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K&1$#:1!*.2!4$*.H%!&.!1$%!(!*.)!)&(;%0(&12!=0#>!1$%!#0&H&.*D!#.%Jg5jgc!M.!=*41A!1$%!;0%;*0*1&#.!#=!1$%!$&H$V"!

PE?(!:(&.H! 1$%!;#(1;#D2>%0&f*1&#.!>#)&=&4*1&#.! (10*1%H&%(!$*(!<%%.! 0%;#01%)!<2!(%/%0*D! 0%(%*04$!H0#:;(A!

K$&4$!4*.!<%!4D*((&=&%)!&.1#!1K#!>*N#0!12;%(X!&J%JA!1$%!;%.)*.1VH0#:;!*.)!4$*&.V%.)!>#)&=&4*1&#.(!U@4$%>%!

7J7WJ!

!

<36)()/:>:J!?#(1;#D2>%0&f*1&#.!>#)&=&4*1&#.(!=#0!4#.10#DD&.H!1$%!>&40#;$*(%V(%;*0*1%)!(10:41:0%(!:(&.H!U*W!

;#D2U(#D,%1*D! >%1$*402D*1%WV#$%&'V;#D2(120%.%Agg! U<W! ;#D2(120%.%V#$%&'V;#D2U/&.2D! *fD*41#.%WAgIAge! U4W!

;#D2(120%.%V#$%&'V;#D2U>%1$2D! /&.2D! (&D#L*.%WAgh! *.)! U)W! ;#D2(120%.%V#$%&'V;#D2U%1$2D%.%! #L&)%Wg8! *(! 1$%!

;*0%.1!PE?(J!

! !
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M.!1$%!4*(%!#=!;%.)*.1VH0#:;V>#)&=&4*1&#.!=#0!*!)&<D#4,!4#;#D2>%0!UCV#VPWA!1$%!0%;%*1&.H!:.&1(!

#=!#.%!<D#4,!*0%!;*01&*DD2!#0!=:DD2!4#./%01%)!1#!2&%D)!CV#VUPV0VEW!#0!CV#VE!12;%!PE?(A!0%(;%41&/%D2A!K$%0%!CA!

PA!*.)!E!*0%!)&(1&.41!4#>;#.%.1(J!m$%.!1$%!(%H0%H*1&#.!(10%.H1$!#=!CjE!&(!(:==&4&%.1D2!(10#.H%0!1$*.!1$*1!#=!

CjPA!1$%!"!/*D:%(!#=!1$%!CV#VUPV0VEW!*.)!CV#VE!*0%!$&H$%0!1$*.!1$*1!#=!1$%!CV#VPJ!M>;#01*.1D2A!=#0!1$%!CV#V

UPV0VEWA! 1$%! &.4#>;*1&<&D&12!<%1K%%.!1$%!<D#4,(! &(!%*(&D2!4#.10#DD*<D%!<2!4$*.H&.H!1$%!4#>;#(&1&#.!#=! 1$%!

4#>#.#>%0!UEWJ!9$:(A!1$%!CV#VUPV0VEW!12;%!PE?(!*0%!(:&1*<D%!>*1%0&*D(!1#!#<1*&.!(>*DD!>&40#;$*(%V(%;*0*1%)!

(10:41:0%(!*.)!1#!4#.10#D!1$%!>#0;$#D#H&%(!K$&D%!,%%;&.H!1$%!;#D2>%0!<*4,<#.%!#=!1$%!#0&H&.*D!PE?J!O:((%DD!

($#K%)! 1$%! (&>;D%! 4$%>&4*D! 10*.(=#0>*1&#.! =0#>! ;#D2U(#D,%1*D! >%1$*402D*1%WV#$%&'V;#D2(120%.%! 1#!

;#D2UHD24%0#D! >#.#>%1$*402D*1%WV#$%&'V;#D2(120%.%! 1#! %.$*.4%! 1$%! %==%41&/%! &.1%0*41&#.! ;*0*>%1%0! U"%==WA!

%.*<D&.H!1$%!>&40#;$*(%!(%;*0*1&#.!U@4$%>%!7J7*WJgg!M.!*))&1&#.A!1$%2!)%>#.(10*1%)!1$%!=&.%V1:.&.H!#=!"%==!<2!

(&>;D2!*)N:(1&.H!1$%!4#./%0(&#.!#=!1$%!(#D,%1*DJ!3*$*.1$*;;*!*.)!4#K#0,%0(!)%(&H.%)!*!.%K!PE?!(2(1%>!

4#.(&(1&.H!#=!;#D2(120%.%!*.)!;#D2U/&.2D!*fD*41#.%WA!K$&4$!:.)%0H#%(! (%D%41&/%!*.)!T:*.1&1*1&/%! 0%*41&#.(!

K&1$!=:.41&#.*D!;0&>*02!*>&.%(A!1#!2&%D)!1$%!4#00%(;#.)&.H!?@V#V;#D2U*402D*>&)%W(!U@4$%>%!7J7<WJgIAge!9$%!

"%==!/*D:%!#=!1$%!PE?!4D%*0D2!&.40%*(%)!*=1%0!1$%!4#./%0(&#.!=0#>!;#D2U/&.2D!*fD*41#.%W!1#!;#D2U*402D*>&)%WA!

1$%0%<2! D%*)&.H! 1#! 1$%!>&40#;$*(%! (%;*0*1&#.! %/%.! *1! *! D#K!(J! M>;#01*.1D2A! 1$%!"%==! 4*.! <%! 4#.10#DD%)! <2!

4$*.H&.H! 1$%! =:.41&#.*D! *>&.%(J! +*2*,*K*! *D(#! )%/%D#;%)! 1$%! ;#(1;#D2>%0&f*1&#.! >#)&=&4*1&#.! #=!

;#D2(&D#L*.%V<*(%)!PE?(!<2!1$%!1$&#DV%.%!0%*41&#.!1#!4#.10#D!"%==!U@4$%>%!7J74WJgh!

O%4%.1D2A!(%/%0*D!(1:)&%(!*<#:1!1$%!4$*&.V%.)!>#)&=&4*1&#.!=#0!4#.10#DD&.H!1$%!PE?!>#0;$#D#H&%(!

$*/%!<%%.! 0%;#01%)J!?*0,!%1!*DJ!)%>#.(10*1%)!*! (&>;D%!K*2!#=! 1:.&.H! 1$%!>&40#;$*(%V(%;*0*1%)!(10:41:0%(!

H%.%0*1%)!=0#>!;#D2(120%.%V#$%&'V;#D2U%1$2D%.%!#L&)%W!U?@V#V?G]W!<2!>#)&=&4*1&#.!#=!1$%!?G]!4$*&.V%.)!

(10:41:0%! U@4$%>%!7J7)WJg8AI6!F#0! %L*>;D%A!?@V#V?G]!<%*0&.H! (:D=#.&4! *4&)!H0#:;(! *1! 1$%!?G]!4$*&.! %.)!

=#0>%)!*!D*>%DD*0!.*.#(10:41:0%A!K$&D%!1$%!:.>#)&=&%)!?@V#V?G]!K&1$!*!1%0>&.*D!$2)0#L2D!H0#:;!K*(!D%((!

#0)%0%)A!)%>#.(10*1&.H!1$*1!1$%!<D#4,!&.4#>;*1&<&D&12!4*.!<%!4#.10#DD%)!<2!1$%!%.)!H0#:;(J!M.!*))&1&#.A!1$%!

>#0;$#D#H2! 10*.(&1&#.!K*(! 4D%*0D2!#<(%0/%)! =0#>! 1$%! D*>%DD*0! 1#! 42D&.)0&4*D! ;$*(%! *(! 1$%! %.)!H0#:;!K*(!

4$*.H%)!=0#>!(:D=#.&4!*4&)!1#!D&1$&:>!(:D=#.*1%J!

9$%(%! ;&#.%%0&.H! (1:)&%(! (:HH%(1%)! 1$*1! >#)&=&4*1&#.(! #=! 1$%! ;%.)*.1VH0#:;! *.)! 4$*&.V%.)!

(10:41:0%(!%.*<D%!1$%!%.$*.4%>%.1(!&.!"!*.)!=&.%V1:.&.H!#=!1$%!PE?!>#0;$#D#H2J!+#K%/%0A!1$%!;0%;*0*1&#.!



2/3/0,$! 43.0%56&.7%3!

! 77!

#=!(:4$!PE?!(2(1%>(!4*;*<D%!#=!;#(1;#D2>%0&f*1&#.!>#)&=&4*1&#.(!H%.%0*DD2!&.4D:)%(!*!4#>;D&4*1%)!(2.1$%1&4!

0#:1%! 1#! ;0#):4%! *! (:==&4&%.1! 0%*41&/&12A! 0%(:D1&.H! &.! *! ;##0! *44%((&<&D&12J! 9$:(A! 1$%! )%/%D#;>%.1! #=! *!

;#(1;#D2>%0&f*1&#.!>%1$#)!:(&.H!4D*((&4*D!PE?(A!K$&4$!*0%!4#>;#(%)!#=!4#>>%04&*DD2V*/*&D*<D%!>#.#>%0(!

*.)!;0%;*0%)!<2!*!4#./%.1&#.*D!;#D2>%0&f*1&#.!;0#4%((A!&(!#=!H0%*1!&.1%0%(1!=#0!4#.10#DD&.H!1$%!>#0;$#D#H&%(J!

M.!;*01&4:D*0A!1$%!=*4&D%!*.)!%==%41&/%!10*.(=#0>*1&#.!=0#>!1$%!4#>>%04&*DD2V*/*&D*<D%!D#KV"!PE?(!1#!$&H$V"!

PE?(!&(!%L;%41%)!*(!*!;0*41&4*D!*;;0#*4$!1#!0%*D&f%!1$%!)#K.(&f&.H!#=!1$%!>&40#;$*(%V(%;*0*1%)!(10:41:0%J!

! !
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:>A/!"&'#$'*).)4!"#$%4%"&'5()$6'&/()$6-3*'&-$)7/

?#D2(120%.%V#$%&'V;#D2U>%1$2D! >%1$*402D*1%W! U?@V#V?33CWA! #.%! #=! 1$%! 4D*((&4*D! PE?(A! &(! *!

D%*)&.H!4*.)&)*1%!=#0!1$%!PE?!.*.#=*<0&4*1&#.!<%4*:(%!#=!&1(!;0*41&4*D!*)/*.1*H%(A!(:4$!*(!1$%!4#>>%04&*D!

*/*&D*<&D&12!#=!&1(!>#.#>%0(X!&1(!(2.1$%1&4!*44%((&<&D&12X!*.)!1$%!=*41!1$*1!&1!4*.!<%!>*((!;0#):4%)!#.!*!;&D#1!

(4*D%JI7jId!M.!=*41A!1$%0%!$*/%!<%%.!*!.:><%0!#=!=:.)*>%.1*D!(1:)&%(!*<#:1!1$%!.*.#=*<0&4*1&#.!:(&.H!?@V#V

?33C!*(!*!1%>;D*1%J77A75A7cj7IAIcAIg!M.!*))&1&#.A!?@V#V?33C!&(!1$%!4:00%.1!&.):(102!(1*.)*0)!*(!*!.*.#1%>;D*1%!

=#0!1$%!PE?!D&1$#H0*;$2!;0#4%((!<%4*:(%!#=!1$%!=#DD#K&.H!4$*0*41%0&(1&4(n!1$%!4#>;*0*<D%!(:0=*4%!%.%0H&%(!

<%1K%%.!1$%!?@!*.)!?33C!<D#4,(!%.*<D%(!1$%!;%0;%.)&4:D*0!#0&%.1*1&#.!#=!1$%!>&40#)#>*&.(!1#!1$%!(:<(10*1%!

<2!*!(&>;D%!1$%0>*D!*..%*D&.HXII!*.)!1$%!(:==&4&%.1!)&==%0%.4%!&.!%14$!0*1%!<%1K%%.!1$%!<D#4,(!D%*)(!1#!1$%!

(%D%41&/%! 0%>#/*D! #=! 1$%! ?33C! 4#>;#.%.1! =0#>! 1$%! 1$&.! =&D>! <2! )02! %14$&.HJIeAIh! 9$%(%! 0%>*0,*<D%!

4$*0*41%0&(1&4(!#=!?@V#V?33C!*0%!&>;#01*.1!0%T:&0%>%.1(!=#0!1$%!;*11%0.!10*.(=%0!1#!1$%!(:<(10*1%!):0&.H!1$%!

PE?! D&1$#H0*;$2! ;0#4%((J! S%*D%2! *.)! 4#VK#0,%0(! )%>#.(10*1%)! 1$%! ;*11%0.V10*.(=%0! (10*1%H2! =0#>! 1$%!

>&40#;$*(%V(%;*0*1%)!?@V#V?33C!1$&.!=&D>!1#!1$%!:.)%0D2&.H!(&D&4#.!(:<(10*1%!UF&H:0%!7JcWJIh!9$%!1$&.!=&D>!

#=! ?@V#V?33C! (;:.V4#*1%)! #.1#! 1$%! (&D&4#.! (:<(10*1%! K*(! 1$%0>*DD2! *..%*D%)! 1#! =#0>! *! >&40#;$*(%V

(%;*0*1%)!(10:41:0%J!9$%!?33C!)#>*&.(!&.!1$%!1$&.!=&D>!K%0%!(%D%41&/%D2!0%>#/%)!<2!1$%!0%*41&/%!&#.!%14$&.H!

K&1$!#L2H%.!#0!*0H#.!;D*(>*(!*(!1$%!4$%>&4*D!*.)!;$2(&4*D!%14$&.H!H*((%(A!0%(;%41&/%D2A!1#!=*<0&4*1%!*!?@!

.*.#;*11%0.!*(!*!D&1$#H0*;$&4!1%>;D*1%J!9$%!?@!.*.#;*11%0.!K*(!1$%.!10*.(=%00%)!1#!1$%!:.)%0D*2&.H!(&D&4#.!

(:<(10*1%!<2!)02!%14$&.H!:(&.H!E5+5Fci@FI!;D*(>*!=#DD#K%)!<2!1$%!?@!0%>#/*DJ!@#!=*0A!(&H.&=&4*.1!%==#01(!$*/%!

<%%.!>*)%!1#!1$%!PE?!D&1$#H0*;$2!<*(%)!#.!?@V#V?33CA!;0#/&)&.H!*!)%%;%0!:.)%0(1*.)&.H!#=!PE?!1$&.!=&D>!

;$2(&4(A!>*1%0&*D!)%(&H.A!*.)!;0#4%((&.HJIhjed!+#K%/%0A!1$%!&.(:==&4&%.1!&.4#>;*1&<&D&12!<%1K%%.!1$%!?@!*.)!

?33C!<D#4,(!&(!*!>*N#0!)0*K<*4,!#=!1$%!?@V#V?33C!(2(1%>A!K$&4$!;0%/%.1(!1$%!(2(1%>!=0#>!$*/&.H!*!

>&40#;$*(%!(%;*0*1&#.!K&1$!*!5!/*D:%!#=!o56!.>Je7AecjeI!C44#0)&.HD2A!1$%!$&H$V"!PE?(!$*/%!<%%.!)%/%D#;%)!

1#!=*<0&4*1%!*!>:4$!(>*DD%0!=%*1:0%!(&f%A!*D1$#:H$!1$%!:(%!#=!1$%!.%K!$&H$V"!PE?(!0%T:&0%(!0%#;1&>&f*1&#.!#=!

1$%!D&1$#H0*;$&4!;0#4%((%(!=#0!%*4$!(2(1%>J!9$%0%=#0%A!=#0!=:01$%0!*)/*.4%>%.1!#=!.*.#=*<0&4*1&#.(!<*(%)!#.!

1$%!PE?!(%D=V*((%><D2A!)%/%D#;>%.1!#=!*!(D&H$1D2!>#)&=&%)!/%0(&#.!#=!?@V#V?33C!1$*1!0%1*&.(!1$%!#0&H&.*D!

<*4,<#.%!&(!#=!H0%*1!&.1%0%(1!*(!&1!%.*<D%(!<#1$!*4$&%/&.H!*!$&H$V"!4$*0*41%0!*.)!*;;D2&.H!&1!1#!1$%!%(1*<D&($%)!

(1*.)*0)!.*.#=*<0&4*1&#.!;0#4%((J! !
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!

8+?=*)/:>CJ!@4$%>*1&4!&DD:(10*1&#.!#=!1$%!PE?!D&1$#H0*;$2!;0#4%((J!

!

!

?@V#V?33C!4*.!<%!(2.1$%(&f%)!<2!(%T:%.1&*D!>#.#>%0!*))&1&#.!/&*!1$%!D&/&.Hi4#.10#DD%)!0*)&4*D!

;#D2>%0&f*1&#.! U^EO?W! &.4D:)&.H! .&10#L&)%V>%)&*1%)! ;#D2>%0&f*1&#.! US3?WA! 0%/%0(&<D%! *))&1&#.V

=0*H>%.1*1&#.!4$*&.!10*.(=%0!UOCF9W!;#D2>%0&f*1&#.A!*.)!*1#>!10*.(=%0!0*)&4*D!;#D2>%0&f*1&#.!UC9O?W!*.)!

D&/&.H!*.&#.&4!;#D2>%0&f*1&#.!U@4$%>%!7J5WJeejhc!9$%!^EO?(!$*/%!<%%.!K&)%D2!:(%)!*(!=*4&D%!*.)!%==&4&%.1!

1%4$.&T:%(! 1#! (2.1$%(&f%! /&.2D! ;#D2>%0(! K&1$! 4#.10#DD%)! >#D%4:D*0! K%&H$1(! <%4*:(%! #=! 1$%! (&>;D%!

%L;%0&>%.1*D!;0#4%):0%A!<0#*)!0*.H%!#=!*;;D&4*<D%!>#.#>%0(!*.)!(#D/%.1(A!*.)!4#>>%04&*D!*/*&D*<&D&12!#=!

1$%!&.&1&*1#0(!*.)!4*1*D2(1(Jhgjhe!M.!*))&1&#.A!1$%!(:&1*<D%!)%(&H.!#=!1$%!&.&1&*1#0!*.)!;#(1;#D2>%0&f*1&#.!0%*41&#.!

D%*)!1#!1$%!;0#):41&#.!#=!1$%!=:.41&#.*D!;#D2>%0(!$*/&.H!*!>#.#V!#0!<&V!=:.41&#.*D!H0#:;!*1!1$%!4$*&.!%.)(J!

F#0!1$%!;#D2>%0!(2.1$%(&(!<2!^EO?(A!;*01&4:D*0D2!=#0!1$%!PE?(A!$#K%/%0A!1$%!)&(;%0(&12!1%.)(!1#!<%!<0#*)%0!

):%!1#!1$%!:.(1*<D%!.*1:0%!#=!1$%!*41&/%!;0#;*H*1&.H!(;%4&%(!):0&.H!1$%!;#D2>%0&f*1&#.J!9$%!<0#*)!)&(;%0(&12!

#=1%.!4*:(%(!1$%!)&(#0)%0&.H!&.!1$%!D#KV(!*.)!%/%.!$&H$V"!0%H&#.(Jhh!F:01$%0>#0%A!&.!1$%!(2.1$%(&(!#=!PE?!<2!

^EO?A!1$%!;:0&=&4*1&#.!;0#4%((%(!*0%!0%T:&0%)!*=1%0!%*4$!;#D2>%0&f*1&#.!1#!0%>#/%!1$%!:.0%*41%)!>#.#>%0(A!

0%(:D1&.H!&.!*!1&>%V4#.(:>&.H!;0#4%((!*.)!)%40%*(%!&.!1$%!;0#):41!2&%D)J!

! !
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<36)()/:>@>!@2.1$%(&(!#=!?@V#V?33C!<2!D&/&.Hi4#.10#DD%)!0*)&4*D!;#D2>%0&f*1&#.(J!

!

!

!

M.! 4#.10*(1A! 1$%! *.&#.&4! ;#D2>%0&f*1&#.! 1%4$.&T:%! ;0#/&)%(! ?@V#V?33C(! K&1$! *.! %L10%>%D2!

.*00#K!)&(;%0(&12!#=!&,>!7J65!K&1$!K%DDV)%=&.%)!(10:41:0%(!&.!*!#.%V;#1!;0#4%((!):%!1#!1$%!%L4%DD%.1!D&/&.H.%((A!

&.)&4*1&.H!&1(!(:&1*<&D&12!=#0!1$%!(2.1$%(&(!#=!?@V#V?33C(!=#0!1$%!(2(1%>*1&4!&./%(1&H*1&#.!#=!>&40#;$*(%V

(%;*0*1&#.!<%$*/&#0(!U@4$%>%!7JdWJh8!9$%!=*41!1$*1!1$%!(2.1$%(&(!#=!?@V#V?33C!/&*!*.&#.&4!;#D2>%0&f*1&#.!

$*(!<%%.!*4$&%/%)!#.!*!;&D#1!(4*D%!)%>#.(10*1%(!&1(!=%*(&<&D&12!#=!>*((!;0#):41&#.!#.!*.!&.):(10&*D!(4*D%J86A87!

+#K%/%0A!*.&#.&4!;#D2>%0&f*1&#.!(:==%0(!=0#>!*!.*00#K!0*.H%!#=!*;;D&4*<D%!0%*H%.1(!&.4D:)&.H!1$%!>#.#>%0A!
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methyl
methacrylate
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PMMA PMMA-b-PSMMA

St

initiator PS PS-b-PMMA

PMMA-b-PSPMMA

MMA St

•  Reversible addition-fragmentation chain transfer (RAFT) polymerization79

•  Nitroxide-mediated radical polymerization (NMP)77

•  Atom transfer radical polymerization (ATRP)81

Living/controlled radical polymerization

Advantages
• Simple experimental procedure
• Broad range of applicable monomers and solvents
• Commercial availability of initiators and catalysts
• Efficient functionalization of chain ends

Disadvantages
• Broad dispersity
• Instability of growing end
• Multiple polymerization processes
  for block copolymer

initiator

styrene (St)
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&.&1&*1#0A!*.)!(#D/%.1A!):%!1#!1$%!$&H$!(%.(&1&/&12!#=!1$%!H0#K&.H!4$*&.!%.)A!K$&4$!(#>%1&>%(!4*:(%!)&==&4:D12!

&.! 1$%! #;1&>&f*1&#.! #=! 1$%! (2.1$%(&(! 4#.)&1&#.! *.)! ;0#4%((!K$%.! 1$%! ;#D2>%0! )%(&H.(A! (:4$! *(! 4$*&.V%.)!

(10:41:0%! *.)! 4#>#.#>%0! 4#>;#(&1&#.(A! K%0%! 4$*.H%)J! 9$%0%=#0%A! 1$%! ;#(1;#D2>%0&f*1&#.! >#)&=&4*1&#.!

*;;0#*4$!($#:D)!<%!*!(:&1*<D%!(10*1%H2!1#!>*,%!*!(%0&%(!#=!>#)&=&%)!?@V#V?33C!(2(1%>(!=#0!1$%!(2(1%>*1&4!

&./%(1&H*1&#.(!#=!1$%!>&40#;$*(%V(%;*0*1&#.!<%$*/&#0J!m$%0%*(!1$%!;#(1;#D2>%0&f*1&#.!>#)&=&4*1&#.(!#=!1$%!

?@!*.)!?33C!$#>#;#D2>%0(!$*/%!<%%.!K%DD!(1:)&%)A!)&0%41!;#(1;#D2>%0&f*1&#.!>#)&=&4*1&#.!#=!1$%!?@V#V

?33C!=#0!1$%!=&.%V1:.&.H!*.)!0%):41&#.!#=!1$%!>&40#;$*(%!(%;*0*1%)!(10:41:0%!&(!(1&DD!D*4,&.HJ!

!

<36)()/:>AJ!@2.1$%(&(!#=!?@V#V?33C!<2!D&/&.H!*.&#.&4!;#D2>%0&f*1&#.Jh8!

!

! ! !
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Living anionic polymerization

Advantages
• Extremely narrow dispersity
• Excellent livingness of growing end
• One-pot process for block copolymer

Disadvantages
• High sensitivity of anion to impurities
• Narrow range of applicable reagents
  (monomer, initiator, terminator,...)
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:>C/D9E)3$+F)/-.1/D=$&+.)/"2/$6)/G+##)*$-$+"./

9$%!.*.#=*<0&4*1&#.!1%4$.&T:%(!:(&.H!1$%!PE?!>&40#;$*(%!(%;*0*1&#.!&(!*!;0#>&(&.H!(10*1%H2!*(!*!

a<#11#>V:;b!=*<0&4*1&#.!=#0!;0#):4&.H!=:.41&#.*D!.*.#>*1%0&*D(A!(:4$!*(!.*.#;*11%0.%)!>*1%0&*D(A!.*.#;#0#:(!

>*1%0&*D(A!*.)!=D%L&<D%!)%/&4%(A!*(!>%.1&#.%)!&.!@%41&#.!7J7J!M.!;*01&4:D*0A!1$%!.%L1VH%.%0*1&#.!D&1$#H0*;$2!

1%4$.&T:%! :(&.H! 1$%! >&40#;$*(%V(%;*0*1%)! PE?! 1$&.! =&D>! *(! 1$%! 1%>;D*1%! $*(! *110*41%)! >:4$! *11%.1&#.! 1#!

*4$&%/%! *! $&H$%0! 0%(#D:1&#.! 1$*.! 1$*1! *4$&%/*<D%! <2! 1$%! 4#./%.1&#.*D! ;$#1#D&1$#H0*;$2! ;0#4%((J! 9$%!

>#0;$#D#H&4*D! 4#.10#D! *.)! 0%):41&#.! #=! 1$%! =%*1:0%! (&f%! &.! 1$%! >&40#;$*(%! (%;*0*1&#.! &(! #=! (&H.&=&4*.1!

&>;#01*.4%!1#K*0)!=:01$%0!)%/%D#;>%.1!#=!1$%(%!;0*41&4*D!*;;D&4*1&#.(J!9$%!4#><&.*1&#.!#=!1$%!%.$*.4%>%.1!

&.! "! *.)! 0%):41&#.! &.! (! &(! 1$%! >#(1! 0%*(#.*<D%! *.)! K&)%D2! *44%;1%)! (10*1%H2! 1#! 0%):4%! 1$%! (&f%! #=! 1$%!

>&40#;$*(%!(%;*0*1&#.!<%4*:(%!&1(!=%*1:0%!(&f%!>*&.D2!)%;%.)(!#.!1$%!(!K$&D%!1$%!PE?!:.)%0H#%(!)&(#0)%0&.H!

&.!1$%!D#K!"(!0%H&#.J!C(!)%(40&<%)!&.!@%41&#.!7J5A!*D1$#:H$!1$%!;#(1;#D2>%0&f*1&#.!>#)&=&4*1&#.!(10*1%H2!$*(!

<%%.!%L;%41%)!*(!*!=*4&D%!>%1$#)!1#!;0#):4%!$&H$V"iD#KV(!PE?(A!1$%!(2.1$%1&4!;0#4%((!&(!:(:*DD2!4#>;D&4*1%)!

<%4*:(%! $&H$D2V0%*41&/%! (&1%(! >:(1! <%! &.4#0;#0*1%)! &.1#! 1$%! ;*0%.1! PE?(J! 9$%0%=#0%A! 1$&(! )&((%01*1&#.! &(!

)&0%41%)!1#K*0)!1$%!)%/%D#;>%.1!#=!*!=*4&D%!*.)!%==&4&%.1!;#(1;#D2>%0&f*1&#.!>#)&=&4*1&#.!=#0!1$%!4D*((&4*D!

PE?A!K$&4$!&(!4#>;#(%)!#=!4#>>#.!>#.#>%0(!*.)!(2.1$%(&f%)!<2!*!4#./%.1&#.*D!;#D2>%0&f*1&#.!;0#4%((A!

1#!%.)#K!&1!K&1$!*!$&H$!"!4$*0*41%0A!D%*)&.H!1#!%L10%>%D2!(>*DD!>&40#;$*(%V(%;*0*1%)!(10:41:0%(J!?@V#V?33C!

&(!#.%!#=!1$%!4D*((&4*D!PE?(!$*/&.H!>*.2!;0*41&4*D!*)/*.1*H%(!*.)!:(%)!=#0!1$%!PE?!D&1$#H0*;$2!*(!1$%!4:00%.1!

&.):(102!(1*.)*0)!#=!.*.#1%>;D*1%!>*1%0&*D!*(!>%.1&#.%)!&.!@%41&#.!7JdJ!+#K%/%0A!1$%!K%*,!&.4#>;*1&<&D&12!

<%1K%%.!1$%!<D#4,(!#=!?@V#V?33C!>*,%(!&1!)&==&4:D1!1#!>&40#;$*(%V(%;*0*1%!*1!*!>#D%4:D*0!K%&H$1!#=!od6!

,H!>#Dj7A!1$%0%<2!D%*)&.H!1#!1$%!D#K%0!D&>&1!#=!1$%!5!/*D:%!#=!&,>!56!.>J!M.40%*(&.H!1$%!"!/*D:%!#=!?@V#V?33C!

<2!*!(D&H$1!4$%>&4*D!>#)&=&4*1&#.!*1!*! D#K!(!K#:D)!*DD#K!=#0>&.H!(>*DD!>&40#;$*(%V(%;*0*1%)!(10:41:0%(!

K$&D%! ,%%;&.H! 1$%! #0&H&.*D! ;#D2>%0! <*4,<#.%J!9$&(! (10*1%H2! %.*<D%(! 1$%!>#)&=&%)!?@V#V?33C(! 1#! =#0>!

%L10%>%D2! (>*DD! .*.#;*11%0.(! <2! 1$%! %(1*<D&($%)! .*.#=*<0&4*1&#.! 1%4$.&T:%(! 1$*1! &(! #;1&>&f%)! =#0! ?@V#V

?33CA! D%*)&.H! 1#! =:01$%0! )%/%D#;>%.1! #=! 1$%! .%L1VH%.%0*1&#.! <#11#>V:;! .*.#1%4$.#D#H2J! F#0! 1$&(!

4#.10&<:1&#.A!1$%0%=#0%A!1$%!*:1$#0!*&>%)!1#!%(1*<D&($!=*4&D%!;#(1;#D2>%0&f*1&#.!>#)&=&4*1&#.(!#=!?@V#V?33C!

1#!&.):4%!1$%!>&40#;$*(%!(%;*0*1&#.!%/%.!&.!1$%!D#K!(!0%H&#.!*.)!1#!=*<0&4*1%!(:<V56V.>V(4*D%!.*.#(10:41:0%(!

<2! 1$%! >#)&=&%)! ?@V#V?33CJ! @;%4&=&4*DD2A! 1$%! *:1$#0! ;0#;#(%(! 1$%! a;%.)*.1! H0#:;b! *.)! a4$*&.V%.)b!
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>#)&=&4*1&#.(!#=!?@V#V?33C!*(!=*4&D%!*.)!%==&4&%.1!>%1$#)(!=#0!0%*D&f&.H!1$%!=&.%V1:.&.H!#=! 1$%!(&f%!*.)!

>#0;$#D#H2!#=!1$%!>&40#;$*(%!(%;*0*1&#.J!9$%(%!)%/%D#;>%.1(!($#:D)!;0#/&)%!*!(&H.&=&4*.1!&.(&H$1!&.1#!1$%!

(:&1*<D%!>#)&=&4*1&#.!1%4$.&T:%(!#=!?@V#V?33C!*.)!H0%*1!<%.%=&1(!&.!1$%!.*.#1%4$.#D#H2!=&%D)J!

! !
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E$*;1%0! d! )%(40&<%(! 1$%! )%/%D#;>%.1! #=! 1$%! 4$*&.V%.)! >#)&=&4*1&#.! <2! 1$%! 1%0>&.*DV(%D%41&/%!

10*.(%(1%0&=&4*1&#.! #=! ?33C! *.)! ?@V#V?33C! UF&H:0%! 7JIWJ! @1*01&.H! =0#>! 1$%! *.&#.&4*DD2V(2.1$%(&f%)!

?33C! *.)! ?@V#V?33CA! 1$%! %(1%0! (&)%! 4$*&.(! #=! 1$%! 33C! :.&1(! *1! 1$%! )V4$*&.! %.)! K%0%! (%D%41&/%D2!

10*.(%(1%0&=&%)!&.!1$%!;0%(%.4%!#=!/*0&#:(!*D4#$#D(!K&1$!1$%!*&)!#=! 1$%!4#00%(;#.)&.H!1&1*.&:>!*D,#L&)%(!1#!

2&%D)! 1$%! %.)V=:.41&#.*D&f%)! ?33C(! *.)! ?@V#V?33C(J! 9$%! K&)%! 0*.H%! #=! *D4#$#D(! $*/&.H! /*0&#:(!

=:.41&#.*D!H0#:;(A! (:4$!*(!*.!*D,2D!4$*&.A! *0#>*1&4! 0&.HA!*.)! =D:#0#4*0<#.!4$*&.A!K%0%!*;;D&4*<D%! =#0! 1$%!

1%0>&.*DV(%D%41&/%! 10*.(%(1%0&=&4*1&#.J!9$%!*f&)#V=:.41&#.*D&f%)!*D4#$#D!K*(!*D(#! (:44%((=:DD2! &.4#0;#0*1%)!

&.1#!1$%!%(1%0!(&)%!4$*&.!#=!1$%!)V1%0>&.*D!33C!:.&1A!D%*)&.H!1#!1$%!=:01$%0!=:.41&#.*D&f*1&#.!<2!1$%!4D&4,!

0%*41&#.!K&1$!%1$2.2DV=:.41&#.*D&f%)!4#>;#:.)(J! M>;#01*.1D2A!%/%.!$2)0#L2V=:.41&#.*D&f%)!;#D2>%0(A! &J%JA!

1$%!;#D2U%1$2D%.%!HD24#DW!>#.#>%1$2D!%1$%0A!*(!K%DD!*(!#D&H#U%1$2D%.%!HD24#DW!>#.#>%1$2D!%1$%0A!4*.!<%!:(%)!

=#0! 1$%! 1%0>&.*DV(%D%41&/%! 10*.(%(1%0&=&4*1&#.! #=! ?@V#V?33C! 1#! 2&%D)! 10&<D#4,! 1%0;#D2>%0(J! 9$%! ;0%(%.1!

10*.(%(1%0&=&4*1&#.!(2(1%>!4*.!<%!*!;#K%0=:D!1##D!=#0!1$%!4$*&.V%.)!=:.41&#.*D&f*1&#.!#=!1$%!*;;*0%.1D2!&.*41&/%!

4$*&.V%.)(!#=!?33C!*.)!?@V#V?33CA!%.*<D&.H!1$%!(2(1%>*1&4!&./%(1&H*1&#.!1#!%L10*41!1$%!;:0%!%==%41!#=!1$%!

4$*&.V%.)!(10:41:0%!#.!1$%!>&40#;$*(%V(%;*0*1&#.!<%$*/&#0(J!

!

!

8+?=*)/:>IJ!@4$%>*1&4!0%;0%(%.1*1&#.!#=!1$%!1%0>&.*DV(%D%41&/%!10*.(%(1%0&=&4*1&#.!#=!?33C!*.)!?@V#V?33CJ! !
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9$%!4#.4D:)&.H!E$*;1%0!g!(:>>*0&f%(!1$%!>%1$#)#D#H2!#=!1$%!;#(1;#D2>%0&f*1&#.!>#)&=&4*1&#.!

=#0!1$%!?@V#V?33C!*.)!1$%!>&40#;$*(%V(%;*0*1&#.!<%$*/&#0!#=!1$%!>#)&=&%)!?@V#V?33C(J!

! /
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:>H/K)2)*).3)/

7J! P*1%(A!FJ!@J!PD#4,!E#;#D2>%0!9$%0>#)2.*>&4(n!9$%#02!*.)!GL;%0&>%.1(J!A336>!=/B>!C+DE>!*+/F>!:LL;A!

G1A!g5gjggeJ!

5J! +*>D%2A!MJ!mJ!S*.#(10:41:0%!=*<0&4*1&#.!:(&.H!<D#4,!4#;#D2>%0(J!(,3%./&+3%$%HD!@;;AA!1GA!Od8rOgcJ!

dJ! "*.HA!'JX!m*D&($A!̀ J!̀ JX![#0&($.22A!9JX!9$#>*(A!GJ!̂ J!P0#*)VK*/%D%.H1$V0*.H%!4$%>&4*DD2!1:.*<D%!<D#4,V

4#;#D2>%0!;$#1#.&4!H%D(J!(,.60/!:,./07,$E!@;;JA!IA!8ger8I6J!

cJ! +*>D%2A!MJmJ!]0)%0&.H!&.!1$&.!=&D>(!#=!<D#4,!4#;#D2>%0(n!F:.)*>%.1*D(!1#!;#1%.1&*D!*;;D&4*1&#.(J!C0%H>!

C%$DF>!J&7>!@;;LA!KGA!77I7r7576J!

gJ! "&>A!+J!EJX!?*0,A!@J!3JX!+&.(<%0HA!mJ!BJ!PD#4,!E#;#D2>%0!P*(%)!S*.#(10:41:0%(n!3*1%0&*D(A!?0#4%((%(A!

*.)!C;;D&4*1&#.(!1#!GD%410#.&4(J!*+/F>!=/B>!@;:;A!11LA!7cIr7eeJ!

IJ! 9(%.HA!EJX!?%.HA!YJX!]4#D*A!^J!GJX!GD*>A!`J!mJX!B*0D&.HA!@J!PJ!G.$*.4%)!PD#4,!E#;#D2>%0!^&1$#H0*;$2!

-(&.H!@%T:%.1&*D!M.=&D10*1&#.!@2.1$%(&(J!M>!C+DE>!*+/F>!*!@;::A!11NA!7ee5gr7ee58J!

eJ! +:.HA!EJX!E$&:A!'J!EJX!m:A!+J!EJX!^:A!EJX!P#:&D$*4A!EJX!]1(:,*A!MJX!+*D&D*A!@JX!P#0(*D&A!OJX!9:.HA!@J!+JX!

E$%.A!mJ!EJ!E#.4%;1&#.!#=!@10%14$*<D%!O%(&(1&/%!3%>#02!B%/&4%(!P*(%)!#.!S*.#(10:41:0%VE#.10#DD%)!

E*0<#$2)0*1%V<D#4,V?#D2&(#;0%.%!PD#4,!E#;#D2>%0(J!A5B>!O63&.>!:,./0>!@;:JA!PQA!7I6I7I7J!

hJ! 3%.HA!'JX![:X!BJX!k$*.HA!FJX!@$&A!'JX!E$%.HA!^JX!F%.HA!BJX!m:A!kJX!E$%.A!kJX!m*.A!'JX!@1%&.A!CJX!k$*#A!

BJ!C!=*>&D2!#=!$&H$D2!#0)%0%)!>%(#;#0#:(!;#D2>%0!0%(&.!*.)!4*0<#.!(10:41:0%(!=0#>!#0H*.&4r#0H*.&4!

(%D=V*((%><D2J!*+/F>!:,./0>!@;;IA!1RA!cccerccIcJ!

8J! ^&A!OJ!OJX!B*;,:(A!?J!BJX!9$#>;(#.A!3J!GJX!`%#.HA!mJ![JX!+*00&(#.A!EJX!E$*&,&.A!?J!3JX!O%H&(1%0A!OJ!CJX!

C)*>(#.A!BJ!+J!B%.(%!*00*2(!#=!#0)%0%)![*C(!.*.#(10:41:0%(!<2!(%D%41&/%!*0%*!H0#K1$!#.!(:<(10*1%(!

;*11%0.%)!<2!<D#4,!4#;#D2>%0!D&1$#H0*;$2J!A--$>!C+DE>!S/..>!@;;;A!QIA!7Ih8r7I87J!
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76J! +*:;1A!3JX!3&DD%0A!@JX![D*((A!OJX!C0.#D)A!3JX!@*:%0A!OJX!9$#.,%A!"JX!3sDD%0A!3JX!@;*1fA!`J!?J!S*.#;#0#:(!

[#D)! F&D>(! E0%*1%)! -(&.H! 9%>;D*1%(! F#0>%)! =0#>! @%D=VC((%><D%)! @10:41:0%(! #=! M.#0H*.&4rPD#4,!

E#;#D2>%0!3&4%DD%(J!A5B>!:,./0>!@;;AA!1NA!h58rhd7J!

77J! ^%%A!BJ!'JX!@$&.A!BJ!]JX!^%%A!mJ!`JX!"&>A!@J!]J!+&%0*04$&4*DD2!]0H*.&f%)!E*0<#.!S*.#1:<%!C00*2(!=0#>!

@%D=VC((%><D%)!PD#4,!E#;#D2>%0!S*.#1%>;D*1%(J!A5B>!:,./0>!@;;MA!PLA!5ch6r5chgJ! !

75J! ^%%A!BJ!'JX!̂ %%A!mJ!̀ JX!"&>A!@J!]J!R%01&4*D!@&.HD%Vm*DD%)!E*0<#.!S*.#1:<%!C00*2(!/&*!PD#4,!E#;#D2>%0!

^&1$#H0*;$2J!*+/F>!:,./0>!@;;LA!P1A!7dIhr7decJ!

7dJ! ?$&DD&;A! mJ! CJX! Of*2%/A! `JX! +&DD>2%0A! 3J! CJ! E:((D%0A! GJ! ^J! [*(! *.)! K*1%0! D&T:&)! 10*.(;#01! 1$0#:H$!

.*.#;#0#:(!<D#4,!4#;#D2>%0!>%><0*.%(J!M>!:/F#0,3/!J&7>!@;;IA!PRIA!7ccr7g5J!

7cJ! '*.HA!@J!'JX!O2:A!MJX!"&>A!+J!'JX!"&>A!`J!"JX!`*.HA!@J!"JX!O:((%DDA!9J!?J!S*.#;#0#:(!3%><0*.%(!K&1$!

-D10*$&H$!@%D%41&/&12!*.)!FD:L!=#0!1$%!F&D10*1&#.!#=!R&0:(%(J!A5B>!:,./0>!@;;IA!1RA!e68re75J!

7gJ! '*.HA!@J!'JX!?*0,A!`JX!'##.A!`JX!O%%A!3JX!`*.HA!@J!"JX!"&>A!`J!"J!R&0:(!F&D10*1&#.!3%><0*.%(!?0%;*0%)!

=0#>! S*.#;#0#:(! PD#4,! E#;#D2>%0(! K&1$! [##)! B&>%.(&#.*D! @1*<&D&12! :.)%0! +&H$! ?0%((:0%(! *.)!

GL4%DD%.1!@#D/%.1!O%(&(1*.4%J!A5B>!O63&.>!:,./0>!@;;MA!1RA!7de7r7deeJ!

7IJ! '*.HA!@J!'JX!'*.HA!`J!CJX!"&>A!GJ!@JX!`%#.A![JX!]$A!GJ!`JX!E$#&A!"J!'JX!+*$.A!@J!"JX!"&>A!`J!"J!@&.HD%VF&D%!

B&==:(&#.!#=!?0#1%&.!B0:H(!1$0#:H$!E2D&.)0&4*D!S*.#4$*..%D(J!A*J!(,3%!@;:;A!GA!dh7erdh55J!

7eJ! ?*0,A!3JX!+*00&(#.A!EJX!E$*&,&.A!?J!3JX!O%H&(1%0A!OJ!CJX!C)*>(#.A!BJ!+J!PD#4,!E#;#D2>%0!^&1$#H0*;$2n!
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V-9&)/A>:J!9%0>&.*DV(%D%41&/%!10*.(%(1%0&=&4*1&#.!#=!?33C!:(&.H!1&1*.&:>!*D,#L&)%(,!

%.102! *D4#$#D#! 0%*41&#.!
1&>%!U$W!

:.AS3O
&!

UH!>#Dj7W!
8)5!
UxW!

:.A@GE
/!

UH!>#Dj7W! \/! 2&%D)!
UxW!

(*>;D%!
.*>%!

! V! U;*0%.1!?33CW! ! V! dAd66! V! dAeI6! 7J6h! V! 0A4^/
67! 5V;0#;*.#D!UCW! 65c! dA586! l8c! cA6h6! 7J6I! ceJe! 0A4R/
65! 7V;%.1*.#D!UPW! 65c! dA5I6! l88! cA6c6! 7J6I! g7Jd! 0A4T/
6d! <%.f2D!*D4#$#D!UEW! 65c! dAdc6! l8I! cA686! 7J6I! chJd! 0A4B/

6c! 7V.*;$1$*D%.%V!
>%1$*.#D!UBW! 6d6! dA6I6! le7! dAh86! 7J6e! c6J6! 0A4G/

6g! 7V;20%.%V>%1$*.#D!UGW! 7Ih! dAc76! l76! dAee6! 7J6e! IeJ6! 0A4P/
6I! +FM?!UFW! 65c! .J)J! l#6! .J)J! .J)J! .J)J! 0A48/

6e! cAcAgAgAgV;%.1*=D:#0#V!
;%.1*.#D!U[W! 65c! dAcd6! l88! cA5h6! 7J6g! 78Je! 0A4Z/

6h! ;%.1*=D:#0#<%.f2D!
*D4#$#D!U+W! 65c! dAde6! leI! cA6c6! 7J6I! ceJe! 0A4U/

68! IV*f&)#V7V$%L*.#D!UMW! 65c! dAd76! l88! dAh86! 7J6e! c6J6! 0A4O/
76! %1$2D%.%!HD24#D!U`W! 65c! .J)J! l66! .J)J! .J)J! .J)J! 0A4[/
77! 9G[!U"W! 65c! dA7g6! l8h! cA6d6! 7J6I! gIJ6! 0A4\/
75! ?G[!U^W! 6d6! .J)J! lhh! .J)J! .J)J! .J)J! 0A4]/

,C0H#.! *1>#(;$%0%X! (#D/%.1A! 1#D:%.%X! 1%>;%0*1:0%A! 766! ¡EX! É9&U]OWcÑ6iÉ?33CÑ6!p!di7J! #CD4#$#D(n!+FM?A!
7A7A7AdAdAdV$%L*=D:#0#V5V;0#;*.#DX!?F?A!cAcAgAgAgV;%.1*=D:#0#;%.1*.#DX!9G[A!10&%1$2D%.%!HD24#D!>#.#>%1$2D!
%1$%0X! ?G[A! ;#D2U%1$2D%.%! HD24#DW! >#.#>%1$2D! %1$%0J! &B%1%0>&.%)! <2! 7+! S3O! &.! EBEDdJ! 5E$*&.V%.)!
=:.41&#.*D&12! &(!)%1%0>&.%)!<2! 7+!S3O!#.! 1$%!;0%(:>;1&#.! 1$*1!#.D2!#.%!33C!:.&1!K*(! 10*.(%(1%0&=&%)J!
/B%1%0>&.%)!<2!@GE!&.!9+F!:(&.H!?33C!(1*.)*0)(J!
! !
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! 8c!

!

8+?=*)/A>@J!7+!S3O!(;%410*!#=!1$%!>#)&=&%)!?33C(!*.)!1$%!4#00%(;#.)&.H!;*0%.1!;#D2>%0!&.!EBEDd!Uc66!

3+fWJ!

! !
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! 8g!

!

8+?=*)/A>AJ!3C^BMV9]F!>*((!(;%410*!#=!1$%!>#)&=&%)!?33C(!*.)!1$%!4#00%(;#.)&.H!;*0%.1!;#D2>%0J!9$%!

=#:.)!*.)!1$%#0%1&4*D!Fia!/*D:%(!#=!5eV>%0!*0%!($#K.!K&1$#:1!*.)!K&1$!<0*4,%1(A!0%(;%41&/%D2J! !

! !



*+,-./0!K!

! 8I!

9#! %L1%.)! 1$%! *;;D&4*<D%! 0*.H%A! 1$%! 1%0>&.*DV(%D%41&/%! 10*.(%(1%0&=&4*1&#.(! #=! 0A! K%0%! =:01$%0!

;%0=#0>%)!:(&.H!/*0&#:(!*D4#$#D(A!(:4$!*(!7V;%.1*.#D!UPWA!<%.f2D!*D4#$#D!UEWA!7V.*;$1$*D%.%>%1$*.#D!UBWA!7V

;20%.%>%1$*.#D! UGWA! 7A7A7AdAdAdV$%L*=D:#0#V5V;0#;*.#D! U+FM?A! FWA! cAcAgAgAgV;%.1*=D:#0#;%.1*.#D! U[WA!

;%.1*=D:#0#<%.f2D! *D4#$#D! U+WA! IV*f&)#V7V$%L*.#D! UMWA! %1$2D%.%! HD24#D! U`WA! 10&%1$2D%.%! HD24#D!>#.#>%1$2D!

%1$%0! U9G[A! "WA! *.)! ;#D2U%1$2D%.%! HD24#DW! >#.#>%1$2D! %1$%0! U?G[A! ^WJ! ?0&#0! 1#! 1$%! 10*.(%(1%0&=&4*1&#.!

0%*41&#.(A!9&U]7?0Wc!K*(!10%*1%)!K&1$!1$%!*D4#$#D(!1#!=#0>!1$%!4#00%(;#.)&.H!1&1*.&:>!*D,#L&)%(!U9&U]OWcWA!

K$&4$!K%0%! 1$%.!)&0%41D2! (:<N%41%)! 1#! 1$%! 10*.(%(1%0&=&4*1&#.! 0%*41&#.J!9$%!@GE! 10*4%(!#=! *DD! 1$%!;0#):41(!

)&(;D*2%)! *! >#.#>#)*D! %D:1&#.! ;%*,! K&1$! *! .*00#K! \A! (:HH%(1&.H! 1$%! *<(%.4%! #=! *.2! :.%L;%41%)! (&)%!

0%*41&#.(!UF&H:0%!dJ7*WJ!9$%!7+!S3O!(;%410*!#=!0A4T!K&1$!*!;%.12D!%(1%0A!0A4B!K&1$!*!<%.f2D!%(1%0A!*.)!

0A4G!K&1$!*!.*;$1$*D%.%>%1$2D!%(1%0!($#K%)!1$%!*;;%*0*.4%(!#=!.%K!(&H.*D(!):%!1#!1$%!>%1$2D%.%!;0#1#.(!

*)N*4%.1!1#!1$%!.%KD2!=#0>%)!%(1%0!:.&1!U;0#1#.!/A!8A!*.)!+!&.!F&H:0%!dJ5A!0%(;%41&/%D2WJ!M.!*))&1&#.A!1$%!)V

1%0>&.*D!;0#1#.!(&H.*D(!4D%*0D2!($&=1%)!*=1%0!1$%!0%*41&#.A!&.)&4*1&.H!1$%!$&H$!1%0>&.*DV(%D%41&/&12!U;0#1#.(!&PA!

&EA!*.)!&B!&.!F&H:0%!dJ5A!0%(;%41&/%D2WJ!CD1$#:H$!1$%!3C^BMV9]F!3@!(;%410*!#=!0A4TA!0A4BA!*.)!0A4G!

0%/%*D%)!1$%!;0%(%.4%!#=!*!(>*DD!*>#:.1!#=!<2;0#):41(!K$#(%!1K#!33C!:.&1(!K%0%!10*.(%(1%0&=&%)A!1$%!>*N#0!

;0#):41(!K%0%!=#:.)!1#!<%!1$%!1*0H%1!;0#):41(!UF&H:0%!dJdWJ!M.!1$%!7+!S3O!(;%410:>!#=!0A4PA!K$%0%*(!.%K!

(&H.*D(!):%!1#!>%1$2D%.%!*.)!*0#>*1&4!;0#1#.(!#=!1$%!&.4#0;#0*1%)!;20%.%>%1$2D!H0#:;!K%0%!#<(%0/%)A!1$%!

(>*DD!;%*,!*0%*(!&.)&4*1%)!*!D#K!8)!/*D:%!UF&H:0%!dJ5WJ!-.=#01:.*1%D2A!1$%!*:1$#0!=*&D%)!1#!T:*.1&=2!1$%!%L1%.1!

#=!1$%!0%*41&#.!&.!0A4P!<2!1$%!3C^BMV9]F!3@!*.*D2(&(!<%4*:(%!1$%!>#D*0!>*((!#=!1$%!0%*41&#.!;0#):41!&(!

#/%0D*;;%)!K&1$!1$*1!#=!1$%!(1*01&.H!>*1%0&*DJ!9$%!D#K!0%*41&/&12!#=!1$%!7V;20%.%>%1$*.#D!&(!*110&<:1%)!1#!1$%!

D#K! (#D:<&D&12! #=! 1$%! 4#00%(;#.)&.H! 1&1*.&:>! *D,#L&)%! &.! 1#D:%.%J! 9$%! 10*.(%(1%0&=&4*1&#.! 0%*41&#.(! :(&.H!

cAcAgAgAgV;%.1*=D:#0#;%.1*.#D!*.)!;%.1*=D:#0#<%.f2D!*D4#$#D!%==&4&%.1D2!;0#/&)%)!1$%!4#00%(;#.)&.H!;0#):41(A!

7>/>A!0A4Z!*.)!0A4UA!0%(;%41&/%D2A!*(!4$*0*41%0&f%)!<2!7+!S3O!*.)!3C^BMV9]F!3@J!].!1$%!#1$%0!$*.)A!

1$%!0%*41&#.!;0#):41!#=!0A!*.)!+FM?!U0A48W!0%/%*D%)!1$*1!.#!0%*41&#.!#44:00%)J!9$%!$&H$!*4&)&12!#=!+FM?!&(!

0%(;#.(&<D%!=#0!1$&(!0%(:D1J!

9$%! &.4#0;#0*1&#.! #=! 0%*41&/%! =:.41&#.*D! H0#:;(! &.1#! 1$%! ;#D2>%0! 4$*&.! %.)! &(! (&H.&=&4*.1D2!

&>;#01*.1!=0#>!1$%!;#D2>%0!(2.1$%(&(!;#&.1!#=!/&%K!<%4*:(%!&1!*DD#K(!;#D2>%0(!1#!:.)%0H#!*!=:01$%0!4$*&.V

%.)!>#)&=&4*1&#.J!9#!&.4#0;#0*1%!1$%!0%*41&/%!=:.41&#.*D!H0#:;!&.1#!1$%!?33CV4$*&.!%.)A!IV*f&)#V7V$%L*.#D!
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! 8e!

K*(!:(%)!=#0!1$%!1%0>&.*DV(%D%41&/%!10*.(%(1%0&=&4*1&#.J!M.!F9VMO!(;%410:>!#=!1$%!;0#):41A!*.!*<(#0;1&#.!;%*,!

K*(!.%KD2!#<(%0/%)!*1!568h!4>j7A!K$&4$! &.)&4*1%)! 1$%! &.4#0;#0*1&#.!#=! 1$%!*f&)#!H0#:;! &.1#! 1$%!?33C!

UF&H:0%!dJcWJ!9$%!7+!S3O!(;%410:>!#=!1$%!;0#):41!U0A4OW!($#K%)!*!.%K!(&H.*D!*((&H.*<D%!1#!1$%!>%1$2D%.%!

;0#1#.(! *)N*4%.1! 1#! 1$%! %(1%0! H0#:;! #=! 1$%! IV*f&)#$%L2D! >%1$*402D*1%A! (:HH%(1&.H! 1$%! ;0#H0%((! #=! 1$%!

10*.(%(1%0&=&4*1&#.!U;0#1#.!3!&.!F&H:0%!dJ5WJ!9$%!3C^BMV9]F!3@!(;%410:>!#=!1$%!;0#):41!($#K%)!1K#!(%0&%(!

#=!;%*,(!0%H:D*0D2!(%;*0*1%)!<2!Fia!766!4#00%(;#.)&.H!1#!1$%!>#D*0!>*((!#=!*.!33C!:.&1!UF&H:0%!dJdWJ!C!

(%0&%(!#=!;%*,(!K&1$!$&H$%0!&.1%.(&1&%(!K*(!*((&H.%)!1#!1$%!(10:41:0%!#=!1$%!1*0H%1!0A4O!K&1$!*!IV*f&)#$%L2D!

%(1%0J!C.#1$%0! (%0&%(! #=! ;%*,(! K&1$! D#K%0! &.1%.(&1&%(! K*(! *((&H.%)! 1#! 1$%! =0*H>%.1*1&#.! ;0#):41! #=! 0A4O!

=#0>%)!):0&.H!1$%!3C^BMV9]F!3@!>%*(:0%>%.1!<2!1$%!)%4#>;#(&1&#.!#=!1$%!*f&)#!H0#:;J7d!9$%(%!0%(:D1(!

4#.=&0>%)! 1$%!(:44%((=:D!(2.1$%(&(!#=!0A4O!;#((%((&.H!*.!*f&)#!H0#:;J!9$%!*f&)#!H0#:;!*1! 1$%!4$*&.!%.)!

%.*<D%(!=:01$%0!4$*&.V%.)!>#)&=&4*1&#.(!K&1$!%1$2.2DV=:.41&#.*D&f%)!D#KV>#D%4:D*0VK%&H$1!4#>;#:.)(!*.)!

;#D2>%0(!/&*!1$%!4D&4,!4$%>&(102J! !

!

!

8+?=*)/A>CJ!F9VMO!(;%410*!#=!1$%!0A4O!*.)!0AJ!

!

!

9$%!&.4#0;#0*1&#.!#=!*!$2)0#L2D!H0#:;!*1!1$%!;#D2>%0!4$*&.!%.)!&(!*D(#!$&H$D2!<%.%=&4&*DJ!CD1$#:H$!

1$%!*:1$#0! 10&%)! 1$%! 10*.(%(1%0&=&4*1&#.!#=!0A!K&1$!%1$2D%.%!HD24#D!*&>&.H!*1!;0#/&)&.H!0A4[A!.#!0%*41&#.!
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! 8h!

#44:00%)!<%4*:(%!1$%!1&1*.&:>!4*1*D2(1!K*(!)%*41&/*1%)!<2!&1(!;#D24#.)%.(*1&#.!K&1$!%1$2D%.%!HD24#DJ!9#!*/#&)!

(:4$! *.! &((:%A! 1$%! 1%0>&.*DV(%D%41&/%! 10*.(%(1%0&=&4*1&#.! ($#:D)! <%! ;%0=#0>%)! K&1$! )&#D(! $*/&.H! *! D#.H%0!

(;*4%0J75!

9$%!1%0>&.*DV(%D%41&/%!10*.(%(1%0&=&4*1&#.!#=!0A!K&1$!10&%1$2D%.%!HD24#D!>#.#>%1$2D!%1$%0!U9G[W!

%==%41&/%D2! 2&%D)%)! 1$%! 1*0H%1! ;0#):41A! &J%>A! 0A4\A! *(! %/&)%.4%)! <2! 1$%! 7+! S3O! *.)! 3C^BMV9]F! 3@!

*.*D2(%(! UF&H:0%(!dJ5!*.)!dJdWJ!9#! =:01$%0!%L1%.)! 1$%!:1&D&12!#=! 1$%! 1%0>&.*DV(%D%41&/%! 10*.(%(1%0&=&4*1&#.A!*!

$2)0#L2V=:.41&#.*D&f%)! ;#D2>%0! K*(! 1$%.! %>;D#2%)! *(! *.! *D4#$#DJ!9$%! @GE! 10*4%! #=! 1$%! 40:)%! 0%*41&#.!

;0#):41!#=!0A!K&1$!*!?G[!$*/&.H!1$%!:.AS3O!#=!gAcg6!H!>#Dj7!4D%*0D2!($#K%)!*!.%K!%D:1&#.!;%*,!&.!1$%!

$&H$%0!>#D%4:D*0!K%&H$1! 0%H&#.!*(!4#>;*0%)! 1#! 1$%!(1*01&.H!>*1%0&*D(A!(:HH%(1&.H! 1$%!=#0>*1&#.!#=!*!PE?!

4#.(&(1&.H!#=!?33C!*.)!?G[!U?33CV#V?G[A!7>/>A!0A4]W!UF&H:0%!dJgWJ!CD1$#:H$!1$%!0%>#/*D!#=!1$%!%L4%((!

?G[!=0#>!1$%!PE?!=*&D%)A!1$&(!0%(:D1!(:HH%(1%)!1$*1!1$%!1%0>&.*DV(%D%41&/%!10*.(%(1%0&=&4*1&#.!(2(1%>!K#0,(!

%/%.!K&1$!$2)0#L2V=:.41&#.*D&f%)!;#D2>%0(A!1$:(!D%*)&.H!1#!*!.#/%D!(2.1$%1&4!>%1$#)!=#0!1$%!?33CV<*(%)!

PE?(J!

!

!

8+?=*)/A>HJ!@GE!10*4%(!#=!1$%!40:)%!;0#):41!#=!0A4]!U:;;%0WA!?G[!U>&))D%WA!*.)!0A!UD#K%0W!U%D:%.1A!9+FX!

=D#K!0*1%A!7J6!> !̂>&.j7WJ! !
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! 88!

K;K;?'L+,8)/."AG+"+$-)F+'L,./*+*-+,)0)$.-)#/'#0'3GA!A3MM&'>*)/2'L)-./)>8'&"%#B)7+*'

9$%!1%0>&.*DV(%D%41&/%!10*.(%(1%0&=&4*1&#.!#=!?@V#V?33C!K*(!1$%.!&./%(1&H*1%)!1#!(2.1$%(&f%!*!

(%0&%(!#=!%.)V=:.41&#.*D&f%)!?@V#V?33C(J!9$%!10*.(%(1%0&=&4*1&#.!0%*41&#.(!K%0%!;%0=#0>%)!:.)%0!1$%!(*>%!

4#.)&1&#.(!*(! =#0!?33CJ!9$%!?@V#V?33C!$*/&.H! 1$%!:.!#=!c5A666!H!>#Dj7! U<@:0@:W!K*(!:(%)!*(! 1$%!

(1*01&.H!>*1%0&*D!*.)!5V;0#;*.#D!UCWA!7V;%.1*.#D!UPWA!<%.f2D!*D4#$#D!UEWA!cAcAgAgAgV;%.1*=D:#0#;%.1*.#D!U[WA!

;%.1*=D:#0#<%.f2D!*D4#$#D!U+WA!IV*f&)#V7V$%L*.#D!UMWA!9G[!U"WA!*.)!?G[!U^W!K%0%!:(%)!*(!1$%!*D4#$#D(!1#!

2&%D)!<@:0@:4RA!<@:0@:4TA!<@:0@:4BA!<@:0@:4ZA!<@:0@:4UA!<@:0@:4OA!<@:0@:4\A!*.)!<@:0@:4

]A! 0%(;%41&/%D2J! M.! 1$%!@GE!10*4%(!#=!*DD! 1$%!;0#):41(A! 1$%!>#.#>#)*D!%D:1&#.!;%*,!K&1$!*!.*00#K!\!K*(!

>*&.1*&.%)!%/%.!*=1%0! 1$%!0%*41&#.!UF&H:0%!dJ7<WJ!M>;#01*.1D2A! 1$%!@GE!10*4%(!#=!<@:0@:4]!($&=1%)!1#!1$%!

$&H$%0!>#D%4:D*0!K%&H$1!0%H&#.!*(!4#>;*0%)!1#!1$*1!#=!1$%!#0&H&.*D!<@:0@:A!(:HH%(1&.H!1$%!=#0>*1&#.!#=!1$%!

10&<D#4,!1%0;#D2>%0A!7>/>A!?@V#V?33CV#V?G[J!9$%!7+!S3O!(;%410*!#=!1$%!;0#):41(!($#K%)!1$*1!1$%!(&H.*D(!

):%! 1#! 1$%!)V1%0>&.*D!;0#1#.(!#=! 1$%!>*&.!4$*&.(!K%0%!($&=1%)!*=1%0! 1$%!0%*41&#.A!(:;;#01&.H! 1$%! 1%0>&.*DV

(%D%41&/&12!UF&H:0%!dJIWJ!M.!*))&1&#.A!1$%!(&H.*D(!):%!1#!1$%!.%KD2V=#0>%)!%(1%0!>#&%1&%(!K%0%!*D(#!#<(%0/%)J!

9$%!8)(!/*D:%!=#0!1$%!;0#):41(!K*(!)%1%0>&.%)!1#!<%!I5j88x!<*(%)!#.!1$%!%.)!H0#:;!*.*D2(&(!#=!1$%!7+!S3O!

(;%410*!U9*<D%!dJ5WJ!9$:(A!1$%!10*.(%(1%0&=&4*1&#.!:(&.H!1&1*.&:>!*D,#L&)%(!4*.!<%!*;;D&%)!1#!1$%!?@V#V?33C!

(2(1%>(!K&1$!1$%!/*0&#:(!*D4#$#D(J!M>;#01*.1D2A!1$%!10*.(%(1%0&=&4*1&#.(!K&1$!IV*f&)#V7V$%L*.#D!%.)#K%)!?@V
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:,&0%F%$/&6$/E!@;:AA!GIA!h5h8jh58gJ!



*+,73]Y35!O63&.7%3,$7a,.7%3!X7.+!,!J,&&+,075/!8%0!1L!3F!:7&0%-+,E/!J/-,0,.7%3V! !
l*$,EE7&,$m!CJ]#]C::A!B/0E6E!CJ]#]C::A]J,&&+,075/!

! 7dd!

7hJ! 3&.%$*0*A!+JX!?&1%1A!̂ J!3JX!"&>A!@JX!k$*A!OJ!+JX!3%&N%0A!GJ!mJX!+*K,%0A!EJ!̀ J!P0*.4$%)!PD#4,!E#;#D2>%0(!

=#0!9:.&.H!#=!3#0;$#D#H2!*.)!F%*1:0%!@&f%!&.!9$&.!F&D>!S*.#D&1$#H0*;$2J!:,&0%F%$/&6$/E!@;:IA!GTA!

5d7hj5d5IJ!

78J! [##)=%DD#KA!PJ!mJX!':A!'JX!P#(#2A!EJ!CJX!@>&DH&%(A!BJ!3JX!"#0H%DA!PJ!CJ!9$%!O#D%!#=!^&H*.)!?*4,&.H!

F0:(10*1&#.!&.!P#)2VE%.1%0%)!E:<&4!U<44W!@:;%0D*11&4%(!#=!E#DD#&)*D!S*.#402(1*D(J!M>!C+DE>!*+/F>!S/..>!

@;:HA!IA!5c6Ij5c75J!

56J! @&.1:0%DA!EJX![0#((#A!BJX!P#:)#1A!3JX!C>%.&1(4$A!+JX!+&DD>2%0A!3J!CJX!?&.%*:A!CJX!R*2%0A!3J!@10:41:0*D!

90*.(&1&#.(! &.! C(2>>%10&4! ?#D2U(120%.%WV#$%&'V?#D2UD*41&)%W! 9$&.! F&D>(! M.):4%)! <2! @#D/%.1! R*;#0!

GL;#(:0%J!A*J!A--$>!:,./0>!43./08,&/E!@;:CA!IA!757cIj757g5J!

57J! ]/%&(&A!+JX!@:f:,&A!SJX!S%>#1#A!'JX!@0&.&/*(:A!?JX!P%&1#DD*$&A!CJX!'*>*:4$&A!'J!E0&1&4*D!%==%41!#=!*H&.H!

4#.)&1&#.! #.! >%(#(10:41:0*D! #0)%0&.H! &.! >%(#;#0#:(! 1&1*.&*! 1$&.! =&D>J! @+73! J%$75! O7$FE! @;:;A! N1RA!

Ie7cjIe78J!

!
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*+,-./0!N!

! 7dI!

M.!1$&(!)&((%01*1&#.A!1$%!*:1$#0!;0#;#(%)!1$%!%(1%0V*>&)%!%L4$*.H%!0%*41&#.!*.)!1%0>&.*DV(%D%41&/%!

10*.(%(1%0&=&4*1&#.! *(! =*4&D%! *.)! %==&4&%.1! ;#(1;#D2>%0&f*1&#.!>#)&=&4*1&#.! (10*1%H&%(! #=! ;#D2(120%.%V#$%&'V

;#D2U>%1$2D! >%1$*402D*1%W! U?@V#V?33CW! 1#! %.*<D%! 1$%! >&40#;$*(%! (%;*0*1&#.! K&1$! *! (:<V56V.>V(4*D%!

)#>*&.!(;*4&.HJ!9$%!%(1%0V*>&)%!%L4$*.H%!0%*41&#.!K*(!:1&D&f%)!1#!4#./%01!*!1&.2!*>#:.1!#=!1$%!>%1$*402D*1%(!

&.!1$%!?33C!<D#4,!&.1#!1$%!>%1$*402D*>&)%!:.&1(J!9$%!1%0>&.*DV(%D%41&/%!10*.(%(1%0&=&4*1&#.!K*(!;%0=#0>%)!

1#!&.4#0;#0*1%!/*0&#:(!=:.41&#.*D!H0#:;(!&.1#!1$%!)V4$*&.!%.)!#=!1$%!?@V#V?33CJ!9$%(%!;#(1;#D2>%0&f*1&#.!

>#)&=&4*1&#.(!;0#):4%)!*!(%0&%(!#=!?@V#V?33C(!K&1$!)&==%0%.1!(&)%V4$*&.!*.)!4$*&.V%.)!(10:41:0%(!K&1$#:1!

*.2!4$*.H%!&.!1$%!)%H0%%!#=!;#D2>%0&f*1&#.!*.)!)&(;%0(&12A!*DD#K&.H!#.%!1#!%L10*41!1$%!;:0%!%==%41!#=!1$%(%!

(10:41:0%(!#.!1$%!>&40#;$*(%V(%;*0*1&#.!<%$*/&#0(J!C!(:>>*02!#=!1$%!&>;#01*.1!*4$&%/%>%.1(!*.)!=&.)&.H(!

&.!1$%!;0%(%.1!(1:)2!&(!*(!=#DD#K(n!

!

*+,-./0!P!lYE./0]AF75/!Y^&+,3H/!=/,&.7%3!%8!C%$DE.D0/3/]#$%&']C%$D_F/.+D$!F/.+,&0D$,./`!8%0!A&+7/B73H!

J6#]1L!3F!O/,.60/!J7a/m!

9$%! (2.1$%(%(! #=! 1$%!?@V#V?33C!)%0&/*1&/%(! $*/&.H! *! (%0&%(! #=!>%1$*402D*>&)%! :.&1(! &.! 1$%!

?33C!<D#4,(!K%0%!*4$&%/%)!<2!1$%!%(1%0V*>&)%!%L4$*.H%!0%*41&#.(!#=!?@V#V?33C!:(&.H!/*0&#:(!*>&.%(J!

@:4$!?@V#V?33C!)%0&/*1&/%(! (:44%((=:DD2! =#0>%)!>&40#;$*(%V(%;*0*1%)! (10:41:0%(!K&1$! %L10%>%D2! (>*DD!

)#>*&.!(;*4&.H(!:.*4$&%/*<D%!<2!1$%!<*0%!?@V#V?33C!<%4*:(%!#=!1$%!;0%(%.4%!#=!*!1&.2!*>#:.1!#=!1$%!*>&)%!

;0#1#.(! *(! K%DD! *(! $2)0#L2! H0#:;(J!CD1$#:H$! (%/%0*D! 0%(%*04$%0(! )%(&H.%)! 1$%! <D#4,! 4#;#D2>%0! UPE?W!

(2(1%>(! %.*<D&.H! 1$%! =#0>*1&#.! #=! 1$%! %L10%>%D2! (>*DD! >&40#;$*(%V(%;*0*1%)! (10:41:0%(! <2! :(&.H! $&H$D2!

$2)0#;$#<&4!#0!$2)0#;$&D&4!(%H>%.1(A!1$%(%!PE?(!(:==%0!=0#>!;0*41&4*D!)&(*)/*.1*H%(A!(:4$!*(!4#>;D&4*1%)!

(2.1$%1&4!0#:1%(!*.)!$&H$!4#(1!#=!1$%!>#.#>%0(J!9$%!(&)%V4$*&.!>#)&=&4*1&#.!(10*1%H2!;0#;#(%)!&.!1$&(!4$*;1%0!

&(!*!=*4&D%!*.)!%==&4&%.1!K*2!1#!;0%;*0%!PE?!(2(1%>(!$*/&.H!*!(10#.H!&.4#>;*1&<&D&12!=0#>!0%*)&D2!*/*&D*<D%!

PE?A!&J%JA!?@V#V?33CJ!M.!*))&1&#.A!1$%!;0%;*0%)!?@V#V?33C!)%0&/*1&/%(!4*.!<%!*;;D&%)!1#!1$%!%(1*<D&($%)!

(1*.)*0)!.*.#=*<0&4*1&#.!;0#4%((!:(%)!=#0!1$%!<*0%!?@V#V?33CA!1$:(!)%>#.(10*1&.H!1$%&0!;0*41&4*D!:1&D&12J!

!

!

!



*%3&$6E7%3E!

! 7de!

*+,-./0!K!@/0F73,$]E/$/&.7B/!@0,3E/E./0787&,.7%3!%8!C%$DE.D0/3/]#$%&']C%$D_F/.+D$!F/.+,&0D$,./`!8%0!*+,73!

Y35!:%5787&,.7%3!

9$%!4$*&.V%.)!>#)&=&4*1&#.(!#=!1$%!?33C!*.)!?@V#V?33C!K%0%!*44#>;D&($%)!<2!1$%!1%0>&.*DV

(%D%41&/%!10*.(%(1%0&=&4*1&#.J!9$%!1%0>&.*D!>%1$*402D*1%!:.&1!&.!?33C!*.)!?@V#V?33C!K*(!(%D%41&/%D2!*.)!

%==&4&%.1D2!10*.(%(1%0&=&%)!&.!1$%!;0%(%.4%!#=!1$%!*D4#$#D(!*.)!1$%!4#00%(;#.)&.H!1&1*.&:>!*D,#L&)%(J!M.!1$&(!

0%*41&#.!(2(1%>A!/*0&#:(!*D4#$#D(!$*/&.H!$2)0#;$#<&4A!$2)0#;$&D&4A!*.)!0%*41&/%!=:.41&#.*D!H0#:;(!4*.!<%!

:(%)!1#!(2.1$%(&f%!*!(%0&%(!#=!4$*&.V%.)!=:.41&#.*D&f%)!?33C(!*.)!?@V#V?33C(J!9$%!&.4#0;#0*1&#.!#=!1$%!

0%*41&/%!=:.41&#.*D!H0#:;(!&.1#!1$%!;#D2>%0!4$*&.!%.)!#=!1$%!:.D&/&.H!;#D2>%0!&(!(&H.&=&4*.1D2!&>;#01*.1!=0#>!

1$%!;#D2>%0!(2.1$%(&(!;#&.1!#=!/&%K!<%4*:(%!&1!*DD#K(!;#D2>%0(!1#!:.)%0H#!*!=:01$%0!4$*&.V%.)!>#)&=&4*1&#.J!

M.! *))&1&#.A! 1$%! *:1$#0! =#:.)! 1$*1! 1$%! $2)0#L2V=:.41&#.*D&f%)! ;#D2>%0(A! 7>/>A! 1$%! ;#D2U%1$2D%.%! HD24#DW!

>#.#>%1$2D! %1$%0A! 4*.! *D(#!<%! *;;D&%)! 1#! 1$%! 0%*41&#.! (2(1%>! 1#! &.4#0;#0*1%! *!;#D2>%0! (%H>%.1! &.1#! 1$%!

?33CV4$*&.!%.)J!9$%!4$*&.V%.)!>#)&=&4*1&#.!(10*1%H2!%(1*<D&($%)!&.!1$&(!4$*;1%0!;0#/&)%(!*!K&)%!*00*2!#=!

PE?!(2(1%>(!K&1$!/*0&#:(!4$*&.V%.)!(10:41:0%(!*.)!:(%)!*(!*!.#/%D!(2.1$%1&4!*;;0#*4$!=#0!1$%!?33CV<*(%)!

PE?(J!M.!*))&1&#.A!1$&(!(10*1%H2!%.*<D%(!1$%!&./%(1&H*1&#.!#=!1$%!;:0%!%==%41!#=!1$%!4$*&.V%.)!(10:41:0%!#.!1$%!

>&40#;$*(%V(%;*0*1&#.!<%$*/&#0(J!

!

*+,-./0!G!*+,73]Y35!O63&.7%3,$7a,.7%3!X7.+!,!J,&&+,075/!8%0!1L]3F!:7&0%-+,E/!J/-,0,.7%3V!l*$,EE7&,$m!

CJ]#]C::A!B/0E6E!CJ]#]C::A]J,&&+,075/!

C!(%0&%(!#=!?@V#V?33C(!$*/&.H!*.!#D&H#(*44$*0&)%!*1!1$%!?33CV4$*&.!%.)!K*(!(2.1$%(&f%)!<2!

1$%!1%0>&.*DV(%D%41&/%!10*.(%(1%0&=&4*1&#.!K&1$!1$%!*f&)#V=:.41&#.*D&f%)!*D4#$#D!=#DD#K%)!<2!1$%!4D&4,!0%*41&#.!

:(&.H! 1$%! %1$2.2DV=:.41&#.*D&f%)! #D&H#(*44$*0&)%(J! 9$&(! .#/%D! PE?! )%(&H.! 1$*1! &.4#0;#0*1%(! 1$%!

#D&H#(*44$*0&)%! &.1#! 1$%!?33CV4$*&.!%.)! &.):4%(! 1$%!>&40#;$*(%!(%;*0*1&#.!%/%.! &.! 1$%! D#KV>#D%4:D*0V

K%&H$1!0%H&#.A!;0#):4&.H!%L10%>%D2!(>*DD!.*.#(10:41:0%(J!9$%!(10#.H!*HH0%H*1&#.!#=!1$%!#D&H#(*44$*0&)%!*1!

1$%! 4$*&.! %.)! (&H.&=&4*.1D2! *==%41(! 1$%! >&40#;$*(%V(%;*0*1&#.! <%$*/&#0! #=! ?@V#V?33CA! %.*<D&.H! 1$%!

>#0;$#D#H&4*D!=&.%V1:.&.HJ!9$%!;0#;#(%)!4$*&.V%.)!>#)&=&4*1&#.!:(&.H!*.!#D&H#(*44$*0&)%!&(!*!;#K%0=:D!1##D!

1#! =*<0&4*1%! 1$%! >&40#;$*(%V(%;*0*1%)! (10:41:0%(! K&1$! *! 76V.>V(4*D%! )#>*&.! (;*4&.H! =0#>! 1$%! 0%*)&D2V

*/*&D*<D%!?@V#V?33CJ!



*+,-./0!N!

! 7dh!

M.!4#.4D:(&#.A!1$%!*:1$#0!%(1*<D&($%)!1$%!;#(1;#D2>%0&f*1&#.!>#)&=&4*1&#.!(10*1%H&%(!%.*<D&.H!1$%!

?@V#V?33C! 1#! =#0>! >&40#;$*(%V(%;*0*1%)! (10:41:0%(! K&1$! *! 76V.>V(4*D%! )#>*&.! (;*4&.HJ!9$%! =&.)&.H(!

#<1*&.%)! &.! 1$%! ;0%(%.1! (1:)2! ;0#/&)%! *.! &.(&H$1! &.1#! 1$%! PE?! )%(&H.! =#0! &.40%*(&.H! 1$%! &.4#>;*1&<&D&12!

<%1K%%.! 1$%! <D#4,(! K$&D%! ,%%;&.H! 1$%! #0&H&.*D! ;#D2>%0! <*4,<#.%(J! G(;%4&*DD2A! 1$%! &.4#0;#0*1&#.! #=! 1$%!

$2)0#;$&D&4!>#&%1&%(!&.1#!1$%!(&)%!4$*&.!*.)!4$*&.!%.)!#=!1$%!?33C!<D#4,!K*(!;0#/%)!1#!<%!*!;#K%0=:D!1##D!

=#0! &.40%*(&.H! 1$%! &.4#>;*1&<&D&12! <%1K%%.! 1$%! <D#4,(A! D%*)&.H! 1#! 1$%! >&40#;$*(%! (%;*0*1&#.! &.! 1$%! D#KV

>#D%4:D*0VK%&H$1V0%H&#.J!9$%! ?@V#V?33C! )%0&/*1&/%(! ;0%;*0%)! &.! 1$&(! )&((%01*1&#.! *0%! *>%.*<D%! 1#! 1$%!

%(1*<D&($%)!.*.#=*<0&4*1&#.!;0#4%((!:(&.H! 1$%!<*0%!?@V#V?33C!<%4*:(%! 1$%2! 0%1*&.! 1$%!#0&H&.*D!;#D2>%0!

<*4,<#.%J! 9$%0%=#0%A! 1$%! *:1$#0! <%D&%/%(! 1$*1! 1$%! 0%(:D1(! #<1*&.%)! =0#>! 1$%! ;0%(%.1! (1:)2! #==%0! *! <%11%0!

H:&)*.4%! 1#! 1$%!=*<0&4*1&#.!#=! 1$%!%L10%>%D2!(>*DD!.*.#(10:41:0%(!=0#>!1$%! &.):(10&*DD2V:(%=:D!PE?A!?@V#V

?33CA!K$&4$!D%*)(!1#!=:01$%0!)%/%D#;>%.1!#=!1$%!.*.#1%4$.#D#H&%(!<*(%)!#.!1$%!PE?!>&40#;$*(%!(%;*0*1&#.J!


