:/*,2-!'/,/!32&!*%Q*%&%-.2'+/-%&! +**%1('+)3%&!'/-.%-+12&!%-!%3!Q*/1('./!

&+,M.*+'/!1%! 32&!'/**%&Q/-1+%-.%&!2! 3/&!1/&!%&.21/&!%3%'.*;-+'/&! +,Q3+'21/&^!ã%! !P!ã&c!%&!

1%'+*^!32!%&Q%'+%!!1%!!&+,%.*F2!!1%!!32&!!9+)*2'+/-%&!!2'.+92&!!2!!.*29M&!!1%3!!.M*,+-/!!f!!&%!!

/).+%-%! *%23+J2-1/! %3! Q*/1('./! 1%! 32&! %&Q%'+%&! 1%! &+,%.*F2! 1%! 3/&! 1/&! %&.21/&!

%3%'.*;-+'/&"!!

! 4+-!!%,)2*</^!!3/!!H(%!!-/!!Q*%1+'%!!%3!!%:%'./!!s2X-W@%33%*^!!&%,%?2-.%!!23!!'2&/!!1%!

2'/Q32,+%-./!H(%!X%,/&!'/-&+1%*21/^!/!'(23H(+%*!/.*2!*%<32!)2&212!%-!32!&+,%.*F2!%&!H(M!

9+)*2'+;-! 2'/Q32*U! ,U&! %:%'.+92,%-.%! 1/&! %&.21/&! %3%'.*;-+'/&! '(23%&H(+%*2! N5361.7+

!!"##O"!

!
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5361.7+!!"##"+@*%&!Q/&+)3%&!&+.(2'+/-%&!1%!2'/Q32,+%-./!9+)*;-+'/!1%Q%-1+%-1/!1%!32!&%Q2*2'+;-!1%!

%-%*<F2! %-.*%! 3/&! %&.21/&"! g2&! 45B! &+-! Q%*.(*)2*! 0! Q%*.(*)212&! &%! X2-! 1+)(?21/! '/-! 3F-%2&!

1+&'/-.+-(2&!0!'/-.+-(2&!*%&Q%'.+92,%-.%"!

! !

H`.;3,/>+9+@+<!

! 53! .M*,+-/! 8! 1+:+%*%! 1%3! .M*,+-/! f! %-! H(%! %3! %&.21/! :(-12,%-.23^!,U&! H(%! %3!

%&.21/! %P'+.21/! *%&/-2-.%^! %&.U! 9+)*;-+'2,%-.%! 2'/Q321/! 2! /.*/&! %&.21/&! %P'+.21/&"! 4(!

923/*!%&!Q*U'.+'2,%-.%!!1%&Q*%'+2)3%!!1%)+1/!!2!!32!!%3%9212!!1+:%*%-'+2!!1%!!%-%*<F2!!%-.*%!!

%3!!%&.21/!:(-12,%-.23!0!3/&!Q/&+)3%&!%&.21/&!%P'+.21/&!H(%!Q(%1%-!2'/Q32*&%"!!

! i<(23,%-.%^!%3!.M*,+-/!$!'/-.*+)(0%!,(0!Q/'/!2!32!+-.%-&+:+'2'+;-!1%!(-2!)2-12!

%-! (-! ! Q*/'%&/! ! 66"! ! @2-./! ! %&! ! 2&F! ! H(%! ! &%! ! Q(%1%! ! '/-&+1%*2*! ! '2&+! ! 1%&Q*%'+2)3%"!!

B*%&%-.2!!(-!923/*!,('X/!,U&!Q%H(%b/!H(%!%3!.M*,+-/!f!0^!%-!%&.%!'2&/^!%&.%!.M*,+-/!%&!

*%&Q/-&2)3%! 1%! ! 32! ! +-.%-&+:+'2'+;-! ! 1%! ! 3/&! ! Q*+,%*/&! ! &/)*%./-/&! ! 0! ! )2-12&! ! 1%!

'/,)+-2'+/-%&!!)+-2*+2&!!1%!,/1/&!!./.23,%-.%!!&+,M.*+'/&!!0!!-/!!./.23,%-.%!!&+,M.*+'/&"!!

5-! ! 3/&! ! %&Q%'.*/&! ! 66! ! 1%! ,%.23/Q/*:+*+-2&! ! &%! ! X2-! ! /)&%*921/! ! )2-12&! ! 1M)+3%&!!

'/**%&Q/-1+%-.%&! ! 2! ! &/)*%./-/&! ! 0! )2-12&! '/,)+-2'+;-! H(%! X2-! &+1/! 2.*+)(+12&! 23!

.M*,+-/!$!_S=`"!

Energía

Qk

!Q

s>

e>

"!l9!
"4l9!
<5=!

 "!#9!
 "4l9!
!!<>=!
!

"!#9!
"4#9!
<?=!
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!!"&"+:=D=.=,237>+

N#O \"!82,Q+/-Y!N*9*+!J%#/)-2$/2%:^!%-!ZV.<-*).2+*1!J%#/)-2$/2%:!24!I21#/&1#$!2+!

J&-4*/#$[^!51"!s"@"!w2.%&!0!@"5"!L21%0^!B3%-(,^!I(%92!w/*V!N#CK=O"!

NDO s"\"!8*%+<X./-Y!3;#!$#1#/).2+!-&1#$!42-!J&-4*/#bY+;*+/#(!N*9*+!J%#/)-2$/2%:?!#+!

ZJ%#/)-2$/2%:! 24! J&-4*/#$[^! 51"! 6"s"Z"! 832*V^! 6"5"! Z%&.%*^! u+3%0^! 8X+'X%&.%*!

N#CKKO"!

NAO s"\"!8*%+<X./-^!J%-.+6#-!J#-C!E;#9C!B;:$C!%%^!77!N#CKAO"!

NSO s"i"![%*&.%-^!DC!E;#9C!B;:$C!)$^!7==C!N#CKEO"!

N7O 5"a"! \3)2-/^! 4"! $2+&%*^! ["! 5*.3^! 6"!L+*2-12^! l"!u2-1%3.^! I"! [2*'F2^!B;:$C! N#0C!

M#))C!'#^!DA#S!N#CKAO"!

NTO \"!>../^!i"!L/*/J%V^!Z"![*2)X/*-^!u"!\V%,2--^!DC!B;:$C!E2+(#+$C!I*))#-!&^!##SA!

N#CCDO"!

N=O 4"w"!$/-<^!["!u2-<^!u"!u2-<^!å"!åX2-<^!s"!åX%-<^!A%%1C!B;:$C!c&]^!77A!N#CKCO"!

NKO 2O! \"!>../^! i"! B/'V*2-1^! s"! f+33,2--^! 8"! B%..%-V/:%*^!3;#! A(*)29!I2(#1@! X2\!

L9%2-)*+)!L$!A)29./!J/*1#!N2&6;+#$$h!%-!ZJ&-4*/#bY+;*+/#(!N*9*+!J/*))#-.+6["!

6"l"!8X2-<^!@"5"! G(*.2V^! 51"cB3%-(,!B*%&&Y!I%]!w/*V^! #CKDc! )O! !8X"\^!L(**20Y!

I21#/&1#b$.10#-!$#%*-*).2+!%-!ZJ&-4*/#bY+;*+/#(!N*9*+!J/*))#-.+6["!6"l"!8X2-<^!

@"5"!G(*.2V^!51"cB3%-(,!B*%&&Y!I%]!w/*V^!#CKD"!

NCO B"v"!åX2-<^!w"!G2-<^!u"I"!u2-<c!$"Z"!I+^!4"w"!G(^!DC!N*9*+!J%#/)-2$/2%:^!$#^!#D=!

N#CCEO"!

N#EO 4"!4U-'X%JW8/*.M&^!!s"a"![2*'F2!62,/&^!!["!L/*'+33/^!DC!E2112.(C!L+)#-4C!J/."!#()^!SDK!

N#CCSO"!

N##O w"8"!g+(^!l"Z"!w2-<2^!8"8"!u2-?!DC!Y1#/)-2*+*1C!E;#9"!'&]^!#7#!NDEEAO"!

N#DO B"!s+2-<^!8X"!åX2-<^!["!åX2-<^!J&-4C!J/.C!#)#^!g=SE!N#CKTO"!

N#AO s"!\"!8*%+<X./-?!J&-4C!J/.C!#$&^!DEC!N#CKAO"!

N#SO $"!g"!s%2-L2+*%^!6"!B"!a2-!$(0-%^!sC!Y1#/)-2*+*1C!E;#9C?!Z&^!#!N#C==O"!

N#7O ["6"!5*1X%+,^!6"g"!f+*V%^!s"6"!g/,)2*1+^!E;#9C!B;:$C!M#))C!(]^SC7!N#CKEO"!

N#TO s"G"! \*%-2&^!L"4"!u/33%0^! i"! g;Q%JW@/';-^! s"8"! >.%*/^! DC! E;#9C! B;:$C! ##$^! =TTC!

NDEEEO"!
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N#=O \"!>../^!s"!@+,Q%*^!s"!f+33,2-^!["!l/92'&^!i"!B/'V*2-1^!J&-4C!J/."!]$^!g77!N#CKEO"!

N#KO s"!\"!8*%+<X./-^!J&-4C!J/.C!#'Z^!DEC!N#CK7O"!

N#CO \"["!f*/3/^!$"5"!i*+&X^!f"$"!4,+.X^!DC!I21C!J)-&/)"!&E'^!DC!N#CC=O"!

NDEO L"!L/&V/9+.&^!N#0C!I2(C!B;:$"!')^!=KA!N#CK7O"!

ND#O L"!v(^!L"s"!$+<-2,^!DC!E;#9C!B;:$"!]]^!DAE=!N#CCAO"!

NDDO Z"!L%.+(c!B"!$2&^!A++C!N#0C!B;:$C!E;#9"!%'^!7E=!N#CKSO"!

NDAO L"!l%*V%*^!DC!E2112.(!L+)#-4C!J/."!#E'^!DC=!N#CK7O"!

NDSO L"!l%*V%*^!DC!F%)C!J2/C!A9C!P!$^!#AD=!N#CK7O"!

ND7O \"!Z%-<3%+-^!DC!B;:$C!E;#9"!])^!7S7=!N#CCAO"!

NDTO \"!8*%+<X./-^!8"["!f32.'X:/*1^!L"["!\3)*%'X.^!DC!E;#9!J2/?!G*-*(*:!3-*+$?!LL!)'^!

=CE!N#C=CO"!

ND=O L"!L/&V/9+.&^!$"B"!$+g%332^!l"s"!L20-2*1?!M*+69&.-!&^!T=!N#CKKO"!

NDKO L"!L/&V/9+.&^!s"4"!4(X^!DC!B;:$C!E;#9"!]$^!TAD=!N#CKKO"!

NDCO $"4"!l%33/<<^!s"5"!B%,Q%*./-^!DC!B;:$C!E;#9"!]#^!##DE!N#CK=O"!

NAEO 6"s"Z"!832*V^!@"s"!$+-%&^!\-<%]^!E;#9C!L+)C!Y(C!Y+61C!$'^!#A#!N#CATO"!

NA#O f"I"s"!B%*&&/-^!E;#9C!B;:$C!M#))"!Z$^!7T#!N#CK#O"!

NADO L"!42*1/^!8"!6(2-/^!s"g"!82&.*/^!i"!g;Q%JW@/';-^!B"s"\"!6+)%+*/W832*/^!s"8"!>.%*/^!

E;#9!B;:$!M#))"!&()^!#E#!NDEEKO"!

NAAO L"!42*1/^!8"!6(2-/^!s"g"!82&.*/^!i"!g;Q%JW@/';-^!s"!4/./^!B"s"\"!6+)%+*/W832*/^!s"8"!

>.%*/^!B;:$C!E;#9C!E;#9C!B;:$C!##^!=SA=!NDEECO"!

NASO G"! x9+32^! 8"! 6(2-/^! i"! g;Q%JW@/';-^! s"G"! \*%-2&^! s"! 4/./^! s"8"! >.%*/?! E;#9!

E299&+"!&)^!SD#A!NDE##O"!

NA7O G"!x9+32^!$"s"!G%*-2-1%J^!s"G"!\*%-2&^!s"8"!>.%*/^!s"!4/./^!E;#9!E299&+"!&)^!SDDE!

NDE##O"!

NATO $"!4'X,%+&&%*^!s"5"!$%,(.X^!BX"!\9/(*+&^!E;#9C!B;:$C!M#))C!Z)^!ADS!N#CKDO"!

NA=O BX"!\9/(*+&^!s"5"!$%,(.X^!DC!E;#9C!B;:$C!)'^!S=KA!N#CK#O"!

NAKO Z"! w2,212^! l"! @/)2^! w"! I2V2/^! DC! Y1#/)-2+! J%#/)-2$/C! N#1*)C! B;#+29C! &'\! ##A!

N#CK=O"!
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NACO Z"!w2,212^!l"!@/)2^!w"!I2V2/^!Z"!I2<2V2^!J&-4C!J/.C!#Z$\!DTC!N#CK=O"!

NSEO Z"! w2,212Y! E;#9./*1! #44#/)! *+(! /;*-6#! )-*+$4#-! .+)#-*/)2+! .+! J&-4*/#!

Y+;*/#(!N*9*+!J/*))#-.+6?!%-!ZV.<-*).2+*1!J%#/)-*!*+(!J)-&/)&-#[!a/3"!#=\^!51"!

s"6"!$(*+-<^!53&%9+%*^!\,&.%*12-!N#CKCO"!

NS#O \"!>../^!i"!L*/J%V^!Z"![*2)X/*-^!u"!\V%,2--^!DC!B;:$C@!E2+(#+$C!I*))#-!&\!##SA!

N#CCDO"!

NSDO s"G"!\*%-2&^!$"s"!G%*-U-1%J^! s"4/./^! i"!g;Q%J!@/';-^! s"8"!>.%*/^! DC! B;:$C!E;#9!PC!

#E)^!#A#SA!NDEEAO"!

NSAO s"6"!g/,)2*1+^!6"g"!f+*V%^!g"\"!4U-'X%J^!i"!f%*-2*1^!4"8X"!4(-^!E;#9C!B;:$C!M#))C!

#E&^!DSE!N#CKSO"!

NSSO s"G"! \*%-2&^! i"! g;Q%J! @/';-^! s"8"! >.%*/^! s"i"! L2*'/&^! DC! B;:$C! E;#9C! #EE\! CD7S!

N#CCTO"!

NS7O \"!8"!\3)*%.'X^!DC!E;#9C!B;:$C!%&\!#S=T!N#C=#O"!

NSTO 2O!Z"\"!s2X-!2-1!5"!@%33%*^!B-2/C!N2:C!J2/C!M2+(2+?!J#-"!A^!#(#\!DDE^!N#CA=O^!

)O!Z"\"!s2X-^!.<.(^!(&\!##=^!N#CAKO"!

NS=O s"\"!4X%3-(..^!s"!8X%,"!BX0&!=D^!#CK#^!TTSS!0!L"![/(.%*,2-!+-!$"!$/3QX+-!N%1OY!

@X%!B/*QX0*+-&^!a/3!A^!2'21%,+2!B*%&&^!I%]!w/*V!#C=K^!Q"#!

+

!

!
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!
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!!!"#"+K7.-=+=YI=.3;=,-7A+

!!!"#"#"+H3I/>+0=+=YI=.3=,237>+8B:8+

! g2&!%PQ%*+%-'+2&!4564!Q(%1%-!*%23+J2*&%!%-!1+:%*%-.%&!.+Q/&!1%! +-.%*:2&%&!'/,/!

&/-Y! +-.%*:2&%! ,%.23W<2&^! /! )+%-^! +-.%*:2&%! ,%.23W%3%'.*/3+./! _#`"! 5-! %3! Q*+,%*! '2&/^!

+-.%*:2&%!,%.23W<2&^! ! 3/&! %&Q%'.*/&! 4564! &%! /).+%-%-! 2! Q2*.+*! 1%! (-2! Q%3F'(32!,%.U3+'2!

1%Q/&+.212!&/)*%!(-!&(&.*2./!+-%*.%!2!(3.*2!23./!92'F/!0!2!.%,Q%*2.(*2!)2?2!Q2*2!%9+.2*!32!

1+:(&+;-!1%!32&!Q2*.F'(32&!0!.%-%*!(-2!,20/*!*(</&+121"!5&.%!.+Q/!1%!%PQ%*+%-'+2!*%H(+%*%!

(-2!+-&.*(,%-.2'+;-!'/&./&2^!&+%-1/!32&!,U&!(&(23%&^!32&!%PQ%*+%-'+2&!4564!*%23+J212&!%-!

'/-1+'+/-%&! 1%! +-.%*:2&%!,%.23W%3%'.*/3+./"! $%-.*/! 1%! %&.%! j3.+,/! .+Q/! 1%! %PQ%*+%-'+2&!

Q(%1%-!1+&.+-<(+*&%!32&!*%23+J212&!%-!%3%'.*/1/^!(.+3+J2-1/!'/,/!&(Q%*:+'+%&!1%!21&/*'+;-!

%3%'.*/1/&!1%!/*/^!'/)*%!0!%&Q%'+23,%-.%!Q32.2^!0!32&!H(%!(.+3+J2-!&(&Q%-&+/-%&!'/3/+123%&!

1%! %&./&! ,+&,/&! ,%.23%&"! o-2&! 1%! 32&! Q*+-'+Q23%&! 9%-.2?2&! H(%! Q*%&%-.2-! %&.2&! 1/&!

,/123+121%&! %&! %3! X%'X/!1%! Q/1%*! (.+3+J2*! (-! %&Q%'.*;,%.*/!62,2-! '/-9%-'+/-23! '/-!

&+&.%,2&!1%!+3(,+-2'+;-!0!1%.%''+;-!%-!%3!9+&+)3%"!!

! B/*!/.*2!Q2*.%^!,+%-.*2&!H(%!%3!+-&.*(,%-.23!,F-+,/!Q2*2!.*2)2?2*!%-!%3%'.*/1/!

*%H(+%*%! 1+&Q/-%*! 1%! 23! ,%-/&! (-! &+&.%,2! %3%'.*/H(F,+'/! )U&+'/! N'M3(32! 1%! 1+&%b/!

21%'(21/^! Q/.%-'+/&.2./W<2392-/&.2./^! Q*/<*2,21/*! 0! *%<+&.*/O^! %-! %3! '2&/! 1%! 3/&!

%&.(1+/&!%-!'/3/+1%!j-+'2,%-.%!&%!-%'%&+.2!(-2!'M3(32^!<%-%*23,%-.%!1%!'(2*J/^!'/,/!32&!

(.+3+J212&!%-!%&Q%'.*/:/./,%.*F2!1%!:3(/*%&'%-'+2"!

! I(%&.*/! <*(Q/! 1%! +-9%&.+<2'+;-! .*2)2?2! %-! %&.2&! 1/&! j3.+,2&! ,/123+121%&!

%,Q3%2-1/!'/,/!,%.23!32!Q32.2!_D`"!L%1+2-.%!%3!%&.(1+/!1%!3/&!%&Q%'.*/&!4564!%-!'/3/+1%!

1%! U'+1/&! 2*/,U.+'/&^! 2,+-/U'+1/&^! %.'"! &%! X2! +1%-.+:+'21/! 32! %&Q%'+%! H(F,+'2! 2'.+92!

*%&Q/-&2)3%! 1%! 32! +-.%-&+:+'2'+;-! 4564! 0! %3! .+Q/! 1%! +-.%*2''+;-! H(%! &%! Q*/1('%! '/-! 32!

&(Q%*:+'+%! ,%.U3+'2^! ,+%-.*2&! H(%! '/-! %3! %&.(1+/! 1%! 3/&! %&Q%'.*/&! 4564! /).%-+1/&! %-!

%3%'.*/1/!1%!,/3M'(32&!2*/,U.+'2&!'/,/!Q+*+1+-2^!Q+*2J+-2^!1%*+921/&!,%.+321/&^!%.'"!&%!

Q*/:(-1+J2!%-!%3!/*+<%-!1%!32!+-.%-&+:+'2'+;-!1%3!%:%'./!4564^!%-!'/-'*%./^!%-!+1%-.+:+'2*!

32!Q*%&%-'+2!1%3!,%'2-+&,/!1%!.*2-&:%*%-'+2!1%!'2*<2!%-!(-2!%PQ%*+%-'+2!4564"!

! \! '/-.+-(2'+;-^! &%! 1%.2332! 32! Q*%Q2*2'+;-! 1%! 3/&! &(&.*2./&! 4564! %-! %&.2&! 1/&!

,/123+121%&"!
! !
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7^+K.=I7.7234,+0=+>1>-.7-/>+8B:8+=,+>1>I=,>34,+2/A/307A+

! fU&+'2,%-.%!'/-&+&.%!%-!(.+3+J2*!(-2!&23!1%3!,%.23!H(%!92!2!2'.(2*!'/,/!&(&.*2./!

4564^! -/*,23,%-.%! %&! \<I>A^! 0! (-! 2<%-.%! *%1('./*"! $%Q%-1+%-1/! 1%3! Q/1%*! 1%!

*%1(''+;-^! &%! Q(%1%-! (.+3+J2*! 1+&.+-./&! .+Q/&! 1%! 2<%-.%&! *%1('./*%&! '/,/! &/-^!

X+1*/P+32,+-2^!'+.*2./!2,;-+'/!/!)/*/X+1*(*/!&;1+'/^!&+%-1/!%&./&!j3.+,/&!(-!*%1('./*!

1M)+3! 0! :(%*.%^! *%&Q%'.+92,%-.%"! $%! %&.2! :/*,2^! 1%Q%-1+%-1/! 1%3! .+Q/! 1%! *%1('./*!

(.+3+J21/^! 32! Q*%Q2*2'+;-! %PQ%*+,%-.23! 1%3! '/3/+1%! %&! 1+:%*%-.%"! \&F! Q/*! %?%,Q3/^!

(.+3+J2-1/!%3!'+.*2./!2,;-+'/!%&!-%'%&2*+/!Q/-%*!32!,%J'32!2!*%:3(?/!1(*2-.%!(-2!X/*2!2!

.%,Q%*2.(*2! '/-.*/3212^! ,+%-.*2&! H(%! '/-! X+1*/P+32,+-2! &%! Q(%1%! .*2)2?2*! 2!

.%,Q%*2.(*2!2,)+%-.%"!5-!2,)/&!'2&/&!32&!&(&Q%-&+/-%&!'/3/+123%&!.+%-%-!(-!'/3/*!<*+&!

9%*1/&/!1/-1%!(-!'2,)+/!1%!'/3/*!Q/*!21+'+;-!1%3!2-23+./!%&!1+:F'+3!1%!1%.%'.2*"!5&!Q/*!

%&./!H(%!&%!X2!%3%<+1/!'/,/!2<%-.%!*%1('./*!%3!)/*/X+1*(*/!&;1+'/!02!H(%!-/!&;3/!.+%-%!

(-2!:U'+3!Q*%Q2*2'+;-!&+-/!H(%!21%,U&!32!&(&Q%-&+;-!'/3/+123!Q*%&%-.2!(-!'/3/*!2,2*+33/!

+-.%-&/! .*2-&Q2*%-.%!,(0! 1+:%*%-.%! 23! H(%! &%! /).+%-%! '/-! 3/&! 2-.%*+/*%&"! 5-! 32!5361.7+

!!!"#! &%! Q(%1%! 2Q*%'+2*! %3! 1+:%*%-.%! '/3/*! H(%! Q*%&%-.2-! 3/&! '/3/+1%&! /).%-+1/&! '/-!

X+1*/P+32,+-2! 0! '/-! )/*/X+1*(*/! &;1+'/! 0! %-! 32! 5361.7+ !!!"$! &%! *%Q*%&%-.2! (-2!

,+'*/<*2:F2!!45L!1%!'/3/+1%&!1%!Q32.2!/).%-+1/&!,%1+2-.%!*%1(''+;-!'/-!X+1*/P+32,+-2!

0!)/*/X+1*(*/"!!

!

!

5361.7+ !!!"#"! $+&/3('+/-%&! '/3/+123%&! 1%! Q32.2! /).%-+12&! '/-! X+1*/P+32,+-2! N+JH(+%*12O! 0!

)/*/X+1*(*/!&;1+'/!N1%*%'X2O"!

! !
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5361.7+ !!!"$"L+'*/<*2:F2&! 45L! 1%! '/3/+1%&! 1%! Q32.2! Q/*! *%1(''+;-! '/-! X+1*/P+32,+-2! N2O! 0!

)/*/X+1*(*/!&;1+'/!N)O+_A`"+

!

! 53!,M./1/!H(%!&%!X2!(.+3+J21/!Q2*2!Q*%Q2*2*!32&!&(&Q%-&+/-%&!'/3/+123%&!X2!&+1/!

%3!Q*/Q(%&./!Q/*!8*%+<X./-!0!'/3"!_S`Y!2!.*%&!9/3j,%-%&!1%!(-2!1+&/3('+;-!1%!I2fZS!Dç#E
WA!

L^!Q*%9+2,%-.%!%-:*+21/&!%-!(-!'/-<%321/*^!&%!21+'+/-2!3%-.2,%-.%!0!2<+.2-1/!1%!:/*,2!

'/-.+-(2!0!(-+:/*,%!(-!9/3(,%-!1%!\<I>A!#E
WA!L"!g2!,%J'32!&%!1%?2!%-!*%Q/&/!X2&.2!H(%!

23'2-'%! %3! %H(+3+)*+/! .M*,+'/"! 4%! Q*/1('%! (-! '2,)+/! 1%! '/3/*2'+;-! 1%! .*2-&Q2*%-.%! 2!

2,2*+33/!H(%!%&!X/,/<M-%/!2Q*/P+,212,%-.%!2!3/&!CE!,+-(./&!%-!:(-'+;-!1%3!9/3(,%-!

1%3! &+&.%,2! 0! 1%! 32! .%,Q%*2.(*2! 1%3! 2,)+%-.%"! ! 53! %&Q%'.*/! 1%! 2)&/*'+;-! 1%! %&.2!

1+&/3('+;-! .+%-%!(-!,UP+,/! 2!(-/&! ACE!-,"!g2! %&.2)+3+121!1%! 3/&! '/3/+1%&!Q*%Q2*21/&!

,%1+2-.%!%&.%!,M./1/!&%!%&.+,2!%-!92*+/&!,%&%&"!

+

?^+K.=I7.7234,+0=+>1>-.7-/>+8B:8+=,+=A=2-./0/!

! B2*2! *%23+J2*! %&.%! .+Q/! 1%! %PQ%*+%-'+2! %&! -%'%&2*+/! 1+&Q/-%*! 1%! (-2! 'M3(32!

%3%'.*/H(F,+'2!1/-1%!(-/!1%!3/&!%3%'.*/1/&!&%2!1%3!,%.23!H(%!H(%*%,/&!%,Q3%2*!%-!3/&!

%&Q%'.*/&! 4564"! 5-! -(%&.*/! '2&/! '/**%&Q/-1%! 2! (-! 1+&'/! 1%! Q32.2! '/-! (-2! Q(*%J2!

&(Q%*+/*! 23! CC"CCCé^! %3! '(23! Q*%9+2,%-.%! X2! &+1/! Q(3+1/! '/-! (-2! Q2&.2! 1%! 2<(2!

1%&+/-+J212!0!23j,+-2!1%!E"A!è,!0!Q/&.%*+/*,%-.%!'/-!/.*2!Q2&.2!1%!23j,+-2!,U&!:+-2!1%!

E"E7! è,! Nf(%X3%*O"! 5&.%! Q*/'%1+,+%-./! &%! *%23+J2! '/-! /)?%./! 1%! '/-&%<(+*! 32&!,+&,2&!

'/-1+'+/-%&! +-+'+23%&! Q2*2! '212! %PQ%*+%-'+2! 0! (-2!,20/*! *%Q*/1('+)+3+121! 1%! 3/&! 12./&!

/).%-+1/&"!

! B2*2!H(%!X202!(-2!,20/*!'/-.*+)('+;-!2!32!+-.%-&+:+'2'+;-!4564^!32!&(Q%*:+'+%!1%3!

%3%'.*/1/!1%)%!.%-%*!(-2!*(</&+121!2!%&'232!&(),+'*/&';Q+'2!N1%!1+,%-&+/-%&!%-.*%!#E!0!
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#EE!-,O!/!2.;,+'2!N%&'23/-%&^!9M*.+'%&^!1%:%'./&^!'3j&.%*%&!/!U./,/&!&/3+.2*+/&!&/)*%!'2*2&!

'*+&.23+-2&O!1%Q%-1+%-1/!1%3!&+&.%,2!_7`"!5&./&!1%:%'./&!92-!2!:/*,2*!3/&!e&+.+/&!2'.+9/&h!

1%3!4564"!

! g2!Q*%Q2*2'+;-!1%!32!&(Q%*:+'+%!2'.+92!&%!33%92!2!'2)/!&/,%.+%-1/!%3!%3%'.*/1/!1%!

Q32.2! 2! 92*+/&! '+'3/&!1%!/P+12'+;-W*%1(''+;-!Q*%9+2,%-.%! &(,%*<+1/!%-!(-2!1+&/3('+;-!

2'(/&2!1%!l83!E"#!L"!8/-&+&.%!%-!2Q3+'2*!(-2!&%*+%!1%!Q(3&/&!1(*2-.%!(-!'+%*./!Q%*+/1/!1%!

.+%,Q/!2!(-!Q/.%-'+23!1%.%*,+-21/"!53!Q/.%-'+23!+-+'+23,%-.%!&%!,2-.+%-%!2!(-!Q/.%-'+23!

,U&! -%<2.+9/! H(%! %3! Q/.%-'+23! 1%! %H(+3+)*+/! 1%3! &+&.%,2! Q2*2^! Q/&.%*+/*,%-.%^! <%-%*2*!

&/)*%.%-&+/-%&! Q/&+.+92&! ! Q2*2! H(%! '/,+%-'%! 32! /P+12'+;-! 1%! 32! Q32.2"! 53! '+'3/! :+-23+J2!

'(2-1/!%3! %3%'.*/1/! *%./*-2!23!Q/.%-'+23!-%<2.+9/! +-+'+23^!Q*/1('+M-1/&%! 32! *%2''+;-!1%!

*%1(''+;-^! %-! 32! H(%! 3/&! U./,/&! 1%! Q32.2! &%! 1%Q/&+.2-! 1%! ,2-%*2! 1%&/*1%-212! %-! 32!

&(Q%*:+'+%!,%.U3+'2^!./,2-1/!2&F!M&.2!(-!2&Q%'./!*(</&/!%!+**%<(32*"!g2&!&%,+*%2''+/-%&!

H(%!&%!Q*/1('%-!&/-Y!

!
!"! !! !!"! ! !!!!!!!!!!!!!!!!!!!!!!!"#$%&#'(!!!!"#$%&'()$*!!"#$%$&"#!
!"! ! !!! ! !!"!!!!!!!!!!!!!!!!!!!!!!"#$%%&'(!!!!"#$%&'()$*!!"#$%&'()!

!

! 53! *%&(3.21/! :+-23! 92! 2! 1%Q%-1%*! 1%! 3/&! 923/*%&! %P.*%,/&! 1%3! Q/.%-'+23^! 1%! 32!

9%3/'+121!1%!)2**+1/!/!1(*2'+;-!1%3!Q(3&/! 0!1%3!-j,%*/!1%! '+'3/&! *%1/P! *%23+J21/&"! g2!

&%b23! 4564!;Q.+,2! &%!X2! /).%-+1/! '/-!(-2! &(Q%*:+'+%! Q*%Q2*212!,%1+2-.%! 32! &+<(+%-.%!

&%'(%-'+2Y!%3!Q/.%-'+23!%3M'.*+'/!&%!,2-.+%-%!+-+'+23,%-.%!2!WE"7E!a!2-.%&!1%!%,Q%J2*!3/&!

'+'3/&!1%!/P+12'+;-W*%1(''+;-!0!1%&Q(M&!&%!2Q3+'2-!K!Q(3&/&!1%!D!&%<(-1/&!2!nE"TE!a"!\3!

:+-23+J2*! '212! Q(3&/^! %3! Q/.%-'+23! %3M'.*+'/! &%! ,2-.+%-%! 2! WE"7E! a! 1(*2-.%! /.*/&! D!

&%<(-1/&"! 5-! 32! 5361.7+ !!!"%"! &%! *%Q*%&%-.2! %&H(%,U.+'2,%-.%! %3! Q*/'%&/! /! '+'3/!

%3%'.*/H(F,+'/!%,Q3%21/!%-!32!Q*%Q2*2'+;-!1%!32!&(Q%*:+'+%!1%!Q32.2^!H(%!'/**%&Q/-1%!2!

(-!Q%*:+3!1%!/-12!'(21*212"!
! !
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!!
T7!

!
! !

!

5361.7+!!!"%"!4%'(%-'+2!1%!Q(3&/&!%,Q3%212!Q2*2!Q*%Q2*2*!32!&(Q%*:+'+%!*(</&2"!

!

! B/*!/.*2!Q2*.%^!3/&!.*2.2,+%-./&!1%!2'.+92'+;-!&%!X2-!*%23+J21/!&+%,Q*%!e%PW&+.(h^!

%&!1%'+*^!%-!2(&%-'+2!1%!,/3M'(32&!1%!21&/*)2./"!

!

!

+

5361.7+ !!!"&"+L+'*/<*2:F2!45L!N4'2--+-<!53%'.*/-!L+'*/&'/Q0O!!1%!(-!%3%'.*/1/!1%!Q32.2!1%&Q(M&!

1%!2Q3+'2*!(-!.*2.2,+%-./!%3%'.*/H(F,+'/!_7`"!

!

! g2&!+-.%-&+121%&!*%32.+92&!1%!32&!)2-12&!%-!3/&!%&Q%'.*/&!4564!/).%-+1/&!1%!%&.%!

,/1/!&/-!./.23,%-.%!*%Q*/1('+)3%&"!I/!&('%1%!3/!,+&,/!'/-!32&!+-.%-&+121%&!2)&/3(.2&^!

02! H(%! 32! '23+121! 1%3! %&Q%'.*/! %&! :(-'+;-! 1%! 32! '2-.+121! 1%! '2*<2! H(%! 2.*29+%&2! 32!

+-.%*:2&%^!Q2*U,%.*/!1+:F'+3,%-.%!'/-.*/32)3%!%-!-(%&.*2!'M3(32!%3%'.*/H(F,+'2!02!H(%!%&!

,(0! &%-&+)3%! 2! 32! 1+&.2-'+2! %-.*%! %3! %3%'.*/1/! 1%! .*2)2?/! 0! %3! %3%'.*/1/! +-1+'21/*"! I/!

/)&.2-.%^! 3/&! %&Q%'.*/&! 4564! 1%! (-2!,+&,2!,/3M'(32! &%! X2-! *%Q%.+1/! 92*+2&! 9%'%&! %-!

1+&.+-.2&! %PQ%*+%-'+2&! '/-! 32&!,+&,2&! '/-1+'+/-%&! %PQ%*+,%-.23%&! 0! &%!X2! '/,Q*/)21/!
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!!
TT!

!
! !

H(%! 32&! 1+:%*%-'+2&! %-! +-.%-&+121%&! 2)&/3(.2&! %-.*%! 1+'X/&! %&Q%'.*/&! &/-! Q/'/!

&+<-+:+'2.+92&"!

! \1%,U&^! 3/&! %&Q%'.*/&! 4564! &/-! .2,)+M-! ,(0! &%-&+)3%&! 2! 3/&! '2,)+/&! 1%! 32!

1+:%*%-'+2! 1%! Q/.%-'+23! %-! 32! +-.%*:2&%! ,%.23W%3%'.*/3+./"! 5&./&! '2,)+/&! Q(%1%-!

,2-+:%&.2*&%! .2-./! %-! 32! +-.%-&+121! <3/)23! '/,/! %-! 32&! +-.%-&+121%&! *%32.+92&! 1%! 32&!

)2-12&^!3/!H(%!'/-33%92!(-2!1+:%*%-'+2!:(-12,%-.23!%-.*%!32&!%PQ%*+%-'+2&!*%23+J212&!%-!

%3%'.*/1/!0!'/-!'/3/+1%&"!L+%-.*2&!H(%!!%-!%3!Q*+,%*!'2&/!Q(%1%!,/1+:+'2*&%!32!1+:%*%-'+2!

1%! Q/.%-'+23! ,2-+Q(32-1/! &+,Q3%,%-.%! %3! Q/.%-'+/&.2./^! %-! (-! '/3/+1%! -/! &;3/! %3!

Q/.%-'+23!1%!32! +-.%*:2&%!-/!%&!X/,/<M-%/!%-!32!,(%&.*2^!&+-/!H(%!21%,U&!92*F2!'/-!%3!

%-9%?%'+,+%-./!1%3!&+&.%,2!_T`"!

!

!!!"#"$"+:=72-3C/>+

! g2!.M'-+'2!4564!&%!'2*2'.%*+J2!Q/*!&(!23.2!&%3%'.+9+121!0!&%-&+)+3+121!1%3!2-23+./"!

@2-./! %&! 2&F^! H(%! X/0! %-! 1F2! &%! Q(%1%-! (.+3+J2*! 32&! %PQ%*+%-'+2&! 4564! '/,/! .M'-+'2!

2-23F.+'2! %-! 32! 1%.%''+;-! 1%! 2-23+./&! X+1*/:;)+'/&! '/-! '/-'%-.*2'+/-%&! 1%3! /*1%-! 1%!

Q+'/,/3! _=`"! B/*! %&.2! *2J;-! %&! +,Q*%&'+-1+)3%! .*2)2?2*! %-! '/-1+'+/-%&! 1%! %P.*%,2!

3+,Q+%J2^! 02! H(%! X20! H(%! %9+.2*! '/-.2,+-2'+/-%&! -/! 1%&%212&! %-! %3! Q*/'%&/! 1%!

Q*%Q2*2'+;-!1%!32!,(%&.*2!2!%&.(1+2*^!+-'3(&/!2!,(0!)2?2!'/-'%-.*2'+;-^!02!H(%!Q(%1%-!

/*+<+-2*! +-.%*:%*%-'+2&! &+<-+:+'2.+92&"! 5-! '/-&%'(%-'+2^! 32&! ,(%&.*2&! 0! 3/&! *%2'.+9/&!

%,Q3%21/&! %-! 3/&! *%<+&.*/&! 4564! 1%)%-! &%*! 1%! 32! ,20/*! Q(*%J2! Q/&+)3%"! @/1/&! 3/&!

*%2'.+9/&! (.+3+J21/&! %-! %&.%! .*2)2?/^! X2-! &+1/! &(,+-+&.*21/&! Q/*! 32! '2&2! 4+<,2W\31*+'X!

'/-!(-2!Q(*%J2!1%3!CC"Cé"!!

! g2&! 1+&/3('+/-%&! &%! X2-! Q*%Q2*21/! (&2-1/! 2<(2! 1%&+/-+J212! 0! .*+1%&.+3212^! 02!

H(%!&+!&%!%,Q3%2!2<(2!1%!,%-/*!Q(*%J2!Q2*2!32!/).%-'+;-!1%!32&!1+&/3('+/-%&!'/3/+123%&!

&%! /*+<+-2-! &+&.%,2&! +-%&.2)3%&! H(%! 12-! 3(<2*! 2! %&Q%'.*/&! 4564! 1%! )2?2! '23+121"! 53!

,2.%*+23! 1%! 9+1*+/! %,Q3%21/! X2! &+1/! 32921/! '/-! ,%J'32! '*;,+'2! 0! %-?(2<21/!

*%+.%*212,%-.%!'/-!2<(2!1%&+/-+J212!0!.*+1%&.+3212"!

!

!!!"#"%"+H`2,327>+3,>-.1;=,-7A=>+

! g/&!%&Q%'.*/&!62,2-!0!4564!.2-./!%-!'/3/+1%!'/,/!%-!%3%'.*/1/!1%!Q32.2!&%!X2-!

*%<+&.*21/! %-! (-! %&Q%'.*/:/.;,%.*/! s/)+-Ww9/-!oW#EE! 1/)3%!,/-/'*/,21/*^! %H(+Q21/!

'/-! (-! &+&.%,2! 1%! 1%.%''+;-! '/-&+&.%-.%! %-! (-! .()/! :/./,(3.+Q3+'21/*! *%:*+<%*21/!!

Z2,2,2.&(!6CASWED^!0!(.+3+J2-1/!(-2!3F-%2!%P'+.2.*+J!1%!7#S"7!-,^!&(,+-+&.*212!Q/*!(-!
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!!
T=!

!
! !

3U&%*! 1%! <2&! \*n! 4Q%'.*2! BX0&+'&! DEDE"! 4%! X2! .*2)2?21/! '/-! (-2! 2-'X(*2! 1%! *%-1+?2!

'/-&.2-.%!H(%!X2!Q%*,+.+1/!/).%-%*!(-2!*%&/3('+;-!%&Q%'.*23!1%!D!',W#!^!0!32!Q/.%-'+2!1%3!

3U&%*! Q2*2! %3! *%<+&.*/! 1%! 3/&! %&Q%'.*/&! X2! &+1/!1%! %-.*%! AE! 0! 7E!,u"!g2!,%1+12!1%! 32&!

:*%'(%-'+2&! 1%! 32&! )2-12&! &%!X2! *%23+J21/!1%&Q(M&!1%! %:%'.(2*!(-! '23+)*21/!Q*%9+/! '/-!

20(12!1%!32&!Q*/Q+2&!3F-%2&!1%!Q32&,2!1%3!3U&%*^!/).%-+M-1/&%!(-2!Q*%'+&+;-!1%!ä!D!',W#!

%-!32&!'/-1+'+/-%&!/Q%*2.+92&!(.+3+J212&"!

! g/&! %&Q%'.*/&! 62,2-! 1%! 32! ,(%&.*2! %-! %&.21/! &;3+1/! 0! 1%! 32&! 1+&/3('+/-%&! 2!

1+:%*%-.%!QZ^!&%!X2-!*%23+J21/!%-!(-!'2Q+32*!1%!9+1*+/^!0!!%-!(-2!'M3(32!1%!'(2*J/!1%!#!',!

1%!Q2&/!1%!3(J^!*%&Q%'.+92,%-.%"!5-!%3!'2&/!1%!3/&!%&Q%'.*/&!4564!/).%-+1/&!%-!%3%'.*/1/!

&%!X2!(.+3+J21/!(-2!'M3(32!%3%'.*/H(F,+'2!.23!'/,/!32!*%Q*%&%-.212!%-!32!5361.7+!!!"'"!

!

+

5361.7+ !!!"'"! 2O! G*/-.23! 1%! 32! 'M3(32! %3%'.*/H(F,+'2! %,Q3%212c! )O! 'M3(32! %3%'.*/H(F,+'2!

1%&,/-.212"!

!

! g2!'M3(32!%&.U!'/,Q(%&.2!Q/*!.*%&!%3%'.*/1/&Y!

+ BA=2-./0/+ 0=+ -.7?7G/Y! '/-&+&.%-.%!%-!(-!1+&'/!1%!Q32.2! NL%.23%&!B*%'+/&/&!

4"\"O! H(%! 92! ,/-.21/! %-! (-! Q+&.;-! 1%! 9+1*+/! X(%'/^! 2! .*29M&! 1%3! '(23! &%! '/-%'.2!

%3M'.*+'2,%-.%! 23! Q/.%-'+/&.2./! Q/*! ,%1+/! 1%! (-! '/-1('./*! 1%! '/)*%"! 5&.%! Q+&.;-! 1%!

9+1*+/!%&!+-&%*.21/!%-!32!'M3(32!X2&.2!H(%!%3!%3%'.*/1/!1%!.*2)2?/!33%<(%!2!./'2*!32!9%-.2-2!

1%!9+1*+/! .*2-&Q2*%-.%!%-!%3!9+&+)3%^!H(%12-1/!2&F!%-!Q/&+'+;-!;Q.+,2!Q2*2!%:%'.(2*! 3/&!
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!!
TK!

!
! !

*%<+&.*/&!1%! 3/&!%&Q%'.*/&!4564^!Q(%&./!H(%! 32!'/-.*+)('+;-!2! 32!&%b23!62,2-!1%! 32! :+-2!

Q%3F'(32!1%!1+&/3('+;-!%&!1%&Q*%'+2)3%"!

+ BA=2-./0/+ 3,03270/.Y! %&! (-! %3%'.*/1/! 1%! Q32.+-/! H(%! &%! 1+&Q/-%! 1%! :/*,2!

H(%!*/1%%!23!%3%'.*/1/!1%!.*2)2?/"!

+ BA=2-./0/+ 0=+ .=D=.=,237"! 4%! X2! (.+3+J21/! (-! %3%'.*/1/! 1%! \<k\<83kl83!

&2.(*21/!NB*+-'%-./-!\QQ3+%1^!B\6O^!0!%&!23!H(%!&%!X2-!*%:%*+1/!./1/&!3/&!Q/.%-'+23%&"!

! g/&!Q/.%-'+23%&!1%!%3%'.*/1/!&%!X2-!'/-.*/321/!,%1+2-.%!(-!Q/.%-'+/&.2./!

B\6!,/1%3/!#=A!0!(-!Q*/<*2,21/*!B\6!#=7"!

!

!!!"$"+9dA21A/>+-=4.32/>+

!!!"$"#+Q`-/0/>+0=+2dA21A/+;=27,/21d,-32/>+

! @2-./! Q2*2! 32! /).%-'+;-! 1%! 32&! <%/,%.*F2&! /Q.+,+J212&! 1%! ./1/&! 3/&! &+&.%,2&!

%&.(1+21/&^! '/,/! Q2*2! %3! 'U3'(3/! 1%! 3/&! '2,Q/&! 1%! :(%*J2&^! &%! X2-! *%23+J21/! 'U3'(3/&!

,%'2-/'(U-.+'/&! (&2-1/! %3! Q2H(%.%! 1%! Q*/<*2,2&! [\o44i\I! EA! 0! EC! _KWC`! H(%^!

21%,U&^! -/&! Q%*,+.%-! '/-/'%*! 32&! Q*/Q+%121%&! 1%! 3/&! %&.21/&! %3%'.*;-+'/&! 1%! 3/&!

&+&.%,2&! %-! %&.(1+/! 2&F! '/,/! Q*%1%'+*! 32&! '2*2'.%*F&.+'2&! 1%! &(&! %&Q%'.*/&! 62,2-^!

+-.%-&+121%&! 0! :*%'(%-'+2&! 9+)*2'+/-23%&^! Q2*2! Q/1%*! '/,Q2*2*32&! '/-! 3/&! *%&(3.21/&!

/).%-+1/&!%PQ%*+,%-.23,%-.%"!

! g/&! ,M./1/&! 1%! 'U3'(3/&! .%;*+'/! %,Q3%21/&! %&.U-! )2&21/&! %-! 32! @%/*F2! 1%3!

G(-'+/-23! 1%!$%-&+121! N$G@O"! B2*2! /).%-%*! 32&! %-%*<F2&! 1%! 3/&! &+&.%,2&! _L-W\`
H!! N'/-!

-rD!0!HrE!;!-rA^!7!;!=!0!Hrä#O!32!j-+'2!*%&.*+''+;-!%-!32!/Q.+,+J2'+;-!1%!32&!<%/,%.*F2&!

X2-!&+1/!,2-.%-%*!3/&!'3j&.%*%&!_L-`
H!!3+-%23%&"!

! 4%! X2-! (.+3+J21/! 3/&! :(-'+/-23%&! fAgwB^! '/-! 1+:%*%-'+2! %3! ,U&! 2,Q3+2,%-.%!

(.+3+J21/^!LETWZG!0!]fC=vW$"!5&./&!1/&!j3.+,/&!X2-!&+1/!%&Q%'+23,%-.%!1%&2**/3321/&!

Q2*2! +-.%-.2*! ,%?/*2*! 32&! 1%:+'+%-'+2&! 1%! 3/&! ,M./1/&! $G@! 2! 32! X/*2! 1%! '23'(32*! 32&!

%-%*<F2&! 1%! 3/&! %&.21/&! 1%! .*2-&:%*%-'+2! 1%! '2*<2^! H(%! &/-! &+&.%,U.+'2,%-.%!

&()%&.+,212&!Q/*!%&.2&!,%./1/3/<F2&"!

! 53! :(-'+/-23!XF)*+1/!fAgwB!+-'3(0%!(-2!'/,)+-2'+;-!1%! 3/&!.*%&!Q2*U,%.*/&!1%!

+-.%*'2,)+/!1%!f%'V%!_#EW##`!'/-!3/&!:(-'+/-23%&!1%!'/**%32'+;-!1%!g%%Ww2-<WB2**!_#DW#A`"!!
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!!
TC!

!
! !

 g/&!:(-'+/-23%&!LET!0!&(&!1%*+921/&!Q/&.%*+/*,%-.%^!'/,/!%3!LETZG!/!LETDv^!

&/-! :(-'+/-23%&! XF)*+1/&! 1%&2**/321/&! Q/*! %3! <*(Q/! 1%! @*(X32*! _AD^AA`"! 53! ]fC=! 0! 3/&!

Q/&.%*+/*%&!]fC=v!/!]fC=v$!X2-!&+1/!Q*/Q(%&./&!Q/*!%3!<*(Q/!1%!Z%21W[/*1/-!_AS`"!

! g2&!:(-'+/-%&!1%!)2&%!%3%'.*;-+'2&!%,Q3%212&!X2-!&+1/!32!TWA#[ê!N)2&%!1%!B/Q3%!0!

'/3"! _A7`"O!%-!%3!'2&/!1%!3/&!U./,/&!1%!Z^!8!0!I!0!%3!Q&%(1/Q/.%-'+23!g2-gD$å!Q2*2! 3/&!

U./,/&!,%.U3+'/&^!H(%!'/+-'+1%!'/-! 32!$C7a!'(2-1/!&%! .*2.2!1%!(-!U./,/! 3+<%*/!'/,/!

3/&!2-.%*+/*%&"!_AT`!\,)2&!:(-'+/-%&!&/-!1%!.+Q/![2(&&+2-/!1%!923%-'+2!1%&1/)3212"!!

! 53!Q*/'%1+,+%-./!&%<(+1/!%&!&+,+32*!%-!./1/&!3/&!'2&/&"!4%!&%3%''+/-2!%3!&+&.%,2!2!

%&.(1+2*! 0! &%! /Q.+,+J2! 32! <%/,%.*F2"! B2*2! %&.2! %&.*('.(*2! 1%! %H(+3+)*+/! &%! '23'(32-! 32&!

:*%'(%-'+2&!1%!9+)*2'+;-!%-!&(!%&.21/!:(-12,%-.23!0!&%!'23'(32-^!2!&(!9%J^!32&!%-%*<F2&!1%!

3/&! %&.21/&! &+-<3%.%&! %P'+.21/&! ,%1+2-.%! 32! 2Q*/P+,2'+;-! .+,%W1%Q%-1%-."! $%! ./12! 32!

&%*+%! 1%! %&.21/&! %P'+.21/&^! &%! &%3%''+/-2-! 2H(%33/&! 1%! +-.%*M&^! <%-%*23,%-.%! 3/&! 1%!

.*2-&:%*%-'+2!1%!'2*<2!/^!2!9%'%&^!%&.21/&!'/-!(-2!:(%*J2!1%3!/&'+321/*!,(0!<*2-1%^!0!&%!

'23'(32!%-!%3!Q(-./!1%!G*2-'VW8/-1/-!%3!<*21+%-.%!1%!:(%*J2&!H(%!&%b232!32!1+*%''+;-!1%3!

-(%9/!,F-+,/!1%3!%&.21/!%P'+.21/"!5&./&!*%&(3.21/&!-/&!Q%*,+.+*U-!'23'(32*!3/&!%&Q%'.*/&!

62,2-! %-! *%&/-2-'+2! '/-! %3! %&.21/! %3%'.*;-+'/! &%3%''+/-21/! (.+3+J2-1/! Q2*2! %33/! ./12!

(-2!&%*+%!1%!Q*/<*2,2&!H(%!X%,/&!9%-+1/!1%&2**/332-1/"!

!

!!!"$"$"+9dA21A/+0=+A7>+3,-=,>3070=>+9H+=,+8B:8+

! I(%&.*/![*(Q/!1%!i-9%&.+<2'+;-!X2!Q*/Q(%&./!(-!,M./1/!&+&.%,U.+'/!1%!2-U3+&+&!

1%!3/&!%&Q%'.*/&!4564!)2&21/!%-!%3!'U3'(3/!1%!32&!+-.%-&+121%&!4564!Q2*2!(-!,%'2-+&,/!

1%!.*2-&:%*%-'+2!1%!'2*<2!,%.23W,/3M'(32!/!9+'%9%*&2!N8@O!2-U3/</!2!(-!Q*/'%&/!1%!66^!

%-!1/-1%!32!.*2-&+'+;-!%3%'.*;-+'2!&%!Q*/1('%!%-.*%!%3!%&.21/!:(-12,%-.23!1%3!'/,Q3%?/!

&(Q%*:+'+23! 0! %&.21/&! %3%'.*;-+'/&! %P'+.21/&! '/-! ,2*'21/! '2*U'.%*! 1%! .*2-&:%*%-'+2! 1%!

'2*<2!_#SW#C`"!5&./&!%&.21/&!&/-!:U'+3,%-.%!*%'/-/'+)3%&!2!.*29M&!1%! 32! +-&Q%''+;-!1%! 32&!

'2*<2&!1%!L(33+V%-"!

! 5&.2!,%./1/3/<F2!&%!)2&2!+-+'+23,%-.%!%-!32!%'(2'+;-!Q*/Q(%&.2!Q/*!B%.+'/32&!0!

'/3"! _DE`! H(%! Q%*,+.%! '23'(32*! 32&! +-.%-&+121%&! *%32.+92&! 62,2-! 1%! 2H(%33/&! ,/1/&!

-/*,23%&! '/-! 2'.+9+121! G*2-'VW8/-1/-! N@M*,+-/! \! %-! ! (-! Q*/'%&/! 1%! 6%&/-2-'+2!

62,2-!N66OOY!

!

! ! !! ! !!!!!!!!! ! ! ! ! Niii"#O!

!
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!!
=E!

!
! !

! $/-1%!l!%&!(-2!'/-&.2-.%!2*)+.*2*+2,%-.%!2?(&.2)3%!%-!%3!'2&/!1%! +-.%-&+121%&!

*%32.+92&^! !R+! %&! %3! 1%&Q32J2,+%-./! 1%! 32&! <%/,%.*F2&! 1%! %H(+3+)*+/! 1%! 3/&! %&.21/&!

%3%'.*;-+'/&! +-9/3('*21/&! %-! %3! Q*/'%&/! *%&/-2-.%! 2! 3/! 32*</! 1%3!,/1/! +! %PQ*%&21/! %-!

'//*1%-212&! -/*,23%&! 0! d+! %&! 32! :*%'(%-'+2! 1%! 1+'X/!,/1/! +! %-! %3! %&.21/! %3%'.*;-+'/!

:(-12,%-.23"!

! \!&(!9%J^!%&./&!1%&Q32J2,+%-./&!!R!&%!Q(%1%-!/).%-%*!2!Q2*.+*!1%! 32!%PQ*%&+;-!

_D#WDD`Y!

!

! ! !" ! !!!!"! ! ! ! ! Niii"DO!

!

! $/-1%!gW#! %&! 32! +-9%*&2!1%! 32!,2.*+J!1%!,/1/&!-/*,23%&!1%3! %&.21/!%3%'.*;-+'/!

:(-12,%-.23! 0! !6! %&! %3! 9%'./*! H(%! '/-.+%-%! 32&! 1+:%*%-'+2&! %-.*%! 32&! %&.*('.(*2&! 1%!

%H(+3+)*+/!1%!3/&!%&.21/&!%3%'.*;-+'/&!%P'+.21/!0!:(-12,%-.23!%PQ*%&212&!%-!'//*1%-212&!

+-.%*-2&"!

! 5-! 3/&! Q*+,%*/&! .*2)2?/&! 1%! +-9%&.+<2'+;-! &/)*%! Q+*+1+-2^! Q+*2J+-2! 0! 1%*+921/&!

,%.+321/&! _DAWD=`^! &%! X2! 1%,/&.*21/! H(%! %&.%! ,M./1/! 1%! .*2)2?/! %&! '2Q2J! 1%!

'/**%32'+/-2*! &2.+&:2'./*+2,%-.%! 32&!,20/*%&! +-.%-&+121%&! 8@! '23'(3212&^! H(%! &/-! 2! &(!

9%J!32&!H(%!Q*%&%-.2-!,20/*%&!923/*%&!1%!!R^!'/-!32&!%PQ%*+,%-.23%&"!4+-!%,)2*</^!%&.%!

Q*/'%1+,+%-./! .%;*+'/!Q*%&%-.2! 23<(-2&!1+:+'(3.21%&! 2! 32!X/*2!1%! .*2)2?2*! '/-! &+&.%,2&!

,U&!'/,Q3%?/&!'/-!<*2-!-j,%*/!1%!U./,/&^!02!H(%!-%'%&+.2^!Q/*!(-2!Q2*.%^!%PQ*%&2*!%3!

9%'./*! !6! %-! '//*1%-212&! +-.%*-2&! 0! Q/*! /.*/^! '23'(32*! 32! <%/,%.*F2! /Q.+,+J212! 1%3!

%&.21/!%P'+.21/!%-!%3!Q*/'%&/! *%&/-2-.%"!5&.2!/Q.+,+J2'+;-^!%-!1%.%*,+-21/&!&+&.%,2&^!

%&!1+:F'+3!1%!*%23+J2*!Q/*H(%^!/!)+%-!-/!'/-9%*<%^!/!)+%-!!'/-9%*<%!2!/.*/!%&.21/!1+&.+-./!

23! +-+'+23! 1%)+1/! 23! '*('%! 1%! &(Q%*:+'+%&! 1%! %-%*<F2! Q/.%-'+23! 1%! /.*/&! %&.21/&!

%3%'.*;-+'/&"!!

! B/*! %&.%!,/.+9/^! 0! Q2*2! Q/1%*! .*2)2?2*! '/-! 32&! %&.*('.(*2&! '/**%&Q/-1+%-.%&! 2!

-2-/'3j&.%*%&!,%.U3+'/&^! &%!%,Q3%2!/.*2!%'(2'+;-!2-U3/<2!2! 32!1%!B%.+'/32&!1%:+-+12!%-!

'//*1%-212&! '2*.%&+2-2&^! H(%! Q%*,+.%! (.+3+J2*! %3! <*21+%-.%! 1%! %-%*<F2! Q2*2! %3! %&.21/!

%3%'.*;-+'/!%P'+.21/!%-!%3!Q(-./!1%!G*2-'VW8/-1/-!&+-!-%'%&+121!1%!33%<2*!2!/Q.+,+J2*!32!

<%/,%.*F2!,/3%'(32*!%-!1+'X/!%&.21/"!g2!-(%92!%PQ*%&+;-!Q2*2!'23'(32*!32&!+-.%-&+121%&!

4564W8@! &%! )2&2! .2,)+M-! %-! %3! ,M./1/! 1%3! /&'+321/*! 2*,;-+'/^! 2&(,%! H(%! 3/&!

1%&Q32J2,+%-./&!%-.*%!32&!<%/,%.*F2&!1%!3/&!%&.21/&!%3%'.*;-+'/&!%P'+.21/!0!:(-12,%-.23!

&/-!Q*/Q/*'+/-23%&!23!<*21+%-.%!1%!32!&(Q%*:+'+%!1%!%-%*<F2!Q/.%-'+23!1%3!%&.21/!%P'+.21/!

'23'(321/! %-! %3! Q(-./! 1%! G*2-'VW8/-1/-"! g2&! +-.%<*23%&! 1%! G*2-'VW8/-1/-! H(%! 12-!
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!!
=#!

!
! !

'(%-.2! 1%! 32&! +-.%-&+121%&! 62,2-! %-! '/-1+'+/-%&! 1%! Q*%W*%&/-2-'+2! &%! '23'(32-! 1%!

2'(%*1/!'/-!32&!:/*,(32&!1%!*%'(*&+;-!1%!L2--%)2'V!_DK`"!

! B/*!.2-./^!32!+-.%-&+121!62,2-!1%!(-!,/1/!-/*,23!+!9+%-%!1212!Q/*!32!%'(2'+;-!

_DC`Y!!

!

! ! !! ! !!!!!
!! ! ! ! ! Niii"AO!

!

! $/-1%! V! %&! (-2! '/-&.2-.%! H(%! Q(%1%! &%*! 2*)+.*2*+2,%-.%! 2?(&.212! Q2*2!

-/*,23+J2*! 32&! +-.%-&+121%&! *%32.+92&! 0! ë+! %&! %3! Q2*U,%.*/!1%!1%&Q32J2,+%-./!1%3!,/1/!

-/*,23! '/-! :*%'(%-'+2! /! -j,%*/! 1%! /-12! z+^! %PQ*%&21/! %-! :(-'+;-! 1%3! Q2*U,%.*/!

21+,%-&+/-23!f+!_D#`Y!

!

! ! !! ! !!!! ! ! ! ! Niii"SO!

!

! ! !! ! !!!"#!!!
!!! !! ! !! !!!!!!! ! Niii"7O!

!

! 5-! 32! %'(2'+;-! iii"7^! L! %&! 32! ,2.*+J! 1+2</-23! 1%! ,2&2&! 2.;,+'2&! %-! (-+121%&!

2.;,+'2&!1%!1+,%-&+/-%&!AI!í!AI^!g+!%&!%3!2(./9%'./*!1%!32!,2.*+J!Z%&&+2-2!%-!%3!%&.21/!

%3%'.*;-+'/!6!2&/'+21/!23!,/1/!-/*,23! +WM&+,/^!0! !! ! !! !%&! 32!1+:%*%-'+2!%-!ì!1%! 3/&!
9%'./*%&! 1%! '//*1%-212&! '2*.%&+2-2&! 1%! 32&! %&.*('.(*2&! 1%! %H(+3+)*+/! %-.*%! 3/&! %&.21/&!

%3%'.*;-+'/&!6!0!#^!%3!%&.21/!:(-12,%-.23!0!%P'+.21/^!*%&Q%'.+92,%-.%^!H(%!Q2*.+'+Q2-!%-!

%3!Q*/'%&/!*%&/-2-.%"!

! 5-! 2(&%-'+2! 1%! */.2'+;-! 1%! ,/1/&! -/*,23%&! N5:%'./! $(&'X+-&V0! _AE`O! 32&!

%PQ*%&+/-%&!2-.%*+/*%&!&/-!%P2'.2&!1%-.*/!1%!32!2Q*/P+,2'+;-!2*,;-+'2"!

! f+! %&! (-! Q2*U,%.*/! 21+,%-&+/-23! *%32'+/-21/! '/-! 32! 1+:%*%-'+2! %-.*%! 32&!

<%/,%.*F2&! 1%! %H(+3+)*+/! 1%! 3/&! 1/&! %&.21/&! +-9/3('*21/&! %-! %3! Q*/'%&/! 1%! *%&/-2-'+2!

*2,2-"!5&.%!Q2*U,%.*/!&%!/).+%-%!2!Q2*.+*!1%!32&!:(%*J2&!H(%!2'.j2-!&/)*%!32!,/3M'(32!N:O!

%-! %3! Q(-./! 1%! G*2-'VW8/-1/-! 1%! 32! &(Q%*:+'+%! 1%! %-%*<F2! %-! %3! %&.21/! %3%'.*;-+'/!

%P'+.21/!,%1+2-.%!32!%PQ*%&+;-Y!!

!

! ! !! ! !!!"!!"! !!!!!!!!!!
!! !! ! Niii"TO!

!

! @/1/! %&.%! Q*/'%&/! 1%! 'U3'(3/! &%! 33%92! 2! '2)/! ,%1+2-.%! 32! (.+3+J2'+;-! 1%! .*%&!

Q*/<*2,2&! +-:/*,U.+'/&! -/! '/,%*'+23%&^! H(%! 33%92-! Q/*! -/,)*%! I6/.2EC#^! ås\6A! 0!
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!!
=D!

!
! !

4Q%'.*(,Tf^! 0! H(%! X2-! &+1/! %32)/*21/&! Q/*! -(%&.*/! [*(Q/"! 53! Q*/<*2,2! I6/.2EC#!

Q%*,+.%! '23'(32*! 32!,2.*+J! g! 1%!,/1/&! -/*,23%&! 2! Q2*.+*! 1%! 32&!,2&2&! 2.;,+'2&! 1%! 32!

,/3M'(32^! 1%3! '2,Q/! 1%! :(%*J2&! 0! 32! <%/,%.*F2! /Q.+,+J212! %-! %3! %&.21/! %3%'.*;-+'/!

:(-12,%-.23"! B/&.%*+/*,%-.%^! X2'+%-1/! (&/! 1%! 32! &23+12! 1%3! 2-.%*+/*! Q*/<*2,2^! '/-! %3!

<*21+%-.%!'23'(321/!%-!%3! %&.21/!%3%'.*;-+'/!%P'+.21/!0!%3!Q*/<*2,2!ås\6A!&%!/).+%-%-!

3/&! 923/*%&! -(,M*+'/&! 1%! 32&! +-.%-&+121%&! 62,2-! '23'(3212&! %-! '/-1+'+/-%&! 1%! Q*%W

*%&/-2-'+2"! B/*! j3.+,/^! %3! Q*/<*2,2! 4Q%'.*(,Tf! Q%*,+.%! 2Q3+'2*! :(-'+/-%&! 1%! .+Q/!

3/*%-.J+2-2! 2! %&./&! 923/*%&! -(,M*+'/&! 1%! 32&! +-.%-&+121%&! /).%-+M-1/&%! (-! %&Q%'.*/!

62,2-! '/-9%-'+/-23^! %&! 1%'+*^! Q%*,+.%! *%Q*%&%-.2*! <*U:+'2,%-.%! 32&! +-.%-&+121%&!

'23'(3212&!%-!./1/!%3!*2-</!1%!!:*%'(%-'+2&!9+)*2'+/-23%&!1%!,2-%*2!&+,+32*!2!(-!%&Q%'.*/!

%PQ%*+,%-.23"!

!

!!!"$"%"+9dA21A/+0=+A7>+3,-=,>3070=>+0=+:=>/,7,237+:7;7,+

! g2&!+-.%-&+121%&!1%!66!X2-!&+1/!'23'(3212&!&+<(+%-1/!32!,%./1/3/<F2!Q*/Q(%&.2!

Q/*!\"!s2*J%'V+!_A#`!1%!1/&!:/*,2&!1+:%*%-.%&Y!

+

VI./Y3;7234,+I7.7+1,+=>-70/R+

! 5-! %&.%! '2&/! &%! .+%-%! %-! '(%-.2! 32! j-+'2! .*2-&+'+;-! 4<W4%! %-! 32! H(%! %&.U-!

+-9/3('*21/&! %3! %&.21/! :(-12,%-.23! N4<O! 0! %3! %&.21/! %P'+.21/! &%3%''+/-21/! N4%O"! g2&!

+-.%-&+121%&! 1%! 66! &%! '23'(32-! 2&(,+%-1/! Q*/Q2<2'+/-%&! %-! .+%,Q/&! '/*./&! 1%! 32!

:(-'+;-!1%!/-12!1%3!%&.21/!:(-12,%-.23!%-!%3!%&.21/!%P'+.21/!&%3%''+/-21/!0^!21%,U&^!&%!

X2'%! (&/! 1%! 32! 2Q*/P+,2'+;-! 1%3! <*21+%-.%"! $%! %&.2! ,2-%*2^! 3/&! 1%&Q32J2,+%-./&! 1%3!

%&.21/!%P'+.21/!'/-!*%&Q%'./!2!32!<%/,%.*F2!1%3!%&.21/!:(-12,%-.23!&/-!Q*/Q/*'+/-23%&!

23! <*21+%-.%! 1%! 32! &(Q%*:+'+%! 1%! %-%*<F2! Q/.%-'+23! 1%3! %&.21/! %P'+.21/! %-! %3! Q(-./! 1%!

G*2-'Vî8/-1/-"!g2&! +-.%-&+121%&!Q2*2!%3!,/1/!VWM&+,/!Q(%1%!&%*!%&.+,212&!,%1+2-.%!

32!%'(2'+;-Y!

!

! ! !!!!"!!! ! !! ! !!!
!!!!!!

!

!!
! !!!!!!

!! Niii"=O!

!

! $/-1%!dE!!'/**%&Q/-1%!2!32!%-%*<F2!1%!%P'+.2'+;-!3U&%*^!dV
<!%&!%3!-j,%*/!1%!/-12!

9+)*2'+/-23! 1%3! ,/1/! VWM&+,/! %-! %3! %&.21/! %3%'.*;-+'/! :(-12,%.23! 4<^! èV! %&! 32! ,2&2!

%:%'.+92!0! !!!
!!!

!%&!%3!<*21+%-.%!'/-!*%&Q%'./!23!,/1/!-/*,23!RVY!
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!!
=A!

!
! !

!

! !
!!!
!!!

! !!!!!!!!! ! ! ! Niii"KO!

!

%3!'(23! &%!/).+%-%!1%! 32&! :(%*J2&!,/3%'(32*%&!%-!'//*1%-212&!'2*.%&+2-2&! :!%-!%3!%&.21/!

%P'+.21/!%923(212&!%-! 32!<%/,%.*F2!'/**%&Q/-1+%-.%!1%!G*2-'VW8/-1/-^!L!%&! 32!,2.*+J!

1+2</-23!1%! 32&!,2&2&!2.;,+'2&!0!gV! %&! %3! 2(./9%*./*!1%! 32!,2.*+J!Z%&&+2-2!2&/'+212!23!

,/1/!-/*,23!VWM&+,/"!

+

VI./Y3;7234,+I7.7+;eA-3IA=>+=>-70/>R+

! g2!3+,+.2'+;-!1%3!,M./1/!1%&'*+./!2-.%*+/*,%-.%!1%!*%&.*+-<+*!32&!'/-.*+)('+/-%&!

1%!*%&/-2-'+2!2!(-!j-+'/!%&.21/^!Q(%1%!%3+,+-2*&%!%P.%-1+%-1/!%3!,/1%3/!2!32!&(,2!1%!

32&! '/-.*+)('+/-%&! 1%! ,j3.+Q3%&! %&.21/&^! +-.*/1('+%-1/! 32! 2Q*/P+,2'+;-! 1%3! <*21+%-.%!

Q/-1%*21/!_A#`^!1/-1%!'212!<*21+%-.%!1%!'212!%&.21/!%P'+.21/!&%!Q/-1%*2!Q/*!,%1+/!1%3!!

:2'./*! ! uã^%! 23! '/**%&Q/-1+%-.%! -+9%3! 1%! 2,Q3+.(1! H(%! &%! ,(%&.*2! %-! 32! &+<(+%-.%!

%'(2'+;-Y!

!

! !!!!"!!! ! !! ! !!!
!!! !!

!

!!
!! !!!

!"!
!!!!

!
! ! Niii"CO!

!

'/-!%3!:2'./*!1%!Q/-1%*2'+;-!

!

! ! !!!!!
!!
! !

!
!!!

!!!!!!!! !!!!!!!!! !! ! ! ! Niii"#EO! !

!

1/-1!! !!!
!
!%&! 32! +-.%<*23! 1%3!,/,%-./! 1+Q/32*! 1%! 32! .*2-&+'+;-^! ã%! %&! %3! Q2*U,%.*/! 1%!

2,/*.+<(2,+%-./!H(%!&%!:+?2!%,QF*+'2,%-.%!NQ2*U,%.*/!1%!12,Q+-<O!0!! !!!! ! !!!! !%&!32!

%-%*<F2!1%!32!.*2-&+'+;-!%3%'.*;-+'2"!

! G+-23,%-.%^!32!-/*,23+J2'+;-!1%!32!'/-&.2-.%!I!&%!*%23+J2!'/-&+1%*2-1/!./1/!%3!

'/-?(-./!1%!:2'./*%&!1%!Q/-1%*2'+;-^!1%!,2-%*2!H(%!&(,%-!32!(-+121Y!

!

! ! ! !!!
! !!!

!!!!!!!! !!!!!!!!! !!
!

! ! ! ! !Niii"##O
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!!
=S!

!
! !

!!!"%"+:=D=.=,237>+

N#O s"\"!8*%+<X./-Y!3;#!$#1#/).2+!-&1#$!42-!J&-4*/#bY+;*+/#(!N*9*+!J%#/)-2$/2%:?!#+!

ZJ%#/)-2$/2%:!24!J&-4*/#[?!51"!6"s"Z"!832*V^!6"5"!Z%&.%*^!u+3%0^!8X+'X%&.%*!N#CKKO"!

NDO 2O!4"B"!8%-.%-/^!i"!g;Q%JW@/';-^!s"G"!\*%-2&^!s"!4/./^!s"8"!>.%*/"!DC!B;:$C!E;#9C!P^!

##E^!#SC#T!NDEETO"!)O!s"G"!\*%-2&^!i"!g;Q%JW@/';-^!s"g"!82&.*/^!4"B"!8%-.%-/^!L"6"!

g;Q%J"62,+*%J^! s"8"!>.%*/^! DC! N*9*+! J%#/)-2$/"! %(^! 7#7! NDEETO"! 'O!L"! 42*1/^! 8"!

6(2-/^! s"g"!82&.*/^! i"!g;Q%JW@/';-^!B"s"\"!6+)%+*/W832*/^! s"8"!>.%*/^!E;#9!B;:$!

M#))C!&()^!#E#!NDEEKO"!1O!L"!42*1/^!8"!6(2-/^!s"g"!82&.*/^!i"!g;Q%JW@/';-^!s"!4/./^!

B"s"\"!6+)%+*/W832*/^!s"8"!>.%*/^!B;:$C!E;#9C!E;#9C!B;:$"!##^!=SA=!NDEECO"!%O!L"6"!

g;Q%JW62,+*%J^! 8"! 6(2-/^! s"g"! 82&.*/^! s"G"! \*%-2&^! s"! 4/./^! s"8"! >.%*/^! DC! B;:$C!

E;#9C! E^! ##&^! =TTT! NDE#EO"! :O! G"!x9+32^!8"!6(2-/^! i"! g;Q%JW@/';-^! s"G"!\*%-2&^! s"!

4/./^! s"8"!>.%*/^!E;#9!E299&+"!&)^!SD#A!NDE##O"<O!G"!x9+32^!$"s"!G%*-2-1%J^! s"G"!

\*%-2&^!s"8"!>.%*/^!s"!4/./?!E;#9!E299&+"!&)^!SDDE!NDE##O"!

NAO 4"!4U-'X%JW8/*.M&^!F%)C!B&-C!:!A%1"!%)^!Ij,"!D!NDEESO"!

NSO \"!8*%+<X./-c!8"["!f32.'X:/*1c!L"["!\3)*%'X.^!DC!E;#9!J2/C?!G*-*(*:!3-*+$C!LL!)'^!

=CE!N#C=EO"!

N7O 8"8"!f(&)0^!s"\"!8*%+<X./-^!sC!Y1#/)2*+*1C!E;#9"!#&E^!A=C!N#CKDO"!

NTO B"v"! åX2-<^! w"G2-<^!u"I"!u2-<^!$"Z"!I+^! 4"w"! G(^! DC! N*9*+! J%#/)-2$/"! $#^! #D=!

N#CCEO"!

N=O i"!g;Q%JW@/';-^!s"!8"!>.%*/^!s"!G"!\*%-2&^!s"!a"![2*'+2W62,/&^!4"!4U-'X%JW8/*.%&^!

A+*1C!E;#9"!Z%^!D7#K!NDE##O"!!

NKO 6"!f"![2(&&+2-!EA^!L"s"! G*+&'X^!["u"!@*('V&^!Z"f"! 4'X3%<%3^!["5"! 4'(&%*+2^!L"\"!

6/))^! s"6"!8X%%&%,2-^! s"\"!L/-.</,%*0! s*^!@"!a*%9%-^!l"I"!l(1+-^! s"8"!f(*2-.^!

s"L"! L+332,^! 4"4"! i0%-<2*^! s"! @/,2&+^! a"! f2*/-%^! f"! L%--(''+^! L"! 8/&&+^! ["!

4'23,2-+^!I"!6%<2^!["\"!B%.%*&&/-^!Z"!I2V2.&(?+^!L"!Z212^!L"!5X2*2^!l"!@/0/.2^!

6"!G(V(12^! s"!Z2&%<2]2^!L"!i&X+12^!@"!I2V2?+,2^!w"!Z/-12^!>"!l+.2/^!Z"!I2V2+^!

L"!l3%-%^!v"!g+^!s"5"!l-/P^!Z"B"!Z*2.'X+2-^!s"f"!8*/&&^!8"!\12,/^!s"!s2*2,+33/^!6"!

[/,Q%*.&^! 6"5"! 4.*2.,2--^!>"! w2J0%9^!\"s"! \(&.+-^! 6"! 82,,+^! 8"! B/,%33+^! s"u"!

>'X.%*&V+^! B"w"! \0232^! l"!L/*/V(,2^! ["\"! a/.X^! B"! 423921/*^! s"s"! $2--%-)%*<^!

a"["!å2V*J%]&V+^!4"!$2QQ*+'X^!\"$"!$2-+%3&^!L"8"!4.*2+-^!>"!G2*V2&^!$"l"!L23+'V^!

\"$"!62)('V^!l"!62<X292'X2*+^!s"f"!G/*%&,2-^!s"a"!>*.+J^!R"!8(+^!\"["!f2)/(3^!4"!

83+::/*1^! s"! 8+/&3/]&V+^! f"f"! 4.%:2-/9^! ["! g+(^! \"! g+2&X%-V/^! B"! B+&V/*J^! i"!

l/,2*/,+^! 6"g"! L2*.+-^! $"s"! G/P^! @"! l%+.X^! L"\"! \3Wg2X2,^! 8"w"! B%-<^! \"!
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I2-202VV2*2^!L"!8X2332'/,)%^!B"L"u"![+33^!f"!s/X-&/-^!u"!8X%-^!L"u"!u/-<^!

8"![/-J23%J^!s"\"!B/Q3%^![2(&&+2-^!i-'"^!B+..&)(*<X!B\^!NDEEAO"!

NCO [2(&&+2-! EC^! 6%9+&+/-! \"ED^L"! s"! G*+&'X^! ["! u"! @*('V&^! Z"! f"! 4'X3%<%3^! ["! 5"!

4'(&%*+2^L"!\"!6/))^!s"!6"!8X%%&%,2-^!["!4'23,2-+^!a"!f2*/-%^!f"!L%--(''+^!["!

\"!B%.%*&&/-^!Z"!I2V2.&(?+^!L"!82*+'2./^!v"!g+^!Z"!B"!Z*2.'X+2-^\"!G"!iJ,203/9^!s"!

f3/+-/^!["!åX%-<^!s"!g"!4/--%-)%*<^!L"!Z212^!L"!5X2*2^!l"!@/0/.2^!6"!G(V(12^!s"!

Z2&%<2]2^!L"!i&X+12^!@"!I2V2?+,2^!w"!Z/-12^!>"!l+.2/^!Z"!I2V2+^!@"!a*%9%-^!s"!\"!

L/-.</,%*0^! s*"^s"!5"!B%*23.2^!G"!><3+2*/^!L"!f%2*Q2*V^! s"! s"!Z%01^!5"!f*/.X%*&^l"!

I"! l(1+-^! a"! I"! 4.2*/9%*/9^! 6"! l/)202&X+^! s"! I/*,2-1^! l"! 62<X292'X2*+^! \"!

6%-1%33^!s"!8"!f(*2-.^!4"!4"!i0%-<2*^!s"!@/,2&+^!L"!8/&&+^!I"!6%<2^!s"!L"!L+332,^!L"!

l3%-%^!s"!5"!l-/P^!s"!f"!8*/&&^!a"!f2VV%-^!8"!\12,/^!s"!s2*2,+33/^!6"![/,Q%*.&^!6"!

5"!4.*2.,2--^!>"!w2J0%9^!\"!s"!\(&.+-^!6"!82,,+^!8"!B/,%33+^!s"!u"!>'X.%*&V+^!!6"!

g"! L2*.+-^! l"! L/*/V(,2^! a"! ["! å2V*J%]&V+^! ["! \"! a/.X^! B"! 423921/*^! s"! s"!

$2--%-)%*<^!4"!$2QQ*+'X^!\"!$"!$2-+%3&^!>"!G2*V2&^!s"!f"!G/*%&,2-^!s"!a"!>*.+J^!s"!

8+/&3/]&V+^!2-1!$"!s"!G/P^![2(&&+2-^!i-'"^!u233+-<:/*1!8@^!DEEC"!

N#EO \"!$!f%'V%^!DC!E;#9C!B;:$c!#E&^!#ESE!N#CTTO"!

N##O \"!$"!f%'V%^!B;:$C!N#0"!\^!%Z^!AECKW#EE!N#CKKO"!!

N#DO 8"!g%%^!u"!w2-<^!2-1!6"!["!B2**^!B;:$C!N#0C!P^!%)^!=K7WKC!N#CKKO"!!

N#AO !f"!L+%X3+'X^! \"! 429+-^! Z"! 4./33^! 2-1!Z"! B*%(&&^!E;#9C! B;:$C! M#))"^! #')^! DEEWET!

N#CKCO"!!

N#SO G"! x9+32^! 8"! 6(2-/^! i"! g;Q%JW@/';-^! s"G"! \*%-2&^! s"! 4/./^! s"8"! >.%*/^! E;#9!

E299&+C!&)^!SD#A!NDE##O"!

N#7O G"!x9+32^!$"s"!G%*-2-1%J^!s"G"!\*%-2&^!s"8"!>.%*/^!s"!4/./^!E;#9!E299&+C!&)^!SDDE!

NDE##O"!

N#TO L"!42*1/^!8"!6(2-/^!s"g"!82&.*/^!i"!g;Q%JW@/';-^!B"s"\"!6+)%+*/W832*/^!s"8"!>.%*/^!

E;#9!B;:$!M#))"!&()^!#E#!NDEEKO"!

N#=O L"!42*1/^!8"!6(2-/^!s"g"!82&.*/^!i"!g;Q%JW@/';-^!s"!4/./^!B"s"\"!6+)%+*/W832*/^!s"8"!

>.%*/^!B;:$C!E;#9C!E;#9C!B;:$C!##^!=SA=!NDEECO"!

N#KO 2O! s"G"! !\*%-2&c! s"g"! 82&.*/^! s"8"!>.%*/c! s"i"!L2*'/&^! DC! N*9*+! J%#/)-2$/"!$%^! DSC!

N#CCDO"!)O!s"G"!\*%-2&c!L"\"!L/-.2b%Jc!s"8"!>.%*/c!s"!i"!L2*'/&^!V.<C!J%#/)-2$/"!&^!

#7C!N#CCAO"!'O!s"g"!82&.*/^!L"\"!L/-.2b%Jc!s"8"!>.%*/c!s"!i"!L2*'/&^!J%#/)-2$/C!M#))"!

$(^!DA=!N#CCAO"!1O!s"g"!82&.*/c!s"8"!>.%*/c!s"!i"!L2*'/&^!DC!I21!J)-&/)^!$]%^!AA=!N#CCAO"!
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%O! s"g"! 82&.*/^! L"\"!L/-.2b%Jc! s"8"! >.%*/c! s"! i"! L2*'/&^! DC! I21! J)-&/)^! %&]^! ##A!

N#CC7O"!:O!"G"!!\*%-2&c!s"g"!82&.*/c!s"8"!>.%*/c!s"i"!L2*'/&^!DC!N*9*+!J%#/)-2$/C!$(^!

TA=! N#CC7O"!<O! s"g"!82&.*/^!@%&+&!$/'./*23^!o-+9%*&+121!1%!LU32<2! N#CCTO"!XO! s"g"!

82&.*/c! 4"! 4U-'X%JW8/*.M&c! s"a"! [2*'F2! 62,/&c! s"8"! >.%*/c! s"i"! L2*'/&^!

P.2$%#/)-2$/2%:!V21C!%^!SSC!N#CC=O"!+O!s"g"!82&.*/c!s"8"!>.%*/c!s"i"!L2*'/&^!sC!N*9*+!

J%#/)-2$/C! $Z^! =T7! N#CC=O"! ?O! s"G"! ! \*%-2&c! s"g"! 82&.*/^! s"8"! >.%*/c! s"i"!L2*'/&^! DC!

N*9*+! J%#/)-2$/"!$]^! 7K7! N#CCKO"! XO!L"! 42*1/^!8"!6(2-/^! s"g"!82&.*/^! i"! g;Q%JW

@/';-^! B"s"\"! 6+)%+*/W832*/^! s"8"!>.%*/^!E;#9! B;:$! M#))C! &()^! #E#! NDEEKO"! +O!L"!

42*1/^! 8"! 6(2-/^! s"g"! 82&.*/^! i"! g;Q%JW@/';-^! s"! 4/./^! B"s"\"! 6+)%+*/W832*/^! s"8"!

>.%*/^! B;:$C! E;#9C! E;#9C! B;:$"! ##^! =SA=! NDEECO"! ?O! L"6"! g;Q%JW62,+*%J^! 8"!

6(2-/^! s"g"! 82&.*/^! s"G"! \*%-2&^! s"! 4/./^! s"8"!>.%*/^! DC! B;:$C! E;#9C! E^! ##&^! =TTT!

NDE#EO"!

N#CO s"G"! \*%-2&c! i"! g;Q%JW@/';-c! s"8"! >.%*/c! s"i"! L2*'/&^! DC! B;:$C! E;#9"! #EE^! CD7S!

N#CCTO"! )O! s"8"!>.%*/c! s"i"!L2*'/&^! i-9+.%1! g%'.(*%Y! 8X2*<%!@*2-&:%*! B*/'%&&^! %-!

vai.X!i-.%*-2.+/-23!8/-:%*%-'%!/-!62,2-!4Q%'.*/&'/Q0c!51"Y!Z%0-&^!\"L"c!s/X-!

u+3%0!2-1!4/-&Y!8X+'X%&.%*"! N#CCKO"!'O! s"G"!\*%-2&c!L"4"!u//3%0c! s"8"!>.%*/c! s"i"!

L2*'/&^! DC! B;:$C! E;#9"! #EE^! A#CC! N#CCTO"! 1O! s"G"! \*%-2&c! i"! g;Q%JW@/';-c! s"8"!

>.%*/c!s"i"!L2*'/&^!V.<C!J%#/)-2$/C!#]^!D#A!N#CCCO"!%O!4"B"!8%-.%-/^!i"!g;Q%JW@/';-^!

s"G"!\*%-2&^!s"!4/./^!s"8"!>.%*/"!sC!B;:$C!E;#9C!P^!##E^!#SC#T!NDEETO"!:O!s"G"!\*%-2&^!i"!

g;Q%JW@/';-^! s"g"! 82&.*/^! 4"B"! 8%-.%-/^! L"6"! g;Q%J"62,+*%J^! s"8"! >.%*/?! DC!

N*9*+! J%#/)-2$/"! %(^! 7#7! NDEETO"! <O! G"! x9+32^! 8"! 6(2-/^! i"! g;Q%JW@/';-^! s"G"!

\*%-2&^! s"! 4/./^! s"8"! >.%*/^! E;#9! E299&+"! &)^! SD#A! NDE##O"! XO! G"! x9+32^! $"s"!

G%*-2-1%J^!s"G"!\*%-2&^!s"8"!>.%*/^!s"!4/./^!E;#9!E299&+"!&)^!SDDE!NDE##O!

NDEO !u"g"!B%.+'/32&^!$"B"!4.*/,,%-^!a"s"!g2V&X,+-2*202-2-^!DC!E;#9C!B;:$"!)%^!S#K7!

N#CKEO"!

ND#O ["!>*32-1+^!G"!å%*)%../^!L"å"!å<+%*&V+^!E;#9C!N#0"!]#^!KT=!N#CC#O"#A!!

NDDO 8"!u/0]/1^!u"!$/,'V%^!\"g"!4/)/3%]&V+^!Z"s"!u%*-%*^!E;#9C! B;:$"! #EE^! #SEE!

N#CCSO"!!

NDAO s"G! \*%-2&^! i"! g;Q%JW@/';-^! s"8"! >.%*/^! s"i"! L2*'/&^! DC! B;:$C! E;#9"! #EE^! CD7S!

N#CCTO"!

NDSO s"G!\*%-2&^!L"!4"!u//33%0^!s"8"!>.%*/^!s"i"!L2*'/&^!DC!B;:$C!E;#9"!#EE^!A#CC!N#CCTO"!

ND7O s"! G"!\*%-2&^!i"! g;Q%J!@/';-^!L"! 4"!u//33%0^! s"! 8"!>.%*/^!s"! i"!L2*'/&^! DC! N*9*+!

J%#/)-2$/C+$]^!T=A!N#CCKO"!
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NDTO s"! G"!\*%-2&^!i"! g;Q%J!@/';-^! s"!8"!>.%*/^!s"! i"!L2*'/&^! DC! V.<-C! J%#/)-2$/"! #]^! D#A!

N#CCCO"!

ND=O s"G"! \*%-2&^!L"4"!u/33%0^! i"! g;Q%JW@/';-^! s"8"! >.%*/^! DC! E;#9C! B;:$"! ##$^! =TTC!

NDEEEO"!

NDKO 8"!L2--%)2'V^!B;:$./*?!#)^!#EE#!N#C7#O"!

NDCO N2O!u"! 4+%)*2-1^!L"!å"! å<+%*&V+^! s"!8X%,"!BX0&"^! #C=C^!)#^! A7T#"! N)O! G"!I%<*+^!["!

>*32-1+^!G"!u"!g2-<V+31%^!6"!u+31)*2-1.^!DC!E;#9C!B;:$"^!]$^!SCE=!N#CCEO"!!

NAEO G"!$(&'X+-&V+^!A/)*!B;:$./2/;.9"!)^!77#!N#CA=O"!

NA#O \"!\"!s2*J%'V+^!DC!B;:$C!E;#9C!A^!##%^!DCDT!NDEECO"!

NADO åX2/!w^!@*(X32*!$"["!!D!B;:$!E;#9!A!##E^!#A#DT!NDEETO"!

NAAO åX2/^!w"!2-1!@*(X32*^!$"!["!3;#2-C!E;#9C!A//C!#$E^!D#7!NDEEKO"!

NASO s"W$"!8X2+!2-1!L"!Z%21W[/*1/-^!B;:$C!E;#9C!E;#9C!B;:$"^!#E!^TT#7WDE!NDEEKO"!

NA7O a"\"! 62&&/3/9^! L"\"! 62.-%*^! s"\"! B/Q3%^! B"8"! 6%1:%*-^! g"\"! 8(*.+&&^! DC! E29%C!

E;#9"^!DD!NDEE#O^!QQ"!C=TîCKS!

NATO @"! Z"! $(--+-<! s*"! 2-1! B"! s"! Z20^! +-!L/1%*-! @X%/*%.+'23! 8X%,+&.*0^! 51"! Z"! G"!

4'X2%:%*!iii^!a/3"!A!NB3%-(,^!I%]!w/*V^!#C==O!#WDK"!
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K#!
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!*"#"+ 5.7,2MP9/,0/,+ </;3,7-=>+ -O=+ 81.D72=PB,O7,2=0+

:7;7,+ 827--=.3,6+ /D+ %P;=-O@AI@.303,=R+ K./I=,>3-@+ :1A=>+

/D+ -O=+ 9O7.6=+ H.7,>D=.+ Q=2O7,3>;+ 1,0=.+ :=012=0+
8@;;=-.@"+
+

\12Q.21/! 1%Y! 4+39+2! B"! 8%-.%-/^! i&2)%3! g;Q%JW@/';-^! s%&&+'2! 6/,2-WB%*%J^! s(2-! G"!

\*%-2&^!s(2-!4/./^!s(2-!8"!>.%*/"!s"!BX0&"!8X%,"!8!^!DE#D!^!##T!NSSO^!QQ!DATACWDATS7"!

!

+
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!

!

!

!
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53!2-U3+&+&!1%! 3/&!Q*/'%&/&!1%!.*2-&:%*%-'+2!1%!'2*<2!:/./+-1('+12!%-!(-!%&Q%'.*/!4564!

-/!%&!(-2!.2*%2!.*+9+23^!02!H(%!'212!&+&.%,2!Q*%&%-.2!(-2&!'2*2'.%*F&.+'2&!Q2*.+'(32*%&!0!

-/!%P+&.%-!*%<32&!1%!&%3%''+;-!(-+9%*&23%&!H(%!Q(%12-!Q*/Q/-%*&%!Q2*2!%&.%!,%'2-+&,/!

1%!2,Q3+:+'2'+;-"!\!Q%&2*!1%!%&./^!X%,/&!Q/1+1/!'/,Q*/)2*!%-!%&.(1+/&!2-.%*+/*%&!H(%!

%3!%&Q%'.*/!4564W8@!1%!,/3M'(32&!1%*+9212&!1%3!)%-'%-/!&%!'2*2'.%*+J2!Q*+-'+Q23,%-.%!

Q/*! 32! <*2-! +-.%-&+:+'2'+;-! ! 1%! 32! )2-12! '/**%&Q/-1+%-.%! 2! 32! 9+)*2'+;-! 1%! .%-&+;-! 1%!

2-+33/! 1%-/,+-212! K2^! Q/*! 3/! H(%! X%,/&! Q*/Q(%&./! (.+3+J2*32! '/,/! (-2! e*%<32! 1%!

.%-1%-'+2h!Q2*2!*%'/-/'%*! 32!Q*%&%-'+2!1%!Q*/'%&/&!8@!*%&/-2-.%&!%-!%3!%&Q%'.*/!4564!

1%! %&./&! 21&/*)2./&"! \j-! 2&F^! %&! -%'%&2*+/! '/-&+1%*2*! '2(.%3/&2,%-.%! 32! &+,%.*F2! 1%3!

&+&.%,2!1%!%&.(1+/!2-.%&!1%!2Q3+'2*!%&.2&!*%<32&!'(23+.2.+92&"!!

8(2-1/! 32! ,/3M'(32! ,(%&.*2! (-2! &+,%.*F2! )2?2! N/! &(! &+,%.*F2! &%! *%1('%! 1%)+1/! 2! 32!

21&/*'+;-! 1%3! 21&/*)2./! %-! %3! ,%.23! .23! 0! '/,/! &%! X2! 1%,/&.*21/! %-! %3! '2&/! 1%! 32!

Q+*+,+1+-2O^! 32! +-.%-&+:+'2'+;-! &%3%'.+92! 1%3! ,/1/! K2! Q(%1%! &%*! %-,2&'2*212! Q/*! 32!

*%1+&.*+)('+;-! 1%! 32! +-.%-&+:+'2'+;-! 8@! '/-! /.*2! 9+)*2'+;-! Q*;P+,2! %-! :*%'(%-'+2^!

'/-'*%.2,%-.%!%3!,/1/!K)^!-/*,23,%-.%!-/!&+,M.*+'/"!g2!AW,%.+3Q+*+1+-2!NAWLBO!%&!(-!

)(%-! %?%,Q3/! 1%! %33/^! 02! H(%! 32! 2,Q3+:+'2'+;-! 4564! 1%! 3/&! ,/1/&! K2! 0! K)! Q(%1%!

%PQ3+'2*&%!'(2-.+.2.+92,%-.%!Q/*!,%1+/!1%!3/&!:2'./*%&!G*2-'VW8/-1/-!N.M*,+-/!\O!&+-!

.%-%*!H(%!*%'(**+*!'/-.*+)('+/-%&!Z%*J)%*<W@%33%*!N.M*,+-/!fO"! !

Cs Cs

Ag
Mode 8a A’
Mode 8b A’

8a 8b
e-

h!

Ag

FCFC
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! 4+-'%!,/*%!.X2-!.%-!0%2*&!.X%!*%'/*1+-<!/:!&(*:2'%W%-X2-'%1!62,2-!&'2..%*+-<!

N4564O! 2.! .X%! &+-<3%!,/3%'(3%! 3%9%3!X2&!)%%-!Q*/9%-! ./!)%! 2!Q/&&+)3%! .2&V! %9%-! +-! .X%!

'2&%! /:! -/-W*%&/-2-.! ,/3%'(3%&"#^D! @X+&! 9%*0! X+<X! &%-&+.+9+.0! /:! 4564! 211%1! ./! +.&!

&+,Q3+'+.0!2-1!9%*&2.+3+.0!X2&!3%1!.X+&!.%'X-+H(%!./!)%'/,%!9%*0!Q/Q(32*^!)%+-<!2QQ3+%1!

+-! ,2-0! 1+::%*%-.! :+%31&"! L/*%/9%*^! .X%! +,Q/*.2-.! 2192-'%&! +-! -2-/.%'X-/3/<0! 2*%!

Q(&X+-<!4564!&Q%'.*/&'/Q0!'3/&%*!./!+.&!(3.+,2.%!'2Q2)+3+.+%&!&+-'%!,%.23!&()&.*2.%&!]+.X!

2!X+<X%*!'/-.*/3!+-!/Q.+'23!Q*/Q%*.+%&!2-1!&.*('.(*%&!2*%!)%+-<!1%&+<-%1"!!

! Z/]%9%*! .X+&! &Q%'.2'(32*! Q*/<*%&&! +-! 4564! X2&! -/.! )%%-! :/33/]%1! )0! 2-!

%H(+923%-.!1%9%3/Q,%-.!+-!.X%!(-1%*&.2-1+-<!/:!.X%!/*+<+-!/:!.X%!QX%-/,%-/-"A!@X+&!+&!

,2+-30! 1(%! ./! .X%! '/,Q3%P+.0! /:! .X%! Q2*.+'+Q2.+-<! ,%'X2-+&,&! /:! %-X2-'%,%-.^!

+-9/39+-<! .X%!%P'+.2.+/-!/:!1+::%*%-.!/Q.+'23! *%&/-2-'%&^!-2,%30! .X/&%!2*+&+-<! :*/,!.X%!

-2-/&.*('.(*%1!,%.23^!.X%!,/3%'(3%!2-1!.X%!,%.23W21&/*)2.%!&0&.%,"!f%'2(&%!/:!.X+&!2!

Q2*.+'(32*!4564!&Q%'.*(,!&.*/-<30!1%Q%-1&!/-!.X%!&Q%'+:+'!:%2.(*%&!/:!.X%!&0&.%,!(-1%*!

&.(10!2-1!-/!<%-%*23!*(3%&!'2-!)%!1%*+9%1!./!2-230J%!.X%!*%&(3.&"!f*+%:30^!]X%-!2!&(*:2'%!

Q32&,/-!*%&/-2-'%!/:!.X%!,%.23!&()&.*2.%!+&!%P'+.%1^!.X%!+-'+1%-.!%3%'.*/,2<-%.+'!:+%31!

2-1! .X2.! &'2..%*%1! )0! .X%! ,/3%'(3%! 2*%! &.*/-<30! 2,Q3+:+%1! *%&(3.+-<! +-! 2-! /9%*233!

%-X2-'%,%-.! /:! .X%! 62,2-! +-.%-&+.+%&"! @X+&! +&! .X%! &/W'233%1! 53%'.*/,2<-%.+'!

L%'X2-+&,! N5LO! 2-1! +&! *%&Q/-&+)3%! :/*! .X%! ,2?/*! '/-.*+)(.+/-! ./! .X%! 4564!

%-X2-'%,%-."!\11+.+/-2330^! .X%!%P'+.2.+/-!%-%*<0!'2-!)%! +-! *%&/-2-'%!]+.X!2-!%P'+.%1!

%3%'.*/-+'!&.2.%!/:!.X%!,/3%'(3%"!@X+&!/*+<+-2.%&!2!6%&/-2-'%!62,2-!Q*/'%&&!N66O!.X2.!

&%3%'.+9%30! +-'*%2&%! .X%! +-.%-&+.+%&! /:! &/,%! 9+)*2.+/-23! )2-1&! /:! .X%! '/**%&Q/-1+-<!

45664!&Q%'.*(,"!@X+&!+&!2!.0Q+'23!%::%'.!+-!.X%!45664!/:!&/,%!10%&"!!

! I%9%*.X%3%&&^! 2! &+,+32*! 66! Q*/'%&&! X2&! )%%-! /)&%*9%1! +-! .X%! 4564! /:! &/,%!

,/3%'(3%&! .X2.! 1/! -/.! 2)&/*)! +-! .X%! 9+&+)3%! *2-<%! 2-1! +.! X2&! )%%-! *%32.%1! ./! .X%!

%P'+.2.+/-!/:!-%]!%3%'.*/-+'! &.2.%&!/:! .X%!,%.23W21&/*)2.%! &0&.%,!]+.X!'X2*<%! .*2-&:%*!

:%2.(*%&"!@X+&!+&!<%-%*2330!V-/]-!2&!.X%!8X2*<%!@*2-&:%*!N8@O!%-X2-'%,%-.!,%'X2-+&,!

2-1! +&! 9%*0! /:.%-! 2'.+-<! +-! .X%! 4564! /:! ,/3%'(32*! &0&.%,&! ]+.X! 2! yW&0&.%,! &('X! 2&!

)%-J%-%W3+V%! 1%*+92.+9%&"! @X%*%:/*%^! .X%! +-9/39%,%-.! /:! 2! QX/./+-1('%1! %3%'.*/-+'!

%P'+.2.+/-!(Q!./!.X%&%!*%&/-2-.!8@!&.2.%&!'2--/.!)%!*(3%1!/(.! +-!.X%!4564!/:!2*/,2.+'!

,/3%'(3%&"!Z/]%9%*! .X%!*%'/<-+.+/-!/:! .X%&%!Q*/'%&&%&! +&!2!1+::+'(3.! .2&V!&+-'%!.X%*%! +&!

9%*0!:%]!+-:/*,2.+/-!2)/(.!.X%!8@!&.2.%&"!@/!/9%*'/,%!.X+&!1+::+'(3.0!]%!X29%!*%&/*.%1!

./!H(2-.(,!,%'X2-+'23!'23'(32.+/-&!./!<%.!+-&+<X.!+-./!.X%!%3%'.*/-+'!Q*/Q%*.+%&!/:!.X%!

,%.23W21&/*)2.%! &0&.%,&! +-! /*1%*! ./! %&.+,2.%! .X%! %::%'.! /:! 8@! Q*/'%&&%&! /-! .X%! 4564!

*%32.+9%!+-.%-&+.+%&"!!
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! i-!Q*%9+/(&!]/*V&!]%!X29%!:/(-1!.X2.!&/,%!4564!&Q%'.*2!/:!Q0*2J+-%^!Q0*+1+-%^!

Q0*+,+1+-%!2-1!1%*+92.+9%&!'2-!)%!&2.+&:2'./*+30!%PQ32+-%1!)0!2&&(,+-<!.X%!%P'+.2.+/-!(Q!

./!2!8@!%3%'.*/-+'!&.2.%!/:!.X%!21&/*)2.%W,%.23!&0&.%,!]X%*%!.X%!21&/*)2.%!&X/]&!9%*0!

&+,+32*!:%2.(*%&!./!.X%!'/**%&Q/-1+-<!*21+'23!2-+/-!/:!.X%!+&/32.%1!,/3%'(3%"S!!

! f0!2&&(,+-<!2! *%&/-2-'%!62,2-W3+V%!8@!Q*/'%&&!]%!2*%!2)3%! ./!H(2-.+.2.+9%30!

Q*%1+'.!.X%!4564W8@!+-.%-&+.+%&!/-!.X%!)2&+&!/:!.X%!<%/,%.*+'23!1+&Q32'%,%-.&!)%.]%%-!

.X%!,+-+,2!/:!.X%!B/.%-.+23!5-%*<0!4(*:2'%&!/:!.X%!<*/(-1!2-1!8@!%3%'.*/-+'!&.2.%&!/:!

.X%!,%.23W21&/*)2.%!'/,Q3%P"!G*/,!.X+&!]%!'/(31!%&.2)3+&X!.X2.!.X%!&.*/-<!2-1!&%3%'.+9%!

%-X2-'%,%-.!/:!.X%!./.2330!&0,,%.*+'!*+-<W&.*%.'X+-<!,/1%!K2!+-!.X%!#TEE!',W#!*%<+/-!

'2-! )%! '/-&+1%*%1! 2&! 2! X+-.! :/*! .X%! Q2*.+'+Q2.+/-! /:! 2! 8@! *%&/-2-'%! Q*/'%&&! +-! 2!

Q2*.+'(32*! 4564"! @X+&! +&^! :/*! +-&.2-'%^! .X%! '2&%! /:! .X%! 4564! &Q%'.*2! /:! Q0*+1+-%S2! N8D9!

&0,,%.*0O!2-1!SW,%.X03Q0*+1+-%S)!N8D9O!&X/]-!+-!G+<(*%!#^!]X%*%!.X%!&%3%'.+9%!2-1!9%*0!

'X2*2'.%*+&.+'!%-X2-'%,%-.!/:!.X%!)2-1!2&&+<-%1!./!.X%!K2c\#!9+)*2.+/-!'2-!)%!&%%-"!@X%!

4564W8@!2'.+9+.0!/:!.X+&!:(-12,%-.23!+&!1(%!./!G*2-'VW8/-1/-!'/-.*+)(.+/-&!N\W.%*,!+-!

66O7WT! 2-1! +.! '2-! )%! %-9+&2<%1! )%'2(&%! /:! .X%! &+,+32*+.0! )%.]%%-! .X%! &X2Q%! /:! .X+&!

-/*,23! ,/1%! 2-1! .X%! <%/,%.*+'23! 1+&./*.+/-&! (-1%*.2V%-! )0! .X%! ,/3%'(3%! ]X%-! +&!

%P'+.%1!./!.X%!8@!&.2.%!)0!.X%!3/'2.+/-!/:!.X%!.*2-&:%**%1!%3%'.*/-!+-./!.X%!%,Q.0!goL>!

/*)+.23!/:!+.&!yW&0&.%,"!

! !
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!
5361.=+ #"!4%3%'.%1!4564!&Q%'.*2!/:!Q0*+1+-%^!SW,%.X03Q0*+1+-%^!Q0*+,+1+-%^!2-1!SW,%.X03Q0*+1+-%!

/-!2!&+39%*!%3%'.*/1%"!

! !

! Z/]%9%*! .X+&! 4564W8@! Q*/Q%-&+.0! *(3%! &X/(31! )%! '2(.+/(&30! 2QQ3+%1! %9%-! :/*!

)%-J%-%W3+V%! ,/3%'(3%&! 2&! +&! .X%! '2&%! /:! Q0*+,+1+-%! N8D9O^! ]X%*%! .X%! K)! ,/1%! /:! fD!

&0,,%.*0! +&! 23&/! &.*/-<30! %-X2-'%1^! *%2'X+-<! &+,+32*! +-.%-&+.+%&! .X2-! .X/&%! /:! .X%!

./.2330!&0,,%.*+'!K2!,/1%!NG+<"!#O"S:!\''/*1+-<!./!.X%!\3)*%'X.ï&!1%&'*+Q.+/-!/:!62,2-!

Q/32*+J2)+3+.0! :/*! 2! 66! Q*/'%&&^! -/-W./.2330! &0,,%.*+'! 9+)*2.+/-&! 3+V%! K)! 2*%! 2)3%! ./!

)/**/]! +-.%-&+.0! .X*/(<X! 9+)*/-+'! '/(Q3+-<! NZ%*J)%*<W@%33%*! '/-.*+)(.+/-&^! fW.%*,! +-!

66O!:*/,!2!-%2*)0!233/]%1!%3%'.*/-+'!.*2-&+.+/-"T!@X%!*%3%92-'%!/:!9+)*/-+'!'/(Q3+-<!+&!

)%'/,+-<!2!9%*0!X/.!./Q+'!+-!4564!1(%!./!.X%!'/-.*/9%*&0!2)/(.!.X%!:+-23!/*+<+-!/:!&/,%!

/)&%*9%1!)2-1&!+-!.X%!&Q%'.*(,!/:!%W2,+-/.X+/QX%-/3"=^K!a+)*/-+'!'/(Q3+-<!+&!%PQ%'.%1!

./!)%'/,%!&.*/-<!]X%-!.]/!%P'+.%1!%3%'.*/-+'!&.2.%&!2*%!'3/&%!+-!%-%*<+%&"!!

! 4+-'%! 233! .X%&%! ,/3%'(3%&! 2*%! )%-J%-%W3+V%! 1%*+92.+9%&! .X%! <*/(-1! %3%'.*/-+'!

&.2.%&! /:! .X%+*! *%&Q%'.+9%! *21+'23! 2-+/-&! 2*%! -%2*! 1%<%-%*2.%^S! 2-1! .X%*%:/*%! .]/! '3/&%!

3%9%3&^!-2,%30!.X%!8@E!2-1!8@#!'X2*<%!.*2-&:%*!&.2.%&^!'/(31!)%!+-9/39%1!+-!.X%!4564W8@!

Q*/'%&&"!Z/]%9%*^!]%!'/(31!&X/]!.X2.!.X%!&.*/-<!4564!+-.%-&+.0!/:!K)!,/1%!+-!.X%!4564!

/:!Q0*+,+1+-%!N8D9O!'2-!)%!%PQ32+-%1!.X*/(<X!G*2-'VW8/-1/-!:2'./*&!1(%!./!.X%!*%1('%1!
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&0,,%.*0! /:! .X%! ,%.23W21&/*)2.%! &(*:2'%! '/,Q3%P! N8&O"
S:! 59%-! (-1%*! .X%&%!

'+*'(,&.2-'%&! /:! ]%2V! &(*:2'%! 21&/*Q.+/-^! ,/1%! K)! )%'/,%&! ./.2330! &0,,%.*+'! 2-1!

233/]&!:/*!,/1%!,+P+-<!)%.]%%-!.X%!9%*0!'3/&%!Q2+*!/:!9+)*2.+/-&!K2kK)"!i-!.X+&!'2&%^!.X%!

<%/,%.*+'23!1+&Q32'%,%-.!/:!.X%!%P'+.%1!8@!&.2.%!'2--/.!)%!1%&'*+)%1!/-!.X%!%P'3(&+9%!

)2&+&!/:!K2!,/1%!)(.!.X*/(<X!2!)232-'%1!'/,)+-2.+/-!/:!.X+&!Q2+*!/:!:(-12,%-.23&"!

! @X+&!2*.+'3%!1+&'(&&!.X%!%::%'.!/:!8@!Q*/'%&&%&! +-!.X%!4564!/:!AW,%.X03Q0*+1+-%!

*%'/*1%1!/-!&+39%*!2.!1+::%*%-.!%3%'.*/1%!Q/.%-.+23&!NG+<"!DO"!AW,%.X03Q0*+1+-%!+&!2-/.X%*!

2J+-%! 1%*+92.+9%! 2-1! '/-&%H(%-.30! .X%! K2!,/1%! +&! %PQ%'.%1! ./! )%! .X%!,/&.! %-X2-'%1!

)2-1!+:!*%&/-2-.!8@!Q*/'%&&%&!2*%!+-9/39%1"!Z/]%9%*^!.X+&!+&!-/.!.X%!/)&%*9%1!)%X29+/(*!

&+-'%!/-30!,%1+(,!4564!+-.%-&+.+%&!2*%!*%'/*1%1!:/*!.X+&!9+)*2.+/-"!u%!]+33!&X/]!.X2.!

.X%!%PQ%'.%1!%-X2-'%,%-.!'2(&%1!)0!.X%!8@!Q*/'%&&!,(&.!)%!&X2*%1!)%.]%%-!.X%!K2kK)!

Q2+*!/:!9+)*2.+/-&!+-!2<*%%,%-.!]+.X!.X%!%PQ%*+,%-.23!*%&(3.&!NG+<"!#O"!!

! @X+&!*%1+&.*+)(.+/-!/:!.X%!4564W8@!%-X2-'%,%-.!+&!1(%!./!.X%!3/]!&0,,%.*0!/:!

.X%! AW,%.X03Q0*+1+-%! +.&%3:! N8&O! ]+.X/(.! X29+-<! ./! *%&/*.! ./! .X%! 1%&'%-.! +-! &0,,%.*0!

/''(**+-<!]X%-! .X%! &(*:2'%! '/,Q3%P! +&! :/*,%1! 2&! +.! ]2&! .X%! '2&%! /:! Q0*+,+1+-%"! @X+&!

*%&(3.! &(QQ/*.&! /-'%! 2<2+-! .X2.! G*2-'VW8/-1/-! :2'./*&! 1/,+-2.%! .X%! 4564W8@!

+-.%-&+.+%&!/:!.X%!)%-J%-%W3+V%!&0&.%,&!Q*%9+/(&30!&.(1+%1!)0!(&!2-1!.X2.!.X%!Z%*J)%*<W

@%33%*!'/-.*+)(.+/-&!&X/(31!Q320!2!,+-/*!*/3%"=^K!
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!
5361.=+ $"+ 62,2-! &Q%'.*(,! /:! 2-! #!L! 2H(%/(&! &/3(.+/-! /:! AW,%.X03Q0*+1+-%! 2-1! 4564! &Q%'.*2!

*%'/*1%1!/-!&+39%*!2.!1+::%*%-.!%3%'.*/1%!Q/.%-.+23&"!

!

Q=-O/0+/D+7,7A@>3>!

+ 8B:8P9H+ ;=2O7,3>;"+ f*+%:30^! ]%! 2&&(,%! 2! 4564W8@! *21+2.+9%! ,%'X2-+&,!

&+,+32*!./!2!66!Q*/'%&&!]+.X!/-30!.]/!&.%Q&"!i-!&.%Q!#!.X%!32&%*!QX/./-!NXdO!Q*/1('%&!.X%!

*%&/-2-.!.*2-&:%*!/:!/-%!%3%'.*/-!:*/,!.X%!,%.23!NLO!./!92'2-.!/*)+.23&!/:!.X%!21&/*)2.%!

N\O!0+%31+-<!.X%!%P'+.%1!8@!&.2.%!N\ñWLnOY!

!

! 4.%Q!#Y!! \WL!n!X!!$!\ñWLn!

+

! uX%-!.X%!%3%'.*/-!'/,%&!)2'V!./!.X%!,%.23!+-!&.%Q!D^!2!62,2-!QX/./-!NXd"O!+&!
%,+..%1!+:!.X%!,/3%'(3%!*%,2+-&!9+)*2.+/-2330!%P'+.%1!N\êOY!

!

! 4.%Q!DY!! \ñWLn!$!\êWL!n!X!!"!
!
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! @X+&!4564W8@!,%'X2-+&,!+&!%P'3(&+9%30!2!QX/./-+'!Q*/'%&&!/)%0+-<!&0,,%.*0W

)2&%1!&%3%'.+/-! *(3%&! &+,+32*! ./! .X/&%!/:! .X%!%3%'.*+'!1+Q/3%! *21+2.+/-!,%'X2-+&,"!@X+&!

,%2-&! .X2.! .X%! &%3%'.+/-! *(3%&! /:! 4564W8@! 2*%! &+,+32*! ./! .X/&%! /:! 2-0! %3%'.*/-+'!

&Q%'.*/&'/Q0^!+-'3(1+-<!66^!2-1!]%!'2-!.X%*%:/*%!Q*%1+'.!.X%!%-X2-'%1!9+)*2.+/-&!+-!.X%!

4564W8@!Q*/'%&&!)0!'23'(32.+-<! .X%!G*2-'VW8/-1/-! N\W@%*,O!'/-.*+)(.+/-&! *%32.%1! ./!

.X%!<%/,%.*+'23!1+&Q32'%,%-.!)%.]%%-!.X%!%H(+3+)*+(,!&.*('.(*%&!NÜRO!/:!.X%!*%&/-2-.!

%3%'.*/-+'! &.2.%&"S%! @X%&%! 1+&Q32'%,%-.&! 23/-<! %2'X! -/*,23! '//*1+-2.%! e-h! '2-! )%!

H(2-.+:+%1!2&!:/33/]&Y!

!

! ! ÜR+E^-!r!gE
W#!Ü6+E!! ! ! ! N#O!

!

! uX%*%! gE
W#! +&! .X%! +-9%*&%! /:! .X%! <*/(-1W&.2.%! eEh! -/*,23! ,/1%! gW,2.*+P!

/).2+-%1! :*/,! 2)! +-+.+/! :/*'%! :+%31! '23'(32.+/-&! 2-1! .X%! 9%'./*! Ü6+E! '/-.2+-&! .X%!

1+::%*%-'%&!)%.]%%-!.X%!<%/,%.*+'23!Q2*2,%.%*&!/:!.X%!%P'+.%1!&.2.%!e+h!2-1!.X%!<*/(-1!

%3%'.*/-+'!&.2.%!eEh!%PQ*%&&%1!+-!.X%!&2,%!&%.!/:!+-.%*-23!'//*1+-2.%&!(&%1!./!)(+31!.X%!gW

,2.*+P"!

! @X%! *%32.+9%! +-.%-&+.+%&! /:! .X%! 62,2-! )2-1&! :/*! %2'X! -/*,23!,/1%! e-h! (-1%*!

Q*%W*%&/-2-.!'/-1+.+/-&!'2-!)%!%&.+,2.%1!(&+-<!.X%!B%.+'/32&|!%PQ*%&&+/-YC!

!

! ! i-!r!i!NÜR+E^-O
D!Nd-^EO

A! ! ! ! NDO!

!

! uX%*%!i!+&!2!'/-&.2-.!.X2.!'2-!)%!21?(&.%1!./!-/*,23+J%!*%32.+9%!+-.%-&+.+%&!2-1!

d-^E!+&!.X%!9+)*2.+/-23!]29%-(,)%*!/:!.X%!-W.X!,/1%!+-!.X%!<*/(-1!%3%'.*/-+'!&.2.%"!

!

+ V?+ 3,3-3/+ 27A21A7-3/,>"+ u%! X29%! '/-&+1%*%1! .]/! 1+::%*%-.! 2QQ*/2'X%&! ./!

2-230J%!.X%!4564W8@!Q*/'%&&Y!.X%!:+*&.!/-%!%P'3(&+9%30!'/-&+1%*&!.X%!8@!%P'+.2.+/-!:*/,!

.X%! Q/+-.! /:! 9+%]! /:! .X%! 21&/*)2.%! N\O! ]X+3%! .X%! &%'/-1! /-%! .2V%&! +-./! 2''/(-.! .X%!

&(*:2'%!'/,Q3%P!2&!2!]X/3%! NLW\O"! i-! .X%! :+*&.!'2&%! .X%!8@!.*2-&+.+/-! +&!'/-&+1%*%1!2-!

%3%'.*/-+'! ó%P'+.2.+/-ó! )%.]%%-! .X%! *%&Q%'.+9%! <*/(-1! %3%'.*/-+'! &.2.%&! /:! .X%! -%(.*23!

,/3%'(3%!N\^!4Ec
#\|O!2-1!.X2.!/:!+.&!.*2-&+./*+30!:/*,%1!*21+'23!2-+/-!N\W^!-2,%1!2&!$Ec

D\h!

<+9%-!.X2.!+.!+&!2!1/()3%.!&.2.%O"!\''/*1+-<!./!.X%!4564W8@!,%'X2-+&,!1%&'*+)%1!2)/9%!

.X%!1/()3%.!$+!&.2.%&!/:!.X%!2-+/-!'2-!)%!'/-&+1%*%1!2&!8@c\
ñWLn!&.2.%&!/:!.X%!,/3%'(3%W

,%.23! '/,Q3%P!)(.! 32)%3%1! :*/,! .X%!Q/+-.!/:! 9+%]!/:! .X%! AW,%.X03Q0*+1+-%! NALBO"!>-!

.X+&!)2&+&!]%!X29%!'2**+%1!/(.!6ZG!2-1!oZG!'23'(32.+/-&!:/*!.X%!-%(.*23!,/3%'(3%!2-1!

.X%! 2-+/-^! *%&Q%'.+9%30^! ]+.X! .X%! g2-gD$å! )2&+&! &%.! N$C7#E! )2&+&! &%.! :/*! .X%! :+*&.! */]!

2./,&!2-1!.X%!g/&!\32,/&!Q3(&!$å!%::%'.+9%!'/*%!Q&%(1/Q/.%-.+23##!:/*!.X%!&+39%*O"!@X%&%!
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2*%!.X%!&2,%!,%.X/1&!Q*%9+/(&30!(&%1!)0!(&!:/*!2-230J+-<!8@!Q*/'%&&%&!+-!.X%!4564!/:!

.X+&!&%*+%&!/:!)%-J%-%W3+V%!,/3%'(3%&"+

! i-! .X%! &%'/-1! 2QQ*/2'X^! .X%!,%.23W21&/*)2.%! &0&.%,!X2&! )%%-! '/-&+1%*%1"! @/!

,/1%3!.X%!&(*:2'%!'/,Q3%P!]%!X29%!'X/&%-!.X%!\<DWALB!'/,Q3%P!2&!+-!Q*%9+/(&!]/*V&"S!

i-! .X+&! &(Q%*,/3%'(3%! NG+<"! 4#O! .X%! '//*1+-2.+/-! /:! .X%! &+39%*! '3(&.%*! ./! .X%! -+.*/<%-!

2./,! /:! .X%! Q0*+1+-%! +&! '/,Q2.+)3%!]+.X! 2! Q%*Q%-1+'(32*! /*+%-.2.+/-! /:! .X%! 21&/*)2.%!

]+.X!*%&Q%'.!./!.X%!,%.233+'!&(*:2'%"S1!8i4kg2-gD$å!'23'(32.+/-&#D!/:!.X%!.%-!:+*&.!&+-<3%.&!

/:!.X%!\<DWALB!&0&.%,!X29%!)%%-!'23'(32.%1!.2V+-<!2&!&.2*.+-<!Q/+-.!.X%!6ZGkg2-gD$å!

/Q.+,+J%1! &.*('.(*%! /:! .X%! \<DWALB! '/,Q3%P! +-! .X%! 4Ec
#\|! &.2.%"! \33! '23'(32.+/-&! X29%!

)%%-!'2**+%1!/(.!]+.X!.X%![2(&&+2-!EA!Q2'V2<%"#A!

!

BYI=.3;=,-7A+8=2-3/,++

! 4564! &Q%'.*2! /:! ALB! X29%! )%%-! *%'/*1%1! /-! &+39%*! 2.! %3%'.*/1%! Q/.%-.+23&!

*2-<+-<!)%.]%%-!E"EE!2-1!WE"=7!a"!\!E"#!L!2H(%/(&!&/3(.+/-!/:!AWLB!2-1!E"#!L!/:!l83!2&!

%3%'.*/30.%! X2&! )%%-! %,Q3/0%1"!\33! 62,2-! 2-1! 4564! &Q%'.*2! X29%! )%%-! *%'/*1%1! +-! 2!

s/)+-Ww9/-! oW#EEE! &Q%'.*/,%.%*! :+..%1! ]+.X! 2! '//3%1! Z2,2,2.&(! BL@! CSAWEA!

QX/./,(3.+Q3+%*! .()%!(&+-<! .X%!7#S"7!-,!%P'+.+-<! 3+-%! :*/,!2!4Q%'.*2!BX0&+'&!DEDE!\*n!

32&%*! ]+.X! 2-! %::%'.+9%! Q/]%*! /:! AE! ,u! *%2'X+-<! .X%! &2,Q3%"! @X%! %3%'.*/'X%,+'23!

%H(+Q,%-.!(&%1!]2&! '/,Q/&%1!/:! 2!B\6! #=A!Q/.%-'+/&.2.! 2-1! 2!B\6! #=7!Q*/<*2,,%*!

'/-.*/33+-<! .X%! .X*%%! %3%'.*/1%&! '%33! ]+.X! 2! &+39%*! 1+&'! 2&! ]/*V+-<! %3%'.*/1%^! 2!

\<k\<83kl83N&2."O!*%:%*%-'%!%3%'.*/1%!2-1!2!Q32.+-(,!'/(-.%*!%3%'.*/1%"!@X%!&(*:2'%!/:!

.X%!]/*V+-<!%3%'.*/1%!]2&!:+*&.!Q/3+&X%1!]+.X!#"EE^!E"AE!2-1!E"E7!è,!23(,+-2!Nfò%X3%*O!

2-1! .X%-! %3%'.*/'X%,+'2330! 2'.+92.%1! )0! &%..+-<! .X%! %3%'.*/1%! Q/.%-.+23! 2.! îE"7! a! 2-1!

2QQ30+-<!&%9%-!D!&!Q(3&%&!2.!nE"T!a!(&+-<!2-!#!L!l83!2H(%/(&!&/3(.+/-!2&!%3%'.*/30.%"S+

!

:=>1A->+7,0+<321>>3/,+

+ :7;7,+ 7,0+ 8B:8+ 3,-=,>3-3=>R+ ,/,P8B:8P9H+ ?7,0>"+ G+<(*%! D! &X/]&! .X%!

62,2-!&Q%'.*(,!/:!2!#!L!2H(%/(&!&/3(.+/-!/:!ALB!2&!]%33!2&!.X%!4564!&Q%'.*2!*%'/*1%1!

2.!1+::%*%-.!%3%'.*/1%!Q/.%-.+23&"!@2)3%!4#!&(,,2*+J%&!.X%!2&&+<-,%-.!/:!.X%!9+)*2.+/-23!

&Q%'.*(,! /-! .X%! )2&+&! /:! .X%! Q/.%-.+23! %-%*<0! 1+&.*+)(.+/-! /:! .X%! Q*%9+/(&30! *%Q/*.%1!

4RLGG! N4'23%1!R(2-.(,!L%'X2-+'23!G/*'%!G+%31O"#S!@X+&!*! %-.2-.! :/*'%! :+%31!X2&!)%%-!

/).2+-%1!)0!1+*%'.!.*2-&:%*!/:!.X%!&'23%!:2'./*&!:+..%1!:*/,!.X%!&Q%'.*2!/:!Q0*+1+-%!N*+-<W

9+)*2.+/-&! +-.%*-23! '//*1+-2.%&O! 2-1! DW,%.X03Q0*+1+-%! N*+-<W&()&.+.(%-.! 2-1! ,%.X03!
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'//*1+-2.%&O"! @X%! 62,2-! 2-1! 4564! ]29%-(,)%*&! 2*%! 23&/! &(,,2*+J%1! +-! @2)3%! 4#!

]X%*%!.X%!*%32.+9%&!+-.%-&+.+%&!2*%!*%:%**%1!./!.X%!)2-1!'/**%&Q/-1+-<!./!,/1%!K2"!+

! i.! '2-! )%! &%%-! .X2.! .X%!62,2-! &Q%'.*(,! +&! 1/,+-2.%1! )0! 2! )2-1! *%'/*1%1! 2.!

#EA7! ',W#! 2-1!2&&+<-%1! ./! .X%! #Dcâ*+-<!,/1%"!@X%*%! 2*%! 23&/!/.X%*!)2-1&!]+.X!,%1+(,W

]%2V! +-.%-&+.0! *%'/*1%1!2.! 7A=^! K#E^! #ESC!2-1! #DA#! ',W#! 2-1!2&&+<-%1! ./!T)^! #^! d*+-<! 2-1!

dN8vO! :(-12,%-.23&^! *%&Q%'.+9%30"! i-! 2! &+,+32*!]20^! .X%! 4564! &Q%'.*2! *%'/*1%1! 2.! E"EE!

2-1! WE"D7! a! &X/]! 2! 9%*0! &.*/-<! )2-1! '/**%&Q/-1+-<! ./! ,/1%! #D! 2-1! -/! *%3%92-.!

%-X2-'%,%-.!/:!2-0!/.X%*!9+)*2.+/-"!@X+&!,%2-&!.X2.!.X%!4564!&Q%'.*2!2.!E"EE!2-1!WE"D7!

a!&X/(31!)%!%P'3(&+9%30!%-X2-'%1!.X*/(<X!2!-/-W8@!,%'X2-+&,"!!

+

+ :=;/C3,6+ ,/,P8B:8P9H+ 2/,-.3?1-3/,>"+ u%! '2-! (&%! .X+&! *%&(3.! ./! */(<X30!

*%,/9%!-/-W8@!N/*!23.%*-2.+9%30!-2,%1!2&!5LO!'/-.*+)(.+/-&!./!.X%!4564!+-.%-&+.+%&!+-!

&Q%'.*2!*%'/*1%1!2.!2-0!/.X%*!Q/.%-.+23!)0!&().*2'.+-<!.X%!+-.%-&+.+%&!*%'/*1%1!2.! WE"D7!

a^!/*!%+.X%*!2.!E!a^!&+-'%!)/.X!<+9%!&+,+32*!*%&(3.&Y!

!

! i4564W8@!r!i4564^5PQ"!î!i4564^-/-W8@!r!i4564^5PQ"!î!i4564^WE"D7!a!! NAO!

+

! G/*!.X+&!&().*2'.+/-!233!.X%!*%32.+9%!+-.%-&+.+%&!X29%!./!)%!*%:%**%1!./!2-!+-2'.+9%!

4564W8@!:(-12,%-.23"!G/*!.X+&!Q(*Q/&%!%+.X%*!8ZA!/*!2*/,2.+'!8Z!&.*%.'X+-<!)2-1&!'2-!

)%!(&%1!2&!+-.%*-23!&.2-12*1&!<+9%-!.X2.!-/-%!/:!.X%,!:/*,!Q2*.!/:!.X%!'X*/,/QX/*%!+-!

.X%! *%&/-2-.! 8@! Q*/'%&&"! u%! X29%! 2QQ3+%1! .X+&! Q*/'%1(*%! ./! .X%! 4564! +-.%-&+.+%&!

*%'/*1%1!2.!WE"7!2-1!WE"=7!a"!>)9+/(&30^!/-30!.X%!+-.%-&+.+%&!/:!,/1%!#D!2*%!&+<-+:+'2-.30!

1+,+-+&X%1^!&X/]+-<!9%*0!&,233!N/*!-%<2.+9%O!i4564W8@!923(%&!+-!)/.X!4564!2.!WE"7!/*!WE"=7!

a!N@2)3%!4#O!2-1!+-1+'2.+-<!.X2.!.X%!8@!,%'X2-+&,!1/%&!-/.!&+<-+:+'2-.30!%-X2-'%!.X+&!

9+)*2.+/-"! @X%! +-.%-&+.+%&! /:! .X%! /.X%*&! )2-1&! *%,2+-! 23,/&.! (-'X2-<%1! )0! .X+&!

Q*/'%1(*%! 2-1! .X%*%:/*%! .X%0! &X/(31! )%! %P'3(&+9%30! %-X2-'%1! .X*/(<X! .X%! 8@!

,%'X2-+&,"!@X+&!*/(<X!%&.+,2.+/-!/:!.X%!*%32.+9%!-/-W8@!N/*!5LO!2-1!8@!+-.%-&+.+%&!:/*!

ALB!2<*%%!]+.X!Q*%9+/(&!*%&(3.&"!@X%!-/-W8@!'/-.*+)(.+/-!+&!(&(2330!/-30!&+<-+:+'2-.!:/*!

.X/&%! )2-1&! .X2.! %PX+)+.! &.*/-<! +-.%-&+.0! +-! .X%! -/*,23! 62,2-! &Q%'.*(,! 2&!

1%,/-&.*2.%1!:/*!.X%!#!,/1%!+-!Q0*2J+-%!/*!#!2-1!#D!,/1%&!+-!Q0*+1+-%"S2^'!!

+

+ 8B:8P9H+ ?7,0>"+ i.!'2-!)%!&%%-! +-!G+<(*%!D! .X2.! .X%!,2+-! :%2.(*%!/:! .X%!4564!

&Q%'.*2!*%'/*1%1!2.!WE"7!2-1!WE"=7!a!+&!.X%!%-X2-'%,%-.!/:!.X%!)2-1&!*%'/*1%1!2.!#TEE^!

#7KE^!#DAE^!#DEE^!#E7E^!K#7!2-1!TSE!',W#!2-1!2&&+<-%1!./!.X%!+-WQ32-%!,/1%&!K)^!K2^!dN8vO^!

âN8ZO^!d*+-<^!#!2-1!T2^!*%&Q%'.+9%30"!i.!&X/(31!)%!&.*%&&%1!.X2.!.X%!)2-1!'/**%&Q/-1+-<!./!
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,/1%!K2!1/%&!-/.!&X/]!.X%!&.*/-<%&.!%-X2-'%,%-.!2-1!.X2.!,/1%!K)!*%2'X%&!&+,+32*!

2-1! %9%-! &.*/-<%*! +-.%-&+.+%&! .X2-! K2"! @X+&! +&! 2! &+,+32*! *%&(3.! :/(-1! +-! .X%! 4564! /:!

Q0*+,+1+-%S:! 2-1! 9%*0! 1+::%*%-.! ./! .X2.! /:! Q0*+1+-%S2! 2-1! SW,%.X03Q0*+1+-%! NSLBOS)!

]X%*%!/-30!2!&.*/-<!)2-1!'/**%&Q/-1+-<!./!K2!,/1%!+&!*%'/*1%1!+-!.X%!#TEE!',W#!*%<+/-"!

@X+&! +&! .X%! *%2&/-! ]X0! .X%! 'X2*2'.%*+&.+'! .*+2-<3%W&X2Q%1! 8@! %-X2-'%,%-.! +&! -/.!

Q*%&%-.!+-!.X%!4564!/:!ALB!NG+<"!#O"!!

!

! f7C=,1;?=.+ >O3D->+ /.363,7-=0+ ?@+ -O=+ 70>/.I-3/,+ /,+ >3AC=."+ @2)3%! 4D!

&(,,2*+J%&!.X%!/)&%*9%1!]29%-(,)%*!&X+:.&!)%.]%%-!.X%!2H(%/(&!&/3(.+/-!62,2-!2-1!

.X%!4564!&Q%'.*(,!*%'/*1%1!2.!WE"7!a"![%-%*2330!&Q%2V+-<!233!)2-1&!(-1%*</!)3(%W&X+:.&!

(Q/-!21&/*Q.+/-!/-!&+39%*^!.X%!*+-<!9+)*2.+/-&!&X/]+-<!.X%!32*<%&.!1+&Q32'%,%-.&"!@X%&%!

*%&(3.&!'2-!)%!'/,Q2*%1! +-! .X%!&2,%!@2)3%!4D!]+.X! .X%! .X%/*%.+'23!923(%&!/).2+-%1!)0!

&().*2'.+-<!.X%!'23'(32.%1!]29%-(,)%*&!:/*!+&/32.%1!ALB!:*/,!.X/&%!'23'(32.%1!:/*!.X%!

\<DWALB!'/,Q3%P"!@X+&!'3(&.%*!'2-!)%!'/-&+1%*%1!2&!2!,/1%3!:/*!.X%!21&/*Q.+/-!/-!.X%!

%3%'.*/1%! 2.! .X%! J%*/W'X2*<%! Q/.%-.+23! ]X+'X! +&! '3/&%! ./! WE"7! a! :/*! &+39%*"! f/.X!

%PQ%*+,%-.23!2-1!'23'(32.%1! *%&(3.&! &X/]!.X%! 32*<%&.! &X+:.&! :/*! .X%!K2! N%PQk'23'Y!n=knT!

',W#O! 2-1! #! Nn#Ekn=! ',W#O! *+-<W&.*%.'X+-<! ,/1%&! 2-1! :/*! .X%! #D! NnSkn#D! ',W#O! 2-1! T2!

Nn#Tkn#A!',W#O!+-WQ32-%!*+-<W1%:/*,2.+/-!,/1%&^!*%&Q%'.+9%30"!@X+&!'/-:+*,&!.X2.!ALB!+&!

)/-1%1! ./! .X%! ,%.23! .X*/(<X! .X%! 3/-%! %3%'.*/-! Q2+*! /:! .X%! -+.*/<%-! 2./,! <+9+-<! 2!

Q%*Q%-1+'(32*! /*+%-.2.+/-! /:! .X%! 2*/,2.+'! *+-<! ]+.X! *%&Q%'.! ./! .X%! &(*:2'%! 2&! +.! ]2&!

23*%210!:/(-1!:/*!/.X%*!*%32.%1!,/3%'(3%&"S1^#7!

+

+ BY23-=0+ >-7-=>+ /D+ -O=+ V6$P%QK+ 2/;IA=Y"+ @2)3%! 4A! &X/]&! .X%! *%&Q%'.+9%!

8i4kg2-gD$å! %-%*<+%&^! /&'+332./*! &.*%-<.X&! 2-1! *%3%92-.! L(33+V%-! 'X2*<%&!

'/**%&Q/-1+-<! ./! .X%!G*2-'VW8/-1/-!Q/+-.&!/:! .X%! :+*&.! .%-! &+-<3%.&! &.2.%&!/:! .X%!\<DW

ALB!'/,Q3%P"!@X%&%!%P'+.%1!&+-<3%.&!3+%!)%3/]!T"7!%a!2-1!2*%!+-!.X%!/*1%*!D#\|^!A#\|^!##\h^!

S#\|^!D#\h^!A#\h^!7#\|^!T#\|^!S#\h!2-1!=#\|^!*%&Q%'.+9%30"!f0!'/,Q2*+-<!.X%!L(33+V%-!'X2*<%&!

/:! .X%! &+39%*! '3(&.%*! 2-1! .X%! 21&/*)2.%! +-! .X%! <*/(-1! &.2.%! 4Ec! #
#\|! 2-1! +-! .X%! %P'+.%1!

&+-<3%.&^!/-30!.X%!4TcA
#\h!2-1!4Cc!S

#\h!'2-!)%!'/-&+1%*%1!8@!&.2.%&!+-1%%1!]+.X!2!'X2*<%!

.*2-&:%*!:*/,!.X%!,%.23!./!.X%!,/3%'(3%!NÜHO!2,/(-.+-<!./!WE"K#!2-1!WE"KK^!*%&Q%'.+9%30"!

@X%&%!923(%&!&(QQ/*.!.X%!X0Q/.X%&+&!2&&(,%1!+-!&.%Q!D!/:!.X%!4564W8@!,%'X2-+&,!&+-'%!

.X%0!2*%!9%*0!'3/&%! ./! .X%! .*2-&:%*!/:!/-%!'/,Q3%.%!%3%'.*/-"!@X%!*%,2+-+-<!%3%'.*/-+'!

&.2.%&!2*+&%! :*/,!%P'+.2.+/-&! +-&+1%!.X%!&+39%*!'3(&.%*!2-1!.X%*%:/*%!&X/]!9%*0!&,233!ÜH!

923(%&!)%3/]!E"#7"+f/.X!8@!&.2.%&!X29%!)%%-!/Q.+,+J%1!0+%31+-<!%-%*<+%&!/:!A"==!2-1!S"=#!

%a!2.!.X%!*%&Q%'.+9%!,+-+,2"![+9%-!.X2.!8i4kg2-gD$å!'23'(32.+/-&!(&(2330!/9%*%&.+,2.%!

'2"!D7é!.X%!%-%*<+%&!/:!.X%!%P'+.%1!&+-<3%.&^#T!.X%!'/**%&Q/-1+-<!%-%*<+%&!/:!.X%!8@!&.2.%&!
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2*%! +-! .X%! /*1%*! /:! .X%! +-'+1%-.! QX/./-&! ND"7! %a! 2.! 7#S"7! -,O! 2-1^! .X%*%:/*%^! .X%!

:(3:+33,%-.! /:! *%&/-2-'%! /*! Q*%W*%&/-2-'%! 8@! '/-1+.+/-&! '2-! )%! 2''%Q.%1! (-1%*! .X%!

%PQ%*+,%-.23!'/-1+.+/-&!X%*%!(&%1"!!

+

+ 8B:8P9H+ 3,-=,>3-3=>"+@X%!&.*/-<!4564!%-X2-'%,%-.! :/*!K2!,/1%! +&!2! .0Q+'23!

:%2.(*%!/:!.X%!4564W8@!/:!Q0*+1+-%^!2-1!<%-%*2330!&Q%2V+-<^!/:!2J+-%&!2-1!)%-J%-%W3+V%!

1%*+92.+9%&"! @X%*%:/*%! ]%! X29%! Q*%9+/(&30! Q*/Q/&%1! ./! (&%! +.! 2&! 2! Q*/Q%-&+.0! *(3%! :/*!

*%'/<-+J+-<!.X%!Q*%&%-'%!/:!8@!Q*/'%&&%&!+-!2!Q2*.+'(32*!4564"!!

! i:! .X%!&0,,%.*0!/:! .X%!K2kK)!Q2+*!/:!9+)*2.+/-&! :/*! +&/32.%1!Q0*2J+-%!N$DXO!2-1!

Q0*+1+-%!N8D9O!NG+<"!AO!+&!'/-&+1%*%1^!+.!'2-!&%%!.X2.!K2!,/1%!+&!23]20&!2!./.2330!&0,,%.*+'!

9+)*2.+/-!)(.!K)!+&!-/.^!)%3/-<+-<!./!fA<!/*!fD!+**%1('+)3%!*%Q*%&%-.2.+/-&^!*%&Q%'.+9%30"!

@X+&! %PQ32+-&! ]X0! /-30! K2! ,/1%! &X/]&! -/-W92-+&X+-<! 923(%&! :/*! .X%! .X%/*%.+'23! 8@!

+-.%-&+.+%&!%&.+,2.%1!:*/,!%H(2.+/-!NDO"!uX%-!.X%!%::%'.!/:!.X%!21&/*Q.+/-!/-!.X%!,%.23!

+&! .2V%-! +-./! 2''/(-.^! .X%*%! +&! 2! 1%&'%-.! +-! &0,,%.*0! +-! .X%! Q0*2J+-%W&+39%*! '/,Q3%P!

]+.X! *%&Q%'.! ./! .X%! +&/32.%1! ,/3%'(3%! :*/,! $DX! ./! 8D9"! @X+&! 1%&'%-.! *%&(3.&! +-! 2! fD!

&0,,%.*0!:/*!K)!,/1%!2-1^!.X%*%:/*%^!*%,2+-&!G*2-'VW8/-1/-!+-2'.+9%!(-1%*!*%&/-2-.!

8@!'/-1+.+/-&"S'!i-!Q0*+1+-%^!.X%!:/*,2.+/-!/:!.X%!&(*:2'%!'/,Q3%P!]+.X!.X%!,%.23!1/%&!

-/.! 2::%'.! .X%! *%3%92-.! &0,,%.*0! /:! .X%! &0&.%,^! *%,2+-+-<! 8D9"! 8/-&%H(%-.30^! .X%! K)!

,/1%!23&/!,2+-.2+-&!.X%!fD!&0,,%.*0!2-1!&X/]+-<!-/!G*2-'VW8/-1/-!2'.+9+.0"!@X+&!+&!2!

&+,+32*! &+.(2.+/-! ./! SLB^S)! 2-/.X%*! &0&.%,! .X2.! &X/]&! .X%! &2,%! &0,,%.*0! :/*! .X%!

+&/32.%1!,/3%'(3%!2&!]%33!2&!:/*!.X%!,%.23W21&/*)2.%!'/,Q3%P^!.X2.!+.!'2-!)%!'/-&+1%*%1!

./!)%!8D9!&+-'%!.X%!)2**+%*!:/*!.X%!,%.X03!<*/(Q!*/.2.+/-!+&!9%*0!&,233"#S!

! Z/]%9%*^! .X+&! *(3%! )2&%1! /-! .X%! &%3%'.+9%! %-X2-'%,%-.! /:!,/1%! K2!,(&.! )%!

'2(.+/(&30!2QQ3+%1!<+9%-!.X2.!.X%!4564W8@!+-.%-&+.0!/:!.X+&!)2-1!'2-!)%!2::%'.%1!)0!.X%!

K)!,/1%!+:!)/.X!)%3/-<!./!.X%!&2,%!&0,,%.*0"!@X+&!]2&!23*%210!1%.%'.%1!+-!.X%!4564!/:!

Q0*+,+1+-%! N8D9O
S:!!NG+<"! AO^!]X%*%! .X%!%-X2-'%,%-.!/:!)/.X! :(-12,%-.23&! +&! *%32.%1! ./!

,/1%!*/.2.+/-!)%.]%%-!K2!2-1!K)!Q2+*!/''(**+-<!]X%-!.X%!,/3%'(3%! +&!21&/*)%1!/-./!

.X%!&+39%*!&(*:2'%"!\''/*1+-<!./!%H(2.+/-!NDO!/-30!./.2330!&0,,%.*+'!,/1%&!'2-!)%!4564W

8@! 2'.+9%&! +:! )/.X! *%&/-2-.! &.2.%&! )%3/-<! ./! .X%! &2,%! &0,,%.*0! Q/+-.! <*/(Q! 2-1! .X%!

4564W8@!&Q%'.*(,!'23'(32.%1!:/*!+&/32.%1!Q0*+,+1+-%!/-30!Q*%1+'.&!.X%!%-X2-'%,%-.!/:!

,/1%! K2c\#"! Z/]%9%*! +:! .X%! 1%&'%-.! +-! &0,,%.*0! :*/,! 8D9! ./! 8&! ]X%-! .X%! ,/3%'(3%!

21&/*)&! /-! .X%! ,%.23! +&! .2V%-! +-./! 2''/(-.^! 233! +-WQ32-%! 9+)*2.+/-&! )%'/,%! ./.2330!

&0,,%.*+'!2-1!'/(31!&X/]!-/-W92-+&X+-<!G*2-'VW8/-1/-!:2'./*&!NÜRjEO"!i-!:2'.^!]X%-!

.X%! 4564W8@! +-.%-&+.+%&! 2*%! '23'(32.%1! :/*! .X%! Q0*+,+1+-%W\<D! &0&.%,! .X%! .]/! K2kK)!

,/1%&! 2*%! :/(-1! ./! X29%! 9%*0! &+,+32*! 4564W8@! +-.%-&+.+%&"! @X+&! Q/+-.&! /(.! ./! 2!
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! +
CD!

!
! !

*%1+&.*+)(.+/-! /:! .X%! G*2-'VW8/-1/-! '/-.*+)(.+/-^! 2-1! .X%*%:/*%! /:! .X%! 4564W8@!

+-.%-&+.+%&^!)%.]%%-!.X+&!Q2+*!/:!:(-12,%-.23&"!@X+&!%PQ32+-&!]X0!)/.X!9+)*2.+/-&!K2kK)!

&X/]!*2.X%*!&.*/-<!+-.%-&+.+%&!+-!.X%!4564!&Q%'.*2!/:!Q0*+,+1+-%"S:!

!



!

!

!

!
"#$%&'! ()! "##$%&! '#! &($! )*+',-&.'/! '/! &($! ,$0$1)/&! +233$&,2! '#! +$1$,)0! ),'3)&.%!3'0$%40$+! )/*! '#! &($.,! ,$+-$%&.1$! 5)! )/*! 56!3'*$+7! 8"98:;<!

$+&.3)&$*!./&$/+.&.$+!#,'3!=>!?.+'0)&$*!3'0$%40$+@!)/*!;A8BC)/CDEF!?3'0$%40$G+.01$,!%'3-0$H$+@!%)0%40)&.'/+I!,$+-$%&.1$027!
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!

!

!

!

!



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

!!
!"#

!
! !

# $%&'(# )"# *+# ,-(# ).//01,*+2# 3+4015%,*0+# 60''(6,7# ,-(# 6%'6.'%,(8# 9:#

8*7/'%6(5(+,7#;(<.%,*0+#=>#%+8#,-(#,-(01(,*6%'# *+,(+7*,*(7#6%'6.'%,(8#4105#(<.%,*0+#;?>#

401# ,-(#@AB)A# %+8#C$*B)A# 1(70+%+,# ,1%+7*,*0+7#04# ,-(# *70'%,(8#50'(6.'(# %+8#04# ,-(#D2?B

EFG# 605/'(HI# 1(7/(6,*J('KL# 3,# 6%+# &(# 7((+# ,-%,# %''# CM# 7,1(,6-*+2# 4.+8%5(+,%'7# 7-0N#

J(1K# 75%''# J%'.(7# 04#9:I# %+8# ,-(1(401(I# J(1K#N(%O# )PQ)BC$# *+,(+7*,*(7L# $-*7# J%'*8%,(7#

0.1#/10/07(8#5(,-08# ,0# 1(50J(# ,-(#+0+BC$# 60+,1*&.,*0+7# ,0# ,-(# )PQ)# *+,(+7*,*(7# &K#

.7*+2#,-(7(#J*&1%,*0+7#%7#%#1(4(1(+6(L##

# 34# ,-(#@AB)A# ,1%+7*,*0+# 04# *70'%,(8# EFG# *7# 60+7*8(1(8# ;$%&'(# )">I# ,-(# 7,10+2(7,#

)PQ)BC$#(+-%+6(5(+,7#%1(#/1(8*6,(8#401#,-(#R%#%+8#R&#508(7I#N*,-#1('%,*J(#*+,(+7*,*(7#

%50.+,*+2#,0#=AA#%+8#STI#1(7/(6,*J('KL#3,#*7#%'70#(H/(6,(8#%#5(8*.5#C$#(+-%+6(5(+,#401#

%#U;CM>#508(#%10.+8#=?AA#65B=L#D88*,*0+%''KI#,-(#V;CBW>#7,1(,6-*+2#508(#%10.+8#=??A#

65B=#%7#N(''#%7#508(7#=#%+8#=?#7-0N#75%''#C$#60+,1*&.,*0+7L#)*5*'%1#1(7.',7#%1(#0&,%*+(8#

*+#,-(#6%7(#04#,-(#C$AB)A#,1%+7*,*0+#04#,-(#605/'(HI#,-0.2-#%#'%12(1#*+,(+7*,K#401#508(#

R&#,-%+#R%#*7#/1(8*6,(8L#$-(*1#1('%,*J(#*+,(+7*,*(7#%50.+,*+2#,0#RE#%+8#=AAI#1(7/(6,*J('KL#

$-(#,-(01(,*6%'#)PQ)BC$#7/(6,1%#6%'6.'%,(8#401#@AB)A#('(6,10+*6#,1%+7*,*0+#04#,-(#*70'%,(8#

EFG#%+8#C$AB)A#%+8#C$=B)A#,1%+7*,*0+7#04#,-(#D2?BEFG#605/'(H#%1(#7-0N+#*+#X*2.1(#"L##

#

#

!"#$%&' ()# MX# %+8# C3)YZD[Z?@\# 6%'6.'%,(8# )PQ)# 1('%,*J(# *+,(+7*,*(7# 401# ,-(# @A])A# ('(6,10+*6#

,1%+7*,*0+#04#,-(#*70'%,(8#50'(6.'(#%+8#C$A])A#%+8#C$=])A#,1%+7*,*0+7#04#,-(#E#5(,-K'/K1*8*+(]D2?#

7.14%6(#605/'(HI#1(7/(6,*J('KL#
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# $%#&''#()*++#,-+.(*&#()+#,+'+.(/0+#&%1#0+*2#.)&*&.(+*/,(/.#+%)&%.+3+%(#45#341+#

6&#/,#%4(#+0/1+%(#7/0+%#()&(#()+#89#+%)&%.+3+%(#/,#+:;&''2#1/,(*/<;(+1#<+(=++%#()+#(=4#

6&>6<#<&%1,?#9)+#3+()2'&(/4%#45#-2*/1/%+#4%#()+#*"&+'#-4,/(/4%#*+,;'(,#/%#&#,2,(+3#=/()#

8,# ,233+(*2@# 6&>6<# 341+,# &*+# <4()# (4(&''2# ,233+(*/.# &%1# +A-+.(+1# (4# )&0+# ,/3/'&*#

BCDBE89# .4%(*/<;(/4%,# &,# /%# ()+# -2*/3/1/%+E,/'0+*# .43-'+A?# F4*# /%,(&%.+G# ()+# 89#

.&'.;'&(+1# /%(+%,/(/+,# 54*# ()+# 6&>6<# -&/*# &*/,+# 5*43# ()+# *+,-+.(/0+# HI# &34;%(/%7# (4#

J?JK"# &%1# EJ?J6L# &3;L>MN# 54*# ()+# 89JEBJ# (*&%,/(/4%# /%# ()+# ,;*5&.+# .43-'+A# O9&<'+# BPQ?#

9)+,+#0+*2#,/3/'&*#0&';+,#(47+()+*#=/()#()+#5&.(#()&(#<4()#0/<*&(/4%,#<+'4%7#(4#()+#,&3+#

,233+(*2# &%1# )&0+# ,/3/'&*# =&0+%;3<+*,# &%1# RCS# O9&<'+# BLQ# ,;77+,(# ()&(# ()+# BCDB#

/%(+%,/(/+,# 45# ()+# 6&>6<#-&/*# /,# 4*/7/%&(+1#<2# ()+# *+1/,(*/<;(/4%# 45# ()+# F*&%.TE84%14%#

.4%(*/<;(/4%#<+(=++%#<4()#341+,?#

# U''# ()+,+# *+,;'(,#-4/%(# (4#&# *+,4%&%(#89#3+.)&%/,3#&,#<+/%7# ()+#4*/7/%#45# ()+#

BCDB# *+'&(/0+# /%(+%,/(/+,#4<,+*0+1# /%# ()+# ,-+.(*&#45# VWR?#D+7&*1/%7# ()+#+';./1&(/4%#45#

()+#+'+.(*4%/.#(*&%,/(/4%#*+,-4%,/<'+#45#()+#BCDB#/%(+%,/(/+,G# /(#.&%#<+#,++%#/%#F/7;*+#P#

&%1#9&<'+#BP#()&(#<4()#SJEBJ#&%1#89JEBJ#(*&%,/(/4%,#&*+#0+*2#,/3/'&*?#U,#/(#=&,#&'*+&12#

1/,.;,,+1G# ()+2# <4()# -*+1/.(# ()+# ,(*4%7+,(# +%)&%.+3+%(# 54*# 6&# &%1# 6<#341+,# &%1# &#

=+&T+*# +%)&%.+3+%(# 54*# ,43+# <&%1,# &--+&*/%7# /%# ()+# LMJJEXJJ# .3EL# *+7/4%?# Y%# ()+#

4()+*#)&%1G#()+#89LEBJ#(*&%,/(/4%#&',4#-*+1/.(,#,/3/'&*#BCDB#/%(+%,/(/+,#54*#()+#6&>6<#-&/*#

<;(#&#,(*4%7#+%)&%.+3+%(#54*#()+#Z*/%7#0/<*&(/4%#&(#.&?#LJPJ#.3
EL#=)/.)#/,#%4(#4<,+*0+1#/%#

()+#BCDB#,-+.(*&?#9)/,#*+,;'(#(47+()+*#=/()#()+#5&.(#()&(#()+#.&'.;'&(+1#0+*(/.&'#+%+*72#45#

()+#89L#,(&(+#/,#&--*4A/3&(+'2#L#+[#)/7)+*#()&%#()+#*+,-+.(/0+#F*&%.TE84%14%#-4/%(#45#

()+# 89J# ,(&(+# O9&<'+# BVQ# '+(# ;,# .4%.';1+# ()&(# ()+# 89JEBJ# /,# -*4<&<'2# ()+# *+,4%&%(#

(*&%,/(/4%#()&(#143/%&(+,#()+#BCDB#45#VWR#)+*+#1/,.;,,+1?##

# 9)+# ()+4*+(/.&'# BCDBE89# 1/,.;,,+1# )+*+# ,-+.(*&# )&0+# <++%# .&'.;'&(+1# 4%# ()+#

<&,/,# 45# ()+#\F>8$B# *+,;'(,# =/()# ()+# &/3# 45# 1+34%,(*&(/%7# ()&(# ,;.)# -*+0/4;,'2# ;,+1#

%4%E/%%40&(/0+#()+4*+(/.&'#3+()41,#&*+#&<'+#(4#&..4;%(#54*#()+#1/55+*+%(/&(+1#<+)&0/4;*#

54;%1# /%# ()/,# ,+*/+,# 45# 34'+.;'+,?# B;--4*(/%7# $%54*3&(/4%# 5/'+# &',4# 1+,.*/<+,# ()+#

&'(+*%&(/0+# /%1+-+%1+%(# 341+# 1/,-'&.+1# )&*34%/.# 4,./''&(4*# O$WS\YQ# 3+()41LK# 54*#

.&'.;'&(/%7#*+,4%&%(#D&3&%#/%(+%,/(/+,#&%1#&#F/7;*+#BM#,)4=/%7#()+#$WS\YESF9#&%1#

9SSF9# .&'.;'&(+1# ,-+.(*&# 54*# VWR# &%1# U7MEVWR# <2# ;,/%7# ]V^_RGL6# WJX\FL!# &%1#

=]!K`SMJ# 5;%.(/4%&',# =/()# &# )2<*/1# ^&%^MSa>XEVLbc# <&,/,# ,+(# 54*# U7>VWR# ,2,(+3,G#

*+,-+.(/0+'2?#U,#/(#.&%#<+#,++%#&''#()+#3+()414'47/+,#-*+1/.(#0+*2#,/3/'&*#*+,4%&%(#BCDBE

89#,-+.(*&?#
# #
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"#$%&'()#$(!

# 9)+#BCDB#,-+.(*&#45#VE3+()2'-2*/1/%+#*+.4*1+1#4%#,/'0+*#&(#1/55+*+%(#+'+.(*41+#

-4(+%(/&',# )&0+# <++%# &%&'2d+1# 5*43# ()+# -4/%(# 45# 0/+=# 45# ()+# BCDBE89# +%)&%.+3+%(#

3+.)&%/,3?# 9)+# 34,(# /%(+*+,(/%7# 5+&(;*+# 45# ()+,+# BCDB# /,# ()+# 3+1/;3# *+'&(/0+#

/%(+%,/(/+,#,)4=%#<2#()+#6&#&%1#6<#*/%7#,(*+(.)/%7#<&%1,#*+.4*1+1#&(#.&?#LXJJ#.3EL#=)+%#

()+#+'+.(*41+#-4(+%(/&'#/,#3&1+#34*+#%+7&(/0+?#9)/,#)&,#<++%#.4%5/*3+1#(4#&*/,+#5*43#&#

*+,4%&%.+#D&3&%#-*4.+,,#/%04'0/%7#()+#'4=+,(#89J#,(&(+#45#()+#3+(&'E&1,4*<&(+#,;*5&.+#

.43-'+A?##

# $%# -*+0/4;,# ,(;1/+,# =+# 54;%1# 4;(# ()&(# ()+# BCDBE89# ,-+.(*&# 45# <+%d+%+E'/T+#

34'+.;'+,# &*+# 3&/%'2# .)&*&.(+*/d+1# <2# ()+# ,(*4%7# /%(+%,/(2# 45# ()+# 6&# */%7# ,(*+(.)/%7#

0/<*&(/4%#&%1#=+#)&0+#.'&/3+1# /(# (4#<+#&#-*4-+%,/(2# *;'+# (4#1+(+.(# ()+#-*+,+%.+#45#89#

-*4.+,,+,# /%#()+#BCDB#45# ()/,# (2-+#45#34'+.;'+,?#\4=+0+*G# /(# /,#%+.+,,&*2#(4#.&;(/4;,'2#

.4%,/1+*#()+#*+'+0&%(#,233+(*2#45#()+#,2,(+3#;%1+*#,(;12#=)+%#&--'2/%7#()/,#,/3-'/5/+1#

*;'+?#e)+%#()+#,233+(*2#45#()+#,2,(+3#/,#*+1;.+1#<2#()+#&1,4*-(/4%#4%#()+#3+(&'#'/T+#

/%# ()+# BCDB# 45# -2*/3/1/%+G# 4*# ()+# 34'+.;'+# /(,+'5# ,)4=,# &# '4=# ,233+(*2# '/T+# VE

3+()2'-2*/1/%+G# ()+# ,(*4%7# +%)&%.+3+%(# 45# ()+# 6&# 341+# .&%# <+# 1/,7;/,+1# <2# ()+#

*+1/,(*/<;(/4%#45#()+#89#/%(+%,/(2#=/()#()+#6<#341+?#9)+#+%)&%.+3+%(#45#()+,+#341+,#

&*+# .&;,+1#<2#F*&%.TE84%14%# 5&.(4*,# &%1G# ()+*+54*+#\+*d<+*7E9+''+*# .4%(*/<;(/4%,#14#

%4(#,++3#(4#-'&2#&#,/7%/5/.&%(#*4'+#/%#()+#BCDB#45#<+%d+%+E'/T+#34'+.;'+,?##

# F/%&''2G# /(# )&,# (4# <+# ,(*+,,+1# ()&(# ()+# 1+(+.(/4%# 45# ()+# -*+,+%.+# 45# .)+3/.&'#

3+.)&%/,3,#/,#&#0+*2#/3-4*(&%(#/,,;+#/%#BCDB?#9)/,#=4*T#,)4=,#()+#,/7%/5/.&%(#*4'+#()&(#

.)&*7+# (*&%,5+*# -*4.+,,+,# -'&2# /%# ()+# BCDB# 45# &*43&(/.# 34'+.;'+,# /%# &11/(/4%# (4# ()+#

;%/0+*,&'# +'+.(*43&7%+(/.# 3+.)&%/,3# <&,+1# 4%# ()+# +A./(&(/4%# 45# '4.&'/d+1# ,;*5&.+#

-'&,34%,?#9)/,# *+,;'(# ,)+1# '/7)(# 4%# ()+#4*/7/%#45# ()+#40+*&''# +%)&%.+3+%(G# 7/0+%# ()&(#

()+,+# *+,4%&%(# -*4.+,,+,# .&%# .4%(*/<;(+# (4# ()+# );7+# +%)&%.+3+%(# %++1+1# (4# +A-'&/%#

,/%7'+E34'+.;'+# 1+(+.(/4%# <2# BCDB?# $%# ()/,# *+,-+.(G# ()+# &%&'2,/,# 3+()414'472# )+*+#

&--'/+1#/,#0+*2#;,+5;'#(4#1+(+.(#()+#-*+,+%.+#45#.)&*7+#(*&%,5+*#-*4.+,,+,#&%1#(4#&..4;%(#

54*#()+#1/55+*+%(/&(+1#<+)&0/4;*#,)4=%#<2#()+#BCDB#45#()+#,(;1/+1#,2,(+3,?#

!

*'++#,-)$.!/$0#,12-)#$!342)&25&6f##

# F/7;*+# BL# ,)4=/%7# ()+# D\F>^&%^MSa# 4-(/3/d+1# 7+43+(*2# 45# ()+# U7MEVWR#

.43-'+A# &%1# 54;*# (&<'+,# =/()# BLQ# ()+# +A-+*/3+%(&'# &%1# ,.&'+1# =&0+%;3<+*,G# *+'&(/0+#

/%(+%,/(/+,#&%1#&,,/7%3+%(#45#()+#&:;+4;,#,4';(/4%#D&3&%#&%1#BCDB#,-+.(*&#45#VWRG#BMQ#
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()+# +A-+*/3+%(&'# =&0+%;3<+*# ,)/5(,# <+(=++%# ()+# BCDB# &%1# D&3&%# ,-+.(*&# &%1# ()+#

.&'.;'&(+1# 4%+,# <+(=++%# ()+# U7MEVWR# .43-'+A# &%1# /,4'&(+1# VWRG# BVQ# 8$B>^&%^MSa#

.&'.;'&(+1#0+*(/.&'#+A./(&(/4%#+%+*7/+,G#4,./''&(4*#,(*+%7(),#&%1#W;''/T+%#.)&*7+,#45#()+#

F*&%.TE84%14%#-4/%(,#45#()+#5/*,(#(+%#+A./(+1#,/%7'+(,#45#()+#U7MEVWR#.43-'+A#&%1#BPQ#

()+#.&'.;'&(+1#!I#&%1#*+'&(/0+#BCDBE89#/%(+%,/(/+,?#S+(&/',#45#()+#$WS\Y#3+()41#54*#

.&'.;'&(/%7# *+,4%&%(# D&3&%# /%(+%,/(/+,# &%1# F/7;*+# BM# ,)4=/%7# ()+# $WS\YESF9# &%1#

9SSF9#()+4*+(/.&'#,-+.(*&#54*#VWR#&%1#()+#U7MEVWR#,;*5&.+#.43-'+A#.&**/+1#4;(#=/()#

]V^_RG# WJX\F# &%1# =]!K`S# 5;%.(/4%&',# &%1# &# )2<*/1# ^&%^MSa>XEVLbc# <&,/,# ,+(# 54*#

U7>VWR#,2,(+3,G#*+,-+.(/0+'2?#9&<'+#B"#,;33&*/d+,#9SSF9#0+*(/.&'#+A./(&(/4%#+%+*7/+,G#

4,./''&(4*#,(*+%7(),#&%1#W;''/T+%#.)&*7+,#45#()+#5/*,(#(+%#+A./(+1#,/%7'+(,#45#()+#U7MEVWR#

.43-'+A?!

!

3%7$#8&69.616$-!

# 9)/,# *+,+&*.)# )&,# <++%# ,;--4*(+1# <2# ()+# B-&%/,)# W$8$gg# OR*4h+.(# g;3<+*#

89IMJJ!EJ6"P!Q#&%1#i;%(&#1+#U%1&';.j&#OR*4h+.(#g;3<+*,#FIWE"L"X#&%1#FIWEXKK6Q?#

9)+#&;()4*,#()&%T#B8U$#&%1#D&5&+'#^&**4,&#45#k%/0+*,/(2#45#Wl'&7&# 54*#.43-;(&(/4%&'#

5&./'/(/+,#&%1#,;--4*(?#

#

:606,6$%6(#
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#@"-&:)#-)@5B0 /%# ,@"-&:)#-)@50 );0 ,$:;'-"#@# 8'&*T# D?# i?# \?@# \+,(+*# D?# C?G0 C1,?# e/'+2G#
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8+%(+%4G#B?R?@#^p-+d#94.p%G#$?@#Y(+*4G#i?8?#8'/C*$.:#?@@?G#H9G#VLJJEVLJP@#+Q#U*+%&,G#i?F?@#
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Y(+*4G# i?8?G# B4(4G# i?#G+"*60 G)**$/6#?@;;G#N2G# PMLJEPMLM@#)Q#U0/'&G#F?@#D;&%4G8?@#^4-+dE
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O"Q#8'&*TG#D?i?\?@#S/%+,G#9?i?#E/C"O60G+"*60D/&60=(60=/C%6#;<B>G#-.G#LVLEL"6?#

OXQ#&Q#U'<*+.)(G#U?8?G#F60G+"*604+5#?#;<>;G#LNG#LPKXELP6P@#<Q#U'<*+.)(G#U?8?@#\;('+2G#W?8?G#
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OKQ#8)+%&'G#8@#]/*T+G#D?^?@#^43<&*1/G#i?D?G#G+"*4+5#G+"*#?@@BG#JG#LXLKELXMV?##
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O!Q# R+(/.4'&,G# e?^?@# B(*433+%G# S?R?@# ^&T,)3/%&*&2&%&%G# [?# F60 G+"*60 4+5#6# ;<B@G# 2LG#

PL6"EPL!L?#

OLJQ#S;%%/%7G#9?#\?# i*?@#\&2G#R?# i?# /%#P)(":/0 A+"):"&.-'%0 G+"*.#&:5G# B.)&+5+*# $$$G#\?F?G#
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_?@#8)+%G#e?@#e4%7G#W?#e?@#U%1*+,G#i?@#D+-'47+G#C?#B?@#b43-+*(,G#D?@#W&*(/%G#D?#^?@#F4AG#
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K,2$%7M"#$9#$!9#1)$2-6(!-N6!*',02%6MO$N2$%69!:212$!
*%2--6,)$.!#0!CM16-NP&+P,)9)$6Q!F,#+6$()-P!:'&6(!#0!-N6!

"N2,.6!H,2$(06,!L6%N2$)(1!'$96,!:69'%69!*P116-,P!

!
B/'0/&#R?#8+%(+%4G#$,&<+'#^p-+dE94.p%G#i+,,/.&#D43&%ER+*+dG#

i;&%#F?#U*+%&,G#i;&%#B4(4G#i;&%#8?#Y(+*4#
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!

!

!

!

!

!

!
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Cs Cs

Ag
Mode 8a A’
Mode 8b A’

8a 8b
e-

h!

Ag

FCFC
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H25&6!*;Q#CA-+*/3+%(&'#&%1#,.&'+1#0/<*&(/4%&'#=&0+%;3<+*,#O.3ELQG#*+'&(/0+#/%(+%,/(/+,#

&%1# &,,/7%3+%(# 45# ()+# D&3&%# 45# ()+# &:;+4;,# ,4';(/4%# &%1# BCDB# ,-+.(*&# 45# VE

3+()2'-2*/1/%+?#

#

&B.&'+1# =&0+%;3<+*,# &%1# r# R4(+%./&'# C%+*72# S/,(*/<;(/4%# ORCSQ# 5*43# ()+# BIWFF?LV#
<G.$BCDBE89#/%(+%,/(/+,#45#341+#LM#4<(&/%+1#5*43#+:;&(/4%#OVQ#<2#,;<(*&.(/%7#()+#/%(+%,/(/+,#

45#()+#BCDB#&(#EJ?M"#[#&%1#(&T/%7#()+#8\V#4*#8\#,(*+(.)/%7#<&%1,#&,#/%(+*%&'#*+5+*+%.+,G#

*+,-+.(/0+'2?#

Raman 
Solution 

  SERS (Electrode Potential)     
Scaleda  -0.25 V -0.50 V -0.75 V    

! I !  ! I ! I ! I     PEDa Assignment 
    3074        98 !(CH) !(CH);A' 

3076 380 3053  3061 202 3061 71 3055 24 100 !(CH) !(CH);A' 
  3046  3044 168 3037 52 3033 14 99 !(CH) !(CH);A' 
  3035        99 !(CH) !(CH);A' 
  2976      2976 16 99 !(CH3) !(CH3);A' 
  2958        100 !(CH3) !(CH3);A'' 

2937 420 2912  2923 243 2923 100 2919 56 100 !(CH3) !(CH3);A' 
1602 200 1597  1602 215 1600 98 1598 128 62 !ring, 23 "(CH) 8b;!ring;A' 
1584 100 1578  1584 100 1583 100 1578 100 66 !ring, 19 "(CH) 8a;!ring;A' 

  1486      1478 12 31 !ring, 62 "(CH) 19a,"(CH);A' 
  1455        64 "as(CH3), 14 "(CH) "as(CH3);A' 
  1450        92 "as(CH3) "as(CH3);A'' 
  1418    1414 9 1412 16 34 !ring, 34 "(CH) 19b,"(CH);A' 

1388 140 1378    1384 23 1382 16 90 "as(CH3) "s(CH3);A' 
  1354        92 "(CH) "(CH);A' 
  1240        68 !ring, 21 "(CH) 14;!ring;A' 

1231 720 1219  1233 144 1231 89 1230 69 55 !ring, 13 "(CH) !(CX);A' 
1193 240 1200  1195 144 1193 112 1192 174 46 !ring, 41 "(CH) "(CH);A' 
1121 140 1124        52 !ring, 39 "(CH) !ring;A' 

  1051        67 r(CH3), 16 #(CH) r(CH3);A'' 
1049 960 1039  1053 317 1053 168 1049 132 67 !ring, 19 12;"ring !ring;A' 
1035 2000 1024  1035 2231 1033 748 1033 459 32 !ring, 50 12;"ring 12;"ring;A' 

       -283b  -63b 
!(CH3)  as ref. band  12;"ring;A' 

       -53c  222c !(CH) as ref. band  12;"ring;A' 
  995    996 9 922 11 77 #(CH), 12 16a;$ring #(CH);A'' 
  980        63 r(CH3), 26 !ring r(CH3) ;A' 
  937    938 14 934 14 78 #(CH) #(CH);A'' 
  924        88 #(CH) #(CH);A'' 

810 560 792  816 217 816 140 814 86 38 "ring, 31 !ring 1;!ring;A' 
  787        83 #(CH) #(CH);A'' 
  702    706 9 704 8 71 4;$ring, 17 #(CH) 4;$ring;A'' 

640 120 632  648 107 646 93 644 80 61 6a;"ring, 24 6b;"ring 6a; "ring;A' 
537 780 534  538 59 538 42 538 54 39 6b;"ring, 29 6a;"ring 6b;"ring;A' 

  458    461 9 461 10 55 #(CX), 29 $ring #(CX);A'' 

  406  403 44 401 9 401 10 
53 16b;$ring, 29 
16a;$ring 

16b;$ring;A'' 

  349    349 5 345 10 80 "(CX) "(CX);A' 
  204        56 $ring, 22 #(CX) 16a;$ring;A'' 
  64        75 $(CX) $(CX);A'' 
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3+()2'-2*/1/%+#OVWRQ#*+.4*1+1#&(#EJ?"J#[#&%1#()+#D&3&%#45#()+#-;*+#'/:;/1#OD&f#ZG.3ELQ#

&%1#D\F>^&%^MSa#.&'.;'&(+1# ,)/5(,# 54*# ()+#0/<*&(/4%,#45# ()+#U7MEVWR#,;*5&.+#.43-'+A#

=/()#*+,-+.(#(4#()4,+#45#()+#/,4'&(+1#VWR?##

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

! 1+!  ! 234! !

566'7)(%)*! "! !"+  "! !"8 

"9-:;<!5= 2>?@! A! ! 2B2C! DE!

"9-:;<!5= 2>FE! DB! ! 2B>@! D@!

"9-:;<!5= 2>2E! A! ! 22?F! D?!

"9-:2;<!5= G@?>! A! ! 2G@H! DH!

"9-:2;<!5= G@GB! AC! ! 2G>C! DF!

?8<"&')7<!5= CF@E! D2! ! CE??! D2!

?+<"&')7<!5= CFEH! DE! ! CEHC! DH!

C@+<#9-:;<!5= CB?>! AG! ! CH2H! DG!

#9-:2;<!5= CBFH! A! ! CHB@! DG!

C@8<#9-:;<!5= CBCG! DG! ! CFEC! DB!

#69-:2;<!5= C2?B! >! ! CF?C! D2!

"9-I;<!5= CGGE! A! ! C2H2! DB!

CB<"&')7<!5= A! A! ! CG@C! DG!

#9-:;<!5= CC?@! DB! ! C2G?! DC!

"&')7<!5= CCGF! A! ! CGGF! >!

"&')7<!5= C>BC! D?! ! CC2B! D2!

CG<#&')7<!5= C>G@! DB! ! CC2E! DCG!

C<"&')7<!5= ?>H! DC>! ! ?H@! DE!

H+<#&')7<!5= H2>! DCH! ! H@H! DC2!

H8<#&')7<!5= F2F! D2! ! F?B! >!

CH8<$&')7<!5== B>C! >! ! BH?! DG!

#9-I;<!5= 22@! DC>! ! 2HB! DH!
&ZOEJ?"[#BCDBQ#s#ZO'/:;/1#D&3&%Q@#<#ZOU7MEVWRQ#s#ZOVWRQ#
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"#$%&!'()!"#$%&'(&)*+!,'-,.-'/01!203/4,'-!05,4/'/46(!0(037408!9:;<=!68,4--'/63!8/30(7/>8!9!<!'(1!?.--4@0(!,>'3708!9"<!,63308A6(14(7!/6!

/>0! B3'(,@C"6(16(! A64(/8! 6D! />0! D438/! /0(! 05,4/01! 84(7-0/8! 6D! />0! E7)CFCG0/>H-AH3414(0! ,6GA-05I! J>0! 308A0,/420! 2'-.08! D63! />0!

6A/4G4K01!"J4!8/'/08!'30!8>6L(!4(!M3',@0/8I!!

!

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

! (!(56! )!(56! *!(56! (!(57! +!(56! )!(57! *!(57! ,!(56! -!(56! +!(566! 2!(56!

!8."9:"'1;%<! '! )=44! *=)*! *=)3! +=)(! +=)*! +=*+!

.*=221!

+=-2! ,=()! ,=(2!

.+=2(1!

-=)2!

!! ! '=2*(! '=+)*! '=+,)! '=')(! '='(-! '=''(! '='*4! '=))2! '='''! '='44!

5>)!?@$A>%!"!! :'='-! :'='4! :'='4! :'='3! :'=()! :'=('! '=2,!

.'=-(1!

:'=)'! :'=((! '=3)!

.'=2-1!

:'='2!

!"B""'!:""9#$ '! C'='*! C'='*! C'=')! C'='-! C'='+! :'=3(!

.:'=-21!

C'=(+! '=',! :'=33!

.:'=3)1!

C'='(!

#0A$DEF%AA%G!?@$A>%!FAHI!#@%!5>)!?JKE#%A!#H!*:I%#@LJMLA9G9D%!9D!#@%!"9!E#$#%=!

!
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"#$%&! '()$ %&'()'&*+,$ -.$ ,/01'&(+2+3*0$ 4+5)&*/63$ !7$ &2)!89$ :;$ &3,$ <+'&*/=+$ >?@>A%B$

/3*+30/*/+0$4+5)&*/63$9;$<+'&*+,$*6$*C+$D"A>"$*<&30/*/63$6E$ /06'&*+,$FA2+*CG'1G</,/3+$&3,$

*C+$%B/A>"$*<&30/*/630$6E$*C+$HI9AFA2+*CG'1G</,/3+$0)<E&(+$(621'+JK$

$
"#$%&'(! ! ! ! )*+,-.,/01! ! 234+,-.,/01!

56-.78$8&.(! ! ! ! 09:49 ! 4;<259=:49! 4><25?=:49!

! ! ! ! /@AA:?@A ! B?@AA:?@A! C?@AA:?@A!

4DEE#$6D! "&'#! !7F-G#'  "H! # ! "H! 3! "H! 3!

@A! !<2)=! B9IC! ! :9J99K! BJC! ! 9J99?! 9J9! :9J99;! /JK!

@A! !<2)=! B9LB! ! :9J99B! M?! ! 9J99?! 9J9! :9J99?! M?!

@A! !<2)=! B9C;! ! 9J99C! M?! ! 9J99?! 9J9! 9J99/! M?!

@A! !<2)=! B9BL! ! 9J99B! M?! ! :9J99C! ?JK! 9J99L! ?J>!

@A! !<2)B=! />I;! ! 9J999! 9J9! ! :9J99?! 9J9! 9J999! 9J9!

@A! !<2)B=! />?/! ! :9J99K! /JK! ! 9J99B! ?J9! 9J99K! CJL!

@A! KNO!68.P! ?L>I! ! :9J9>>! !"#$% ! :9J9K?! &$$#$% 9J9KK! &$$#$%

@A! K-O!68.P! ?LIK! ! :9J??K! &$$#$% ! 9J9IL! '(#&% :9J9K;! )$#*%

@A! ?>-O$<2)=! ?CK;! ! :9J9/I! CJ?! ! 9J99I! M?! :9J9/L! ;JC!

@A! $-7<2)B= ?CLL! ! 9J99C! M?! ! :9J99;! M?! :9J99/! 9J9!

@A! ?>NO$<2)=! ?C?K! ! 9J99;! M?! ! 9J99?! 9J9! 9J9?I! /J;!

@A! $7<2)B= ?BIK! ! 9J99?! 9J9! ! 9J99C! M?! :9J9/I! CJL!

@A! $<2)=! ?BLC! ! 9J9/;! BJ9! ! 9J9?K! BJ?! :9J9?;! /J9!

@A! !<2Q=! ?/?>! ! :9J9KI! +&#(% ! :9J9KK! *"#,% 9J99I! M?!

@A! ?CO!68.P! ?/C9! ! :9J99B! 9J9! ! :9J9/L! CJB! 9J9C;! ?/J?!

@A! $<2)=! ?/99! ! 9J?B9! "+#"% ! :9J?9L! ,)#'% 9J9?>! /J9!

@A! !68.P! ??/C! ! :9J9B?! /JB! ! 9J9L>! ?IJ/! 9J99I! M?!

@A! !68.P! ?9B>! ! :9J9/L! ?J/! ! :9J9>/! ((#(% :9J?LL! !'#(%

@A! ?/O$68.P! ?9/C! ! 9J?B9! ((#&% ! 9J9KC! +)#$% 9J9;I! ?LJ/!

@A! 6<2)B=! >K9! ! 9J9BK! /J;! ! 9J9?B! M?! :9J9B>! CJI!

@A! ?O!68.P! I>/! ! :9J?II! +!#+% ! :9J???! ++#+% :9J?/>! +"#$%

@A! ;-O$68.P! ;B/! ! :9J?;B! ??J>! ! :9J??9! ??J;! :9J99;! M?!

@A! ;NO$68.P! LBC! ! 9J9C/! M?! ! :9J9BC! M?! 9J9K>! BJL!

@A! $<2Q=! BC>! ! 9J9C?! 9J9! ! 9J9C?! M?! 9J9?C! BJL!

!
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*+,-.!/&0123!425!6#%67%#089:!5&;29#90!<#/#9!890&9;808&;)$$

>?@>A%B$01+(*<&$C&=+$M++3$(&'()'&*+,$&((6<,/3I$N/*C$*C+$/3,+1+3,+3*$26,+$,/01'&(+,$

C&<263/($ 60(/''&*6<$ 4OPDQR;$ 2+*C6,7!79$ NC+<+$ /*$ /0$ &00)2+,$ *C&*$ *C+$ +J(/*+,A0*&*+$

,/01'&(+2+3*0$ N/*C$ <+01+(*$ *6$ *C+$ I<6)3,$ 0*&*+$ I+62+*<G$ &<+$ 1<616<*/63&'$ *6$ *C+$

I<&,/+3*$6E$*C+$+J(/*+,$0*&*+$16*+3*/&'$+3+<IG$0)<E&(+K$B6$M+$01+(/E/(7$ /*$ /0$&00)2+,$*C&*$

*C+$ /3*+30/*G$ 6E$ &$ @&2&3$ M&3,$ /3$ 1<+<+063&3(+$ (63,/*/630$ /0$ 1<616<*/63&'$ *6$ *C+$

,/2+30/63&'+00$ 0C/E*$ 1&<&2+*+<$ 6E$ P&33+M&(SF$ T?5K$ 4!;U$ &3,$ *C/0$ 0C/E*$ 1&<&2+*+<$ /0$

(&'()'&*+,$N/*C/3$*C+$C&<263/($&11<6J/2&*/63!$T?5K$49;UK$

$

$ $ !! ! !!!!!$ $ $ $ $ 4!;$
$

$ $ !! ! !!!$ $ $ $ $ 49;$
 
NC+<+$*+$/0$*C+$&,/2+30/63&'$0C/E*$1&<&2+*+<$I/=+3$MG$T?5K4F;U$

$

$ !! ! !
! !

!
!!!!!

!!! !
!! !

!!!!! !!!!!!!! $ $ 4F;$

 
-$/0$*C+$I<&,/+3*$$=+(*6<$6E$*C+$+J(/*+,$0*&*+$+=&')&*+,$&*$*C+$V<&3(SA%63,63$I+62+*<G7$+$

/0$*C+$,/&I63&'$2&*</J$6E$&*62/($2&00+0$&3,$.+$ /0$*C+$+/I+3=+(*6<$6E$*C+$Q+00/&3$2&*</J$

&006(/&*+,$N/*C$*C+$+A36<2&'$26,+K$

$

!K$VK$W+<M+**6$&3,$PK$WK$WI/+<0S/7$,-./0"1-.203#-.!XXY7$=>=7$!ZY9K$

9K$VK$H=/'&7$[K$>6*67$[K$VK$H<+3&07$[K$HK$@6,<\I)+]7$DK$^+'_+]$&3,$[K$%K$R*+<67$,-.203#-./0"1-.

/7$9""X7$==?7$!"`K$

FK$%K$P&33+M&(S7$203#+4'7$!X`!7$=@A$!""!K$
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*+,-'!(./"LAMNOH"$=P&)"+,-"YLQRS%".+/.0/+12-"82617.+/"2G.71+17;,"2,26E729"Z[4\"K71<"M+,MF%TUP(A@VW"J+979"921":;6"DEUA$O"9B912>9H"

629C2.1782/BH";9.7//+1;6"9162,E1<9"Z(\"+,-"$0//7]2,".<+6E29"Z)\".;6629C;,-7,E"1;"1<2")6+,.](?;,-;,"C;7,19";:"1<2":7691"12,"2G.712-"97,E/219"

;:"1<2"DEF(A(>21<B/CB67-7,2".;>C/2GI""

"

! ! "#$%&!
State: S0 S1(CT0) S2(CT1) S3 S4  S5 S6(CT2) S7 S8  S9 S10 

 1 1A’ 1 1A’’ 2 1A’’ 2 1A’ 3 1A’ 3 1A" 4 1A" 4 1A’ 5 1A’ 6 1A’’ 5 1A’’ 

!E(Si-S0)/eV 0 2.47 
 

2.97 
 

3.27 
 

3.96 
 

4.08 
 

4.58 
 

4.67 
 

4.82 
 

4.86 
 

4.91 
 

f  0.001   0.000  0.598 0.266   0.316 0.007 0.003   0.033 0.005 0.002 

Ag2 charge q  -0.19 0.56 0.59 -0.21 -0.23 -0.24 0.36 -0.26 -0.21 -0.26 -0.23 

!q=qS0 -qSi
a 0 -0.75 -0.78  0.02  0.04  0.05 -0.55  0.07  0.02  0.07  0.04 

!
!
!
!
!
!
! !



!

!

!
! ! '()*+!

State: S0 S1 S2 S3 S4(CT0) S5 S6 S7 S8(CT1) S 9 S 10(CT2) 

 1 1A’ 2 1A’ 3 1A’ 1 1A’’ 2 1A’’ 4 1A’ 3 1A" 5 1A’ 4 1A’’   6 1A’  5 1A’’ 

!E(Si-S0)/eV 0 2.86 
 

3.28 3.36 3.96 
 

4.18 
 

4.26 4.35 4.55 4.94 5.44 

f  0.537   0.230  0.260 0.003   0.063 0.057 0.000   0.000 0.138 0.003 

Ag2 charge q  -0.15 -0.17 -0.19 -0.17 0.50 -0.18 -0.16 -0.27 0.64 -0.16 0.03 

!q=qS0 -qSi
a 0  0.02  0.04  0.02 -0.65  0.03  0.01  0.12 -0.80  0.01 -0.18 

!
! ! ,"-./0!

State: S0 S1 S2(CT0) S3      S4 S5(CT1)    S6 S7 S8 S 9 S10 

 1 1A’ 2 1A’ 1 1A’’ 3 1A’ 2 
1A’’ 

3 1A’’    4 1A’ 5 1A’ 4 1A’’   5 1A’’     6 1A’’ 

!E(Si-S0)/eV 0 3.28 3.68 3.90 4.02 4.35 5.08 5.11 5.12 5.26 5.26 

f  0.607 0.045 0.319 0.309 0.002 0.008 0.048 0.001 0.023 0.000 

Ag2 charge q  -0.18 -0.19 0.47 -0.23 -0.12 0.61 -0.23 -0.22 -0.23 -0.15 0.18 

!q=qS0 -qSi
a 0  0.01 -0.65  0.05 -0.06 -0.79  0.05  0.04  0.05 -0.03 0.00 

! ! ""#$%&'(##()!*+$#,(!'#-.!/+(!0,1!*23&/(#!/-!45.(/+6276#8)8%(!8%!/+(!98!&/$/(:!
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N"SO$ p2*-F$ y9u$ :+12)*+F$ `9$ a9$ `/4&'5P$ ;14.5'-4*)$ ;-+$ &,/.5+-&.-,Ph$ 4-$ )-4H7+*4H/$ &/);7

'45/+*.5'-4$ /++-+F$ H--0$ ,/+;-+(*4./$ ;-+$ =P03/+H$ *40$ .2*+H/75+*4&;/+$ &5*5/&F$ *40$ 3/55/+$

,/+;-+(*4./$-4$*6/+*H/$52*4$[@gyZ$;-+$H+-140$&5*5/&9$5.,678#.,*7"9.,M$DEE.F$::CF$!@!"T7

!@!@Q9$

N@QO$`144'4HF$:9$?9$r+9u$?*PF$Z9$r9$'4$3)("<4,&7")<"&?>'%,>7"9?#&<8F$X.2*/;/+$JJJF$?9G9F$R09F$

Z)/41(F$>/E$y-+YF$!SVT9$

N@!O$?*PF$Z9$r9u$m*05F$m9$=9$%3$'4'5'-$/;;/.5'6/$.-+/$,-5/45'*)&$;-+$(-)/.1)*+$.*).1)*5'-4&9$

Z-5/45'*)&$;-+$52/$5+*4&'5'-4$(/5*)$*5-(&$X.$5-$?H9$5.,*7"9.,678#.$'FGJF&ALF$"VQ7"W@9$

N@"O$?*PF$Z9$r9u$m*05F$m9$=9$%3$'4'5'-$/;;/.5'6/$.-+/$,-5/45'*)&$;-+$(-)/.1)*+$.*).1)*5'-4&9$

Z-5/45'*)&$;-+$(*'4$H+-1,$/)/(/45&$>*$5-$['9$5.,*7"9.,678#.$'FGJF&ALF$"W#7"SW9$

N@@O$?*PF$Z9$r9u$m*05F$m9$=9$%3$'4'5'-$/;;/.5'6/$.-+/$,-5/45'*)&$;-+$(-)/.1)*+$.*).1)*5'-4&9$

Z-5/45'*)&$;-+$w$5-$%1$'4.)10'4H$52/$-15/+(-&5$.-+/$-+3'5*)&9$5.,*7"9.,678#.$'FGJF&ALF$"SS7

@!Q9$

N@#O$J5$&2-1)0$3/$4-5'./0$52*5$52/$)'4/*+$0/,/40/4./$3/5E//4$R$*40$D/;;KDM4$.-1)0$+/(*'4$

2'00/4$ ';$ 52/$j4KI$*40$V$.)1&5/+&$2*0$4-5$3//4$.-4&'0/+/0
"V$H'6/4$52*5$ 52/$/4/+H'/&$-;$ 52/$

^:$&5*5/&$-;$<j4K"$*40$@7%C
D$*+/$*)&-$)'4/*+)P$0/,/40/45$-4$D9$

N@IO$%$/85+/(/$.*&/$'&$;-140$'4$52/$3/4c-D1'4-4/$(-)/.1)/$H'6/4$52*5$52/$XR=X$&,/.5+*$

+/.-+0/0$-4$&')6/+$&-)$.-++/&,-40$5-$52/$+/01./0$%7$&,/.'/&9@T$

N@TO$%6')*F$G9u$X-5-F$r9u$%+/4*&F$r9$G9u$=-0+�sH1/cF$r9$%9u$Z/)t/cF$`9u$A5/+-F$r9$^9$A15&5*40'4H$

+-)/$ -;$ &')6/+$ 4*4-,*+5'.)/&$ '4$ 52/$ &1+;*./7/42*4./0$ +/&-4*4./$ =*(*4$ &.*55/+'4H$ -;$ I7

3/4c-&/('D1'4-4/9$5.,678#.,*7"9.,*$DEEFF$::@F$!QI7!QWO9$

N@VO$ g'4F$ x9$ G9u$ =/4F$ [9u$ y*4HF$ p9$ g9u$ g'1F$ a9$ w9u$ :'*4F$ p9$ q9$ $ X1+;*./7/42*4./0$ =*(*4$

&,/.5+-&.-,P$E'52$1)5+*6'-)/5$/8.'5*5'-49$5.,!'9'4,/I">&<)#>.$DEEJF$@DF$TQT7T!"9$

N@WO$a+*2*(/F$`9$a9$R;;/.5&$-;$0'/)/.5+'.$&*51+*5'-4$1,-4$52/$0';;1&/$0-13)/$)*P/+$*40$52/$

;+//$/4/+HP$-;$2P0+*5'-4$-;$'-49$*7"9.,!"-.$'FH/F$;:F$##!7IQ!9$

N@SO$?1,,F$r9$:9u$g*+Y'4F$`9u$m/*6/+F$j9$r9$X,/.';'.$*0&-+,5'-4$-;$2*)'0/$*40$,&/10-72*)'0/$

'-4&$ *5$ /)/.5+-.2/('.*))P$ +-1H2/4/0$ 6/+&1&$ &(--52$ &')6/+7*D1/-1&$ '45/+;*./&9$ /$<=., />?.$

'FGIF$:LJF$#"S7#I!9$

N#QO$a+//4E--0F$>9$>9u$ R*+4&2*EF$%9$*7"9?#&<8, )=, &7", Q%"9"4&#F$ "40$ /09$ [155/+E-+52~

?/'4/(*449$A8;-+0F$R4H)*40F$!SSV9$



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

!!
!@#$

!
! !

N#!O$J5$'&$5-$3/$&5+/&&/0$52*5$52/$/&5'(*5/0$.*,*.'5*4./&$&2-1)0$3/$&'8$5-$4'4/$5'(/&$)*+H/+$

52*4$ 52/$ /8,/+'(/45*)$ -4/&$ ';$ 52/$ /4/+HP$ -;$ 52/$ ^:$ &5*5/&$ 2*0$ 3//4$ .-++/)*5/0$ E'52$ D$

'4&5/*0$-;$D/;;KDM4$N&//$4-5/$Ä@!O9$

N#"O$>-6-F$^9u$G14&5-4F$%9$j9u$a--0'4HF$%9$w9u$j1)6*4/PF$Z9$R)/.5+-.2/('.*)$.2*+H'4H$-;$

&'4H)/$H-)0$4*4-+-0&9$5.,M9.,*7"9.,/)>.$DEEFF$:@:F$!#TTI7!#TTT$*40$+/;/+/4./&$52/+/'49$

N#@O$>*Y*0*F$ w9u$ G1U'5*F$j9u$`+/&&/)2*1&F$ a9u$`+/&&/)2*1&F$j9$ X9$ R0H/$ &5*5/$ '4$ H+*,2/4/$

+'33-4&h$>*4-(/5/+$&'c/$/;;/.5$*40$/0H/$&2*,/$0/,/40/4./9$678#.,!"-.,F$'FF.F$J;F$!VSI#7

!VST!9$

N##O$`'/+'4H/+F$r9$%9u$g/55*4F$=9$[9F$JJu$X.2/'05F$w9$%9u$L*4$`1P4/F$=9$Z9$%$;+/D1/4.P$0-(*'4$

/8'&5/4./$,+--;$-;$ &'4H)/7(-)/.1)/$ &1+;*./7/42*4./0$=*(*4$&,/.5+-&.-,P9$ 5., M9., *7"9.,

/)>.$DEE/F$:LBF$!T"#S7!T"IT9$

N#IO$Z/55'4H/+F$ $[9u$ $Z'.*+0'F$ $a9u$ $X.21&5/+F$ $=9u$R+5)F$ $a9$X1+;*./7$/42*4./0$*40$X:j$5',7

/42*4./0$=*(*4$&,/.5+-&.-,P$-;$^>$'-4&$*5$H-)0$&1+;*./&9$5., ,Q%">&<)'4'%., ,*7"9.$$DEEIF$$

JJ;SJJJF$$"S@7"SS9$

N#TO$%40+/E&F$`9$q9u$^-2/4F$=9u$L*4$`1P4/F$=9$Z9u$=*54/+F$j9$%9$X'4H)/$(-)/.1)/$/)/.5+-4$

5+*4&,-+5$U14.5'-4&h$.2*+H'4H$*40$H/-(/5+'.$/;;/.5&$-4$.-401.5*4./9$5.,*7"9.,678#.,DEE.F$

:LJF$!V#V!W7!V#V!S9$

N#VO$p2*-F$g9$g9u$r/4&/4F$g9u$X.2*5cF$a9$^9$X1+;*./7/42*4./0$=*(*4$&.*55/+'4H$-;$,P+*c'4/$

*5$52/$U14.5'-4$3/5E//4$5E-$%H"Q$4*4-.)1&5/+&9$R'4),K"&&.$DEE.F$DF$!""S7!"@#9$

N#WO$ g/(*PF$ X9$ a9u$ w*4HF$ X9u$j*52E'HF$ w9u$ X'4H2$ Z9$ X9$ X'4H)/7(-)/.1)/$ /)/.5+-.2/('&5+Ph$

,+/&/45$&5*51&$*40$-15)--Y9$M>>.,*7"9.,!"#.$DE'IF$;DF$@TS7@VV9$

N#SO$m1&52-)cF$w9$g9u$?/4+PF$%97J9u$j.j*2-4F$r9$j9u$G+//(*4F$=9$a9u$L*))/PF$>9u$Z'-55'F$j9$

R9u$>*5*4F$j9$ r9u$ X.2*5cF$a9$^9u$L*4$`1P4/F$=9$Z9$ X5+1.51+/7*.5'6'5P$ +/)*5'-4&2',&$ '4$H-)0$

4*4-,*+5'.)/$0'(/+&$*40$5+'(/+&$;-+$&1+;*./7/42*4./0$=*(*4$&,/.5+-&.-,P9$5.,M9.,*7"9.,

/)>.$DE'EF$:@LF$!QSQ@7!QS!Q9$

NIQO$G+'&.2F$j9$r9u$:+1.Y&F$a9$m9u$X.2)/H/)F$?9$[9u$X.1&/+'*F$a9$R9u$=-33F$j9$%9u$^2//&/(*4F$

r9$=9u$X.*)(*4'F$a9u$[*+-4/F$L9u$j/441..'F$[9u$Z/5/+&&-4F$a9$%9u$/5$*)9$a*1&&'*4$QSF$+/6'&'-4$

^9Q!u$a*1&&'*4F$J4.9h$m*))'4H;-+0F$^:F$"Q!Q9$

$ &
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;KLLMB!<CN&<C)MB8>!<MC&

&

O,+%&P2%-+Q&N"*2&*2&8%7"$R71R81$%3,$%&09"-+%&!-"24=%-&

L-13%44%4S&>&015#*2%:&P==%37&1=&"2&P$%37-*3"$&0"6"3*7*?%&

P29"23%5%27&*2&C"215%7%-R;*T%&O17&;6174&"2:&79%&
P$%37-12*3&;7-,37,-%&1=&79%&;,-="3%&0156$%U&

&
r/&&'.*$=-(*47Z/+/cF$^+'&5'4*$=1*4-F$X')6'*$Z9$^/45/4-F$J&*3/)$g|,/c7:-.|4F$$

r1*4$G9$%+/4*&F$r1*4$X-5-F$r1*4$^9$A5/+-$

$

$

$

& &
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)*+,-%& ;'($`/,/40/4./$-;$52/$jQT7?GMg*4g"`p$6/+5'.*)$5+*4&'5'-4$/4/+H'/&$-;$52/$^:Q$

&5*5/&$ -;$ 52/$ +2-0'1(7*0/4'4/$ <=247>'K!F@F#7%0/C
D$ .-(,)/8/&$ -4$ D/;;$ *40$ 52/$

.-++/&,-40'4H$ <=247>'7%0/7>U7?
BCD$ *40$ <=247>'7%0/7>U7?@A

BCD$ &P&5/(&9$ :2/$ '4&/5$

&1((*+'c/&$52/$&)-,/$6*)1/&$-;$52/$.-++/&,-40'4H$&P&5/(&$N/F$/LM*919O9$X//$X.2/(/$!*$;-+$

*5-($41(3/+'4H9$
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!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?@>A54B
C-9D90429-

-
-
;<=E>?@>A54B

F-

!
  N         0.000000    0.000000    0.000000 
  C         0.000000    0.000000    1.400083 
  H         0.905948    0.000000    1.980495 
  N        -1.218783    0.000000    1.887967 
  C        -2.064029    0.000000    0.783150 
  C        -3.479462    0.000000    0.683213 
  N        -4.017327    0.000000   -0.570031 
  C        -3.236183    0.000000   -1.645195 
  H        -3.729345    0.000000   -2.608753 
  N        -1.879489    0.000000   -1.641230 
  C        -1.316776    0.000000   -0.399083 
  H         0.826475    0.000000   -0.580741 
  N        -4.279930    0.000000    1.752129 
  H        -5.283629    0.000000    1.620522 
  H        -3.888195    0.000000    2.686412 
  Rh       -0.856111    0.000000   -3.401869 
  Rh        0.595625    0.000000   -5.899462 
  Rh        1.882821    0.000000   -8.113977 

-
 
[Rh2-N4-Ade] 
 
 N       0.000000    0.000000    0.000000 
 C       0.000000    0.000000    1.393413 
 H       0.904862    0.000000    1.974473 
 N      -1.220208    0.003436    1.889657 
 C      -2.068710    0.006083    0.782510 
 C      -3.481063    0.011702    0.654127 
 N      -4.004333    0.012083   -0.594406 
 C      -3.199369    0.007554   -1.671875 
 H      -3.670686    0.007594   -2.644288 
 N      -1.856554    0.003112   -1.635486 
 C      -1.316151    0.003167   -0.396659 
 H       0.806948   -0.002976   -0.610067 
 N      -4.297426    0.016272    1.728965 
 H      -5.297181    0.019939    1.585721 
 H      -3.907900    0.015893    2.661148 
 Rh     -0.741718   -0.003120   -3.451036 
 Rh      0.634072   -0.010810   -5.691558 

-
-
;<=E>?@>A54B

>-

!
  N         0.000000    0.000000    0.000000 
  C         0.000000    0.000000    1.386285 
  H         0.904348    0.000000    1.967491 
  N        -1.222710    0.000019    1.890137 
  C        -2.072988    0.000007    0.781321 
  C        -3.482763    0.000003    0.628365 
  N        -3.996096   -0.000007   -0.618588 
  C        -3.174386   -0.000013   -1.697335 
  H        -3.623862   -0.000020   -2.678835 
  N        -1.841226   -0.000011   -1.630449 
  C        -1.313590   -0.000002   -0.393174 
  H         0.786121    0.000000   -0.643275 
  N        -4.315391    0.000010    1.704296 
  H        -5.311426    0.000008    1.547319 
  H        -3.931033    0.000018    2.637046 
  Rh       -0.688187   -0.000022   3.414676 
  Rh        0.995485   -0.000038   -6.020010 
  Rh        2.503409   -0.000053   -8.353389 
-
-
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!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?@>A54>?G>$
FBC-9D90429-

-
 
[Rh3-N4-Ade-N1-H+]+ 

 

   N          0.000000    0.000000    0.000000 
   C          0.000000    0.000000    1.398651 
   H          0.903108    0.000000    1.986430 
   N         -1.229048    0.000005    1.877362 
   C         -2.052301    0.000003    0.773191 
   C         -3.469622    0.000004    0.711300 
   N         -3.968243    0.000004   -0.574534 
   C         -3.177588    0.000002   -1.703782 
   H         -3.693640    0.000002   -2.655051 
   N         -1.866370    0.000000   -1.664499 
   C         -1.301425    0.000000   -0.404400 
   H          0.834378    0.000000   -0.577278 
   N         -4.232977    0.000005    1.787933 
   H         -5.249716    0.000006    1.779392 
   H         -3.774800    0.000004    2.701030 
   Rh        -0.745328   -0.000003   -3.478485 
   Rh         0.695606   -0.000007   -5.810097 
   Rh         2.083901   -0.000010   -8.056533 
   H          -4.977523    0.000005   -0.723092 

 

 
 
 
 
 
 
 

 
 
;<=*>?@>A54>?G>$

FB-
 N         0.000000    0.000000    0.000000 
 C         0.000000    0.000000    1.394885 
 H         0.902697    0.000000    1.981203 
 N        -1.228754    0.001098    1.881126 
 C        -2.056055    0.001131    0.774285 
 C        -3.468038    0.001892    0.682371 
 N        -3.953514    0.001146   -0.602305 
 C        -3.143771   -0.000135   -1.730912 
 H        -3.632562   -0.000520   -2.696452 
 N        -1.841634   -0.000746   -1.655393 
 C        -1.298505   -0.000137   -0.399345 
 H         0.815326    0.000230   -0.607835 
 N        -4.254676    0.003041    1.753939 
 H        -5.268126    0.003624    1.721657 
 H        -3.809817    0.003469    2.670084 
 Rh       -0.654743   -0.002747   -3.460942 
 Rh        0.767218   -0.005145   -5.624089 
 H        -4.959267    0.001529   -0.761734 
 
 
 
 
 
 
 
 
 

 
 
;<=E>?@>A54>?G>$

FB>!
 
  N          0.000000    0.000000    0.000000 
  C          0.000000    0.000000    1.411998 
  H          0.908922    0.000000    1.987369 
  N         -1.209689    0.006109    1.900345 
  C         -2.075412    0.025586    0.789951 
  C         -3.420233   -0.385615    0.730233 
  N         -3.946442   -0.487760   -0.506714 
  C         -3.328281    0.263795   -1.629781 
  H         -3.485805    1.331208   -1.412381 
  N         -1.876636    0.021948   -1.633185 
  C         -1.327403    0.032683   -0.424076 
  H          0.821130    0.002469   -0.583643 
  N         -4.074391   -0.799823    1.850364 
  H         -5.060097   -1.010217    1.847439 
  H         -3.556354   -0.812235    2.718404 
  Rh        -0.849041    0.306945   -3.255098 
  Rh         0.845850    0.777012   -5.930240 
  Rh         2.189958    1.149791   -8.051723 
  H          -4.755736   -1.064103   -0.690311



!

!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?@>A54>?G>$E.
FBC-9D90429-

-
-
;<=E>?@>A54>?G>-$E.

FBF-
 

  N          0.000000    0.000000    0.000000 
  C          0.000000    0.000000    1.398182 
  H          0.903827    0.000000    1.983811 
  N         -1.226466   -0.000521    1.880443 
  C         -2.054402    0.000149    0.776381 
  C         -3.469966    0.000726    0.701180 
  N         -3.977554    0.000607   -0.573380 
  C         -3.187343    0.000016   -1.688834 
  H         -3.698477   -0.000005   -2.642396 
  N         -1.868508   -0.000521   -1.657873 
  C         -1.305343   -0.000266   -0.402599 
  H          0.831165    0.000049   -0.580115 
  N         -4.246501    0.001127    1.775928 
  H         -5.260102    0.001341    1.730226 
  H         -3.805454    0.001092    2.694201 
  Rh        -0.758007   -0.001432   -3.481113 
  Rh         0.687011   -0.002618   -5.853569 
  Rh         2.101718   -0.003779   -8.176259 
  H         -5.068736    0.001222   -0.715800 
  O         -6.502688    0.001933   -0.825210 
  H         -7.031348   -0.811897   -0.929649 
  H         -7.030681    0.816066   -0.930675 
 
 
 
 

 
 
;<=*>?@>A54>?G>$E.

FB-

--N      0.000000    0.000000    0.000000 
  C      0.000000    0.000000    1.393443 
  H      0.902813    0.000000    1.978986 
  N     -1.227256   -0.000071    1.882024 
  C     -2.057861   -0.000092    0.774818 
  C     -3.469292   -0.000205    0.670484 
  N     -3.956282   -0.000269   -0.605658 
  C     -3.145677   -0.000163   -1.722577 
  H     -3.635029   -0.000178   -2.686899 
  N     -1.837483   -0.000061   -1.657409 
  C     -1.302317   -0.000050   -0.400944 
  H      0.813649    0.000038   -0.607119 
  N     -4.275879   -0.000235    1.733765 
  H     -5.285858   -0.000366    1.654199 
  H     -3.855388   -0.000204    2.658415 
  Rh    -0.637056    0.000046   -3.516409 
  Rh     0.761963    0.000170   -5.682953 
  H     -5.013705   -0.000404   -0.754877 
  O     -6.542242   -0.000836   -0.850630 
  H     -7.061138   -0.814341   -0.987959 
  H     -7.061689    0.812209   -0.988595 
 
 
 
 
 

 
 
;<=E>?@>A54>?G>$E.

FB>-

  N          0.000000    0.000000    0.000000 
  C          0.000000    0.000000    1.399189 
  H          0.899990    0.000000    1.985270 
  N         -1.231277   -0.004494    1.878836 
  C         -2.060913   -0.004458    0.769866 
  C         -3.479437   -0.083955    0.655903 
  N         -3.962878   -0.023414   -0.592178 
  C         -3.176031    0.108164   -1.747291 
  H         -3.666953   -0.001464   -2.695022 
  N         -1.811884   -0.008708   -1.665175 
  C         -1.304188   -0.006690   -0.411693 
  H          0.795878   -0.025174   -0.626752 
  N         -4.289738   -0.188498    1.740958 
  H         -5.295223   -0.218831    1.639687 
  H         -3.853452   -0.226780    2.651616 
  Rh        -0.711630    0.051300   -3.311652 
  Rh         1.103931    0.150322   -6.028552 
  Rh         2.526502    0.227910   -8.157360 
  H         -4.986608   -0.063740   -0.700089 
  O         -6.694717   -0.129503   -0.189509 
  H         -7.215438   -0.939557   -0.328691 
  H         -7.220451    0.686710   -0.254697 
 
 



!

!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?@>A54>?E>$
FBC-9D90429-

-
-
-;<=E>?@>A54>?E>-$

FBF-
 

  N          0.000000    0.000000    0.000000 
  C          0.000000    0.000000    1.346644 
  H          0.880843    0.000000    1.971788 
  N         -1.260482    0.000000    1.784884 
  C         -2.129604    0.000000    0.682361 
  C         -3.550233    0.000000    0.498105 
  N         -3.970492    0.000000   -0.790594 
  C         -3.130864    0.000000   -1.821939 
  H         -3.564669    0.000000   -2.812895 
  N         -1.776737    0.000000   -1.722874 
  C         -1.319170    0.000000   -0.454760 
  H          0.832805    0.000000   -0.584888 
  N         -4.468658    0.000000    1.466967 
  H         -5.446636    0.000000    1.185078 
  H         -4.265720    0.000000    2.458111 
  Rh        -0.578497    0.000000   -3.487079 
  Rh         0.985094    0.000000   -5.789201 
  H         -1.519492    0.000006    2.769132 
  Rh         2.511990    0.000000   -8.037297  
 
 
 
 
 
 
 

;<=*>?@>A54>?E>$
FB-

--N      0.000000    0.000000    0.000000 
  C       0.000000    0.000000    1.336602 
  H       0.875889    0.000000    1.964706 
  N      -1.268563    0.000000    1.782328 
  C      -2.138804    0.000000    0.675673 
  C      -3.546719    0.000000    0.441946 
  N      -3.937531    0.000000   -0.846164 
  C      -3.062692    0.000000   -1.875066 
  H      -3.458526    0.000000   -2.877343 
  N      -1.726208    0.000000   -1.715338 
  C      -1.316102    0.000000   -0.451222 
  H       0.781967    0.000000   -0.661214 
  N      -4.495262    0.000000    1.410267 
  H      -5.462912    0.000000    1.109529 
  H      -4.296272    0.000000    2.398883 
  Rh     -0.427467    0.000000   -3.450433 
  Rh      1.131925    0.000000   -5.533754 
  H      -1.527613   -0.000018    2.762773  
 
  

;<=E>?@>A54>?E>$
FB> 

?.H-I.?JK<LK+-

  
 



!

!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?G>A54>?@>$
FBC-9D90429-

-
 
[Rh3-N1-Ade-N4-H+]+ 

 

  N         0.000000    0.000000    0.000000 
  C         0.000000    0.000000    1.330158 
  N         1.118972    0.000000    2.083938 
  C         2.331913    0.000000    1.431464 
  N         3.623639    0.000000    1.858493 
  C         4.429238    0.000000    0.708073 
  N         3.699883    0.000000   -0.386712 
  C         2.385694    0.000000    0.038811 
  C         1.187900    0.000000   -0.722180 
  N         1.216594    0.000000   -2.041926 
  H        -0.950082    0.000000    1.849693 
  H         3.982185    0.000000    2.808789 
  H         5.505849    0.000000    0.752067 
  H         2.125245    0.000000   -2.507927 
  H         0.387544    0.000000   -2.628263 
  Rh       -1.875998    0.000000   -1.027191 
  Rh       -4.277048    0.000000   -2.341870 
  Rh       -6.596686    0.000000   -3.611973 
  H         1.041523    0.000001    3.100498 
 

 

 
 
 

 
 
;<=*>?G>A54>?@>$

FB-
  N     0.000000    0.000000    0.000000 
  C     0.000000    0.000000    1.316224 
  N     1.132257    0.000000    2.076331 
  C     2.334717    0.000000    1.412034 
  N     3.629564    0.000000    1.843074 
  C     4.435550    0.000000    0.693898 
  N     3.711411    0.000000   -0.401582 
  C     2.390471    0.000000    0.019882 
  C     1.179667    0.000000   -0.725616 
  N     1.141543    0.000000   -2.043015 
  H    -0.952379    0.000000    1.831534 
  H     3.980361    0.000000    2.793391 
  H     5.510819    0.000000    0.739881 
  H     2.005998    0.000000   -2.579250 
  H     0.245620    0.000000   -2.530945 
  Rh   -1.985485    0.000000   -1.073736 
  Rh   -4.236008    0.000000   -2.290803 
  H      1.059164    0.000000    3.089893 
 
 
 
 
 
 
 

 
 
;<=E>?G>A54>?@>$

FB>!
 
N        0.000000    0.000000    0.000000 
C        0.000000    0.000000    1.380930       
 N        1.313854    0.000000    2.065898       
 C        2.415216    0.000000    1.230591       
 N        3.755136    0.000000    1.538035       
 C        4.465003    0.000000    0.327230       
 N        3.620777    0.000000   -0.692876       
 C        2.349360    0.000000   -0.151421       
 C        1.031531    0.000000   -0.799550       
 N        0.969604    0.000000   -2.201998       
 H       -0.912163    0.000000    1.948154       
 H        4.166859    0.000000    2.457618       
 H        5.536567    0.000000    0.271367       
 H        1.850768    0.000000   -2.692524       
 H        0.109958    0.000000   -2.725990       
 Rh      -1.831647    0.000000   -0.748241       
 Rh      -4.756493    0.000000   -1.943061       
 Rh      -7.106563    0.000000   -2.903082       
 H        1.364688    0.000024    3.068537        



!

!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?G>A54>?E>$
FBC-9D90429-

-
 
;<=E>?G>A54>?E>$

FBF-
 

  N         0.000000    0.000000    0.000000 
  C     0.000000    0.000000    1.369739 
  N     1.089605    0.000000    2.119898 
  C     2.237893    0.000000    1.423884 
  N     3.536421    0.000000    1.929824 
  C     4.402923    0.000000    0.907837 
  N     3.722991    0.000000   -0.249916 
  C     2.348905    0.000000    0.034514 
  C     1.141181    0.000000   -0.731229 
  N      1.106907    0.000000   -2.076904 
  H     -0.961917    0.000000    1.863536 
  H      3.766412    0.000000    2.924315 
  H      5.479301    0.000000    0.997327 
  H      1.940695    0.000000   -2.650173 
  H      0.223102    0.000000   -2.575488 
  Rh    -1.899792    0.000000   -0.982642 
  Rh    -4.363187    0.000000   -2.256801 
  Rh    -6.776927    0.000000   -3.505276 
  H      4.169474    0.000007   -1.163494 
 
 
 

 

 
 
;<=*>?G>A54>?E>$

FB-
  N     0.000000    0.000000    0.000000 
  C       0.000000    0.000000    1.358219 
  N       1.095955    0.000000    2.119836 
  C       2.237030    0.000000    1.422219 
  N       3.542418    0.000000    1.923554 
  C       4.405421    0.000000    0.899087 
  N       3.723347    0.000000   -0.255502 
  C       2.348705    0.000000    0.030872 
  C       1.139578    0.000000   -0.727286 
  N       1.067391    0.000000   -2.071769 
  H      -0.964328    0.000000    1.845979 
  H       3.771002    0.000000    2.915924 
  H       5.480547    0.000000    0.985421 
  H       1.871439    0.000000   -2.682674 
  H       0.142667    0.000000   -2.500544 
  Rh     -1.974411    0.000000   -1.025787 
  Rh     -4.260632    0.000000   -2.213571 
  H        4.157935    0.000000   -1.173052 
 
 
 
 
 
 

 
 
;<=E>?G>A54>?E>$

FB>!
 
?.H-I.?JK<LK+-

 



!

!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?E>A54>?@>$
FBC-9D90429-

-
 
;<=E>?E>A54>?@>$

FBF-
 

  N       0.000000    0.000000    0.000000 
   C      0.000000    0.000000    1.308082 
   N      1.150400    0.000000    2.056247 
   C      2.335113    0.000000    1.375894 
   N      3.629633    0.000000    1.827407 
   C      4.450602    0.000000    0.720660 
   N      3.738212    0.000000   -0.393866 
   C      2.392228    0.000000   -0.019279 
   C      1.156324    0.000000   -0.744665 
   N       1.026061    0.000000   -2.060083 
   H      -0.945398    0.000000    1.836215 
   H       3.956831    0.000000    2.790472 
   H       5.527455    0.000000    0.784899 
   H       1.809026    0.000000   -2.703351 
   H       0.082261    0.000000   -2.445890 
   Rh      4.713993    0.000000   -2.275224 
   Rh      5.981576    0.000000   -4.719190 
   Rh      7.193777    0.000000   -7.056380 
   H       1.090259    0.000000    3.072876 
 
 
 
 

 

-
-
;<=*>?E>A54>?@>$FB-
 
  N     0.000000    0.000000    0.000000 
  C     0.000000    0.000000    1.308604 
  N     1.137631    0.000000    2.079262 
  C     2.337341    0.000000    1.415671 
  N     3.634718    0.000000    1.853224 
  C     4.447903    0.000000    0.717266 
  N     3.713036    0.000000   -0.373039 
  C     2.388900    0.000000    0.023568 
  C     1.175932    0.000000   -0.725681 
  N     1.124881    0.000000   -2.042712 
  H    -0.948273    0.000000    1.829283 
  H     3.976001    0.000000    2.807810 
  H     5.524879    0.000000    0.756394 
  H     1.975805    0.000000   -2.607603 
  H     0.219152    0.000000   -2.505394 
  Rh    4.682945    0.000000   -2.359887 
  Rh    5.817046    0.000000   -4.683080 
  H      1.059934    0.000015    3.092136 
 
 
 
 
 
 

 
 
;<=E>?E>A54>?@>$

FB>!
 
?.H-I.?JK<LK+-

 



!

!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?E>A54>?G>$
FBC-9D90429-

-
 
;<=E>?E>A54>?@>$

FBFG-

 
  N     0.000000    0.000000    0.000000 
  C     0.000000    0.000000    1.396105 
  N     1.095683    0.000000    2.095869 
  C     2.248808    0.000000    1.370017 
  N     3.535801    0.000000    1.835116 
  C     4.374208    0.000000    0.752522 
  N     3.685848    0.000000   -0.385626 
  C     2.339940    0.000000   -0.026992 
  C     1.127608    0.000000   -0.773214 
  N     1.051993    0.000000   -2.104771 
  H    -0.965540    0.000000    1.884201 
  H     3.805489    0.000000    2.817358 
  H     5.449984    0.000000    0.831146 
  H     1.895101    0.000000   -2.668877 
  H     0.171070    0.000000   -2.611756 
  Rh    4.714428    0.000000   -2.253966 
  Rh    6.049741    0.000000   -4.679466 
  Rh    7.366684    0.000000   -7.071597 
  H    -0.916654   -0.000002   -0.447283 
 
 
 
 

 

-
-
;<=*>?E>A54>?G>$

FB-
 
N     0.000000    0.000000    0.000000 
C      0.000000    0.000000    1.400078 
N      1.082960    0.000000    2.118446 
C      2.251566    0.000000    1.405320 
N      3.544343    0.000000    1.851018 
C      4.371929    0.000000    0.739441 
N      3.654224    0.000000   -0.372330 
C      2.332264    0.000000    0.011250 
C      1.140705    0.000000   -0.758926 
N      1.135270    0.000000   -2.087431 
H     -0.969751    0.000000    1.877535 
H      3.835100    0.000000    2.824076 
H      5.448320    0.000000    0.789709 
H      2.031298    0.000000   -2.583386 
H      0.291662    0.000000   -2.651880 
Rh     4.662195    0.000000   -2.337370 
Rh     5.842321    0.000000   -4.638024 
H      -0.910958    0.000048   -0.454123 
 
 
 
 
 
 

 
 
;<=E>?E>A54>?G>$

FB>!
 
?.H-I.?JK<LK+-

 



!

!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?@>A54>?E>$E.
FBC-9D90429-

-
 
;<=E>?E>A54>?E>$E.

-FBF-

   
  N     0.000000    0.000000    0.000000 
  C           0.000000    0.000000    1.358657 
  H           0.889315    0.000000    1.968809 
  N          -1.247319    0.000000    1.812313 
  C          -2.109898    0.000000    0.710817 
  C          -3.530130    0.000000    0.556989 
  N          -3.987495    0.000000   -0.719226 
  C          -3.167694    0.000000   -1.766455 
  H          -3.622767    0.000000   -2.748084 
  N          -1.811499    0.000000   -1.700606 
  C          -1.319564    0.000000   -0.439454 
  H           0.831624    0.000000   -0.583033 
  N          -4.408594    0.000000    1.562876 
  H          -5.398288    0.000000    1.330708 
  H          -4.137422    0.000000    2.538177 
  Rh         -0.670281    0.000000   -3.472805 
  Rh          0.833156    0.000000   -5.807493 
  H          -1.556083   -0.000173    2.878121 
  O          -2.045067   -0.000068    4.204831 
  H          -2.103365   -0.814231    4.741062 
  H          -2.103573    0.814201    4.740867 
  Rh         2.246394    0.000000   -8.002110 
 
 
 

 

-
-
;<=*>?@>A54>?E>$E.

FB-
 
    N     0.000000    0.000000    0.000000 
    C       0.000000    0.000000    1.350326 
    H       0.886308    0.000000    1.963034 
    N      -1.252638    0.000000    1.807792 
    C      -2.118854    0.000000    0.707806 
    C      -3.534477    0.000000    0.523792 
    N      -3.977282    0.000000   -0.749850 
    C      -3.133878    0.000000   -1.797662 
    H      -3.561002    0.000000   -2.790647 
    N      -1.793384    0.000000   -1.686885 
    C      -1.321410    0.000000   -0.434240 
    H       0.810084    0.000000   -0.619343 
    N      -4.425151    0.000000    1.535704 
    H      -5.410250    0.000000    1.296829 
    H      -4.148404    0.000000    2.507788 
    Rh     -0.569054    0.000000   -3.453455 
    Rh      0.912385    0.000000   -5.591002 
    H      -1.564312   -0.000416    2.834398 
    O      -2.194611   -0.000564    4.208938 
    H      -2.279274   -0.813595    4.740104 
    H       -2.283470    0.813418    4.737918 
 
 
 
 
 

 
 
;<=E>?E>A54>?G>$E.

-FB>!
 
  N           0.000000    0.000000    0.000000 
  C           0.000000    0.000000    1.366106 
  H           0.868411    0.000000    1.995116 
  N          -1.302841    0.000000    1.782582 
  C          -2.135393    0.000000    0.666286 
  C          -3.530007    0.000000    0.447739 
  N          -3.959316    0.000000   -0.841864 
  C          -3.107065    0.000000   -1.866393 
  H          -3.495828    0.000000   -2.872005 
  N          -1.743875    0.000000   -1.719138 
  C          -1.295801    0.000000   -0.455737 
  H           0.803630    0.000000   -0.627865 
  N          -4.451470    0.000000    1.471484 
  H          -5.428707    0.000000    1.221435 
  H          -4.162525    0.000000    2.438467 
  Rh         -0.555649    0.000000   -3.344707 
  Rh          1.347959    0.000000   -5.948963 
  H          -1.646114   -0.012658    2.753882 
  O          -2.674701   -0.022995    4.156351 
  H          -2.824430   -0.841897    4.659500 
  H          -2.807449    0.786237    4.679635 
  Rh          2.895744    0.000000   -8.066432 
 



!

!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?G>A54>?@>$E.
FBC-9D90429-

-
 
;<=E>?G>A54>?@>$E.

-FBF-

  
  N     0.000000    0.000000    0.000000 
  C        0.000000    0.000000    1.342087      
  N        1.101712    0.000000    2.101903      
  C        2.305713    0.000000    1.445680      
  N        3.596372    0.000000    1.885509      
  C        4.413121    0.000000    0.745707      
  N        3.697822    0.000000   -0.359033      
  C        2.377708    0.000000    0.053084      
  C        1.183742    0.000000   -0.712209      
  N         1.221996    0.000000   -2.038043      
  H        -0.955060    0.000000    1.851408      
  H         3.934655    0.000000    2.841348      
  H         5.488967    0.000000    0.799209      
  H         2.132370    0.000000   -2.497190      
  H         0.396488    0.000000   -2.627276      
  Rh       -1.859108    0.000000   -1.029096      
  Rh       -4.275053    0.000000   -2.366425      
  Rh       -6.570688    0.000000   -3.637157      
  H         1.013126    0.000138    3.217911      
  O        0.903140    0.000308    4.603525      
  H         0.833009    0.815425    5.135681      
  H         0.833372   -0.814682    5.135943      
 
 

 
-
;<=*>?G>A54>?@>$E.

FB-
 
  N     0.000000    0.000000    0.000000 
  C    0.000000    0.000000    1.325321 
  N    1.116988    0.000000    2.088409 
  C    2.311357    0.000000    1.422863 
  N    3.604265    0.000000    1.866326 
  C    4.420881    0.000000    0.726859 
  N    3.709598    0.000000   -0.378012 
  C    2.382574    0.000000    0.030222 
  C    1.175487    0.000000   -0.719266 
  N    1.146927    0.000000   -2.042888 
  H   -0.955339    0.000000    1.833893 
  H    3.933181    0.000000    2.823303 
  H    5.495522    0.000000    0.781811 
  H    2.014201    0.000000   -2.571153 
  H    0.256178    0.000000   -2.536896 
  Rh  -1.955692    0.000000   -1.063537 
  Rh  -4.219624    0.000000   -2.294699 
  H    1.035847    0.000040    3.164137 
  O    0.924198    0.000094    4.644320 
  H    0.821242    0.814503    5.168837 
  H     0.821190   -0.814002    5.169310 
 
 
 
 
 

 
 
;<=E>?G>A54>?@>$E.

-FB>!
 
  N         0.000000    0.000000    0.000000 
  C         0.000000    0.000000    1.315864 
  N         1.126648    0.000000    2.080494 
  C         2.316808    0.000000    1.410717 
  N         3.609628    0.000000    1.864801 
  C         4.430934    0.000000    0.730192 
  N         3.726117    0.000000   -0.377771 
  C         2.392165    0.000000    0.021849 
  C         1.179713    0.000000   -0.731652 
  N         1.088036    0.000000   -2.040225 
  H        -0.963178    0.000000    1.807658 
  H         3.923671    0.000000    2.824852 
  H         5.504331    0.000000    0.790189 
  H         1.910851    0.000000   -2.632813 
  H         0.115131    0.000000   -2.425247 
  Rh       -1.789074    0.000000   -0.959013 
  Rh       -4.629891    0.000000   -2.481801 
  Rh       -6.934990    0.000000   -3.717423 
  H         1.043046    0.000071    3.128608 
  O         0.917071    0.000178    4.707935 
  H         0.728392    0.814006    5.206568 
  H         0.727270   -0.813981    5.205666 
 
 



!

!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?G>A54>?E>$E.
FBC-9D90429-

-
 
;<=E>?G>A54>?E>$E.

-FBF-

  
  N           0.000000    0.000000    0.000000 
  C           0.000000    0.000000    1.373280 
  N           1.084297    0.000000    2.126483 
  C           2.239233    0.000000    1.433941 
  N           3.536205    0.000000    1.928410 
  C           4.392230    0.000000    0.884221 
  N           3.712202    0.000000   -0.265325 
  C           2.349037    0.000000    0.044733 
  C           1.145406    0.000000   -0.721808 
  N           1.141858    0.000000   -2.070073 
  H          -0.963938    0.000000    1.863814 
  H           3.778896    0.000000    2.917742 
  H           5.467752    0.000000    0.970346 
  H           2.005441    0.000000   -2.599437 
  H           0.277022    0.000000   -2.598457 
  Rh         -1.882818    0.000000   -0.991934 
  Rh         -4.360806    0.000000   -2.297425 
  Rh         -6.756324    0.000000   -3.559467 
  H           4.167405    0.000386   -1.265151 
  O           4.762108    0.000891   -2.571381 
  H           5.095370   -0.812869   -2.995195 
  H           5.097742    0.814634   -2.993327 
 
 
 
 

 
-
;<=*>?G>A54>?E>$E.

FB-
 
N        0.000000    0.000000    0.000000 
C        0.000000    0.000000    1.361799 
N        1.092484    0.000000    2.124318 
C        2.238658    0.000000    1.426643 
N        3.544816    0.000000    1.914864 
C        4.395787    0.000000    0.867949 
N        3.710105    0.000000   -0.276371 
C        2.346524    0.000000    0.035935 
C        1.139191    0.000000   -0.721428 
N        1.092491    0.000000   -2.069137 
H       -0.965120    0.000000    1.848191 
H        3.786907    0.000000    2.901729 
H        5.470251    0.000000    0.947148 
H        1.925183    0.000000   -2.641461 
H        0.182771    0.000000   -2.524618 
Rh      -1.959396    0.000000   -1.026730 
Rh      -4.257289    0.000000   -2.230834 
H        4.136359    0.000111   -1.266783 
O        4.724752    0.000265   -2.633929 
H        5.015160   -0.813947   -3.084041 
H        5.014545    0.814523   -3.084343  
 
 
 
 

 
 
;<=E>?G>A54>?E>$E.

-FB>!
 
    N         0.000000    0.000000    0.000000 
    C         0.000000    0.000000    1.354325 
    N         1.096152    0.000000    2.125953 
    C         2.237662    0.000000    1.427149 
    N         3.549211    0.000000    1.910976 
    C         4.398804    0.000000    0.861500 
    N         3.708117    0.000000   -0.278236 
    C         2.345994    0.000000    0.037040 
    C         1.144149    0.000000   -0.724927 
    N         1.063657    0.000000   -2.061823 
    H        -0.971369    0.000000    1.827616 
    H         3.790650    0.000000    2.896464 
    H         5.472734    0.000000    0.935837 
    H         1.870011    0.000000   -2.669903 
    H         0.108689    0.000000   -2.461642 
    Rh       -1.858798    0.000000   -0.973486 
    Rh       -4.644244    0.000000   -2.432274 
    Rh       -7.013557    0.000000   -3.673126 
    H         4.109595    0.000399   -1.266036 
    O         4.684678    0.000971   -2.680974 
    H         4.888826   -0.814185   -3.173440 
    H         4.887943    0.816594   -3.173030  
 
 



!

!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?E>A54>?@>$E.
FBC-9D90429-

-
 
;<=E>?E>A54>?@>$E.

-FBF-

  
  N           0.000000    0.000000    0.000000 
  C        0.000000    0.000000    1.318637 
  N        1.129802    0.000000    2.077346 
  C        2.306703    0.000000    1.399165 
  N        3.600272    0.000000    1.865705 
  C        4.433886    0.000000    0.771506 
  N        3.735789    0.000000   -0.353022 
  C        2.383857    0.000000    0.003660 
  C        1.156041    0.000000   -0.730449 
  N        1.044427    0.000000   -2.055352 
  H       -0.951155    0.000000    1.834210 
  H        3.902704    0.000000    2.835134 
  H        5.509689    0.000000    0.846535 
  H        1.836003    0.000000   -2.685232 
  H        0.107400    0.000000   -2.452395 
  Rh       4.730376    0.000000   -2.210385 
  Rh       6.037392    0.000000   -4.651198 
  Rh       7.274629    0.000000   -6.961702 
  H        1.049621    0.001105    3.184204 
  O        0.947786    0.002508    4.589964 
  H        0.824403    0.816090    5.114410 
  H        0.824533   -0.812298    5.112549 
 
 
 
 

 
-
;<=*>?E>A54>?@>$E.

FB-
 
 N        0.000000    0.000000    0.000000 
 C       0.000000    0.000000    1.317250 
 N       1.122572    0.000000    2.091243 
 C       2.314272    0.000000    1.427636 
 N       3.610763    0.000000    1.878373 
 C       4.435180    0.000000    0.752635 
 N       3.712394    0.000000   -0.346683 
 C       2.382381    0.000000    0.035115 
 C       1.173011    0.000000   -0.717051 
 N       1.127129    0.000000   -2.040784 
 H      -0.951754    0.000000    1.830480 
 H       3.928522    0.000000    2.840142 
 H       5.511365    0.000000    0.800733 
 H       1.976381    0.000000   -2.603509 
 H       0.222746    0.000000   -2.502869 
 Rh      4.702983    0.000000   -2.318337 
 Rh      5.867019    0.000000   -4.635219 
 H       1.039771    0.000055    3.161465 
 O       0.923916    0.000133    4.658905 
 H       0.809926    0.814059    5.181900 
 H       0.809841   -0.813743    5.181963 
 
 
 
 

 
 
;<=E>?E>A54>?@>$E.

-FB>!
 
    N         0.000000    0.000000    0.000000 
  C           0.000000    0.000000    1.289184 
  N           1.137633    0.000000    2.083648 
  C           2.331433    0.000000    1.391041 
  N           3.608764    0.000000    1.902770 
  C           4.468949    0.000000    0.815094 
  N           3.795473    0.000000   -0.319335 
  C           2.437225    0.000000    0.011357 
  C           1.204617    0.000000   -0.799041 
  N           1.153406    0.000000   -2.073926 
  H          -0.943865    0.000000    1.818967 
  H           3.873677    0.000000    2.876032 
  H           5.539462    0.000000    0.910971 
  H           3.657677    0.000000   -3.151213 
  H           0.195411    0.000000   -2.442490 
  Rh          4.872007    0.000000   -2.237408 
  Rh          6.331530    0.000000   -4.837857 
  Rh         7.581663    0.000000   -7.065231 
  H           1.084166    0.000618    3.111145 
  O           0.995097    0.001648    4.822813 
  H           0.862710    0.816847    5.334999 
  H           0.860794   -0.812271    5.336575  
 
 



!

!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?E>A54B
C-9D90429-

-
 
;<=E>?E>A54B

F-

-

  C           0.000000    0.000000    0.000000 
  C           0.000000    0.000000    1.424267 
  N           0.979984    0.000000    2.422606 
  C           0.346832    0.000000    3.593871 
  N          -1.001562    0.000001    3.416540 
  C          -1.255278    0.000000    2.050390 
  N          -2.444658    0.000001    1.429515 
  C          -2.353078    0.000001    0.094300 
  N          -1.196018    0.000000   -0.610050 
  N           1.121169    0.000000   -0.767925 
  H           0.825972    0.000001    4.559251 
  H          -1.718431    0.000001    4.133638 
  H          -3.269750    0.000001   -0.474154 
  H           0.995413    0.000000   -1.772480 
  H           2.054730   -0.000001   -0.388566 
  Rh          3.008643   -0.000001    2.365741 
  Rh          5.849525   -0.000001    2.286108 
  Rh           8.500925   -0.000002    2.211787 
 
 
 
 
 
 

 
-
;<=*>?E>A54B-
-
  C         0.000000    0.000000    0.000000 
  C         0.000000    0.000000    1.422017 
  N         1.005781    0.000000    2.389840 
  C         0.392996    0.000000    3.561219 
  N        -0.977277    0.000000    3.414125 
  C        -1.249551    0.000000    2.056991 
  N        -2.445502    0.000000    1.433809 
  C        -2.349047    0.000000    0.099553 
  N        -1.198532    0.000000   -0.616343 
  N         1.133039    0.000000   -0.743998 
  H         0.886634    0.000000    4.516977 
  H        -1.672795    0.000000    4.146924 
  H        -3.268063    0.000000   -0.465890 
  H         1.039956    0.000000   -1.750085 
  H         2.050509    0.000000   -0.319268 
  Rh        3.274896    0.000000    2.295350 
  Rh         5.851913    0.000000    2.188038 
 
 
 
 
 
 
 
 

 
 
;<=E>?E>A54B

>!
 
   N       0.000000    0.000000    0.000000 
   C       0.000000    0.000000    1.386005 
   H       0.883779    0.000000    1.999903 
   N      -1.232609    0.000033    1.849744 
   C      -2.084956   -0.000030    0.757062 
   C      -3.500987   -0.000057    0.634227 
   N      -4.000092   -0.000167   -0.624253 
   C      -3.168807   -0.000223   -1.694992 
   H      -3.642666   -0.000311   -2.664668 
   N      -1.829923   -0.000160   -1.669707 
   C      -1.322608   -0.000080   -0.415764 
   H       0.802605   -0.000029   -0.611348 
   N      -4.318736    0.000032    1.705686 
   H      -5.317543   -0.000028    1.555985 
   H      -3.940386    0.000112    2.653978 
   Rh     -1.578222    0.000162    3.941415 
   Rh     -2.083820    0.000351    7.001320 
   Rh     -2.535377    0.000520    9.734167 
 
 
 
 
 



!

!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?G>A54B
C-9D90429-

-
 
;<=E>?G>A54B

F-

-

   N         0.000000    0.000000    0.000000 
   C         0.000000    0.000000    1.381263 
   N         1.071224    0.000000    2.143292 
   C         2.246671    0.000000    1.457841 
   N         3.538186    0.000005    1.917055 
   C         4.371011    0.000008    0.803020 
   N         3.684080   -0.000002   -0.324666 
   C         2.352724   -0.000002    0.063590 
   C         1.162333   -0.000001   -0.701300 
   N         1.218231    0.000001   -2.049077 
   H        -0.969172    0.000000    1.861423 
   H         3.824637    0.000007    2.887831 
   H         5.444248    0.000014    0.874694 
   H         2.136326    0.000002   -2.481241 
   H         0.404960   -0.000003   -2.648521 
   Rh       -1.787700    0.000001   -0.986663 
   Rh       -4.311873    0.000003   -2.379799 
   Rh        -6.557206    0.000005   -3.619038 
 
 
 
 
 
 

 
-
;<=*>?G>A54B-
-
N        0.000000    0.000000    0.000000 
 C        0.000000    0.000000    1.367088 
 N        1.076164    0.000000    2.142250 
 C        2.244987    0.000001    1.454326 
 N        3.540202    0.000003    1.922862 
 C        4.376846    0.000006    0.812687 
 N        3.698638    0.000002   -0.318375 
 C        2.358390    0.000000    0.060162 
 C        1.159175   -0.000001   -0.695785 
 N        1.171836   -0.000004   -2.046050 
 H       -0.970469   -0.000002    1.842230 
 H        3.815270    0.000005    2.894635 
 H        5.449428    0.000012    0.889363 
 H        2.060305   -0.000006   -2.528841 
 H        0.306478   -0.000004   -2.572282 
 Rh      -1.897280   -0.000002   -1.052807  
 Rh      -4.226973   -0.000004   -2.345563    
 
 
 
 
 
 
 
 
 

 
 
;<=E>?G>A54B

>!
 
  N         0.000000    0.000000    0.000000 
  C         0.000000    0.000000    1.358591 
  N         1.082994    0.000000    2.135063 
  C         2.244301   -0.000437    1.438072 
  N         3.543032   -0.000640    1.907699 
  C         4.379072   -0.000654    0.797124 
  N         3.701785   -0.000737   -0.333365 
  C         2.357714   -0.000659    0.043505 
  C         1.152541   -0.000105   -0.708193 
  N         1.130481    0.000129   -2.053991 
  H        -0.973221    0.000261    1.828130 
  H         3.812929   -0.000284    2.879583 
  H         5.451437   -0.000733    0.873827 
  H         1.998074    0.000716   -2.570891 
  H         0.233194    0.000423   -2.536177 
  Rh       -1.897412    0.000825   -1.027247 
  Rh       -4.495421    0.001954   -2.433791 
  Rh       -6.929001    0.003012   -3.751316 
 
 
 
 



!

!

!"#$%&'()'*+,--./0121345-6472408149--7:-;<=)>?*>A54B
C-9D90429-

-
 
;<=E>?*>A54B

F-

-

 N         0.000000    0.000000    0.000000 
 C          0.000000    0.000000    1.388071 
 H          0.904370    0.000000    1.971872 
 N         -1.221441   -0.001910    1.892700 
 C         -2.065460   -0.006462    0.787232 
 C         -3.457251   -0.039093    0.630828 
 N         -3.995935   -0.038171   -0.585626 
 C         -3.182285   -0.028151   -1.683611 
 H         -3.663867   -0.037896   -2.648148 
 N         -1.847590   -0.015478   -1.642894 
 C         -1.314581   -0.005404   -0.409040 
 H          0.809771   -0.010841   -0.606856 
 N         -4.336681    0.023642    1.764742 
 H         -5.248742   -0.396434    1.571910 
 H         -3.913409   -0.318409    2.630736 
 Rh        -4.370607    2.164501    1.619986 
 Rh        -4.416587    5.066023    1.423796 
 Rh        -4.458443    7.707305    1.245202 
 
 
 
 
 

 
-
;<=*>?*>A54B-
-
  N        0.000000    0.000000    0.000000 
  C         0.000000    0.000000    1.389563 
  H         0.904544    0.000000    1.971722 
  N        -1.218710   -0.025668    1.891777 
  C        -2.066557   -0.041256    0.785138 
  C        -3.468442   -0.074401    0.643219 
  N        -3.995753   -0.117613   -0.585151 
  C        -3.178768   -0.102311   -1.674239 
  H        -3.660203   -0.132199   -2.638719 
  N        -1.844199   -0.057842   -1.646270 
  C        -1.318813   -0.030360   -0.404865 
  H         0.803552    0.028262   -0.611149 
  N        -4.314718   -0.010713    1.754531 
  H        -5.267633   -0.324027    1.593857 
  H        -3.900578   -0.246568    2.651741 
  Rh       -4.353491    2.330025    1.590860 
  Rh       -4.396254    4.911652    1.410346  
 
 
 
 
 
 
 
 
 

 
 
;<=E>?*>A54B

>!
 
  N         0.000000    0.000000    0.000000 
  C         0.000000    0.000000    1.391127 
  H         0.903815    0.000000    1.973927 
  N        -1.218176    0.000594    1.889585 
  C        -2.069739    0.008330    0.781860 
  C        -3.481366    0.060716    0.652022 
  N        -3.995045    0.047307   -0.595660 
  C        -3.174481    0.026401   -1.672619 
  H        -3.654165    0.028930   -2.639449 
  N        -1.835775    0.009042   -1.652906 
  C        -1.322135    0.004799   -0.403098 
  H         0.798500    0.030947   -0.613980 
  N        -4.300698    0.116602    1.731112 
  H        -5.275040    0.332647    1.569717 
  H        -3.900186    0.317577    2.637970 
  Rh       -4.163883    3.612062    1.653963 
  Rh       -4.056550    6.354305    1.593438 
  Rh        -3.949438    9.090877    1.53303 
 



!

!
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$ 8C'4S+$)4'1>P+4$W8@X$O1$0+)'L2'&>*4Q')+$W92%X$CDQ4O&>$O>$'$Y+D$(4*A+>>$O1Z*LZ+&$

O1$0'1D$)+AC1*L*SOA'L$&+ZOA+>.!6E$?1$>(O)+$*P$)C+$L'4S+$'0*M1)$*P$>)M&O+>$&+'LO1S$[O)C$)CO>$

>O0(L+$(4*A+>>$>*0+$Q'>OA$UM+>)O*1>$4+0'O1$1*)$D+)$[+LL$M1&+4>)**&.$@CO>$O>$)C+$A'>+$*P$

)C+$ M1+V(+A)+&$ +PPOAO+1AD$ *P$ )C+$ +L+A)4*&+$ (*)+1)O'L$ W\]X$ O1$ )M1O1S$ )C+$ +1+4SD$ *P$ )C+$

P*4['4&$0+)'L2)*20*L+AML+$8@$ >)')+>$ W\8@X$ *Q>+4Z+&6$ P*4$ O1>)'1A+6$ O1$ >M4P'A+2+1C'1A+&$

/'0'1$ >A'))+4O1S$ W7\/7X.#6G$^MS+$ +1+4SD$ S'O1>$ W*_`\8@a`\]X$ M($ )*$ "$ +]a]$ C'Z+$ Q++1$

4+(*4)+&$ P4*0$ +L+A)4*AC+0OA'L$ 7\/7$ +V(+4O0+1)>.$ @CO>$ A'11*)$ Q+$ M1&+4>)**&$ P4*0$ '$

AL'>>OA'L$ ZO+[$ *P$ )C+$ 8@$ (4*A+>>$ W7AC+0+>$ !$ '1&$ 7!6 \7?X6$ SOZ+1$ )C')$ )C+$ +1+4SD$ *P$ )C+$
P*4['4&$ *4$ 4+Z+4>+$ W=a/X$ 0+)'L20*L+AML+$ 8@2(4*A+>>+>$ [*ML&$ Q+$ 4+&$ *4$ QLM+2>COP)+&$

W`\8@=a`\8@/X$'>$0MAC$'>$$ !$!$*4$b!$+]6$4+>(+A)OZ+LD6$[C+1$)C+$+L+A)4*&+$(*)+1)O'L$>COP)>$$ !$!$
]$W2`\]X.
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<=>7D?EC$A2*$B"....
.
"! #$######!!!!#$######!!!!%$&%###'.
(! #$######!!!!)$)'*+,%!!!!)$-*&)-+!
(! #$######!!!.)$)'*+,%!!!!)$-*&)-+!
(! #$######!!!!)$%#,%+'!!!!#$++),&*!
(! #$######!!!.)$%#,%+'!!!!#$++),&*!
(! #$######!!!!#$######!!!.#$%/-)&*!
0! #$######!!!!%$#-++*#!!!!%$+%#)-,!
0! #$######!!!.%$#-++*#!!!!%$+%#)-,!
0! #$######!!!!%$)**,))!!!.#$)%%*--!
0! #$######!!!.%$)**,))!!!.#$)%%*--!
(! #$######!!!!#$######!!!.)$-)/+)*!
1! #$######!!!.)$)/#*//!!!.%$*%,/+)!
1! #$######!!!!)$)/#*//!!!.%$*%,/+)!
23! #$######!!!!#$######!!!!+$/,#&')!
23! #$######!!!!#$######!!!!'$/)-++'!
23! #$######!!!!#$######!!!)#$*%+'-,!
.
.
<=>7F?EC$A2*$B"....
!
"! #$######!!!!#$######!!!!%$+%*-')!
(! #$######!!!!)$)'%--&!!!!)$'*-,-)!
(! #$######!!!.)$)'%--&!!!!)$'*-,-)!
(! #$######!!!!)$%#-,'+!!!!#$*+&+&&!
(! #$######!!!.)$%#-,'+!!!!#$*+&+&&!
(! #$######!!!!#$######!!!.#$*/+,&-!
0! #$######!!!!%$#-*+%#!!!!%$*%+&-/!
0! #$######!!!.%$#-*+%#!!!!%$*%+&-/!
0! #$######!!!!%$)**-',!!!.#$%)-%+,!
0! #$######!!!.%$)**-',!!!.#$%)-%+,!
(! #$######!!!!#$######!!!.)$,)*#+*!
1! #$######!!!.)$)&,,&'!!!.%$+%'')%!
1! #$######!!!!)$)&,,&'!!!.%$+%'')%!
23! #$######!!!!#$######!!!!+$/##))*!
23! #$######!!!!#$######!!!!'$+,+%**!
23! #$######!!!!#$######!!!)#$%%'-&/!
23! #$######!!!!#$######!!!)*$)-*-'/!
23! #$######!!!!#$######!!!)&$--)''+!
!

.

.<=>7G?EC$A2*$B".
!
"! #$######!!!!#$######!!!!%$%-),&#!
(! #$######!!!!)$)'%&-%!!!!)$&,'#&+!
(! #$######!!!.)$)'%&-%!!!!)$&,'#&+!
(! #$######!!!!)$%#--%&!!!!#$%#**+%!
(! #$######!!!.)$%#--%&!!!!#$%#**+%!
(! #$######!!!!#$######!!!.#$&#'%%#!
0! #$######!!!!%$#-%,+'!!!!%$)-%,*,!
0! #$######!!!.%$#-%,+'!!!!%$)-%,*,!
0! #$######!!!!%$)**-,#!!!.#$*/##*&!
0! #$######!!!.%$)**-,#!!!.#$*/##*&!
(! #$######!!!!#$######!!!.%$#&&)*/!
1! #$######!!!.)$)&,'-/!!!.%$&'#/)#!
1! #$######!!!!)$)&,'-/!!!.%$&'#/)#!
23! #$######!!!!#$######!!!!+$+/)#/*!
23! #$######!!!!#$######!!!!'$*+#'&-!
23! #$######!!!!#$######!!!)#$#-/+&,!
23! #$######!!!!#$######!!!)*$#)%&+#!!
23! #$######!!!!#$######!!!)&$'**-'&!
23! #$######!!!!#$######!!!)-$'#*%)&!
23! #$######!!!!#$######!!!%)$*,/,&-!
.
.
<=>7+?"$A2*$B$C.
.

"! #$######!!!!#$######!!!!%$&+-)%#!
(! #$######!!!!)$)//-,+!!!!)$-/*)'%!
(! #$######!!!.)$)//-,+!!!!)$-/*)'%!
(! #$######!!!!)$%#/)&)!!!!#$+/&-*'!
(! #$######!!!.)$%#/)&)!!!!#$+/&-*'!
(! #$######!!!!#$######!!!.#$%+-+)'!
0! #$######!!!!%$#'*+,,!!!!%$+&&%#+!
0! #$######!!!.%$#'*+,,!!!!%$+&&%#+!
0! #$######!!!!%$)*++%,!!!.#$#,)#+)!
0! #$######!!!.%$)*++%,!!!.#$#,)#+)!
(! #$######!!!!#$######!!!.)$',*/,&!
1! #$######!!!.)$)&/%,,!!!.%$*%+/#*!
1! #$######!!!!)$)&/%,,!!!.%$*%+/#*!
23! #$######!!!!#$######!!!!+$-#--'#!
23! #$######!!!!#$######!!!!'$&#'-%,!



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

!!
!gH$

!
! !

<=>7G?$C$A2*$B$+..
.

"! #$######!!!!#$######!!!!%$%#&+),!
(! #$######!!!!)$)//)--!!!!)$&%)%++!
(! #$######!!!.)$)//)--!!!!)$&%)%++!
(! #$######!!!!)$%#&'-&!!!!#$)%%,%&!
(! #$######!!!.)$%#&'-&!!!!#$)%%,%&!
(! #$######!!!!#$######!!!.#$&,%)'-!
0! #$######!!!!%$#')'&+!!!!%$))+,+,!
0! #$######!!!.%$#')'&+!!!!%$))+,+,!
0! #$######!!!!%$)*&#/,!!!.#$+*%)%%!
0! #$######!!!.%$)*&#/,!!!.#$+*%)%%!
(! #$######!!!!#$######!!!.%$)*/,&)!
1! #$######!!!.)$)&&*&)!!!.%$/'%%*&!
1! #$######!!!!)$)&&*&)!!!.%$/'%%*&!
23! #$######!!!!#$######!!!!+$&)&+)#!
23! #$######!!!!#$######!!!!'$%%-,)+!
23! #$######!!!!#$######!!!)#$*+'&'#!
23! #$######!!!!#$######!!!)*$)#%/,%!
23! #$######!!!!#$######!!!)/$#%**+,!
23! #$######!!!!#$######!!!)-$--,#+/!
23! #$######!!!!#$######!!!%)$//'#+,!
.
.
<=>7F?$C$A2*$B$+...!
.

"! #$######!!!!#$######!!!!%$*&&-+'!
(! #$######!!!!)$)/&#-,!!!!)$/')-*'!
(! #$######!!!.)$)/&#-,!!!!)$/')-*'!
(! #$######!!!!)$%#&*/+!!!!#$%'%/&'!
(! #$######!!!.)$%#&*/+!!!!#$%'%/&'!
(! #$######!!!!#$######!!!.#$++**%/!
0! #$######!!!!%$#/,'*,!!!!%$%/')#,!
0! #$######!!!.%$#/,'*,!!!!%$%/')#,!
0! #$######!!!!%$)*&*/-!!!.#$%-)#''!
0! #$######!!!.%$)*&*/-!!!.#$%-)#''!
(! #$######!!!!#$######!!!.)$,-''#+!
1! #$######!!!.)$)&+/#/!!!.%$&%/%,-!
1! #$######!!!!)$)&+/#/!!!.%$&%/%,-!
23! #$######!!!!#$######!!!!+$'#&*'-!
23! #$######!!!!#$######!!!!'$+*#*''!
23! #$######!!!!#$######!!!)#$&/))),!
23! #$######!!!!#$######!!!)*$*,''&,!
23! #$######!!!!#$######!!!)/$%*),*,!

<=>7D?$C$A2*$B$+...!
.

"! #$######!!!!#$######!!!!%$+'&/*-!
(! #$######!!!!)$)/*)'#!!!!)$',)/'%!
(! #$######!!!.)$)/*)'#!!!!)$',)/'%!
(! #$######!!!!)$%#+'%&!!!!#$*,#,&/!
(! #$######!!!.)$%#+'%&!!!!#$*,#,&/!
(! #$######!!!!#$######!!!.#$*%/&''!
0! #$######!!!!%$#//)%+!!!!%$*-,,+/!
0! #$######!!!.%$#//)%+!!!!%$*-,,+/!
0! #$######!!!!%$)*&-&+!!!.#$)/#-*/!
0! #$######!!!.%$)*&-&+!!!.#$)/#-*/!
(! #$######!!!!#$######!!!.)$-'#)'&!
1! #$######!!!.)$)&*+#/!!!.%$+)++#,!
1! #$######!!!!)$)&*+#/!!!.%$+)++#,!
23! #$######!!!!#$######!!!!+$,#-**/!
23! #$######!!!!#$######!!!!'$'#//)&!
23! #$######!!!!#$######!!!)#$/')*+,!
!
! !
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<=>7D?EC$/2*$B".
.
"! #$######!!!!#$######!!!!%$&&-%%&!
(! #$######!!!!)$)/)#/-!!!!)$-'%/'&!
(! #$######!!!.)$)/)#/-!!!!)$-'%/'&!
(! #$######!!!!)$%#,&)'!!!!#$+')*+&!
(! #$######!!!.)$%#,&)'!!!!#$+')*+&!
(! #$######!!!!#$######!!!.#$%**##'!
0! #$######!!!!%$#/&'//!!!!%$+/&'-&!
0! #$######!!!.%$#/&'//!!!!%$+/&'-&!
0! #$######!!!!%$)+'+),!!!.#$#/-*'*!
0! #$######!!!.%$)+'+),!!!.#$#/-*'*!
(! #$######!!!!#$######!!!.)$'*&#*'!
1! #$######!!!.)$)%##+)!!!.%$*'#&%,!
1! #$######!!!!)$)%##+)!!!.%$*'#&%,!
23! #$######!!!!#$######!!!.+$+),&#)!
23! #$######!!!!#$######!!!.'$+*%,/,!
23! #$######!!!!#$######!!.)#$)),/'+!
.
.
<=>7F?EC$/2*$B"....
.

"! #$######!!!!#$######!!!!%$//-'&,!
(! #$######!!!!)$)/)#)/!!!!)$,-*#/#!
(! #$######!!!.)$)/)#)/!!!!)$,-*#/#!
(! #$######!!!!)$%#,+),!!!!#$&-)'+%!
(! #$######!!!.)$%#,+),!!!!#$&-)'+%!
(! #$######!!!!#$######!!!.#$)%%''/!
0! #$######!!!!%$#/&'&,!!!!%$&'/))+!
0! #$######!!!.%$#/&'&,!!!!%$&'/))+!
0! #$######!!!!%$)+')'*!!!!#$#+)'/-!
0! #$######!!!.%$)+')'*!!!!#$#+)'/-!
(! #$######!!!!#$######!!!.)$/%&),,!
1! #$######!!!.)$)%#),-!!!.%$%&,-&#!
1! #$######!!!!)$)%#),-!!!.%$%&,-&#!
23! #$######!!!!#$######!!!.+$*)%+&+!
23! #$######!!!!#$######!!!.'$*#%,,'!
23! #$######!!!!#$######!!.)#$##%,%,!
23! #$######!!!!#$######!!.)*$###*),!
23! #$######!!!!#$######!!.)&$/-',)%!

<=>7G?EC$/2*$B"!
!
"! #$######!!!!#$######!!!!%$-)-%+*!
(! #$######!!!!)$)/#,-/!!!!%$)*%+&+!
(! #$######!!!.)$)/#,-/!!!!%$)*%+&+!
(! #$######!!!!)$%#,*'%!!!!#$'*))%&!
(! #$######!!!.)$%#,*'%!!!!#$'*))%&!
(! #$######!!!!#$######!!!!#$#%/&%+!
0! #$######!!!!%$#/&'/*!!!!%$'%&+-%!
0! #$######!!!.%$#/&'/*!!!!%$'%&+-%!
0! #$######!!!!%$)+'#+-!!!!#$),#,,'!
0! #$######!!!.%$)+'#+-!!!!#$),#,,'!
(! #$######!!!!#$######!!!.)$+'/)&#!
1! #$######!!!.)$)%#%--!!!.%$))#*##!
1! #$######!!!!)$)%#%--!!!.%$))#*##!
23! #$######!!!!#$######!!!.+$)/+-%&!
23! #$######!!!!#$######!!!.'$)+*+*)!
23! #$######!!!!#$######!!!.,$-+'/+,!
23! #$######!!!!#$######!!.)%$-%%)%/!
23! #$######!!!!#$######!!.)&$&%+'%)!
23! #$######!!!!#$######!!.)-$&%,%+#!
23! #$######!!!!#$######!!.%)$%)/%,,!
.
.
<=>7+?"$/2*$B$C.
.

"! #$######!!!!#$######!!!!%$&+%'%*!
(! #$######!!!!)$)&,*,-!!!!)$-&)-%&!
(! #$######!!!.)$)&,*,-!!!!)$-&)-%&!
(! #$######!!!!)$%#/*,&!!!!#$+&#+/&!
(! #$######!!!.)$%#/*,&!!!!#$+&#+/&!
(! #$######!!!!#$######!!!.#$%/#%*,!
0! #$######!!!!%$#/&-&*!!!!%$++*+')!
0! #$######!!!.%$#/&-&*!!!!%$++*+')!
0! #$######!!!!%$)+##/'!!!.#$#,')%&!
0! #$######!!!.%$)+##/'!!!.#$#,')%&!
(! #$######!!!!#$######!!!.)$''-&+-!
1! #$######!!!.)$)*%)#*!!!.%$*'+/%,!
(! #$######!!!!)$)*%)#*!!!.%$*'+/%,!
23! #$######!!!!#$######!!!.+$/)/-&#!
23! #$######!!!!#$######!!!.'$*'&%&&!
!
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"! #$######!!!!#$######!!!!%$,)-%+&!
(! #$######!!!!)$)&,*%'!!!!%$%%/-)%!
(! #$######!!!.)$)&,*%'!!!!%$%%/-)%!
(! #$######!!!!)$%#/*),!!!!#$-%&+,)!
(! #$######!!!.)$%#/*),!!!!#$-%&+,)!
(! #$######!!!!#$######!!!!#$))+&%-!
0! #$######!!!!%$#//#+)!!!!%$-)-)&'!
0! #$######!!!.%$#//#+)!!!!%$-)-)&'!
0! #$######!!!!%$)*,/%)!!!!#$%'')%-!
0! #$######!!!.%$)*,/%)!!!!#$%'')%-!
(! #$######!!!!#$######!!!.)$+#+&')!
1! #$######!!!.)$)*%%-#!!!.)$,,,/*'!
1! #$######!!!!)$)*%%-#!!!.)$,,,/*'!
23! #$######!!!!#$######!!!.+$%&+/*,!
23! #$######!!!!#$######!!!.'$#**/,#!
23! #$######!!!!#$######!!.)#$)*)')/!
23! #$######!!!!#$######!!.)%$--+%%#!
23! #$######!!!!#$######!!.)&$--*&/*!
23! #$######!!!!#$######!!.)-$'**+&)!
23! #$######!!!!#$######!!.%)$&+%,-*!
.
.
<=>7F?$C$/2*$B$+...!
.

"! #$######!!!!#$######!!!!%$'-*/-,!
(! #$######!!!!)$)&,#%#!!!!%$#,))/+!
(! #$######!!!.)$)&,#%#!!!!%$#,))/+!
(! #$######!!!!)$%#&'/-!!!!#$/-,-)&!
(! #$######!!!.)$%#&'/-!!!!#$/-,-)&!
(! #$######!!!!#$######!!!.#$#%%&/&!
0! #$######!!!!%$#//#,-!!!!%$/-%%/-!
0! #$######!!!.%$#//#,-!!!!%$/-%%/-!
0! #$######!!!!%$)*-*#%!!!!#$)*,,',!
0! #$######!!!.%$)*-*#%!!!!#$)*,,',!
(! #$######!!!!#$######!!!.)$&+&+#)!
1! #$######!!!.)$)*+'**!!!.%$)*%/,&!
1! #$######!!!!)$)*+'**!!!.%$)*%/,&!
23! #$######!!!!#$######!!!.+$+%&,))!
23! #$######!!!!#$######!!!.'$%#%,-/!
23! #$######!!!!#$######!!.)#$&)*-/-!
23! #$######!!!!#$######!!.)*$*+#'-)!
23! #$######!!!!#$######!!.)/$%)**,&!

<=>7D?$C$/2*$B$+...!
.

"! #$######!!!!#$######!!!!%$/&#/#*!
(! #$######!!!!)$)&-+%/!!!!)$,&&-/'!
(! #$######!!!.)$)&-+%/!!!!)$,&&-/'!
(! #$######!!!!)$%#+&,/!!!!#$&&++&#!
(! #$######!!!.)$%#+&,/!!!!#$&&++&#!
(! #$######!!!!#$######!!!.#$)/)%-*!
0! #$######!!!!%$#//%+&!!!!%$&+/&+*!
0! #$######!!!.%$#//%+&!!!!%$&+/&+*!
0! #$######!!!!%$)*&/,,!!!!#$##),)+!
0! #$######!!!.%$)*&/,,!!!!#$##),)+!
(! #$######!!!!#$######!!!.)$/,+%''!
1! #$######!!!.)$)+*##,!!!.%$%&,&#'!
1! #$######!!!!)$)+*##,!!!.%$%&,&#'!
23! #$######!!!!#$######!!!.+$'&%/)%!
23! #$######!!!!#$######!!!.'$&',')&!
23! #$######!!!!#$######!!.)#$'#)+#'!
!
!
!
!
!
!
!
!
!
!
!
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<=>7D?EC$A2*$B"....
.
"! #$######!!!!#$######!!!!%$&&/#-)!
(! #$######!!!!)$)'/%*'!!!!)$-/%),'!
(! #$######!!!.)$)'/%*'!!!!)$-/%),'!
(! #$######!!!!)$%#'**&!!!!#$+')+%&!
(! #$######!!!.)$%#'**&!!!!#$+')+%&!
(! #$######!!!!#$######!!!.#$%+--+'!
0! #$######!!!!%$#-,%-,!!!!%$++/%-,!
0! #$######!!!.%$#-,%-,!!!!%$++/%-,!
0! #$######!!!!%$)*+&'&!!!.#$#,#%/+!
0! #$######!!!.%$)*+&'&!!!.#$#,#%/+!
(! #$######!!!!#$######!!!.)$',,*/*!
1! #$######!!!.)$)/*'+%!!!.%$*%#/+#!
1! #$######!!!!)$)/*'+%!!!.%$*%#/+#!
23! #$######!!!!#$######!!!!+$'#)#+&!
23! #$######!!!!#$######!!!!'$+,#+/'!
23! #$######!!!!#$######!!!)#$)%%++&!
.
.
<=>7F?EC$A2*$B"....
.

"! #$######!!!!#$######!!!!%$&#%#'/!
(! #$######!!!!)$)'&*,%!!!!)$-#''#+!
(! #$######!!!.)$)'&*,%!!!!)$-#''#+!
(! #$######!!!!)$%#/,,&!!!!#$+)//#,!
(! #$######!!!.)$%#/,,&!!!!#$+)//#,!
(! #$######!!!!#$######!!!.#$*#*,*%!
0! #$######!!!!%$#--%)*!!!!%$*,%)-*!
0! #$######!!!.%$#--%)*!!!!%$*,%)-*!
0! #$######!!!!%$)*+&)#!!!.#$)++&%#!
0! #$######!!!.%$)*+&)#!!!.#$)++&%#!
(! #$######!!!!#$######!!!.)$-&+%),!
1! #$######!!!.)$)/*+%-!!!.%$*'/'+*!
1! #$######!!!!)$)/*+%-!!!.%$*'/'+*!
23! #$######!!!!#$######!!!!+$/&%+##!
23! #$######!!!!#$######!!!!'$+),&*/!
23! #$######!!!!#$######!!!)#$#'%)'-!
23! #$######!!!!#$######!!!)%$-'')%-!
23! #$######!!!!#$######!!!)&$&#+%)#!
!

!
.<=>7G?EC$A2*$B".
!
"! #$######!!!!#$######!!!!%$+)&,)-!
(! #$######!!!!)$)'+,'+!!!!)$'%)**%!
(! #$######!!!.)$)'+,'+!!!!)$'%)**%!
(! #$######!!!!)$%#/-%&!!!!#$**##+%!
(! #$######!!!.)$%#/-%&!!!!#$**##+%!
(! #$######!!!!#$######!!!.#$*,#/+-!
0! #$######!!!!%$#-'/,#!!!!%$*#&,,&!
0! #$######!!!.%$#-'/,#!!!!%$*#&,,&!
0! #$######!!!!%$)*++,/!!!.#$%*#'-&!
0! #$######!!!.%$)*++,/!!!.#$%*#'-&!
(! #$######!!!!#$######!!!.)$,+#-*,!
1! #$######!!!.)$)/*%&/!!!.%$+/+#'&!
1! #$######!!!!)$)/*%&/!!!.%$+/+#'&!
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'&>*4Q')+$ >C*[O1S$ +1+4SO+>$ LO1+'4LD$ &+(+1&+1)$ *1$ U+PP$ '4+,$ )C+$ P*4['4&$ W0+)'L2)*2

0*L+AML+X$ '1&$ 4+Z+4>+$ W0*L+AML+2)*20+)'LX$ AC'4S+$ )4'1>P+4$ >)')+>$ W8@=n$9
b2%2$ '1&$8@/n$

922%b6$ 4+>(+A)OZ+LDX6$ )C+$ 7F27!$ )4'1>O)O*1$ *P$ )C+$ '&>*4Q')+$ W7!63D$O1$ )C+$ A'>+$ *P$ (D4O&O1+X$

'1&$)C+$Q*1&O1S$+1+4SO+>$*P$)C+$92%$A*0(L+V$O1$O)>$S4*M1&$+L+A)4*1OA$>)')+$7F,
g2!F$

$
$ $ ! ! !!!"" ! !!$$ $ $ $ W!X$

%
@C+$>L*(+$-/UM'1)OPO+>$)C+$&+(+1&+1A+$*P$)C+$+1+4SD$W\X$*P$+'AC$>)')+$*P$)C+$92%$

CDQ4O&$ *1$ )C+$ ')*0OA$ >M4P'A+$ AC'4S+$ U+PP$ W-_`\a`U+PPX$ '1&$ O>$ Z+4D$ &+(+1&+1)$ *1$ )C+$

('4)OAML'4$ >)')+6$ )C+$ 1')M4+$ *P$ )C+$ 0+)'L$ '1&$ )C+$ 0*L+AML+$ '1&$ )C+$ +V(+4O0+1)'L$

A*1&O)O*1>.g6I6!F$

U+PP$ O>$ '$ A*0QO1+&$ Z'4O'QL+$ )C')$ UM'1)OPO+>$ )C+$ ')*0OA$ AC'4S+$ +VA+>>$ 'Z+4'S+&$

'0*1S>)$)C+$0+)'LLOA$')*0>$W'.M.a')*0$*P$>M4P'A+X$'1&$A'1$Q+$+1ZO>'S+&$'>$'$0OA4*>A*(OA$

'1'L*SM+$*P$ )C+$0'A4*>A*(OA$AC'4S+$+VA+>>$*P$'$0+)'LLOA$ >M4P'A+$ WUj_8aA0EX.$@C+4+P*4+6$

)C+$ 4*L+$ *P$ )C+$ ALM>)+4$ >O5+$ O>$ dM>)$ )*$0*&ML')+$ )C+$ P4'A)O*1'4D$ +PP+A)OZ+$ AC'4S+$ *P$ )C+$

0+)'L$')*0$*P$)C+$>M4P'A+$)*$[COAC$)C+$0*L+AML+$O>$Q*1&+&$LOY+$)C+$+L+A)4*&+$(*)+1)O'L$

&*+>.$?1$)C+>+$A*0(L+V+>6$U+PP$Z'4O+>$P4*0$2F.##$W%S#
2!X$)*$bF.##$W%S#

b!X$'.M.$W=OS.$!X$'1&$[+$

C'Z+$ 'L>*$ >C*[1$ )C')$ )CO>$ 4'1S+$ A*44+>(*1&>$ )*$ )C+$ >M4P'A+$ AC'4S+$ >A4++1+&$ QD$ )C+$

+L+A)4*&+$(*)+1)O'L$O1$>)'1&'4&$+L+A)4*AC+0OA'L$7\/7$+V(+4O0+1)>.!F$

%
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%

%

%

%
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%
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%
%
A83,0*% @#% 'X$@N29FH2^=a:'1:ENm$Z+4)OA'L$+1+4SO+>$W\X$*P$)C+$(L'>0*12LOY+$>)')+>$*P$LO1+'4$h%S12

3DiU$A*0(L+V+>$Z+4>M>$)C+$+PP+A)OZ+$AC'4S+$U+PP$_$Ua1.$\!aE61$_$W\16U_2!b\16U_b!XaE$O>$)C+$'Z+4'S+&$+1+4SD$

P*4$'$>D>)+0$A*1)'O1O1S$Å1Ç$')*0>$'1&$!\1$_$\16U_2!$s$\16U_b!$O>$)C+$&OPP+4+1A+$Q+)[++1$)C+$+1+4SD$*P$

+'AC$>D>)+0$[O)C$(*>O)OZ+$*4$1+S')OZ+$AC'4S+.%

%

E*9,.(9%-'+%+89/,9981'%

T*:*'+*'/*%12%()*%*.*/(01'8/%9(-(*9%1'%\*22%

=OS.$E$>C*[>$)C+$&+(+1&+1A+$*P$)C+$@N29FH2^=!!a:'1:ENm!E$Z+4)OA'L$+1+4SO+>$*P$

>MAC$>)')+>$*P$)C+$h%S123Di
U$A*0(L+V+>$*1$U+PP.$@C+$LO1+'4$&+(+1&+1A+$*1$U+PP$ O>$+ZO&+1).$

@C+4+$ O>$'$>LOSC)$&+ZO')O*1$O1$)C+$A'>+$*P$)C+$4+Z+4>+$8@/$>)')+>$')$1+S')OZ+a1+M)4'L$'1&$

(*>O)OZ+$AC'4S+>$'>$&O>AM>>+&$O1$4+P.$I.$@CO>$&O'S4'0$'LL*[>$P*4$(4+&OA)O1S$[COAC$+VAO)+&$

>)')+$ *P$ )C+$ CDQ4O&$ A*ML&$ Q+$ O1Z*LZ+&$ O1$ '$ 7\/7$ +V(+4O0+1)$ 4+A*4&+&$ ')$ '$ ('4)OAML'4$

+L+A)4*&+$(*)+1)O'L$WU+PPX$'1&$')$'$POV+&$L'>+4$+1+4SD.$

@C+4+$ '4+$ 'L>*$ (L+1)D$ *P$ +VAO)+&$ +L+A)4*1OA$ >)')+>$ *P$ 92%$ O1>O&+$ )C+$ 0+)'L$

ALM>)+4>.$ %0*1S>)$ )C+06$ )C+$ 0*>)$ AC'4'A)+4O>)OA$ +VAO)')O*1$ A*44+>(*1&>$ )*$ '$ )*)'LLD$

>D00+)4OA$ +VAO)+&$ >)')+$(4+>+1)$ O1$ '1D$ ALM>)+4$ >C*[O1S$ L*[$+1+4SD$ WM>M'LLD$ O>$ )C+$ PO4>)$

+VAO)+&$ >O1SL+)X$ '1&$ Z+4D$ COSC$ *>AOLL')*4$ >)4+1S)C$ W9X.$cC+4+'>$ )C+$8@$ )4'1>O)O*1>$ C'Z+$

AC'4'A)+4O>)OA$ 9$ Z'LM+>$ O1$ )C+$*4&+4$*P$ !F2#6$@NN=@$A'LAML')O*1>$(4+&OA)$ )C')$ )C+>+$UMO)+$

('4)OAML'4$ +VAO)')O*1>$ >C*ML&$Q+$ )C4++$*4&+4>$*P$0'S1O)M&+$ >)4*1S+4$ F9_F."2E.GX.$@CO>$ O>$

)C+$ 4+'>*1$ [CD$ [+$ C'Z+$ 1'0+&$ )C+0$ '>$ (L'>0*12LOY+$ >)')+>!#6!G$ '>$ '1$ '1'L*SD$ )*$ )C+$

L*A'LO5+&$ >M4P'A+$ (L'>0*1>$ O1$ 1'1*0+)+42>O5+$ 0+)'L$ ALM>)+4>6$ [COAC$ '4+$ [O&+LD$

4+A*S1O5+&$ )*$ Q+$ )C+$ 0'O1$ A*1)4OQM)O*1$ )*$ )C+$ 7\/7$ +1C'1A+0+1).!$ @C+$ 4+>(+A)OZ+$

E1/2,n=3

E1/2,n=5
E1/2,n=7

[Py-Agn]q

n

2

3

5
7

!En=3

!En=5
!En=7

E/
eV

1

2

3

qeff = q/n
0-0.4 +0.4

-1 -1 -1 0 +1+1 +1q = =

-0.2 +0.2

En=2



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

!!
EFI$

!
! !

+1+4SO+>$*P$ )CO>$ PO4>)$>+4O+>$*P$(L'>0*12LOY+$>)')+>$W3FX$'4+$'L>*$(L*))+&$')$)C+$Q*))*0$*P$

=OS.$E.$

%>$O)$A'1$Q+$>++16$)C+O4$&+(+1&+1A+$*1$U+PP$ O>$ P'4$'('4)$P4*0$LO1+'4O)D$'1&$L**Y>$

4')C+4$ LOY+$'$c2>C'(+&$&4'[O1S$ W=OS>.$ !$ '1&$EX.$@C+$ >O5+$*P$ )C+$*1+2&O0+1>O*1'L$0+)'L$

>D>)+0$O>$(4*(*4)O*1'L$ )*$)C+$1M0Q+4$Ä1Ä$*P$>OLZ+4$')*0>$'1&$ O>$ )C+$4+>(*1>OQL+$ P*4$ )C+$

c2>C'(+$W12&+(+1&+1A+$W\ä61$=OS.$!XX.$?)$O>$+ZO&+1)$)C')$)C+$+1+4SD$*P$3F$&+(+1&>$*1$)C+$

ALM>)+4$ L+1S)C$ W:X$SOZ+1$ )C')$ )C+>+$ >)')+>$'4+$ 4+&2>COP)+&$'>$ )C+$1M0Q+4$*P$ >OLZ+4$')*0>$

O1A4+'>+>.$$
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%
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%
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%
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%

A83,0*% B#% @N29FH2^=a:'1:ENm$ Z+4)OA'L$ +1+4SO+>$ W\X$ *P$ )C+$ P*4['4&$ W8@=X$ '1&$ 4+Z+4>+$ W8@/X$

AC'4S+$ )4'1>P+4$ >)')+>$ *P$ h%S123Di
U$ A*0(L+V+>6$ )C+$ PO4>)$ +VAO)+&$ >O1SL+)$ *P$ (D4O&O1+$ W7!63DX$ '1&$ )C+$

A'LAML')+&$ W3FX$ '1&$ >O5+2A*44+A)+&$ W3FAX$ (L'>0*12LOY+$ +VAO)')O*1>$ *P$ )C+$ %S1
U$ ALM>)+4>$ Z+4>M>$ )C+$

+PP+A)OZ+$AC'4S+$U+PP.$

$

$ 9*4+*Z+46$ )C+$ 4+>(+A)OZ+$+1+4SO+>$'4+$'L>*$AC'4S+2&+(+1&+1).$@C+$(*>O)OZ+$'1&$

1+S')OZ+$Z'LM+>$*P$ ÄUÄ$&+P*40$)C+$ >C'(+$ >LOSC)LD$SOZ+1$ )C')$A*0(L+V+>$*P$ )C+$ >'0+$>O5+$

QM)$[O)C$*((*>O)+$AC'4S+>$&*$1*)$>C*[$)C+$>'0+$+1+4SD$WU2&+(+1&+1A+$W`\1$=OS.$!XX.$@C+$
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+PP+A)$*P$)C+$>O5+$WA'.$!."$+]X$*1$)C+$+1+4SO+>$O>$'L0*>)$)+1$)O0+>$L'4S+4$)C'1$)C')$*P$)C+$

AC'4S+$WA'.$F.E$+]6$=OS.$!X.$$

%

E*41;8'3%()*%+*:*'+*'/*%1'%()*%98[*%12%()*%4*(-.%/.,9(*0%

$ ?1$ 7\/7$ +V(+4O0+1)>$ )C+$ >M4P'A+$ AC'4S+$ O>$0*&OPO+&$QD$ )C+$ +L+A)4*&+$(*)+1)O'L$

QM)$)C+$'&>*4Q')+$O>$Q*1&+&$)*$'$>O1SL+$>OLZ+4$')*0$L*A')+&$')$)C+$>M4P'A+$*P$'$ALM>)+4$*P$'$

0'A4*>A*(OA$ +L+A)4*&+$ *P$ A*1>)'1)$ >O5+.$ @C+4+P*4+6$ O)$ O>$ 1+A+>>'4D$ )*$ 4+0*Z+$ )C+$

&+(+1&+1A+$*P$)C+$+1+4SO+>$*P$)C+$(L'>0*1>$*1$)C+$>O5+$*P$)C+$>D>)+0$O1$*4&+4$)*$>)M&D$

+VALM>OZ+LD$)C+$+PP+A)$*P$)C+$&+1>O)D$*P$AC'4S+$*P$>MAC$0+)'LLOA$')*0$*1$)C+$(4*(+4)O+>$*P$

)C+$ >M4P'A+$ A*0(L+V.$ ?1$ *4&+4$ )*$ >+('4')+$ Q*)C$ A*1)4OQM)O*1>$ [+$ C'Z+$ '>>M0+&$ )C')$

+O)C+4$(*>O)OZ+$*4$1+S')OZ+$AC'4S+>$>)'QOLO5+$*4$&+>)'QOLO5+$O1$)C+$>'0+$'0*M1)$)C+$+1+4SD$

*P$'$>(+AOPOA$%S1$ALM>)+4.$?1$)CO>$['D6$*1+$A'1$*Q)'O1$)C+$&+(+1&+1A+$*P$)C+$+1+4SD$*1$)C+$

>O5+$\3F616$ O.+.$ *1$ )C+$1M0Q+4$ Å1Ç$*P$ >OLZ+4$ ')*0>$ O1$ )C+$ ALM>)+46$ P4*0$ )C+$+1+4SD$*P$ )C+$

1+M)4'L$%SE23D$W\1_EX$'1&$)C+$'Z+4'S+&$+1+4SO+>$*P$)C+$AC'4S+&$1$_$#6$"$'1&$g$A*0(L+V+>$

A'LAML')+&$ '>$ \ä61_W\16U_2!b\16U_b!XaE$ W=OS.$ !X.$ =OS.$ #'$ >C*[>$ )C+$ Z+4D$ S**&$ LO1+'4$

&+(+1&+1A+$ *1$ Ä!a1EÄ6$ O.+.$ *1$ :2E6$ O1$ 'S4++0+1)$ [O)C$ >+Z+4'L$ +V(+4O0+1)'L$ 4+>ML)>!"$

*Q)'O1+&$ O1$ LO1+'4$AC'O1>$*P$0+)'L$ALM>)+4>$'1&$ )C+$+V(+A)+&$+1+4SO+>$&+4OZ+&$ P4*0$)C+$

('4)OAL+$O1$'$Q*V$0*&+L,!H$

$

$ !! !!!!! ! !!!" !
!! ! !! !!!!! $$$$W1_E6$#6"$$'1&$g$X$ WEX$

$

$ @'QL+$7!$ >M00'4O5+>$ )C+$ 4+>ML)>$*Q)'O1+&$ P*4$ O>*L')+&$>OLZ+4$ALM>)+4>$'1&$%S23D$

A*0(L+V+>$QD$M>O1S$&OPP+4+1)$ PM1A)O*1'L>.$\U.$E$'LL*[>$)*$+V)4'(*L')+$)C+$3F$+1+4SD$*P$'$

AC'O1$*P$ O1PO1O)+$>O5+$\ä3F6"_!."!$+]6$'$Z+4D$AL*>+$Z'LM+$)*$\ä3F61_g6$[COAC$A'1$Q+$0*4+$*4$

L+>>$'4QO)4'4OLD$'>>M0+&$'>$)C+$A*00*1$*4OSO1$)*$4+P+4$)C+$+PP+A)$*P$AC'4S+$&+1>O)D$*1$'1$

')*0$L*A')+&$O1$)C+$>M4P'A+$*P$'$Z+4D$L'4S+$0+)'LLOA$ALM>)+4$*4$+L+A)4*&+.$$

%

T*:*'+*'/*%12%()*%98[*5/100*/(*+%*'*038*9%1'%\*22%

@C+$>O5+2A*44+A)+&$+1+4SO+>6$\3FA6$'4+$)C+1$*Q)'O1+&$QD$'&&O1S$*4$>MQ)4'A)O1S$)*$

)CO>$ '4QO)4'4D$ *4OSO1$ P*4$ L'4S+$ >D>)+0>$ W\ä3F6ãX$ )C+$ 4+>(+A)OZ+$ C'LP2'0(LO)M&+>$

`\1aE_W\16U_2!2\16U_2!XaE$W=OS.$!X$O1&MA+&$QD$)C+$AC'4S+,$

$
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!! !$$$W1_#6"$$'1&$g$$'1&$U_±!X$ W#X$

$

$ @C+$>*$*Q)'O1+&$>O5+2A*44+A)+&$+1+4SO+>$*P$)C+$(L'>0*12LOY+$3FA$>)')+>$*P$)C+$%S2

3D$>D>)+0>$'4+$'L>*$&4'[1$O1$=OS.$E$>C*[O1S$1*[$'$>0**)C$'1&$LO1+'4$&+(+1&+1A+$*1$)C+$

+PP+A)OZ+$AC'4S+$U+PP$LOY+$)C+$>)')+>$[C+4+$)C+$'&>*4Q')+$O>$0'O1LD$O1Z*LZ+&$W8@$*4$7!63DX,$

$

$ !!!"!!"!!" ! !!!!"!!"" ! !! !!$ $ $ WGX$

%

?)$A'1$Q+$>++1$)C'1$3FA$>)')+>$'4+$0MAC$L+>>$AC'4S+$&+(+1&+1)$)C'16$P*4$O1>)'1A+6$

)C+$ )[*$ L*[+>)$ P*4['4&$ 8@=Fno!$ '1&$ 8@=!n%E$ 0+)'L2)*20*L+AML+$ >)')+>$ [COAC$ '4+$ Z+4D$

>+1>O)OZ+$ )*$ U+PP$ W-_H.g!$ '1&$ g.G#$ +]a'.M.$ 4+>(+A)OZ+LDX$ SOZ+1$ )C')$ )C+D$ '4+$ >)'QOLO5+&$ QD$

>*0+$G$+]$[C+1$U+PP$ Z'4O+>$ P4*0$bF.##$ )*$ 2F.##.$@C+4+P*4+6$ )C+>+$ 4+>ML)>$(4+&OA)$ '$ L'4S+$

&+(+1&+1A+$*P$)C+$8@$>)')+>$*1$)C+$+L+A)4*&+$(*)+1)O'L!F$QM)$3FA$(L'>0*12LOY+$4+>*1'1A+>$

4+0'O1$'L0*>)$O1>+1>O)OZ+$)*$)C+$>M4P'A+$AC'4S+.$

$

$

$

$

$

$

$

$

$

A83,0*%$.$'X$@N29FH2^=a:'1:ENm$'Z+4'S+&$+1+4SO+>$\ä3O61$*P$)C+$(L'>0*12LOY+$>)')+>$3O_F6!$*P$h%S12

3DiU$ A*0(L+V+>$ W\ä61X$ Z+4>M>$ !a1
E$ W3F$ S4++16$ 3!$ QLM+a4+&X$ W+U.EX.

$ ,$ QX$ @N29FH2^=a:'1:ENm$ >O5+2

A*44+A)+&$ \3FA$ +1+4SO+>$ W+U.$ #X$ *P$ h%S1i
U$ ALM>)+4>$ W4*0Q>6$ 4+&X$ '1&$ h%S123Di

U$ A*0(L+V+>$ WAO4AL+>6$

S4++1X$Z+4>M>$)C+$+PP+A)OZ+$AC'4S+$U+PP.$

$ $

! "
#$
%&
'

# (#)*+#)*

!"

,),

,)-

,).

,)/ !En=3

1/2!En=3

EP0c,n=3,q=-1 = E!P0," + 1/2!En=3

E!P0," =1.51 eV

0&11 %2)3)
#).

! 4
"5
67
%&
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#

8
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#), #)8
,%78

#"

#

E!P0,"=1.51 eV

E!P1,"=4.44 eV

P0

P1
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T*:*'+*'/*%1'%()*%-+910:(81'%12%:608+8'*%

3FA$ +1+4SO+>$ A*44+>(*1&O1S$ )*$ O>*L')+&$ >OLZ+4$ ALM>)+4>$ h%S1i
U$ '1&$ Q*1&+&$ )*$

(D4O&O1+$h%S123Di
U$'4+$A*0('4+&$O1$=OS.$#Q.$?)$A'1$Q+$>++1$)C')$)C+$4+>ML)>$P*4$)C+$O>*L')+&$

>OLZ+4$ ALM>)+4>$ >C*[$ '$ 0MAC$ Q+))+4$ LO1+'4$ &+(+1&+1A+$ '1&$ L'4S+4$ >L*(+$ W-6H:4<>_2F.H#$

+]a'.M.6$ /E_F.II6$ @'QL+$ 7EX$ )C'1$ P*4$ )C+$ %S23D$ A*0(L+V+>$ W-6H:4<>I67_2F.E"$ +]a'.M.6$

/E_F.gIX.$

@C+$(4+>+1A+$*P$)C+$'&>*4Q')+$A*0(LOA')+>$)C+$&+PO1O)O*1$*P$)C+$>O5+$*P$)C+$Q*V$

[C+4+$)C+$1+)$AC'4S+$ÅUÇ$O>$A*1PO1+&.$cC+1$(D4O&O1+$O>$Q*1&+&6$)C+$0*L+AML'4$*4QO)'L>$*P$

Q*)C$ %S1$ '1&$ 3D$ '4+$0OV+&$ )*$ '$ L'4S+$ *4$ >0'LL$ +V)+1).$ @CO>$ *4QO)'L$0OVO1S$ 'LL*[>$ )C+$

+L+A)4*1$ &+1>O)D$ )*$ Q+$ &+L*A'LO5+&$ 'L*1S$ )C+$ +1)O4+$ CDQ4O&$ 92%6$ &+(+1&O1S$ *1$ )C+$

>)4+1S)C$ *P$ )C+$ CDQ4O&')O*1$ [C+1$ )C+$ >M4P'A+$ A*0(L+V$ O>$ P*40+&.$ @C+4+P*4+6$ )C+$

'&>*4()O*1$O1A4+'>+>$)C+$+PP+A)OZ+$L+1S)C$*P$)C+$Q*V$:$)C')$O>$1*)$dM>)$(4*(*4)O*1'L$)*$)C+$

1M0Q+4>$ *P$0+)'L$ ')*0>.$ @CO>$ ÅL+1S)C+1O1SÇ$ +PP+A)$ &M+$ )*$ )C+$ '&>*4()O*1$ O>$ 4+L')OZ+LD$

0*4+$ O0(*4)'1)$ O1$ >0'LL$ W1_#X$ )C'1$ O1$ L'4S+4$ W1_gX$ ALM>)+4>6$ (4*&MAO1S$ )C+$ >OS0*O&2

>C'(+&$W72>C'(+&X$)4+1&$*Q>+4Z+&$O1$)C+$A'>+$*P$)C+$92%$A*0(L+V+>$'1&6$>MQ>+UM+1)LD6$'$

(**4+4$ LO1+'4O)D$ '>$ A'1$ Q+$ '((4+AO')+&$ O1$ =OS.$ #Q$ '1&$@'QL+$ 7E.$ @CO>$ O>$ +UMOZ'L+1)$ )*$ '$

1*12M1OP*40$ +L*1S')O*1$ *P$ )C+$ U+PP2'VO>6$ SOZO1S$ '$ 4+&MA+&$ >L*(+$ -.$ @C+4+P*4+6$ )C+$ 3FA$

+1+4SO+>$P*4$)C+$92%$A*0(L+V+>$>C*ML&$Q+$A*44+L')+&$)*$'$U+PP$Z'LM+$>0'LL+4$)C'1$)C+$*1+$

+>)O0')+&$P4*0$)C+$>O0(L+$4+L')O*1>CO($U+PP_Ua1.$@C+$+V('1&+&$>A'L+$*P$+1+4SO+>$M>+&$O1$
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>O>)+0'$C+0*>$ +L+SO&*6$ 'L$ OSM'L$ UM+$ +1$ )4'Q'd*>$ (4+ZO*>$ h#i6$ $ +L$ A*0(L+d*$%SE2

#93.$:'$A**4&O1'AO;1$&+L$AL�>)+4$&+$(L')'$'L$K)*0*$&+$1O)4;S+1*$&+$L'$(O4O&O1'$

+>$ A*0(')OQL+$ A*1$ M1'$ *4O+1)'AO;1$ (+4(+1&OAML'4$ &+L$ '&>*4Q')*$ 4+>(+A)*$ '$ L'$

>M(+4POAO+$ 0+)KLOA'.$ 7+$ C'1$ 4+'LO5'&*$ AKLAML*>$ 8?7a:'1:ENm$ hIi$ ('4'$ L*>$ !F$
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(4O0+4*>$ >O1SL+)+>$ &+L$ >O>)+0'$ %SE2#936$ )*0'1&*$ A*0*$ (M1)*$ &+$ ('4)O&'$ L'$

+>)4MA)M4'$ *()O0O5'&'$ &+L$ A*0(L+d*$ A'LAML'&'$ '$ 1OZ+L$ /^=a:'1:ENm$ +1$ +L$

+>)'&*$PM1&'0+1)'L$7Fn$
!%$.$

$ \1$ L'$ A83,0-% "#B% (M+&+$ *Q>+4Z'4>+$ UM+$ +L$ +>(+A)4*$ /'0'1$ &+$ L'$ #93$ +>)K$

&*0O1'&*$(*4$M1'$Q'1&'$4+SO>)4'&'$'$ !F#"$A02!$$ W'>OS1'&'$'L$0*&*$ !EX$D$UM+$'('4+A+1$

*)4'>$ Q'1&'>$ &+$ O1)+1>O&'&$ 0+&O'2&RQOL$ '$ "#g6$ J!F6$ !FGI$ D$ !E#!$ A02!$ W'>OS1'&'>$ '$ L*>$

0*&*>$ HQ6$ !6$ Ö'1OLL*$ D$ ÖW8xX6$ 4+>(+A)OZ'0+1)+X.$ 7+$ '(4+AO'$ )'0QOR1$ A;0*$ +1$ L*>$ 7\/7$

4+SO>)4'&*>$'$F.FF]$D$2F.E"]$$L'$�1OA'$Q'1&'$&+$O1)+1>O&'&$>OS1OPOA')OZ'$+>$+L$0*&*$!E6$L*$

UM+$ >OS1OPOA'$ UM+$ L'$ O1)+1>OPOA'AO;1$ >+$ (4*&MA+$ +VALM>OZ'0+1)+$ '$ )4'ZR>$ &+$ M1$

0+A'1O>0*$1*28@.$

$ 7+$(M+&+1$+LO0O1'4$L'>$A*1)4OQMAO*1+>$1*28@$W*$+L+A)4*0'S1R)OA'>6$\9X$&+$L'>$

O1)+1>O&'&+>$ 7\/7$&+$ L*>$ +>(+A)4*>$ 4+SO>)4'&*>$ '$ AM'LUMO+4$ *)4*$ (*)+1AO'L$ 'L$ 4+>)'4$ L'>$

O1)+1>O&'&+>$4+SO>)4'&'>$'$F.FF]$D$2F.E"]$,$

$

$ ?7\/728@$_$?7\/76\V(.$s$?7\/761*128@$_$?7\/76\V(.$s$?7\/762F.E"$]$ W].!X$
$

3'4'$+LL*6$)*&'>$L'>$O1)+1>O&'&+>$4+L')OZ'>$>+$4+PO+4+1$'$M1$PM1&'0+1)'L$O1'A)OZ*$+1$7\/72

8@$A*0*$ L'$ )+1>O;1$&+$8^#$*$8^$'4*0K)OA*$D'$UM+$+>)'>$ZOQ4'AO*1+>$1*$ P*40'1$('4)+$

&+L$A4*0;P*4*.$

$ %L$'(LOA'4$+>+$(4*A+&O0O+1)*$'$L*>$+>(+A)4*>$4+SO>)4'&*>$'$2F."F]$D$2F.g"]6$>;L*$

L'$ O1)+1>O&'&$ &+L$0*&*$ !E$ &O>0O1MD+$ >OS1OPOA')OZ'0+1)+6$ O1&OA'1&*$ UM+$ +L$0+A'1O>0*$

8@$ 1*$ O1)+1>OPOA'$ +>'$ ZOQ4'AO;1.$ :'>$ &+0K>$ Q'1&'>$ 1*$ +V(+4O0+1)'1$ A'0QO*>$ 'L$

'(LOA'4L+>$+>)+$(4*A+&O0O+1)*6$(*4$L*$UM+$&+Q+4<'1$O1)+1>OPOA'40+$+VALM>OZ'0+1)+$(*4$M1$

0+A'1O>0*$8@.$

$ \1$L'$+>)O0'AO;1$&+$O1)+1>O&'&+>$4+L')OZ'>$1*28@$D$8@$&+$L'$#93$>+$'(4+AO'$UM+$

L'>$ A*1)4OQMAO*1+>$ 1*28@$ >;L*$ >*1$ >OS1OPOA')OZ'>$ ('4'$ 'UM+LL'>$ Q'1&'>$ UM+$ >*1$ 0MD$

O1)+1>'>$ +1$ +L$ +>(+A)4*$ /'0'1$ 1*40'L6$ )'L$ D$ A*0*$ >+$ C'$ A*0(4*Q'&*$ '1)+4O*40+1)+$

('4'$+L$0*&*$!$&+$(O4'5O1'$*$$L*>$0*&*>$!$D$!E$&+$(O4O&O1'$h#'6Ai.$

$ 3*4$*)4'$('4)+6$+1$L'$A83,0-%"#B%Z+0*>$)'0QOR1$A;0*$L'$(4O1AO('L$A'4'A)+4<>)OA'$

&+$ L*>$ +>(+A)4*>$ 7\/7$ 4+SO>)4'&*>$ '$ 2F."F$ D$ 2F.g"]$ +>$ L'$ O1)+1>OPOA'AO;1$ &+$ L'>$ Q'1&'>$

4+SO>)4'&'>$ '$ !HFF6$ !"JF6$ !E#F6$ !EFF6$ !F"F6$ J!"$ D$ HGF$ A02!6$ '>OS1'&'>$ '$ L*>$0*&*>$ +1$ +L$

(L'1*$JQ6$J'6$ÖW8xX6$éW8^X6$Ö'1OLL*6$D$H'6$4+>(+A)OZ'0+1)+.$^'D$UM+$4+A'LA'4$UM+$&+QO&*$'$

UM+$L*>$0*&*>$JQ$D$J'$(4+>+1)'1$O1)+1>O&'&+>$>O0OL'4+>$+1$+L$+>(+A)4*$7\/7$&+$L'$#93$

1*$ >+$ *Q>+4Z'$ +1$ +LL*>$ +L$ A'4'A)+4<>)OA*$ (+4POL$ )4O'1SML'4$ &+L$ +P+A)*$ &+L$0+A'1O>0*$8@$$
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>*Q4+$ L'>$ O1)+1>O&'&+>$ 4+L')OZ'>$ *Q>+4Z'&*$ +1$ L*>$ +>(+A)4*>$ &+$ 0*LRAML'>$ '4*0K)OA'>$

WA83,0-%"#$Y.$

$

$

A83,0-%"#$#%\>(+A)4*$7\/7$&+$L'$#93$>*Q4+$M1$+L+A)4*&*$&+$(L')'.$

$ $

$ 3'4'$'1'LO5'4$L*>$&+>(L'5'0O+1)*>$+1$P4+AM+1AO'$&+$L'>$Q'1&'>$*4OSO1'&*>$(*4$L'$

'&>*4AO;1$ >*Q4+$ L'$(L')'6$ >+$C'1$A*0('4'&*$ L*>$&+>(L'5'0O+1)*>$+1)4+$+L$/'0'1$&+$ L'$

&O>*LMAO;1$D$+L$7\/7$'$2F."F]$A*1$L*>$A'LAML'&*>$+1)4+$L'>$P4+AM+1AO'>$&+$L'$#93$'O>L'&'$D$

+L$AL�>)+4$%SE2#93$W>-7.-%"#@X6$UM+$(M+&+$A*1>O&+4'4>+$A*0*$0*&+L*$('4'$L'$'&>*4AO;1$

+1$+L+A)4*&*$'$(*)+1AO'L$&+$A'4S'$A+4*6$UM+$+>$A+4A'1*$'$2F."F]$('4'$+L$A'>*$&+$L'$(L')'.$

N+$P*40'$S+1+4'L6$)*&'>$L'>$Q'1&'>$+V(+4O0+1)'1$&+>(L'5'0O+1)*$C'AO'$+L$'5ML$AM'1&*$

>+$(4*&MA+$ L'$ '&>*4AO;1$ >*Q4+$ +L$0+)'L.$@'1)*$ L*>$ 4+>ML)'&*>$ +V(+4O0+1)'L+>$ A*0*$ L*>$

A'LAML'&*>$0M+>)4'1$L*>$0'D*4+>$&+>(L'5'0O+1)*>$('4'$L'>$ZOQ4'AO*1+>$J'6$!6$!E$D$H'6$L*$

UM+$ A*1PO40'$ UM+$ L'$ #93$ >+$ M1+$ 'L$0+)'L$ '$ )4'ZR>$ &+L$ ('4$ &+$ +L+A)4*1+>$ LOQ4+>$ &+L$t6$

4+>ML)'1&*$ M1'$ *4O+1)'AO;1$ (+4(+1&OAML'4$ &+L$ '1OLL*$ '4*0K)OA*$ A*1$ 4+>(+A)*$ '$ L'$

>M(+4POAO+$h#&6!Fi.$$

$ $
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>-7.-% "#@#% N+>(L'5'0O+1)*>$ +V(+4O0+1)'L+>$ &+$ L'>$ P4+AM+1AO'>$ &+$ ZOQ4'AO;1$ W`Ö6$ A02!X$ +1)4+$ +L$

+>(+A)4*$ 7\/7$ &+$ #93$ 4+SO>)4'&*$ '$ 2F."F$]$ D$ +L$ /'0'1$&+L$ L<UMO&*$ (M4*$ D$ L*>$ &+>(L'5'0O+1)*>$

A'LAML'&*>$W/^=a:%t:ENmX$('4'$L'>$ZOQ4'AO*1+>$&+L$A*0(L+d*$>M(+4POAO'L$%SE2#93$A*1$4+>(+A)*$'$

L*>$&+$L'$#93$'O>L'&'.$

 Experimental  Calculado 

 Ra   3MP  

Asignación % !%a  % !%b 

%(CH), A’ 3089 -  3431 +7 
%(CH), A’ 3057 +4  3409 +9 
%(CH), A’ 3037 -  3385 +8 
%(CH3), A’ 2980 -  3296 +6 
%(CH3), A’ 2924 -1  3201 +5 
8b,%ring, A’ 1597 +3  1788 +3 
8a,%ring, A’ 1576 +7  1761 +6 
19a,'(CH), A’ 1480 -2  1636 +2 
'(CH3), A’ 1456 -  1649 +2 
19b,'(CH), A’ 1412 +2  1571 +4 
's(CH3), A’ 1384 0  1581 +3 
%(CX), A’ 1227 -  1363 +4 
14,%ring, A’ - -  1291 +2 
'(CH), A’ 1189 +4  1328 +1 
%ring, A’ 1125 -  1225 0 
%ring, A’ 1041 +8  1134 +3 
12,'ring, A’ 1029 +4  1137 +12 
1,%ring, A’ 806 +10  869 +7 
6a,'ring, A’ 630 +16  696 +13 
6b,'ring, A’ 535 +3  584 0 
16b,(ring, A’’ 401 0  468 +2 
'(CX), A’ 339 +10  364 +6 

a%(-0.5V SERS) – %(Raman liq.); b %(Ag2-3MP) – %(3MP) 

$

$ 7O$ '1'LO5'0*>$ L'>$ +1+4S<'>6$ PM+45'>$ &+L$ *>AOL'&*4$ D$ A'4S'>$ &+$ 9MLLOY+1$

8?7a:'1:ENm$ &+$ L*>$ !F$ (4O0+4*>$ +>)'&*>$ >O1SL+)+>$ +VAO)'&*>$ &+L$ A*0(L+d*$ %SE2#93$

W>-7.-%"#BX6$>;L*$+L$7H$D$+L$7I$(M+&+1$>+4$A*1>O&+4'&*>$+>)'&*>$8@$A*1$M1'$)4'1>P+4+1AO'$

&+$A'4S'$W`UX$&+$2F.J!$D$2F.JJ$4+>(+A)OZ'0+1)+6$Z'L*4+>$UM+$'(*D'1$L'$CO(;)+>O>$'>M0O&'$

+1$ +L$ ('>*$ E$ &+L$ 0+A'1O>0*$ 7\/728@6$ D'$ UM+$ +1$ +>)*>$ +>)'&*>$ A'>O$ >+$ )4'1>PO+4+$ M1$

+L+A)4;1$A*0(L+)*.$%0Q*>$+>)'&*>$8@$C'1$>O&*$*()O0O5'&*>6$A*1$+1+4S<'>$&+L$0<1O0*$

&+$#.gg$D$G.g!$+].$N'&*$UM+$ L*>$AKLAML*>$8?7a:%t:ENm$>*Q4+>)O0'1$L'>$+1+4S<'>$&+$ L*>$

+>)'&*>$ >O1SL+)+>$ +VAO)'&*>$ 'L4+&+&*4$ &+$M1$ E"p$ h!!i6$ L'>$ A*44+>(*1&O+1)+>$ +1+4S<'>$ &+$

L*>$+>)'&*>$8@$>*1$&+L$*4&+1$&+$L'$&+$L*>$P*)*1+>$O1AO&+1)+>$WE."$+]$'$"!".G10X.$3*4$L*$
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)'1)*6$Q'd*$L'>$A*1&OAO*1+>$+V(+4O0+1)'L+>$M>'&'>$(M+&+1$AM0(LO4>+$L'>$A*1&OAO*1+>$&+$

4+>*1'1AO'$*$(4+24+>*1'1AO'$A*1$+>)*>$+>)'&*>$8@.$

$

>-7.-%"#B#%\1+4S<'>$&+$+VAO)'AO;1$Z+4)OA'L+>$A'LAML'&'>$8?7a:%t:ENm$W`\X6$PM+45'>$&+L$*>AOL'&*4$

WPX$D$A'4S'>$&+$9MLLOY+1$WUX$A*44+>(*1&O+1)+>$'$L*>$(M1)*>$&+$=4'1AY28*1&*1$&+$L*>$&O+5$(4O0+4*>$

>O1SL+)+>$+VAO)'&*>$&+L$A*0(L+d*$%SE2#93.$:*>$4+>(+A)OZ*>$Z'L*4+>$&+$L*>$+>)'&*>$8@O$*()O0O5'&*>$

>+$0M+>)4'1$+1)4+$('4R1)+>O>.$

Estado: S0 S1 S2 S3 S4 S5 S6(CT0) S7 S8 S9(CT1) S10 
 1 1A’ 2 

1A’ 
3 1A’ 1 1A" 4 1A’ 2 1A" 3 1A" 5 1A’ 6 1A’ 4 1A’’ 7 1A’ 

!E(SiS0)/eV 0 2.99 3.23 3.28 4.21 4.23 4.34 
(3.77) 

4.67 5.12 5.17 
(4.71) 

6.27 

f  0.73
1 

0.423 0.452 0.021 0.016 0.001 0.039 0.227 0.000 0.099 

Carga Ag2 q -
0.06 

-
0.09 

-0.09 -0.08 -0.12 -0.10 0.75 
(0.61) 

-0.20 -0.11 0.82 
(0.76) 

-0.07 

!q=qS0 -qSi
a 0 +0.

03 
+0.03 +0.02 +0.06 +0.04 -0.81 

(-0.67) 
+0.14 0.05 -0.88 

(-0.82) 
+0.01 

'$\1+4S<'$)4'1>P+4O&'$&+>&+$+L$AL�>)+4$&+$%SE$$'$L'$#20+)OL(O4O&O1'$+1$+L$+>)'&*$7O.$

$

$ \1$L'$A83,0-%"#J%>+$4+(4+>+1)'1$L'>$O1)+1>O&'&+>$4+L')OZ'>$7\/7$A'LAML'&'>$^=$D$

8?7a:%t:ENm$('4'$L'$)4'1>OAO;1$+L+A)4;1OA'$NF27F$&+$L'$0*LRAML'$'O>L'&'$D$)4'1>OAO*1+>$

8@F27F$D$8@!27F$&+L$A*0(L+d*$%SE2#936$4+>(+A)OZ'0+1)+.$\1$+LL'6$>+$*Q>+4Z'$A;0*$)*&*>$

L*>$ PM1&'0+1)'L+>$&+$ )+1>O;1$&+$8^$0M+>)4'1$ O1)+1>O&'&+>$0MD$&RQOL+>$&+QO&*$'$UM+$

(4+>+1)'1$ &+>(L'5'0O+1)*>$ `y$0MD$ (+UM+~*>$ W>-7.-% ?J% =-:_(,.1% !"#@X.$ \>)*$ Z'LO&'$

1M+>)4*$0R)*&*$(4*(M+>)*$('4'$+LO0O1'4$ L'>$A*1)4OQMAO*1+>$1*28@$&+$ L'>$ O1)+1>O&'&+>$

7\/7$)*0'1&*$L'>$O1)+1>O&'&+>$&+$+>)'>$ZOQ4'AO*1+>$A*0*$4+P+4+1AO'.$

$ 7O$ 1*>$ POd'0*>$ +1$ L*>$ )4+>$ +>(+A)4*>$ &+$ L'$ A83,0-% "#J6$ Z+0*>$ A;0*$ L'$

O1)+1>OPOA'AO;1$ >+L+A)OZ'$ D$ A'4'A)+4<>)OA'$ &+L$ 0*&*$ J'$ 1*$ +>$ +ZO&+1)+6$ &'&*$ UM+$ L'$

O1)+1>OPOA'AO;1$8@$>+$&O>)4OQMD+$$&+$P*40'$('4+AO&'$+1)4+$L'>$Q'1&'>$$J'$D$JQ6$UM+$+1$+L$

A'>*$&+$L'$#93$>*1$0*&*>$)*)'L0+1)+$>O0R)4OA*>.$\>)*$+>$*4OSO1'&*$(*4$L'$4+&O>)4OQMAO;1$

&+$ L'$A*1)4OQMAO;1$&+$=4'1AY28*1&*1$+1)4+$'0Q*>$PM1&'0+1)'L+>6$ L*$UM+$'(M1)'$'$M1$

0+A'1O>0*$8@$4+>*1'1)+$A*0*$*4OS+1$&+$L'>$O1)+1>O&'&+>$7\/7$4+L')OZ'>$*Q>+4Z'&'>$+1$

+L$+>(+A)4*.$

$

$
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$

$

A83,0-% "#J#% ?1)+1>O&'&+>$ 4+L')OZ'>$ 7\/7$ A'LAML'&'>$ ^=$ D$ 8?7a:%t:ENm$ ('4'$ L'$ )4'1>OAO;1$

+L+A)4;1OA'$ NF27F$ &+$ L'$ 0*LRAML'$ 'O>L'&'$ D$ )4'1>OAO*1+>$ 8@F27F$ D$ 8@!27F$ &+L$ A*0(L+d*$ %SE2#936$

4+>(+A)OZ'0+1)+.$

$

$ 3*4$*)4'$('4)+6$L'$)4'1>OAO;1$8@!27F$(4+&OA+$'&+0K>$M1'$PM+4)+$O1)+1>OPOA'AO;1$&+$

L'$ZOQ4'AO;1$Ö'1OLL*$'$!F!G$A0
2!$UM+$1*$>+$*Q>+4Z'$+1$+L$+>(+A)4*$7\/7.$\>)+$4+>ML)'&*6$dM1)*$

A*1$+L$C+AC*$&+$UM+$ L'$+1+4S<'$Z+4)OA'L$A'LAML'&'$&+L$+>)'&*$8@!$+>$'(4*VO0'&'0+1)+$ !$

+]$0'D*4$UM+$+L$ 4+>(+A)OZ*$(M1)*$&+$=4'1AY28*1&*1$&+L$+>)'&*$8@F$$W>-7.-% "#BY6$1*>$

O1&OA'$ UM+$ (4*Q'QL+0+1)+$ L'$ )4'1>OAO;1$ 8@F27F$ +>$ L'$ UM+$ &*0O1'$ +L$ 7\/7$ &+$ L'$ #93$

&O>AM)O&*.$

$

$ &083*'% +*% .-% 3-'-'/8-% *'*03`(8/-% *'% ?WE?#% % T1*$ &+$ L*>$ C+AC*>$ 0K>$

A*1)4*Z+4)O&*>$ +>$ L'$ O1+V(LOA'&'$ S'1'1AO'$ +1+4SR)OA'$ *Q>+4Z'&'$ +1$ 7\/7$ AM'1&*$ +L$

(*)+1AO'L$ &+$ +L+A)4*&*$ >+$ M)OLO5'$ ('4'$ >O1)*1O5'4$ L*>$ +>)'&*>$ &+$ )4'1>P+4+1AO'$ 0+)'L2

0*LRAML'.$7O0(L+>$A*1>O&+4'AO*1+>$+L+A)4*>)K)OA'>$O1&OA'4<'1$UM+$M1$&+>(L'5'0O+1)*$&+$!$

]$+1$+L$(*)+1AO'L$&+$+L+A)4*&*$&+Q+1$&+>(L'5'4$ !$+]$ L*>$+>)'&*>$8@.$3+4*$C'D$M1'$S4'1$

A'1)O&'&$&+$4+>ML)'&*>$+V(+4O0+1)'L+>$UM+$O1&OA'1$UM+$+>)'$A*1Z+4>O;1$+>$0MD$Z'4O'QL+$

D6$+1$0MAC*>$A'>*>6$>+$C'1$&+)+40O1'&*$S'1'1AO'>$&+$C'>)'$"$+]a].$
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$ \L$0+A'1O>0*$7\/728@6$'$(+>'4$&+$>+4$+L$0K>$A*1)4*Z+4)O&*$D$L'$A*1)4OQMAO;1$0K>$

&+>A*1*AO&'$ +1$ 7\/7$ h!E6!#i6$ +>$ +L$ �1OA*$ UM+$ &'$ AM+1)'$ &+$ L'$ S4'1$ >+1>OQOLO&'&$ &+L$

+>(+A)4*$'L$Z'4O'4$+L$(*)+1AO'L$&+$+L+A)4*&*$W\ZX.$\>)+$0+A'1O>0*$O0(LOA'$L'$)4'1>P+4+1AO'$

P*)*O1&MAO&'$ &+$ M1$ +L+A)4;1$ &+L$ 1OZ+L$ &+$ =+40O$ W=:X$ &+L$0+)'L$ '$ *4QO)'L+>$ Z'A'1)+>$ &+$

0*LRAML'>$ '&>*4QO&'>6$ *$ ZOA+Z+4>'$ h!G6!"i.$ T1$ S4'1$ 1�0+4*$ &+$ +ZO&+1AO'>$ 4+>('L&'1$ L'$

(4+>+1AO'$&+$(4*A+>*>$8@$&+>&+$+L$0+)'L$'$0*LRAML'>$>O0OL'4+>$'$(O4O&O1'.$\L$(*)+1AO'L$&+$

+L+A)4*&*$W\ZX$+>$M1$('4K0+)4*$0'A4*>A;(OA*$AMD'$PM1AO;1$4+>ML)'$AL'Z+$+1$+L$7\/728@6$
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1&33)6,&'(-)'(&$ 1&'$ )*$ )=1)6&$()$ 1+3B+$()$ *+$ 67,)3;-1-)$8+13&619,-1+$ +*1+'b+(&$ )'$ )*$

*G8-.)$()$*&6$,&.)'1-+*)6$()$)*)1.3&(&$')B+.-4&6$'&38+*8)'.)$+,*-1+(&6$)'$)=,)3-)'1-+6$
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!"#$%&'(2)*++,2-./0
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_>R_$)*)1.3&:7G8-1+6$Q!UY$?$@+$)')3BG+$()$)'*+1)$1+*17*+(+$/>_I2$,+3+$)*$1&8,*)P&$Q/VB"2S

gAYS`$-'(-1+$:7)$)6.<$87A$(D5-*8)'.)$7'-(&$+$*+$67,)3;-1-)E$1+6-$(-6&1-+(&?$

$ >'$ *+$"#$%&'! ()AB! 'E! 6)$ &56)34+'$ (-;)3)'1-+6$ 6-B'-;-1+.-4+6$ )'$ *+6$ -'.)'6-(+()6$

_>R_$()$,-3-(-'+$+(6&35-(+$6&53)$,*+.+$1&'$)*$,&.)'1-+*$()$)*)1.3&(&$:7)$C+'$,&(-(&$6)3$

)=,*-1+(+6$6&53)$*+$5+6)$()$*+$+1.7+1-9'$()$4+3-&6$8)1+'-68&6$(-;)3)'.)6?$>*$8)1+'-68&$

'&$ 3)6&'+'.)$ q()$ *+3B&$ +*1+'1)r$ /*&'BS3+'B)$ _>R_E$ @RS_>R_2$ (&8-'+$ +$ 1+3B+6$

67,)3;-1-+*)6$,&6-.-4+6E$(&'()$*+$,-3-(-'+$)6.<$;7)3.)8)'.)$7'-(+$+$*+$,*+.+?$>'$)6.)$1+6&E$

*&6$ 1+'+*)6$ '&$ 3+(-+.-4&6$ 6&'$87A$ );)1.-4&6$ A$ 1&8,-.)'$ ;+4&3+5*)8)'.)$ 1&'$ 17+*:7-)3$

61+..)3-'B$ R+8+'$ 3)6&'+'.)?$ >'$ )6.&6$ 1+6&6E$ *+$ 6)f+*$ ,3&4-)')$ )=1*76-4+8)'.)$ ()$

8&*D17*+6$ (-67)*.+6E$ 1)31+'+6$ +*$8).+*E$ ,)3&$ '&$ +(6&35-(+6E$ (+'(&$ 1&8&$ 3)67*.+(&$ 7'$

)6,)1.3&$87A$,+3)1-(&$+*$R+8+'$()$*+$(-6&*71-9'?$

$ >*$&.3&$8)1+'-68&$)6$7'$,3&1)6&$R+8+'$R)6&'+'.)$:7)$(+$*7B+3$+$7'+6$)6.3-1.+6$

3)B*+6$()$6)*)11-9'$_>R_?$$s'$,3&1)6&$_>R_S0O$)6$)*$3)6,&'6+5*)$()$*+$-'.)'6-;-1+1-9'$()*$

8&(&$#+$+$1+3B+6$67,)3;-1-+*)6$')7.3+6?$g&3$k*.-8&E$+$,&.)'1-+*)6$')B+.-4&6E$*&6$)6,)1.3&6$

_>R_$ 3)B-6.3+(&6$ )6.<'$ (&8-'+(&6$ ,&3$ *+$ -'.)'6-;-1+1-9'$ ()*$ 8&(&$ e+$ ()5-(&$ +$ 7'$

,3&1)6&$g@S_>R_$/g*+68&'S*-t)$_>R_2$$

$ @+$);)1.-4-(+($()$*&6$1+'+*)6$'&$3+(-+.-4&6E$TRE$,&3$*&$.+'.&E$)6.<$8&(7*+(+$,&3$

)*$ ,&.)'1-+*$ ()$ )*)1.3&(&$ A$ ().)38-'+$ *+$ -'.)'6-;-1+1-9'$ _>R_$ B*&5+*?$ @&6$ ,3&1)6&6$TR$

P7)B+'$ 7'$ ,+,)*$ 1*+4)$ )'$ _>R_$ (+(&$ :7)$ 3)(71)'$ *+$ );-1-)'1-+$ ()$ *&6$ 8)1+'-68&6$

3)6&'+'.)6?$@&6$1+'+*)6$TR$6&'$8)'&6$);)1.-4&6$8-)'.3+6$8<6$')B+.-4+$6)$C+1)$*+$1+3B+$

67,)3;-1-+*E$ A+$ :7)$ *+$ 3),7*6-9'$ )*)1.39'-1+$ )'.3)$ )*$ 8).+*$ 1+3B+(&$ A$ )*$ (-,&*&$ ()$ *+$

,-3-(-'+$)'$)6.)$ 1+6&$()6+1&,*+$ +85+6$)6,)1-)6?$>'$)6.+$ 6-.7+1-9'E$ )*$ 61+..)3-'B$R+8+'$

3)6&'+'.)$ 6)$C+1)$8<6$ ;7)3.)$A$ *+6$ 3)B*+6$()$ 6)*)11-9'$()3-4+(+6$()$ *+6$ .3+'6-1-&')6$_IS

0OLI$A$_ISgI1$(&8-'+'$*+6$-'.)'6-(+()6$3)*+.-4+6$

$ _-$'&6$;-P+8&6$)'$*+$"#$%&'!()AB),! 4)8&6$:7)$*+$(),)'()'1-+$()*$)6.+(&$gI$1&'$

:);;$$)6.<$*)P&6$()$6)3$*-')+*E$,3)6)'.+'(&$7'+$;&38+$()$u?$>6$)4-()'.)$:7)$*+$)')3BG+$()*$

)6.+(&$ gI$(),)'()$ ()$ *+$ *&'B-.7($ /@2$ ()*$ 1*k6.)3$ ()$ ,*+.+E$ (+(&$ :7)$ D6.&6$ )6.+(&6$ 6)$

()6,*+b+'$C+1-+$)*$ 3&P&$17+'(&$)*$'k8)3&$()$<.&8&6$()$,*+.+$+78)'.+?$V()8<6E$ )6.+6$

)')3BG+6$.+85-D'$6&'$(),)'(-)'.)6$()$*+$1+3B+E$A+$:7)$*&6$1&8,*)P&6$1&'$8-68&$'k8)3&$

()$<.&8&6$()$,*+.+E$,)3&$1+3B+6$&,7)6.+6$E'&$,3)6)'.+'$*+$8-68+$)')3BG+$/"#$%&'!()AC)+?$

$ $
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"#$%&'!()AC)!>')3BG+6$4)3.-1+*)6$O%SHIJSKLM@VT@!%N$()$*&6$,*+68&')6$()$*&6$1&8,*)P&6$*-')+*)6$

QVB'SgAY
:$ ;3)'.)$+$ *+$1+3B+$);)1.-4+$:);;Z:M'?$>`M!E'$Z$/>'E:ZS`X>'E:ZX`2M!$)6$ *+$)')3BG+$,3&8)(-&$()$7'$

6-6.)8+$1&'$v'v$'k8)3&$()$<.&8&6$A$!>'$Z$>'E:ZS`$l$>'E:ZX`$$)6$*+$(-;)3)'1-+$)'.3)$*+$)')3BG+$()$1+(+$

6-6.)8+$1&'$1+3B+$,&6-.-4+$&$')B+.-4+?$

$

$ @+$(),)'()'1-+$()$ *+$ )')3BG+$()*$ )6.+(&$gI$1&'$ )*$ .+8+f&$()*$ 1*k6.)3$8).<*-1&$

()5)$)*-8-'+36)$,+3+$)6.7(-+3$)=1*76-4+8)'.)$)*$);)1.&$()$*+$()'6-(+($()$1+3B+$()*$8).+*$

6&53)$ *+6$ ,3&,-)(+()6$ ()*$ 1&8,*)P&$ 67,)3;-1-+*?$ >6.+$ 1&33)11-9'$ ()$ .+8+f&$ 6)$ C+$

1+*17*+(&$ +$ ,+3.-3$ ()$ *+$ )')3BG+$ ()*$ 1&8,*)P&$ ')7.3&$ VB!SgA$ />'Z!2$ A$ ()$ *+6$ )')3BG+6$

,3&8)(-&$()$ *&6$ 1&8,*)P&6$ 1+3B+(&6$'$Z$"E$ d$ A$\E$ 1+*17*+(+$1&8&$>wE'Z/>'E:ZS`X>'E:ZX`2M!$

/"#$%&'!()AC)+)! !@+$"#$%&'!()AD)'!87)6.3+$*+$57)'+$1&33)*+1-9'$*-')+*$)=-6.)'.)$)'.3)$*+6$

)')3BG+6$ >wE'$ 1&'$ v`M'
!vE$ )6$ ()1-3E$ 1&'$ @S!E! *&$ :7)$ )6.<$ ()$ +17)3(&$ 1&'$ 3)67*.+(&6$

)=,)3-8)'.+*)6$ Q!dY$ &5.)'-(&6$,+3+$ 1*k6.)3)6$()$&3&$ *-')+*)6$ A$ *+6$ )')3BG+6$ &5.)'-(+6$ +$

,+3.-3$()*$8&()*&$()$$*+$,+3.G17*+$)'$*+$1+P+$()$,&.)'1-+*$8&'&(-8)'6-&'+*$Q!JYF$

$
$ !! !!!!! ! !!!" !

!! ! !! !!!!! $$$$/'Z!E$"Ed$$A$\$2$$ /]?U2$

$

$ @+6$ )')3BG+6$ 1&'$ 1&33)11-9'$ ()$ .+8+f&E$ 6)$ &5.-)')'$ 678+'(&$ &$ 3)6.+'(&$ +$ *+$

&3()'+(+$ )'$ )*$ &3-B)'$ ()$ *+$ )17+1-9'$ +'.)3-&3$ *&6$ ()6,*+b+8-)'.&6$ ()$ *+6$ )')3BG+6$

&3-B-'+(&6$ ,+3+$ 1+(+$ 7'&$ *&6$ 1&8,*)P&6$ ,&3$ )*$ );)1.&$ ()$ 1+3B+3*&6$ ,&6-.-4+$ &$

')B+.-4+8)'.)$/h>'M!Z/>'E:ZS`S>'E:ZS`2M!2F$

$

E1/2,n=3

E1/2,n=5
E1/2,n=7

[Py-Agn]q

n

2

3

5
7

!En=3

!En=5
!En=7

E/
eV

1

2

3

qeff = q/n
0-0.4 +0.4

-1 -1 -1 0 +1+1 +1q = =

-0.2 +0.2

En=2
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! $$$/'Z"Ed$$A$\$$A$:Z±`2$ $ /]?d2$

$

$ >'$ *+$"#$%&'! ()AB),! 6)$C+'$ 3),3)6)'.+(&$)6.+6$ )')3BG+6$ 1&33)B-(+6$ )'$ .+8+f&E$

gI1E$:7)$,3)6)'.+'$A+$7'+$(),)'()'1-+$*-')+*$1&'$$:);;$$A$:7)$4-)')'$().)38-'+(+6$,&3$*+$

)17+1-9'F$

$

$ !!!"!!"!!" ! !!!!"!!"" ! !! !!$ $ $ /]?J2$

$

$ g7)()$4)36)$:7)E$+*$ .)')3$8)'&3$37$)6.&6$)6.+(&6$()*$8).+*$ 6&'$871C&6$8)'&6$

(),)'(-)'.)6$()$:);;$$:7)E$,&3$)P)8,*&E$ *&6$)6.+(&6$0OL$ Q!UY$3),3)6)'.+(&6$)'$ *+$8-68+$

;-B73+E$&$*&$:7)$)6$*&$8-68&E$6&'$1+6-$-'6)'6-5*)6$+$*+$1+3B+$()$*+$67,)3;-1-)$8).<*-1+?$

$

$

$

$

$

$

$

$

$

"#$%&'!()AD)!'+!>')3BG+6$O%SHIJSKLM@VT@!%N$8)(-+6E$>wg-E'E$()$*&6$)6.+(&6$,*+689'-1&6$$()$*&6$

1&8,*)P&6$ QVB'SgAY
:$ $ $ ;3)'.)$ +$ $ `M'!$ $ /)1?]?U2$ 52$ >')3BG+6$ 1&'$ 1&33)11-9'$ ()$ .+8+f&$ O%SHIJS

KLM@VT@!%N$()$*&6$)6.+(&6$,*+689'-1&6E$>gI1$/)1?$]?d2$()$*&6$1*k6.)3)6$QVB'Y
:$/3&85&6$3&P&62$A$()$

*&6$1&8,*)P&6$QVB'SgAY
:$/1G317*&6$4)3()62$;3)'.)$+$:);;?$

$

$ @+$ +(6&31-9'$ ()$ ,-3-(-'+$ 6&53)$ )*$ 1*k6.)3$ 8).<*-1&E$ -'13)8)'.+$ *+$ *&'B-.7($

);)1.-4+$()$*+$1+P+E$@E$:7)$A+$()P+$()$6)3$P76.+8)'.)$,3&,&31-&'+*$+*$'k8)3&$()$<.&8&6$()$

8).+*?$ >6.&$ 6)$ C+1)$ 8<6$ )4-()'.)$ )'$ 1*k6.)3)6$ ,):7)f&6$ /'Z"2$ :7)$ )'$ B3+'()6$ /'Z\2E$

(+'(&$*7B+3$+$7'+$(-68-'71-9'$()$*+$*-')+*-(+($1&'$:);;$$()$*+6$1&33)6,&'(-)'.)6$)')3BG+6$

)'$*&6$1&8,*)P&6$HSV$.+*$A$1&8&$6)$+,3)1-+$)'$*+$"#$%&'!()AD)!,?$

! "
#$
%&
'

# (#)*+#)*

!"

,),

,)-

,).

,)/ !En=3

1/2!En=3

EP0c,n=3,q=-1 = E!P0," + 1/2!En=3

E!P0," =1.51 eV

0&11 %2)3)
#).

! 4
"5
67
%&
'

#

8

*

#), #)8
,%78

#"

#

E!P0,"=1.51 eV

E!P1,"=4.44 eV

P0

P1
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$ V()8<6$ ()*$ )6.+(&$ gIE$ C)8&6$ )6.7(-+(&$ &.3&$ )6.+(&$ ,*+689'-1&$ ()$

1+3+1.)3G6.-1+6$ 6-8-*+3)6E$ :7)$ )6$ (&5*)8)'.)$ ()B)')3+(&E$ g`E$ A$ *&1+*-b+(&$ +$ 8+A&3$

)')3BG+?$ _-$'&6$ ;-P+8&6$)'$ *+$"#$%&'! ()AF! 4)8&6$:7)$ *+$ 6)3-)$()$ )6.+(&6$g`$.-)')$8<6$&$

8)'&6$ ;&38+$()$u$87A$();&38+(+E$,)3&$676$1&33)6,&'(-)'.)6$)')3BG+6$8)(-+6E$>wEg`E'E$

1&'$1+6-$-'6)'6-5*)6$+*$,&.)'1-+*$/>wEg`E'ZSI?d/`M'
!2XU?UU$)]E$"#$%&'!()AD)'2$g`1$87)6.3+$()$

'7)4&$7'+$(),)'()'1-+$*-')+*$1&'$:);;E$,)3&$871C&$8+A&3$A$,&6-.-4+$:7)$g`1$/_-1EVBZ$"?JU$A$

_I1EVBZSI?!d$)]M7?+2?$g&3$*&$.+'.&E$*+6$(),)'()'1-+6$1&'$)*$.+8+f&$A$*+$1+3B+$()*$8).+*$()$

gI$A$g`$$6&'$1&8,*).+8)'.)$&,7)6.+6E$,)3&$676$1&33)6,&'(-)'.)6$)')3BG+6$1&33)B-(+6$6&'$

*-')+*8)'.)$(),)'(-)'.)6$()$:);;?$

$

$

"#$%&'! ()AF)$>')3BG+6$O%SHIJSKLM@VT@!%N$6-'$1&33)B-3$ /gI$A$g`E$ *G')+6$,7'.)+(+62$A$1&33)B-(+6$

/gI1$A$g`1E$ *G')+6$1&'.-'7+62$()$ *+$,3-8)3+$A$6)B7'(+$6)3-)$()$)6.+(&6$,*+689'-1&6$()$ *&6$CG53-(&6$$

QVB'SgAY
:?$

$

$ g+3+$1&'1*7-3E$C+A$3)6+*.+3$:7)$C)8&6$,&(-(&$()8&6.3+3$7'+$4)b$8<6$*+$);-1+1-+$

()$*+$8).&(&*&BG+$:7)$,3&,&')8&6E$5+6+(+$)'$*+$1&8,+3+1-9'$()$1<*17*&6$+8" /(/9/:$1&'$

3)67*.+(&6$)=,)3-8)'.+*)6E$.+'.&$,+3+$().)1.+3$,3&1)6&6$()$3)6&'+'1-+$R+8+'$)'$_>R_E$$

1&8&$,+3+$1&8,3)'()3$)*$ -8,&3.+'.)$,+,)*$:7)$P7)B+'$*+6$'+'&)6.371.73+6$8).<*-1+6$A$

*+6$ ,3&,-)(+()6$ )*)1.39'-1+6$ ()$ *&6$ CG53-(&6$ 1+3B+(&6$ 8).+*S8&*D17*+$ )'$ *+$

)6,)1.3&61&,G+$_>R_?$

$ $
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()C)!?4G4&40-#'7!

/`2 0*+3tE$R?x?K?c$%-')6E$O?x?$;()$<!"2=$'!">(9!"?@!"?(),!$A9*HE$+,E$`"`S`d#?$

/!2 +2$V*53)1C.E$V?0?E$ A!"2=$'!"B=-%?$A9HAE$CDE$ `U\JS`U#Uc$52$V*53)1C.E$V?0?c$K7.*)AE$

H?0?E$A!"2=$'!"B=-%!$A9IAE$EEE$UU"#SUUU"?$

/"2 +2$V3)'+6E$x?L?c$@9,)b$O&19'E$^?c$W.)3&E$x?0?c$H+31&6E$x?^?$A!"B=-%!"2=$'!$A99H7$FGGE$

e!dUSe!J`c52$ V3)'+6E$ x?L?F$ @9,)b$ O&19'E$ ^?c$ 0)'.)'&E$ _?g?c$ _&.&E$ x?c$ W.)3&E$ x?0?$

H/8*!" 3I$09*:%0!$ CBBCE$ JKE$ `U\S`dUc$ 12$ V3)'+6E$ x?L?c$ _&.&E$ x?c$ @9,)b$ O&19'E$ ^?c$

L)3'<'()bE$%?x?c$W.)3&E$ x?0?c$H+31&6E$ x?^?$ A!"2=$'!"B=-%!$CBBCE$ FFLE$\!I\S\!`Jc$(2$

_&.&E$ x?c$ L)3'<'()bE$%?x?c$ 0)'.)'&E$ _?g?c$ @9,)b$O&19'E$ ^?c$W.)3&E$ x?0?$M+()'&/*$

CBBCE$ FNE$"`IIS"`IUc$)2$V3)'+6E$ x?L?c$@9,)bSO&19'E$ ^?c$0+6.3&E$ x?@?c$0)'.)'&E$_?g?c$

@9,)bSR+8G3)bE$ H?R?c$ W.)3&E$ x?0?$ A!" #+'+(" 3I$09*:%0!$ CBBJE$ CLE$ d`dSd!`c$ ;2$

0)'.)'&E$_?g?c$@9,)b$O&19'E$^?c$V3)'+6E$x?L?c$_&.&E$x?c$W.)3&E$x?0?$A!"B=-%!"2=$'!"O$

CBBHE$ FFGE$ `Ue`JS`Ue!!c$ B2$ V4-*+E$ L?c$ L)3'<'()bE$ %?x?c$ V3)'+6E$ x?L?c$ W.)3&E$ x?0?E$

_&.&E$ x?$ 2=$'!" 2:''&(!$ CBAAE$ DPE$ U!`ISU!`!c$ C2$ V4-*+E$ L?c$ R7+'&E0?c$ @&,)bS

O&1&'E^?c$V3)'+6E$x?LFc$_&.&E$x?c$W.)3&E$x?0?$2=$'!"2:''&(!$CBAAE$DPE$U!`"SU!`d?$$

/U2 0C)'+*E$0c$n-3t)E$R?@?c$@&85+3(-E$x?R?E$2=$'B=-%2=$'$CBB*E$KE$`J`\S`J!"?$$

/d2 K7+'BE$ y?SL?c$ NC7E$ K?Sg?c$ @-7E$ o?Sz?c$ u7E$ %?Sy?c$ R)'E$ n?c$ O-+'E$ N?S{?E$

A!;'!2=$'!3:0!$CBABE$FCJE$e!UUSe!UJ?$

/J2 g).-1&*+6E$u?@?c$_.3&88)'E$%?g?c$@+t6C8-'+3+A+'+'E$]?$A!"2=$'!"B=-%!$A9*BE$PCE$

U`#dSU`e`?$

/\2 %7''-'BE$O?$K?$x3?c$K+AE$g?$x?$-'$5:@$*("Q=$:*$9/0+,"2=$'/%9*-E$_1C+);)3$^^^E$K?L?E$

>(?E$g*)'78E$T)m$y&3tE$`e\J?$

/#2 +2$K+AE$g?$x?c$u+(.E$u?$R?$A!"2=$'!"B=-%!$A9*JE!NJE$!\IS!#"c$52$/8/@E$A9*JE!NJE$!#US

!e#c$12$/8/@E$A9*JE!NJE!eeS"`I?$

/e2 NC7E$@?c$x&'6&'E$g?$A!"2=$'!"B=-%!$A99DE$KKE$!"!!S!""`?$

/`I2 +2$NC+&E$@?c$ x)'6)'E$@?c$ _1C+.bE$o?$0?$ A!" ;'!" 2=$'!" 3:0!$CBBHE$ FJNE$ !e``S!e`ec$52$

u7E$%?Sy?c$R)'E$nc$O-+'E$N?S{?$2=$'B=-%2=$'$CBBHE$PE$J`eSJ!#c$12$H&3.&'E$_?H?c$

x)'6)'E$@?"A!";'!"2=$'!"3:0!$CBB9E$FCFE$UIeISUIe#?$

/``2 g&3$ *&$ .+'.&E$ *+$)')3BG+$0^_M@+'@!%N$ $,+3+$)*$)6.+(&$_`$()$,-3+b-'+
$/3);?$U12$)6$

U?\I$)]$8-)'.3+6$:7)$)*$4+*&3)$)=,)3-8)'.+*$$)6$()$"?#"$)]$/3);?$`!2?$$

/`!2 ]+**)AE$T?c$o3))')*.1CE$T?c$]+'$%7A')E$R?$g?c$_1C+.bE$o?$0?$V$ *&&t$+.$ .C)$&3-B-'$

+'($8+B'-.7()$&;$.C)$1C)8-1+*$1&'.3-57.-&'$.&$.C)$)'C+'1)8)'.$8)1C+'-68$&;$
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673;+1)S)'C+'1)($R+8+'$6,)1.3&61&,A$/_>R_2F$OC)&3A$+'($>=,)3-8)'.$ A!" B=-%!"

2=$'!"M$99!$CBADE$DE$!deeS!JIU?$

/`"2 H&3.&'E$ _?H?c$ _-*4)36.)-'E$ %?$ u?c$ x)'6)'E$ @?$ OC)&3).-1+*$ 6.7(-)6$ &;$ ,*+68&'-16$

76-'B$)*)1.3&'-1$6.371.73)$8).C&(6?$2=$'!"#$R!$CBAAE$FFFE$"eJ!S"eeU?$

/`U2 x?L?$V3)'+6E$H?_?$u&**)AE$ ^?$@9,)bSO&19'E$ x?0?$W.)3&E$ x?^?$H+31&6E$ x?$0C)8?$gCA6?$

AACE$\JJe$/!III2?$

/`d2 +2$ x?L?$V3)'+6E$ x?$ _&.&E$ ^?$@9,)bSO&19'E$%?x?$L)3'<'()bE$ x?0?$W.)3&E$ x?^?$H+31&6E$ A!"

2=$'!" B=-%!$ AAHE$ \!I\$ /!II!2?$ 52$ x?L?$ V3)'+6E$ ^?$ @9,)bSO&19'E$ x?@?$ 0+6.3&E$ _?g?$

0)'.)'&E$H?R?$@9,)bSR+8G3)bE$ x?0?$W.)3&E$ A!" #+'+(" 3I$09*:%0!$DHE$ d`d$ /!IId2?$12$

_?g?$0)'.)'&E$ ^?$@9,)bSO&19'E$ x?$R&8+'Sg)3)bE$ x?L?$V3)'+6E$ x?$ _&.&E$ x?0?$W.)3&E$ A!"

B=-%!"2=$'!"2!$AAHE$!"J"e$/!I`!2?$

/`J2 x?$L?$V3)'+6E$%?x?$L)3'<'()bE$x?$_&.&E$^?$@9,)bSO&19'E$x?0$W.)3&E$A!"B=-%!"2=$'!"OE$

ABIE$`"`U"$/!II"2?$

/`\2 @?$07-E$%?u?$u7E$V?$u+'BE$n?$R)'E$N?{?$O-+'E$A!"B=-%!"2=$'!"2!"AAFE$`Jd##$/!I`I2?$$

/`#2 V?$ W..&E$ x?$ n-**8+''E$ x?$ >-1t8+'6E$ s?$ >3.|3tE$ 0?$ g)..)'t&;)3E$ 3&*S!" 30/!$ AD*E$ "`e$

/`e#U2?$

/`e2 %?H?$z&*5E$;()$<!"2=$'!">(9!"?@!$FBE$``J!$/!II`2?$$

/!I2 a?L?$ @-'E$ n?$ R)'E$ N?@?$ y+'BE$ o?z?$ @-7E$ N?{?$ O-+'7" A!" #+'+(!" 3I$09*:%0?$ DHE$ JIJ$

/!IId2?$

/!`2 +2$ ]?H?$ _C+*+)4E$ V?z?$ _+3A1C)4E$B=-%!" #$R!" O?$ JIE$ `"!Jd$ /`ee#2?$ 52$ >?$ R-'B)E$ n?$

_C+38+E$V?^?$K)'3AE$@?%?$H+3t6E$R?g?$]+'$%7A')E$B=-%!" 2=$'!" 2=$'!" B=-%!" AJE$

U``I$/!I`"2?$

/!!2 {?$x?$K7+'BE$a?$L?$@-'E$N?$@?$y+'BE$x?$u?$K7$+'($N?${?$O-+'E$A!"?,$09*:+(+,!"2=$'!E$

!IIUE$JHDE$`!`?$

/!"2 R?$ V3&1+E$ _73;+1)S)'C+'1)($ 4-53+.-&'+*$ 6,)1.3&61&,AE$ x&C'$u-*)A$ }$ _&'6$ @.(?E$

0C-1C)6.)3E$!IIJ?$

/!U2 $x?$R&8+'Sg)3)bE$0?$R7+'&E$_?$g?$0)'.)'&E$^?$@9,)bSO&19'E$x?$L?$V3)'+6E$x?$_&.&E$x?$

0?$W.)3&E$A!"B=-%!"2=$'!"2E$!I`UE$AA*E$!\`#?$

/!d2 $])3$,&3$)P)8,*&E$T?$T-*-76E$O?$H?$u+**-6$+'($u?$K&E$30/$(0$E$!II!E$C9IE$`#d"?$

/!J2 $])3$,&3$)P)8,*&E$o?$H-**6E$n?$u+'BE$u?$K&$+'($K?$H).-7E$A!"2=$'!"B=-%!E$!IIUE$

CBE$\\"#?$
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%)*$.3+5+P&$3)+*-b+(&$)'$)6.+$O)6-6$6)$C+'$&5.)'-(&$*+6$6-B7-)'.)6$1&'1*76-&')6F$

`S @+$-'.)'6-;-1+1-9'$6)*)1.-4+$()*$8&(&$#+$)'$*&6$)6,)1.3&6$_>R_$()$+'<*&B&6$()*$

5)'1)'&$ )6$ 1*+4)$ ,+3+$ ().)1.+3$ *+$ ,3)6)'1-+$ ()$ 7'$8)1+'-68&$ 0O$ 3)6&'+'.)$

/I*:I$(%/9-"*&,$2E$,)3&$)6.+$3)B*+$()5)$6)3$)8,*)+(+$1&'$1+7.)*+E$)6,)1-+*8)'.)$

)'$ )*$ 1+6&$ ()$ 8&*D17*+6$ ()$ 5+P+$ 6-8).3G+?$ >'$ )*$ 1+6&$ ()$ *+$ "Hg$ 6)$ C+$

1&8,3&5+(&$ :7)$ *+$ -'.)'6-;-1+1-9'$ ,3&(71-(+$ ,&3$ )*$ )6.)$ 8)1+'-68&$ 6)$

(-6.3-57A)$)'.3)$*+6$(&6$4-53+1-&')6$()$.)'6-9'$()$+'-**&$#+$A$#5?$

$

!S @+$-'.)'6-;-1+1-9'$()$)6.&6$(&6$8&(&6$)6$1+76+(+$,&3$;+1.&3)6$L3+'1tS0&'(&'$

3)*+1-&'+(&6$1&'$)*$.D38-'&$V$()$R)6&'+'1-+$R+8+'$AE$,&3$.+'.&E$6)$1&';-38+$

7'+$ 4)b$ 8<6$ :7)$ *+6$ 1&'.3-571-&')6$ K)3b5)3BSO)**)3$ 3)*+1-&'+(+6$ 1&'$ )*$

+1&,*+8-)'.&$4-539'-1&$'&$.-)')'$7'$,+,)*$3)*)4+'.)$)'$)*$_>R_$()$)6.)$.-,&$()$

8&*D17*+6?$ >6.)$ 3)67*.+(&$ )6$ -8,&3.+'.)$ A+$ :7)$ 6)$ )6.<$ -'4&1+'(&$ 87A$

;3)17)'.)8)'.)$ +*$ +1&,*+8-)'.&$ 4-539'-1&$ ,+3+$ )=,*-1+3$ ().)38-'+(&6$

3)67*.+(&6$ 1&'$ 7'$ &3-B)'$ 87A$ (-6.-'.-.&E$ 1&8&$ ,7)()$ 6)3$ *+$ +,+3-1-9'$ ()$

'7)4+6$5+'(+6$()$,3&(71.&6$()$3)+11-9'?$

$

"S _)$C+$,&(-(&$()8&6.3+3$:7)$*+$-')=,*-1+(+$);-1-)'1-+$()*$,&.)'1-+*$()$)*)1.3&(&$

)'$6-'.&'-b+3$*+6$)')3BG+6$()$*&6$)6.+(&6$0O$()$7'$1&8,*)P&$67,)3;-1-+*$8).+*S

+(6&35+.&E$ 6)$ ()5)$ +$ (&6$ 1&'.3-571-&')6$ ()$ (-;)3)'.)$ '+.73+*)b+$

T4U32Z>0OM>]VF$ $ 7'+$ ()5-(+$ +$ *+$ 6)'6-5-*-(+($ ()$ *&6$ )6.+(&6$ 0O$ 1&'$ *+$ 1+3B+$

67,)3;-1-+*$()*$8).+*$/327"A$&.3+$()5-(+$+$7'$8)1+'-68&$()$B+'+'1-+$1+,+1-.-4+$

:7)$ &1733)$ )'$ *&6$ 6-.-&6$ +1.-4&6$ _>R_$ *&1+*-b+(&6$ )'$ *+$ 67,)3;-1-)$ ()$

'+'&)6.371.73+6$ 8).<*-1+6$ /02E$ :7)$ 17+'.-;-1+$ *+$ C+5-*-(+($ ()*$ 8).+*$ ,+3+$

1&'4)3.-3$)*$,&.)'1-+*$)*D1.3-1&$8+13&619,-1&$)'$)=1)6&$()$1+3B+$67,)3;-1-+*?$

$

US >6.+$ 1&'1*76-9'$ 6)$ C+$ &5.)'-(&$ +$ ,+3.-3$ ()$ *&6$ )6,)1.3&6$ _>R_$ ()$ +()'-'+$

3)B-6.3+(&6$,&3$ )*$ B37,&$()$O-+'$ A$ *+6$ )6.-8+1-&')6$ .)93-1+6$()*$ );)1.&$()$7'$

,3&1)6&$ ()$ 3)6&'+'1-+$ R+8+'$ /RR2$ :7)$ -'4&*713+$ +*$ )6.+(&$0O$ ()*$ 1&8,*)P&$

67,)3;-1-+*$8).+*S+(6&35+.&$/HSV2?$

$

dS @+6$ ,)'(-)'.)6$ 3Z>0OM:);;$ 17+'.-;-1+'$ *+$ (),)'()'1-+$ ()$ *+$ )')3BG+$ ()$ *&6$

)6.+(&6$0O$()*$CG53-(&$HSV$1&'$*+$()'6-(+($()$1+3B+$+.98-1+$67,)3;-1-+*$:);;$A$

87)6.3+'$7'+$B3+'$(),)'()'1-+$1&'$)*$)6.+(&$)*)1.39'-1&$1&'6-()3+(&E$1&'$*+$

'+.73+*)b+$()*$8).+*E$*+$8&*D17*+$A$*+$)6.371.73+$B)&8D.3-1+$()*$CG53-(&$A$1&'$

*+6$ 1&'(-1-&')6$ )=,)3-8)'.+*)6$ 1&8&$ )*$ ,K$ &$ )*$ (-6&*4)'.)?$ >6.&$ )=,*-1+$ *+6$
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(-613),+'1-+6$ )'1&'.3+(+6$ )'.3)$ *+6$ ().)38-'+1-&')6$ )=,)3-8)'.+*)6$ ()$ *&6$

4+*&3)6$ ()$ *+$ B+'+'1-+$ o$ ,+3+$ 6-6.)8+6$ &$ 1&'(-1-&')6E$ )'$ ,3-'1-,-&E$

1&8,+3+5*)6?$

$

JS _)$C+$,&(-(&$3)*+1-&'+3$ *&6$4+*&3)6$()$ *+6$()'6-(+()6$()$1+3B+$+.98-1+$()$*&6$

8&()*&6$ ()$ CG53-(&6$ QH'SVY
:$ 7.-*-b+(&6$ )'$ *&6$ 1<*17*&6$ .)93-1&6$ 1&'$ *&6$

,&.)'1-+*)6$ )*D1.3-1&6$ 8+13&619,-1&6?$ >6.+$ 4+3-+5*)$ :);;Z:M'$ C+$ ,)38-.-(&$

8&()*+3$ )*$ 3+'B&$ ()$ ,&.)'1-+*)6$ ()$ )*)1.3&(&$ +,*-1+(&6$ '&38+*8)'.)$ )'$

)=,)3-)'1-+6$ _>R_$ )*)1.3&:7G8-1+6E$ ,&3$ *&$ :7)$ C+'$ 3)67*.+(&$ 6)3$ 7'+$

C)33+8-)'.+$87A$ k.-*$ ,+3+$ )6.7(-+3$ )*$ );)1.&$ ()*$ ,&.)'1-+*$ )*D1.3-1&$ 6&53)$ *+$

)6.371.73+$)*)1.39'-1+$()*$1&8,*)P&$67,)3;-1-+*?$>*$ -'.)34+*&$:);;$Z$ SI?""$M$XI?""$

1753)$+,3&=-8+(+8)'.)$)*$3+'B&$h>]Z`?d$]?$$

$

\S @+6E$ C+6.+$ )*$8&8)'.&E$ -')=,*-1+(+6$ B+'+'1-+6$ )')3BD.-1+6$4$ ()$ C+6.+$ U$ &$ d$

)]M]$6&'$;37.&$()$*+$+;&3.7'+(+$1&-'1-()'1-+$()$&56)34+3$8)(-+'.)$)*$_>R_$*+6$

,3&,-)(+()6$)*)1.39'-1+6$()$1&8,*)P&6$ 67,)3;-1-+*)6$HSV$ *&1+*-b+(&6$)'$ 6-.-&6$

)6,)1-+*)6$(&'()$ 6)$ +1787*+$87A$ ;+4&3+5*)8)'.)$ *+$ 1+3B+$ )*D1.3-1+$ A$(&'()E$

+()8<6E$ 6)$ *&1+*-b+'$ 8<6$ );)1.-4+8)'.)$ *&6$ ,*+68&')6$ 67,)3;-1-+*)6E$

,3-'1-,+*)6$3)6,&'6+5*)6$()$*+$)'&38)$-'.)'6-;-1+1-9'$_>R_?$$

$

#S >*$ ,+,)*$ ()*$ ,&.)'1-+*$ ()$ )*)1.3&(&$ '&$ 6)$ 3)(71)$ +$ 7'+$ 8)3+$ 1&'.3-571-9'$

1*<6-1+$)*)1.3&6.<.-1+E$6-'&$:7)$)6$871C&$8<6$-8,&3.+'.)$)*$);)1.&$:7)$.-)')$)*$

)=1)6&$()$1+3B+$67,)3;-1-+*$()*$8).+*$6&53)$*+$)6.371.73+$)*)1.39'-1+$()*$CG53-(&$

8).+*S8&*D17*+E$ .+'.&$ )'$ 676$ )6.+(&6$ )*)1.39'-1&6$ ;7'(+8)'.+*$ 1&8&$

)=1-.+(&6E$.)'B+'$&$'&$1+3<1.)3$()$.3+6;)3)'1-+$()$1+3B+?$$

$

eS @&6$3)67*.+(&6$.)93-1&6$-'(-1+'$*+$)=-6.)'1-+$()$(&6$1*+6)6$()$CG53-(&6$17+'(&$

)*$ 8).+*$ )6.<$ 7'-(&$ +$ 8&*D17*+6$ 1+3B+(+6E$ A$ :7)$ 7'+$ 7$ &.3+$ 1*+6)$ )6$

6)*)11-&'+(+$ ,&3$ )*$ ,&.)'1-+*$ ()$ )*)1.3&(&?$ >*$ **+8+(&$ gSCG53-(&$ /:);;$i$ I2$ 6)$

1+3+1.)3-b+$,&3$6)3$7'$1&8,*)P&$67,)3;-1-+*$(D5-*$&$;-6-6&35-(&E$1&'$)6.+(&6$0OL$

8).+*S8&*D17*+$/M!A2$87A$6)'6-5*)6$+$*+$1+3B+$()*$8).+*?E$>*$0SCG53-(&$/:);;$j$

I2$ )6.<$ ;7)3.)8)'.)$ )'*+b+(&$ &$ :7-8-6&35-(&E$ A$ ,&6))$ 7'+$ )6.371.73+$

)*)1.39'-1+$ 1+6-$ -'6)'6-5*)$ +*$ ,&.)'1-+*E$ (+'(&$ *7B+3$ +$ )6.+(&6$0OR$$8&*D17*+S

8).+*$/A!H2?$

$
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`IS @+$)6.371.73+$)*)1.39'-1+$(7+*$()$ *&6$1&8,*)P&6$HSV$1&'$+(6&35+.&6$1+3B+(&6$

67B-)3)$8)1+'-68&6$(-;)3)'.)6$,+3+$ *&6$,3&1)6&6$()$&=-(+1-9'$A$3)(711-9'E$ *&$

:7)$ ,&(3G+$ 6)3$ -8,&3.+'.)$ ,+3+$ )'.)'()3$ 8)P&3$ *&6$ 1&8,*)P&6$ ,3&1)6&6$

)*)1.3&:7G8-1&6E$*+$+(6&31-9'$&$1+.<*-6-6$C).)3&BD')+$AE$87A$)6,)1-+*8)'.)E$)*$

1+8,&$()$*+$)*)1.39'-1+$8&*)17*+3E$,3&,&31-&'+'(&$)=,*-1+1-&')6$+*.)3'+.-4+6$

+$ +*B7'&6$ 3)67*.+(&6$ (-617.-(&6$ C+6.+$ +C&3+$ 6&53)$ *+$ 5+6)$ ()E$ ,&3$ )P)8,*&E$

3)&3-)'.+1-9'$8&*)17*+3?$

``S >6$87A$(-;G1-*$17+'.-;-1+3$*&6$;+1.&3)6$()$-'.)'6-;-1+1-9'$)'$_>R_$+$,+3.-3$()$7'$

k'-1&$ )6,)1.3&E$ A+$ :7)$ *+6$ 5+'(+6$ &56)34+(+6$ ,7)()'$ )6.+3$ 3)*+1-&'+(+6$ 1&'$

(-;)3)'.)6$8)1+'-68&6$ ()$ -'.)'6-;-1+1-9'E$ )$ -'1*76&$ 7'+$8-68+$5+'(+$ ,7)()$

1&'.)')3$(-;)3)'.)6$1&'.3-571-&')6?$g+3+$)*$1+6&$1&'13).&$()*$_>R_$()$,-3-(-'+E$

6)$ C+'$ )'1&'.3+(&$ .3)6$ 1*+6)6$ (-;)3)'.)6$ ()$ 1&'.3-571-&')6$ :7)E$ +()8<6E$ 6&'$

8&(7*+(+6$,&3$)*$,&.)'1-+*$()$)*)1.3&(&?$>*$8)1+'-68&$'&$3)6&'+'.)E$);)1.-4&$

+$ *+3B+6$(-6.+'1-+6$@RS_>R_E$(&8-'+$ +$ 1+3B+6$ 67,)3;-1-+*)6$,&6-.-4+6$(&'()$ *+$

,-3-(-'+$ )6.<$ ;7)3.)8)'.)$ 7'-(+$ +$ *+$ ,*+.+c$ +$ 1+3B+6$ ')7.3+6E$ 7'$ ,3&1)6&$ ()$

.3+'6;)3)'1-+$ ()$ 1+3B+$ ;&.&-'(71-(&$ 0OS_>R_$ )6$ )*$ 3)6,&'6+5*)$ ()$ *+$

-'.)'6-;-1+1-9'$ 6)*)1.-4+$ ()*$8&(&$ #+$ AE$ ,&3$ k*.-8&E$ +$ ,&.)'1-+*$ ')B+.-4&6$ ()$

)*)1.3&(&E$)*$)6,)1.3&$_>R_$)6.<$(&8-'+(&$,&3$*+$-'.)'6-;-1+1-9'$()*$8&(&$e+$

()5-(&$ +$ 7'$ ,3&1)6&$ R+8+'$ 3)6&'+'.)$ :7)$ -'4&*713+$ *+$ )=1-.+1-9'$ ()$

,*+68&')6$8).<*-1&6$67,)3;-1-+*)6$/g@S_>R_2?$$

`!S >6.+$k*.-8+$1&'.3-571-9'$g@S_>R_$)6$'&4)(&6+E$A+$:7)$-8,*-1+$:7)$*&6$)6.+(&6$

)*)1.39'-1&6$ *&1+*-b+(&6$ )'$ )*$'$9+,$ 6&'$ *&6$ :7)$ ().)38-'+'$ *+6$ -'.)'6-(+()6$

3)*+.-4+6$()$*+6$5+'(+6$4-53+1-&'+*)6$()$*+$':,W0&,+E$*&$:7)$C+$(+(&$&3-B)'$+$7'$

'7)4&$.-,&$()$3)B*+6$()$6)*)11-9'$_>R_?$$$

`"S @+$(),)'()'1-+$()$*+6$)')3BG+6$1+*17*+(+6$()$(&6$6)3-)6$()$)6.+(&6$,*+689'-1&6$$

gI$A$g`$1&'$)*$.+8+f&$()*$1*k6.)3$8).<*-1&$6)$C+$1&33)B-(&$1&'$)*$;-'$()$&5.)')3$

7'+$ (),)'()'1-+$ )=1*76-4+$ 1&'$ *+$ ()'6-(+($ ()$ 1+3B+$ +.98-1+$ :);;?$ >6.+$

1&33)11-9'$ )6$ 87A$ -8,&3.+'.)$ A+$ :7)$ ,)38-.)$ ,3)()1-3$ *+$ 1&'(-1-9'$ ()$

3)6&'+'1-+$C+6.+$)6.&6$)6.+(&6$)'$7'$8).+*$()$.+8+f&$1&'6.+'.)?$$$

`US V,+3.)$()$*&6$1<*17*&6$()$)6.371.73+$)*)1.39'-1+E$6)$C+'$()6+33&**+(&$.&(+$7'+$
6)3-)$ ()$ '7)4&6$ ,3&B3+8+6$ :7)$ ,)38-.)'$ ,3)()1-3$ *+6$ ;3)17)'1-+6$ )$

-'.)'6-(+()6$ ()$ *&6$ )6,)1.3&6$ _>R_$ )'$ 3)6&'+'1-+$ 1&'$ 7'&$ &$ 8<6$ )6.+(&6$

)*)1.39'-1&6$)=1-.+(&6?$

g+3+$;-'+*-b+3$6)$,7)()'$)=.3+)3$(&6$-8,&3.+'.)6$1&'1*76-&')6$B)')3+*)6F$
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S _)$ 1&';-38+E$ )'$ *+$ *G')+$ ()$ *&6$ .3+5+P&6$ +'.)3-&3)6$ ()$ '7)6.3&$ B37,&E$ :7)$ *+$

)6.371.73+$)*)1.39'-1+$()*$1&8,*)P&$67,)3;-1-+*$A$67$1&8,*)P+$(),)'()'1-+$1&'$

)*$,&.)'1-+*$()$)*)1.3&(&$)6$7'$;+1.&3$().)38-'+'.)$)'$*&6$3)67*.+(&6$_>R_E$,&3$

*&$ :7)$ )6.&6$ )6,)1.3&6$ ,7)()'$ **)B+3$ 6)3$ 7'+$ ,&()3&6+$ C)33+8-)'.+$ ,+3+$

1&'&1)3$ *+6$ ,3&,-)(+()6$ ()$ *+$ -'.)3;+6)$8).+*S8&*D17*+$ A$ *&6$ ;)'98)'&6$ 1&'$

)**+$ 3)*+1-&'+(&6E$ 1&8&$ )*)1.3&:7G8-1+E$ 1+.<*-6-6$ C).)3&BD')+$ &$ 1&'(711-9'$

)*)1.39'-1+$+$)61+*+$8&*)17*+3?$$

S @&6$1<*17*&6$.)93-1&6$()$)6.371.73+$)*)1.39'-1+$6&'$-'(-6,)'6+5*)6$,+3+$+'+*-b+3$

*&6$ 3)67*.+(&6$_>R_?$>'$)6.)$ 6)'.-(&E$ *+$8).&(&*&BG+$:7)$C)8&6$()6+33&**+(&$

,+3+$ 6-87*+3$ )*$ );)1.&$ ()*$ ,&.)'1-+*$ ()$ )*)1.3&(&$ )'$ *&6$ 1<*17*&6$ 8)(-+'.)$

1&8,*)P&6$ *-')+*)6$ QH'SVY
:$ C+$ ()8&6.3+(&$ ()$ '7)4&$ 67$ 7.-*-(+($ ,+3+$

,3&;7'(-b+3$)'$)*$1&'&1-8-)'.&$()$)6.&6$;)'98)'&6?$

$




