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!"!"

!"

!"

#$

!"!#"!$%!&

'"!$%!&

(!)%#"!$%!&

*+,-./

,0123

,0145

,0145

,0143

,0143

,0136

,0132

,7108

5109

9127

9127

,9185

,9185

,3187

,531:5

,3187

,55164

,3125,3125

,61:8
,6103

,6138

,6135

,61:8
,6103

,6138

,8142

,91:0,91:0

,9140

,9142,9142

!

%&
!!!!!!!

'()

'(* '(+
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! )"

Q#! ,*0&*! $,! &2;@,*&! $%&! =$*&#B$%! ,/! $%&! '#"1! "! F"=! 3R(BN! \95! O&! (#E&=$(B)$&0! $%&!

0&;&#0&#?&!,/! $%&!'#4"1!P,#0! @&#B$%!O($%! *&=;&?$! $,! ?%)#B&=! (#! $%&!'#l"l1!)#B@&N!C%*&&!

=;&?(/(?!'#"1!?)=&=!O&*&!?%,=&#V!<&"15!Y8"15!)#0!oP"1N!C%&!P,#0!@&#B$%=!O&*&!*&@)2&0!O%(@&!

?,#=$*)(#(#B!$%&!'#l"l1!)#B@&!$,!\XGNHq!)#0!\SXqN!C)P@&!S!=%,O=!$%&!*&=8@$=!,/!$%&=&!?)@?8@)$(,#=N!

R,*!$%&=&!$%*&&!=;&?(/(?!@)#$%)#(0&!%.0*,2(0&=5!$%&!P,#0!@&#B$%!0&?*&)=&=!)=!$%&!)#B@&!(#?*&)=&=!

/*,-!\XGq!$,!$%&!&[8(@(P*(8-!E)@8&!,/!\`XqN!C%(=!(#0(?)$&=!$%)$!)=!$%&!P,#0!)#B@&!*&@)2&=!$,O)*0=!

$%&! @(#&)*! -(#(-8-! &#&*B.! B&,-&$*.5! $%&! =8-! ,/! $%&! ?,E)@&#$! *)0((! ,/! $%&! )$,-=! 0&?*&)=&N!

R,@@,O(#B!b..MM,5^X7^S!O&!(#$&*;*&$!)!0&?*&)=&!(#!$%&!)00($(E&!?,E)@&#$!*)0((!)=!)#!(#0(*&?$!-&)=8*&!

,/!)#!(#?*&)=&!(#!P,#0!,*0&*N!C%8=5!$%&!*&=8@$=!,/!C)P@&!S!(#0(?)$&!$%&!P,#0!,*0&*!(#!$%&!,;$(-(T&0!

@(#&)*!=$*8?$8*&=!(=!%(B%&*!$%)#!(#!$%&!P&#$!=$*8?$8*&=N!

$5678.?&.!h)*()$(,#!(#!$%&!P,#0!@&#B$%!,/!=,-&!@)#$%)#(0&=!)$!0(//&*&#$!'#4"41!)#B@&=N!A,#0!

@&#B$%=!)*&!B(E&#!(#!8#($=!,/!L#B=$*,-=N!

K;&?(&=! '#4"1!
A,#0!'&#B$%!
)$!\XGNHq!

'#4"1!
A,#0!'&#B$%!
)$!\SXq!

'#4"1!
A,#0!@&#B$%!
)$!\`Xq!

p:(//&*&#?&!
/*,-!\XGq!

p:(//&*&#?&!
/*,-!\SXq!

<&"1! SN\I`! SN\IS! SNXHH! IN``! IN_\!
Y8"1! SN\HI! SN\JI! SNX`J! INSX! SN^H!
oP"1! SNX^J_! SNX_J_! SNX\G! SN_`! SNS\!
!

L=! -&#$(,#&0! )P,E&5! $%&! @)#$%)#(0&7%.0*,2(0&! @(#&)*! B&,-&$*.! )@=,! ?,8@0! P&! 08&! $,!

&@&?$*,=$)$(?!?%)*B&70(;,@&!(#$&*)?$(,#=N!C,!&2;@,*&!$%(=!;,==(P(@($.5!O&!?,-;)*&0!,;$(-(T&0!'#4

"1!P,#0!@&#B$%=!O($%!=8-=!,/!'#c!)#0!"1l!(,#(?!*)0((N^I!L#!(0&)@!(,#(?!P,#0!@&#B$%!(=!$%&!=8-!,/!

(,#(?!*)0((!,/!$%&!$O,!(,#=5!)#0!$%(=!E)@8&!(=!&2;&?$&0!$,!P&!);;*&?()P@.!@)*B&*!$%)#!$%&!)==,?()$&0!

?,E)@&#$!P,#0!@&#B$%N!R,*!$%&!@)#$%)#(0&!(,#(?!*)0((5!O%&*&!-8@$(;@&!*)0((!)*&!*&;,*$&05!O&!?,#=(0&*!

$%&! =-)@@&=$! (,#(?! *)0((! /,*! &)?%! @)#$%)#(0&! B(E&#! P.! K%)##,#N^J! C%&! *&;,*$&0! (,#(?! *)0((! P.!
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! *"

K%)##,#!?,**&=;,#0!$,!%(B%&*!,2(0)$(,#!=$)$&=!3cS5!cI5!)#0!cJ9!,/!$%&!=$80(&0!@)#$%)#(0&=N!]%(@&!

$%&!*&[8(*&0!'#c!)#0!"1l!)*&!-(==(#B5!O&!?)#!&=$(-)$&!$%&(*!E)@8&=!P.!?,#=(0&*(#B!?%)#B&=!(#!(,#(?!

*)0((!,/!(,#=!)=!$%&(*!,2(0)$(,#!=$)$&=!)#0!?,,*0(#)$(,#!#8-P&*=!?%)#B&N!L!0&$)(@&0!0&=?*(;$(,#!,/!

$%&!0&$&*-(#)$(,#!,/!$%&!;*,;&*!E)@8&=!,/!(,#(?!*)0((!/,*!'#c!)#0!"17!(=!;*,E(0&0!(#!$%&!=8;;,*$(#B!

(#/,*-)$(,#N!C)P@&!I!B(E&=!&//&?$(E&! (,#(?! *)0((! )#0!,;$(-(T&0!P,#0! @&#B$%=!B(E&#!P.!,8*!:RC!

?)@?8@)$(,#=!/,*!$%&!'#"1!=&*(&=N!Q#!)@@!?)=&=5!$%&!,;$(-(T&0!P,#0!@&#B$%=!)*&!-8?%!=%,*$&*!$%)#!

$%&!?,**&=;,#0(#B!3(0&)@9!'#"1!(,#(?!P,#0!@&#B$%N!C%&=&!*&=8@$=!=8BB&=$!'#4"1!P,#0(#B!(=!#,$!

;*&0,-(#)#$@.!(,#(?!(#!#)$8*&N!

$5678.@N!<,-;)*(=,#!,/!$%&!(,#(?!*)0((!O($%!$%&!,;$(-(T&0!P,#0!@&#B$%=!/,*!'#4"1N!:(=$)#?&=!

)*&!B(E&#!(#!8#($=!,/!L#B=$*,-=N!

K;&?(&=! a3'#c9! a3"179!
a3'#c9!
ca3"179!

A,#0!
'&#B$%!

p:(//&*&#?&!

')"1! XN``! \NI\! SN\G! SNXJ! ^N\I!

<&"1! XN`_! \NI\! SN\^! SNXH! HN^`!

b*"1! XN`J! \NI\! SN\H! SNXH! JNGH!

i0"1! XN`J! \NI\! SN\H! SNX\! _N^J!

b-"1! XN`S! \NI\! SN\I! SNXI! HN\H!

K-"1! XN`\! \NI\! SN\S! SNXG! \N_J!

Y8"1! XN`X! \NI\! SN\\! SNX`! \N_`!

+0"1! XN^G! \NI\! SN\X! \NG_! ^NIG!

CP"1! XN^`! \NI\! SNXG! SNX\! JNS\!

:."1! XN^`! \NI\! SNXG! SNX_! \NSS!

1,"1! XN^^! \NI\! SNX`! SNXH! \NS_!

Y*"1! XN^_! \NI\! SNX^! SNXJ! \NIX!

C-"1! XN^H! \NI\! SNX_! SNXI! \NI`!

oP"1! XN^J! \NI\! SNXH! SNXS! \NI`!

'8"1! XN^I! \NI\! SNXJ! \NGX! ^NJ^!

!

!
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! +"

C,!-,*&!/8@@.![8)#$(/.!$%&!(,#(?!?%)*)?$&*!,/!$%&!'#7"1!P,#05!O&!?)@?8@)$&0!$%&!;&*?&#$!

(,#(?!?%)*)?$&*!,/!$%&!P,#0!/,*!&)?%!-&-P&*!(#!$%&!=&*(&=N^I!K;&?(/(?)@@.5!0(;,@&!-,-&#$=!&E)@8)$&0!

)=!;)*$!,/!,8*!:RC!?)@?8@)$(,#=!%)E&!P&&#!?,-;)*&0!O($%!0(;,@&=!&E)@8)$&0!?@)==(?)@@.!P&$O&&#!

'#!?)$(,#=!)#0!$%&!%.0*,2(0&!)#(,#N!R,*!;8*&@.!(,#(?!=.=$&-=5!,#&!O,8@0!&2;&?$!$%&!(,#=!$,!P&!'#c!

)#0!"1lN!

$5678.A&.<,-;)*(=,#!,/!$%&!0(;,@&!-,-&#$=!,/!(0&)@!(,#(?!'#"1!)#0!,;$(-(T&0!=;&?(&=N!:(;,@&=!
)*&!B(E&#!(#!8#($=!,/!:&P.&N!
<1*67*#! =">6?>"4*3%@/$3%

)*$A4.!
=">6?>"4*3%B71/>*%

+/0*$4%:BC-D!
E3*">7F*3%B71/>*%

+/0*$4%:5>"6*3%"4%GD!
5*&6*$4%E/$76%

=."&"64*&!
)"G!! SNXJ! XNXJ! GN^_! XNJ!

=*G!! SNXH! XN^J! GN`\! ^NH!

5&G!! SNXH! XN`^! GN^^! `NG!

H3G!! SNX\! \NXH! GN_S! \XNG!

50G!! SNXI! \N\H! GN_`! \\NG!

<0G!! SNXG! \NSJ! GNG^! \SNJ!

I?G!! SNX`! \NJS! GNGH! \JNI!

J3G!! \NG_! XNH\! GNIG! HNJ!

-'G!! SNX\! XN_X! GN_\! _NS!

BKG!! SNX_! \NIG! GN`S! \JN\!

!/G!! SNXH! \NHS! GN^G! \HNH!

I&G!! SNXJ! \NH\! GN^I! \HNH!

-0G!! SNXI! \N_X! GN_G! \_NH!

L'G!! SNXS! \N__! GN_J! \^NS!

)?G!! \NG! XNJ^! GNXH! HNS!
!
!

L=!=%,O#!(#!C)P@&!J5!$%&!(,#(?!?%)*)?$&*!,/!$%&!'#l3"19!P,#0!E)*(&=!O($%!$%&!@)#$%)#(0&N!

R,*!')"15!O%(?%!%)=!T&*,!/!,*P($)@!;,;8@)$(,#5!$%&!(,#(?!?%)*)?$&*!,/!$%&!-&$)@7%.0*,2(0&!P,#0!(=!

&==&#$()@@.! T&*,5! =8BB&=$(#B! $%&!-&$)@7%.0*,2(0&!P,#0! (=!;8*&@.! ?,E)@&#$N!C%&!-&$)@7%.0*,2(0&!

(,#(?!P,#0!?%)*)?$&*!/,*!$%&!*&=$!,/!$%&!=&*(&=!E)*(&=!/*,-!Hp!)$!'8"1!$,!\^p!)$!oP"1N!K$&;;(#B!

)?*,==!$%&!;&*(,0!/*,-!<&!$,!Y85!O($%!)!%)@/7/(@@&0!/!=%&@@5!$%&!(,#(?!?%)*)?$&*!,/!$%(=!P,#0!(#?*&)=&=N!

L#,$%&*!;&*(,0(?!$*&#0!,/!(#?*&)=(#B!(,#(?!?%)*)?$&*!(=!)@=,!,P=&*E&0!)=!,#&!-,E&=!)?*,==!$%&!=&*(&=!
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! !,"

/*,-!+0!$,!oPN!C%&=&!$*&#0=!-).!P&!8#0&*=$,,0!P.!?,#=(0&*(#B!$%&!,??8;)$(,#!,/!/7P)=&0!#,#7

P,#0(#B!F"=N!Q#!)00($(,#5!$%&!?@)==(?)@!(0&)@(T&0!0(;,@&!-,-&#$!O)=!?)@?8@)$&0!)$!$O,!,$%&*!?)=&=!

3=%,O#!(#!C)P@&!J9N!K;&?(/(?)@@.5!(#!,#&!?)=&!$%&!?&#$&*!,/!$%&!"1!0(;,@&!/*)B-&#$!O)=!$)M&#!$,!P&!

)$!$%&!-(0;,(#$!,/!$%&!"l1!P,#0!)#0!(#!$%&!,$%&*!?)=&!$%&!?%)*B&!?&#$&*!O)=!;@)?&0!)$!$%&!%.0*,B&#!

#8?@&8=N!Q#!P,$%!?)=&=5!$%&!?)@?8@)$&0!0(;,@&!-,-&#$!O)=!@)*B&*!$%)#!$%&!0(;,@&!-,-&#$!,P$)(#&0!

/*,-!:RC!?)@?8@)$(,#=N!C%&!0(;,@&!-,-&#$=!*&=8@$(#B!/*,-!$%&=&!)00($(,#)@!?)=&=!)@=,!*&=8@$&0!(#!

)!=-)@@!;&*?&#$!(,#(?!?%)*)?$&*!3=&&!K8;;,*$(#B!Q#/,*-)$(,#9N!

C,!?,#=(0&*!$%&!&2$&#$!,/!'#l3"19!P,#0!?,E)@&#?.5!O&!;&*/,*-&0!)!/*)B-&#$!P)=&0!,*P($)@!

;&*$8*P)$(,#!=$80.!P)=&0!,#!$%&!i)$8*)@!A,#0(#B!"*P($)@!3iA"9!-,0&@N^H!K;&?(/(?)@@.5!$%&!-&$)@!

?&#$&*! 3(#! $%&! c\! ,2(0)$(,#! =$)$&9! )#0! %.0*,2(0&! @(B)#0! 3l\! ?%)*B&9! O&*&! 0&/(#&0! )=! =&;)*)$&!

/*)B-&#$=!/,*!$%&!iA"!/*)B-&#$!,*P($)@!=&?,#07,*0&*!;&*$8*P)$(,#!-,0&@N!C)P@&!H!*&;,*$=!iA"!

P)=&0! =&?,#07,*0&*! ;&*$8*P)$(,#! =$)P(@(T)$(,#! &#&*B(&=! )*(=(#B! /*,-! (#$&*7/*)B-&#$! ,??8;(&07

8#,??8;(&0!(#$&*)?$(,#=N_^7_G5!^H!L=!=&&#!(#!$%&!F"!0()B*)-!0(=?8==&0!)P,E&!3R(BN!\95!$%&!'#"1!

=&*(&=!=%,O=!P,$%!!!)#0!f!P,#0(#B!(#$&*)?$(,#=N!C%&!iA"!)#)@.=(=!3R(BN!S!)#0!C)P@&!H9!=8;;,*$=!

$%(=!?%)*)?$&*(T)$(,#N!Q#0&&05!$%&!iA"!=$80.!(#0(?)$&=!$%)$!$%&!!!P,#0!(=!/,*-&0!/*,-!%.0*,2(0&!

@,#&!;)(*!0,#)$(,#!(#$,!$%&!&-;$.!@)#$%)#(0&!H0FSN!Q#!$%&!=&?,#07,*0&*!$*&)$-&#$!,/!$%&!-,0&@!$%&!

=$)P(@(T)$(,#!&#&*B(&=!/*,-!$%(=!P,#0(#B!(#$&*)?$(,#!)*&!\\NS7SHNJ!M?)@m-,@N!C%&!iA"!)#)@.=(=!)@=,!

=%,O=! $O,! =(B#(/(?)#$! (#$&*)?$(,#=! ?,**&=;,#0(#B! $,! f! P,#0(#B! P&$O&&#! $%&! @)#$%)#(0&=! )#0!

%.0*,2(0&!@(B)#0N!K8?%!(#$&*)?$(,#=!*&=8@$!/*,-!@)#$%)#(0&!H02T!)#0!H0.T!,*P($)@=!(#$&*)?$(#B!O($%!

%.0*,2(0&!S;2!)#0!S;.!,*P($)@=N!C%&!?)@?8@)$&0!=$)P(@(T)$(,#!&#&*B(&=!08&!$,!$%&=&!f!(#$&*)?$(,#=!

*)#B&!/*,-!_NX!$,!\\NX!M?)@m-,@N!

C%&!!!)#0!f!=$)P(@(T)$(,#!&#&*B(&=!(#?*&)=&!O($%!0&?&)=(#B!'#4"1!P,#0!@&#B$%=!3C)P@&!

\9N!1,O&E&*5!*)$%&*!$%)#!)!=(#B@&!;&*(,0(?!$*&#0!P&(#B!,P=&*E&0!)=!,#&!-,E&=!)?*,==!$%&!'#!=&*(&=5!
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! !!"

,8*!*&=8@$=!=%,O!P(-,0)@!P&%)E(,*N!F,E(#B!)?*,==!$%&!=&*(&=!/*,-!<&!$,!Y85!*&=8@$=!(#!0&?*&)=(#B!

=$)P(@(T)$(,#!&#&*B(&=N!L!=&?,#0!0&?*&)=(#B!$*&#0!P&B(#=!)$!+0!)#0!?,#$(#8&=!$,!oPN!A,$%!')!)#0!

'85! $%&! $O,! &2$*&-&=! ,/! $%&! @)#$%)#(0&! =&*(&=5! )*&! ,8$@(&*=N! K(-(@)*! $,! $%&! 0(=?8==(,#! )P,E&!

*&B)*0(#B! $%&! (,#(?! ?%)*)?$&*! ,/! '#l3"19! P,#0=5! <&7Y8m+07oP! $*&#0=! ?)#! P&! 8#0&*=$,,0! P.!

?,#=(0&*(#B! _=H0J/! ,??8;)$(,#=N! C)P@&! H! (#?@80&=! $%&! M#,O#! &@&?$*,#! ?,#/(B8*)$(,#=! /,*! $%&!

@)#$%)#(0&! -&$)@=! 3(#! ,2(0)$(,#! =$)$&! Q9N! C%&! (#?*&)=&! (#! /! ,*P($)@! ,??8;)$(,#! /*,-! <&! $,! Y8!

?,**&=;,#0=!$,!$%&!,P=&*E&0!0&?*&)=&!(#!iA"!=$)P(@(T)$(,#!&#&*B(&=!/,*!P,$%!!!)#0!f!P,#0=N!+,(#B!

/*,-!Y8!$,!+05! $%&!(#?*&)=&!(#!=$)P(@(T)$(,#!&#&*B(&=! (=!08&!$,!,??8;)$(,#!,/! $%&!+0!H0!,*P($)@5!

O%(?%! (=!#,$!?,--,#!)-,#B! $%&!=&*(&=! 3&2?&;$! /,*!')!)#0!<&9N!K$)P(@(T)$(,#!&#&*B.!0&?*&)=&=!

)B)(#!$,!)*,8#0!\\!M?)@m-,@!/,*!$%&!=&*(&=!:.7oPN!

$5678.BN!K$)P(@(T)$(,#!&#&*B(&=!/*,-!i)$8*)@!A,#0!"*P($)@!)#)@.=(=!3iA"9!)@,#B!O($%!$%&!
-,@&?8@)*!$&*-!=.-P,@=!)#0!$%&!,*P($)@!,??8;)$(,#!,/!&)?%!=;&?(&=!

K;&?(&=! !!3'#4"19!
iA"!

=$)P(@(T)$(,#!
&#&*B.!
3M?)@m-,@9!

f!3'#4"19!
iA"!

=$)P(@(T)$(,#!
&#&*B(&=!
3M?)@m-,@9!

F,@&?8@)*!
C&*-!K.-P,@!

"*P($)@!
"??8;)$(,#!

'#3Q9!&@&?$*,#!
?,#/(B8*)$(,#!

')"1! SIN`! \XNJ! \XNJ! \
#
c! J/X!_=S! rs&t!H0S!

<&"1! \`NI! GNI! GNI! J1! J/\!_=\!H0\! rs&t!J/\!H0S!
b*"1! \^NX! GNS! GNS! HW! J/S!_=\!H0\! rs&t!J/I!_=\!

i0"1! \`NS! \XNS! `N^! _'! J/I!_=\!H0\! rs&t!J/J!_=\!

b-"1! \^NX! `N`! ^NG! ^'! J/J!_=\!H0\! rs&t!J/H!_=\!

K-"1! \JN_! _N_! _N_! `
$
! J/_!_=\! rs&t!J/_!_=\!

Y8"1! \SNH! _NG! _NG! G
#
7!! J/^!_=\! rs&t!J/^!_=\!

+0"1! \JN\! ^NS! ^NS! `
#
7!! J/^!_=S! rs&t!J/^!H0\!_=\!

CP"1! \JNS! ^N_! ^NI! ^W! J/G!_=\! rs&t!J/G!_=\!

:."1! \\N^! _NJ! _NI! _Q! J/\X!_=\! rs&t!J/\X!_=\!

1,"1! \\N_! _NS! _NS! HQ!! J/\\!_=\! rs&t!J/\\!_=\!

Y*"1! \\NS! _NX! _NX! J1!! J/\S!_=\! rs&t!J/\S!_=\!

C-"1! \\NS! _N\! HN`! I
$!! J/\I!_=\! rs&t!J/\I!_=\!

oP"1! \\NS! _NX! _NX! S
#
7!! J/\J!_=\! rs&t!J/\J!_=\!

'8"1! SHNJ! \\NX! \\NX! \
#
7!! J/\J!_=S! rs&t!J/\J!_=S!

!
!
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! !%"

*&;,*$&0! )! P&#$! <8"1! =$*8?$8*&! O($%! )! <84"41! )#B@&! ,/! \X^7\\Xv! (#! P,$%! )! =,@(0! )#0! )!

-,@&?8@)*!?)@?8@)$(,#!,/!<8"1NJ`!"$%&*!;*&E(,8=!O,*M!)@=,!=8BB&=$!$%)$!T(#?!%.0*,2(0&!&2%(P($=!)!

P&#$! =$*8?$8*&NJG7HX! C%(=! 0(//&*&#?&! (#! P,#0(#B! $*&#0=! P&$O&&#! &)*@.! )#0! @)$&! $*)#=($(,#! -&$)@!

%.0*,2(0&=! (=! 08&! $,! 0(//&*&#?&=! (#! H0! ,??8;)$(,#N! L=! $%&! 07,*P($)@! ,??8;)$(,#! (#?*&)=&=5! f7

0,#)$(,#!/*,-!$%&!%.0*,2(0&!@,#&!;)(*!,*P($)@=!P&?,-&=!@&==!/)E,*)P@&N!

L=!-&#$(,#&05!$%&!'#"1!=;&?(&=!?,#=(0&*&0!(#!$%(=!O,*M!%)E&!P&&#!-,$(E)$&0!P.!*&?&#$!

/8#0)-&#$)@! P,#0(#B! =$80(&=! ,#! B)=! ;%)=&! @)#$%)#(0&! -,@&?8@&=! )#0! ?@8=$&*=N! C%&! )#)@.=(=!

;*&=&#$&0!)P,E&!=8BB&=$=!$%)$!(#!$%&!?)=&!,/!-8@$(;@&!%.0*,2.@!)#0!,2,!@(B)#0=!?,,*0(#)$(,#5!,#&!

O,8@0!&2;&?$!)!0(=$,*$(,#!,/!$%&!'#4"41!P,#0!/*,-!($=!@(#&)*!=$*8?$8*&!08&!$,!$%&!(#)??&==(P(@($.!

,/!$%&!@)#$%)#(0&!H0!,*P($)@=N!Q#!*&?&#$!=$80(&=5!<%(?M!w)**,@0!)#0!?,O,*M&*=!;*&=&#$&0!$%&!=$*8?$8*&!

)#0! P,#0(#B! ,/! E)*(,8=! @)#$%)#(0&! ,2(0&=! )#0! %.0*,2(0&=5! =,-&! ,/! O%(?%! (#E,@E&! -8@$(;@&!

@)#$%)#(0&7,2.B&#!P,#0=N\5!\J5!^_7^^!Q#!)B*&&-&#$!O($%!,8*!*&=8@$=5!$%&(*!&2;&*(-&#$)@!;%,$,&@&?$*,#!

=;&?$*,=?,;(?! =$80(&=! )#0! =8;;,*$(#B!:RC! ?)@?8@)$(,#=! %)E&! =%,O#! $%)$!'#3Q9! ?,-;@&2&=! 3&NBN!

Y8"1\9!/)E,*!)!@(#&)*!B&,-&$*.5!O%(@&!@)#$%)#(0&!?,-;@&2&=!O($%!)!%(B%&*!?,,*0(#)$(,#!#8-P&*!

3$O,!,*!-,*&!%.0*,2(0&!@(B)#0=!?,,*0(#)$&0!$,!$%&!@)#$%)#(0&!?&#$&*9!)#0!?,**&=;,#0(#B!%(B%&*!

@)#$%)#(0&!,2(0)$(,#!=$)$&!3cS5!cI5!&$?N9!.(&@0!P&#$!'#4"41!)#B@&=!P&$O&&#!\JX,!)#0!\_X,N\J5!^^!!

!

%+0%41#/+0#.

Q#!$%(=!;);&*5!:RC!?)@?8@)$(,#=!%)E&!P&&#!8=&0!$,!&2;@,*&!$%&!/8#0)-&#$)@!=$*8?$8*&!)#0!

P,#0(#B!,/!@)#$%)#(0&!%.0*,2(0&!?,-;@&2&=N!R,*!)@@!-&-P&*=!,/!$%(=!=&*(&=5!$%&!-(#(-8-!&#&*B.!

=$*8?$8*&!(=!)!@(#&)*N!L#!)#)@.=(=!,/!$%&!?)#,#(?)@!F"=!&=$)P@(=%&=!)!-&$)@7%.0*,2(0&!P,#0!,*0&*!

,/!I5!(#E,@E(#B!,#&!!7!)#0!$O,!"7!P,#0(#B!F"=N!L00($(,#)@!)#)@.=(=!=8BB&=$=!$%)$!$%&!;&*?&#$!(,#(?!

?%)*)?$&*!,/!$%&!P,#0!E)*(&=!O($%!$%&!@)#$%)#(0&!-&$)@N!Q#$&*&=$(#B@.5!$%&!0&B*&&!,/!(,#(?!?%)*)?$&*!

Page 13 of 20 Physical Chemistry Chemical Physics



! !&"

(=!*&@)$(E&@.!=-)@@!(#!)@@!?)=&=!3*)#B(#B!/*,-!x!\p!$,!k\^p9N!L!/*)B-&#$!P)=&0!,*P($)@!;&*$8*P)$(,#!

=$80.!8=(#B! $%&!iA"!-,0&@!O)=!&-;@,.&0! $,!&2)-(#&! $%&!=$*&#B$%!,/!?,E)@&#$!P,#0(#B!(#! $%&!

'#"1!=&*(&=N!Q#!)B*&&-&#$!O($%!$%&![8)@($)$(E&!/&)$8*&=!,/!$%&!?)#,#(?)@!F"=5!$%&!iA"!/*)B-&#$!

,*P($)@!)#)@.=(=! (0&#$(/(&=!-&)#(#B/8@!!7!)#0!"7P,#0(#B! (#$&*)?$(,#=N!C)M&#! $,B&$%&*5! $%(=!O,*M!

=8;;,*$=!$%&!)==(B#-&#$!,/!$%&!@)#$%)#(0&7%.0*,2(0&!P,#0!)=!)!$*(;@&!P,#0N!

!

!##+%/!$(-.%+0$(0$.

C)P@&!;*,E(0(#B!$,$)@!=&@/7?,#=(=$&#$!&#&*B(&=5!<S!&2;&?$)$(,#!E)@8&=!/,*!)@@!'#"1!=;&?(&=!

0(=?8==&0! (#! $%&! ;);&*5! 0&=?*(;$(,#=! ,/! @,O7@.(#B! =$)$&=! @,?)$&0! /,*! =&@&?$! '#"1! =.=$&-=5! )#0!

*&=8@$=!/*,-!)!F8@@(M&#!;,;8@)$(,#!)#)@.=(=!,/!$%&!=&*(&=!,/!'#"1!=;&?(&=N!

!

!%'0+*4(-C2(0$.

]&!)?M#,O@&0B&!/(#)#?()@!=8;;,*$! /*,-!D<!F&*?&0!)#0!?,-;8$(#B! $(-&!,#! $%&!F8@$(7

Y#E(*,#-&#$!<,-;8$&*!/,*!Y2;@,*)$(,#!)#0!:(=?,E&*.!3FYa<Y:9!?@8=$&*!O%(?%!(=!=8;;,*$&0!P.!

$%&!i)$(,#)@!K?(&#?&!R,8#0)$(,#!3+*)#$!i,N!L<Q7\JSG^`I9N!C%&!0,#,*=!,/!$%&!L-&*(?)#!<%&-(?)@!

K,?(&$.!b&$*,@&8-!a&=&)*?%!R8#0!3L<K7baR!i,N!H_`X_7:iQ_9!)*&!)?M#,O@&0B&0!/,*!=8;;,*$!,/!

$%(=!O,*MN!1b1!)@=,!$%)#M=!$%&!1&@@-)#!R&@@,O=!R8#0!/,*!)!/)?8@$.!/&@@,O=%(;N! !
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! !'"

!"#"!"$%"&'

!-" ./0/1234"5-"6-7"8/94":-7"5/33;<14"=-"=-4">;?@<9ABC"2<2DE3;BAD"FE3GDEG32";0"HGI4"HG6I4"/B1"HG6"

B2GE3/<F"/B1"/BA;BF"12E23JAB21"K9"/BA;B"LM;E;2<2DE3;B"FL2DE3;FD;L9"/B1"NOP"D/<DG</EA;BF-"

!"#$%&'"#(%)*"#()*+,"+,-"Q%R4",%&%,'-"

$-" :GFE/DMA4"S-4":TFFK/G23"FEG1A2F";0"2G3;LAGJ"/B1"9EE23KAGJ"M913A12F-"!"#(%)*"#$%&'"#./012*"

*-./,"-3"Q!,R4"!&&)@!&',-"

%-" 6EE4"I-7"I2AF24"U-"5-7"UGE/3E;4"8-7"IG4"V-7"=M/BC4"=-"O-7"IFA2M4"I-"I-7">AB4"I-"5-7"=M2B4"=-"P-7"PW2BC4"

>-"I-4"U;0E"X@3/9"J/CB2EAD"DA3DG</3"1ADM3;AFJ"FEG19";B"Y1@1;L21"HG6"EMAB"0A<JF-"(%)*"#4&5"#6#

())0,"7-"Q+R4",+&&,)-"

&-" UDMJ2M<4"S-7"Z/AEM9/B/EM/B4"Z-7"I233BK23C234"S-7"PMA2<4"U-7"8ADME234"=-7">AK23/EA4":-7"I22C4"P-7"

8;D[23/EM4":-7".;G3[;GEAF4">-"O-7":GM<K/G234"U-7"\;BA4"]-7":G<<234"N-"S-7"\/3/FM4"^-7"UDMGK23E4"

5-7"_1`231/4"^-7":/BBM/3E4"5-7"UDM<;J4"N-"Y-4"HLAE/XA/<"ABE2C3/EA;B";0"EM2"MACM<9"FLAB@L;</3A`21"

0233;J/CB2EAD"F2JAD;B1GDE;3"HG6"?AEM"FA<AD;B"/B1"Y/a-"89:"#;9:&<"#()).,"="Q!!R4"**$@**)-"

'-" U?/3E`4"S-"Y-7"=A3/<1;4"5-7"b;BC4"5-"5-"_-7">A4"^-7"I/B4"b-7">AB4"P-7":/D[4"U-7"UMA4"5-7"S?FDM/<;J4"N-"

N-7"./?/[/JA4"8-".-4"HLAE/XA/<"HG6"EMAB"0A<JF";B"Y/SF-">??0"#(%)*"#@&::"!()*),"A7"Q!!R4"!!$',+-"

(-" _B0/BE24" _-7"Y/C<A/31A4" >-7"b/BC4"c-7"SB132?F4" >-4"\AB1ABC":;EA0F" 0;3" >/BEM/BA12"I913A12Fd"S"

=;JKAB21"HXL23AJ2BE/<"/B1"PM2;32EAD/<"UEG19";0"EM2":IXQI$R9"UL2DA2F"Q:"e">/fY17"X"e"!f&7"

9"e",f(R-"!"#(%)*"#$%&'"#>#())-,"++-"Q!!R4"$&&(@$&''-"

)-" NA:/3`A;4"N-7"=3;0E4":-7"U/[/A4"a-7"UM/0234":-"b-4"H002DE";0"L32FFG32";B"EM2"2<2DE3AD/<"32FAFE/BD2"

;0"HG6-"(%)*"#4&5"#6#*-1.,"-3"Q!(R4"**+!@**+%-"

*-" UM/LA3/4"^-7"O;B234"U-7"82214"P-"\-4"HG6-"_-"82FAFEAgAE9"/B1"I/<<"H002DE"AB"OA2<1F"GL"E;"!',"[62-"

(%)*"#4&5"#6#*-.2,"B"Q'R4"$$++@$%!'-"

+-" V/B;?AD[4"8-">-7"b/<</D24"b-"H-4"O233;J/CB2EAFJ"AB"HGI$-"(%)*"#4&5"#*-0(,"+C="Q$R4"'%)@'%+-"

!,-"U/AE;M4"I-7":/DMA1/4"S-7":/EFG;[/4"P-7"S;[A4".-4"]M/F2"1A/C3/J";0"EM2"HGhI"F9FE2J"/E"MACM"

E2JL23/EG32F"/B1"MACM"M913;C2B"L32FFG32F-"./012#.:9:&#$/''DE"#()*+,"CF34"$&@$)-"

!!-"U;G`/@a2E;4"a-":-7"I/F[2<4"N-7"PF2BC4"^-@=-7">/L23E;E4"Y-4"]32FFG32@_B1GD21"H<2DE3;BAD":AXABC"

/B1" HBM/BD2J2BE" ;0" O233;J/CB2EAD" 63123ABC" AB" HGc" Qce" P24" U24" U4" 6R" :/CB2EAD"

U2JAD;B1GDE;3F-"(%)*"#4&5"#@&::"#())-,"+FC"Q'R4",')$,(-"

!$-".;BB;4" P-" 5-7" 6C/?/4" a-7" b/[;M4" .-7" UGJA9/J/4" .-7" UG`G[A4" .-4" U9BEM2FAF" /B1" J/CB2EAD"

L3;L23EA2F";0"B;B@2iGA<AK3AGJ"HG@3ADM"HG6"EMAB"0A<JF-"!?E"#!"#>??0"#(%)*"#*--0,"-3"Q!$8R4"(,'$-"

!%-"O2<E;B4" 5-" S-7" 8/94":-7"b/<<234" U-" H-7" ./0/1234" 5-" 6-7" 5/33;<14" =-" =-4" =2X69
h" QX" e" $h%R" j" N$6"

82/DEA;BFd" UE;ADMA;J2E3AD" =<GFE23" O;3J/EA;B" 03;J" N2GE23;XA12" N2D;JL;FAEA;B" /B1" SBEA@

S33M2BAGF"\2M/gA;3-"!"#(%)*"#$%&'"#>#()*/,"++B"Q&%R4"++(,@++(+-"

!&-"P;L;<F[A4"5-"H-7"./0/1234"5-"6-7"8/94":-7"5/33;<14"=-"=-4"H<GDA1/EABC"D23AGJ"j"I$6"32/DEAgAE9"EM3;GCM"

2<2DE3;BAD"FE3GDEG32d"S"D;JKAB21"]HU"/B1"NOP"FEG19-"!"#;/0"#.?&G:</*G"#()*.,"--=4"!@!!-"

!'-"SX24"5-@N-7"\G3BF4"Y-4"_B0<G2BD2";0"D;g/<2BD9"GL;B"3/32@2/3EM"<AC/B1"0A2<1"FL<AEEABCF-"(%)*"#4&5"#

*-00,"+3C"Q!R4"%%!-"

!(-"\G3FE2B4"\-7"]/<J234"H-7"U;BB2BK23C4"5-4"6B"EM2"8;<2";0"0@6KAE/<F"AB"EM2"\;B1ABC"AB"0@H<2J2BE"

=;JL<2X2F-".?&G"#(DH0"#I#4"#./G"#$%&'"#())0,"-F3"Q!R4"!')@!($-"

!)-":AB/FA/B4"U-"Y-7"\/EAFE/4"H-"8-7"\;;EM4"=-"I-7"=</3[4"N-">-7".2AEM4"5-":-7".;`AJ;34"U-"S-7">G[2BF4"b-"

b-7":/3EAB4"8-">-7"UMGM4"N-".-7"UEA2K234"U-"=-"H-4"kG/BEAE/EAg2"2gA12BD2"0;3"</BEM/BA12@;X9C2B"

;3KAE/<"JAXABC"AB"=26$4"]36$4"/B1"PK6$-"!"#>'"#$%&'"#./G"#()*.,"+-A"Q&+R4"!*,'$@!*,(&-"
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! !("

!*-":/3;B4">-7"HAF2BFE2AB4"6-4"N;"0"H<2DE3;BF"]</9"/"8;<2"AB"EM2">/BEM/BA12f">AC/B1"\;B1Fl"S"NOP"

UEG19";0">B"Qa8$R%7"8e"I4"UAI%-"!"#(%)*"#$%&'"#>#())),"+F,"Q%,R4")!&,@)!&%-"

!+-"\/33;F4"a-7":/9B/G4"N-7":/3;B4">-7"HAF2BFE2AB4"6-7"VA4"Y-7"SB123F2B4"8-"S-4"UABC<2"KGE"FE3;BC23"

m64"1;GK<2"KGE"?2/[23"ma:2"K;B1Fd"EM2"E/<2"E;<1"K9"=L$m6"/B1"=L$ma8-"J<K9E/'&:9001G*#

()).,"C="Q$,R4"','+@',('-"

$,-"./<EF;9/BBAF4"a-4"N;2F"D;g/<2BD9"ABD32/F2";3"12D32/F2"/D3;FF"EM2"/DEABA12"F23A2Fl"_JL<AD/EA;BF"

0;3"JAB;3"/DEABA12"L/3EAEA;BABC-"LE/<K"#$%&'"#()*(,"3C"Q)R4"%&,)@%&!%-"

$!-".2<<294":-"]-7"UG4"5-7"m3K/B4":-7">GD[294":-7"\/EAFE/4"H-"8-7"^/BC4"]-7"UM/0234"5-"=-4"6B"EM2"63ACAB"

;0"=;g/<2BE"\;B1ABC"AB"I2/g9"SDEABA12F-"!"#>'"#$%&'"#./G"#()*.-"

$$-">G[2BF4" b-"b-7" H12<FE2AB4" a-" :-7" :/CB/BA4" a-7" I/9E;B4" P-" b-7" O;3EA234" U-7" U2/J/B4" >-" S-4"

kG/BEA09ABC"EM2"n"/B1"o"ABE23/DEA;BF"K2E?22B"m"QZR"0";3KAE/<F"/B1"M/<A124"/<[9<4"/<[;XA124"/JA12"

/B1"[2EAJA12"<AC/B1F-"!"#>'"#$%&'"#./G"#()*2,"+-3"Q$+R4"!,)&$@!,)'&-"

$%-"a2A1AC4":-">-7"=</3[4"N-">-7":/3EAB4"8-">-4"=;g/<2BD9"AB"0@2<2J2BE"D;JL<2X2F-"$//<21E9:1/E#$%&'"#

4&5"#()*2,"C37"Q$R4"%+&@&,(-"

$&-"N;CB;B4" 5-" ]-7" ]99[[T4" ]-4" =M2JAFE39" ;0" EM2" 'C" H<2J2BEFd" 82</EAgAFEAD" =/<DG</EA;BF" ;B"

I2X/0<G;3A12F-">EK&M"#$%&'"N#LE:"#O2"#()*.-"

$'-"8;;F4"\-"6-7"]99[[T4"]-4"\;B1ABC"P32B1F"AB":;<2DG</3"=;JL;GB1F";0">/BEM/BA12Fd"PM2"N;GK<2@

\;B121"=/3K2B2"=/EA;BF">B=I$
j"Q>Be"UD4"^4">/h>GR-"$%&'"#I#OD<"#!"#()*),"+="Q!R4"$),@$)'-"

$(-".;gpDF4"S-4"82</EAgAFEAD":G<EA320232BD2"kG/BEGJ"=M2JAD/<"UEG19";0"EM2"H<2DE3;BAD"UE3GDEG32";0"

SDEABA12"P3A;XA12":;<2DG<2F-"!"#(%)*"#$%&'"#>#()*.,"+C+"Q!$R4"$'$%@$'%,-"

$)-"]99[[T4" ]-4" S11AEAg2" D;g/<2BE" 3/1AA" 0;3" FABC<2@4" 1;GK<2@4" /B1" E3AL<2@K;B121" J;<2DG<2F" /B1"

E2E3/M213/<<9"K;B121"D39FE/<Fd"/"FGJJ/39-"!"#(%)*"#$%&'"#>#()*/,"++A"Q!!R4"$%$(@$%%)-"

$*-".;gpDF4"S-7".;BABCF4"8-"5-":-4"=;JLGE21"ZAK3/EA;B/<"O32iG2BDA2F";0"SDEABA12"6XA12F"SB6,qjq$j"

/B1"SB6$
,qjq$jQSBe"PM4"]/4"m4"aL4"]G4"SJ4"=JR-"!"#(%)*"#$%&'"#>#()**,"++3"Q$&R4"((&(@(('(-"

$+-".;gpDF4"S-7".;BABCF4"8-" 5-":-7"Z/3C/4"V-"B-7" U`A2K23EM4"N-"B-4" UE3GDEG32"/B1"6EM23":;<2DG</3"

]3;L23EA2F";0"SDEABA12"P3ADM<;3A12F"SB=<%"QSBe"PMh=JR-"!"#(%)*"#$%&'"#>#()*2,"++7"Q&&R4"!!%')@

!!%(%-"

%,-"I3/EDMA/B4"I-"]-7" U;BB2BK23C4" 5-" >-7"I/94"]-" 5-7":/3EAB4"8-" >-7"\G3FE2B4"\-" H-7" UDM<2C2<4"I-"\-4"

PM2;32EAD/<" ABg2FEAC/EA;B" ;0" G3/B9<" 1AM913;XA12d" ;X;" <AC/B1" 2XDM/BC24"?/E23" D/E/<9FAF4" /B1"

gAK3/EA;B/<"FL2DE3/-"!"#(%)*"#$%&'"#>#())+,"+FA"Q%*R4"*')+@*'*(-"

%!-"U;BB2BK23C4"5-">-7"I/94"]-"5-7":/3EAB4"8-">-7"\G3FE2B4"\-"H-4"PM2;32EAD/<"_Bg2FEAC/EA;BF";0"m3/B9<f"

>AC/B1" \;B1ABCd" O;G3@/B1" OAg2@=;;31AB/E2" m3/B9<" =9/BA124" _F;D9/BA124" =/3K;B9<4" /B1"

I913;XA12"=;JL<2X2F-"LE/<K"#$%&'"#())+,",,"Q)R4"$$''@$$($-"

%$-"];CpB94"]-7".;gpDF4"S-7"Z/3C/4"V-7"\AD[2<M/GLE4"O-":-7".;BABCF4"8-"5-":-4"PM2;32EAD/<"UEG19";0"EM2"

UE3GDEG32"/B1"\;B1ABC"AB"PM=$"/B1"m=$-"!"#(%)*"#$%&'"#>#()**,"++="Q!R4")&)@)''-"

%%-"PM;JLF;B4" >-" :-7" 5/33;<14" =-" =-7" I3/EDMA/B4" I-" ]-4" HXL</ABABC" EM2" :;Z6&
f" LM;E;2<2DE3;B"

FL2DE3GJd"8/EA;B/<A`/EA;B";0"C2;J2E3AD"/B1"2<2DE3;BAD" FE3GDEG32-" !"#$%&'"#(%)*"#()*.,"+,="

Q!,R4"!,&%,!-"

%&-"PM;JLF;B4" >-" :-7" I3/EDMA/B4" I-" ]-4" :;12<ABC" EM2" ]M;E;2<2DE3;B" UL2DE3/" ;0" :;aK6$
h"

SDD;GBEABC"0;3"ULAB"=;BE/JAB/EA;B"AB"N2BFAE9"OGBDEA;B/<"PM2;39-"!"#(%)*"#$%&'"#>'()*+,"++A"

Q%$R4"*)&&@*)'!-"

%'-":/F;B4"5-">-7"I/3K4"I-7"P;L;<F[A4"5-"H-7"I3/EDMA/B4"I-"]-7"5/33;<14"=-"=-4"S"P/<2";0"P?;"UE/KA<AEA2Fd"

I;?"6B2"\;3;B"SE;J"S002DEF"/"U?AEDM"AB"\;B1ABC":;EA0F"AB"=26$\Xh"QX"e"$4"%R"=;JL<2X2F-"!"#

(%)*"#$%&'"#>'()*1,"+CC"Q'!R4"+*)+@+**'-"
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! !)"

%(-"P;L;<F[A4"5-"H-7"./0/1234"5-"6-7":/3323;@=;<;B4"Z-7"_92BC/34"U-"U-7"I3/EDMA/B4"I-"]-7"5/33;<14"=-"=-4"

HX;EAD"2<2DE3;BAD"FE3GDEG32F";0"UJX=2%fX69" QX"e",@%7"9"e"$@&R"D<GFE23F"/B1"EM2"2002DE";0"MACM"

B2GE3/<"12BFAE9";0"<;?@<9ABC"FE/E2F";B"LM;E;12E/DMJ2BE"E3/BFAEA;B"ABE2BFAEA2F-"!"#$%&'"#(%)*"#

()*1,"+,A"Q'R4",'&%,'-"
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