
Supported by

A Journal of

Accepted Article

Title: Double-Arm Lanthanide Tags Deliver Narrow Gd3+-Gd3+
Distance Distributions in DEER Measurements

Authors: Adarshi Welegedara, Yin Yang, Michael Lee, James
Swarbrick, Thomas Huber, Bim Graham, Daniella Goldfarb,
and Gottfried Otting

This manuscript has been accepted after peer review and appears as an
Accepted Article online prior to editing, proofing, and formal publication
of the final Version of Record (VoR). This work is currently citable by
using the Digital Object Identifier (DOI) given below. The VoR will be
published online in Early View as soon as possible and may be different
to this Accepted Article as a result of editing. Readers should obtain
the VoR from the journal website shown below when it is published
to ensure accuracy of information. The authors are responsible for the
content of this Accepted Article.

To be cited as: Chem. Eur. J. 10.1002/chem.201702521

Link to VoR: http://dx.doi.org/10.1002/chem.201702521



FULL PAPER    

 
 
 
 
 

1 

!"#$%&'()*+,-./0-.12&+3-45+!&%16&)+7-))"8+92:;<92:;+!15/-.=&+
!15/)1$#/1".5+1.+!>>?+@&-5#)&*&./5+
!"#$%&'()*(+,-,.,"#$#/01#2(3'4(3#4./0152(6'7&#,-(8*(9,,/0172(:#;,%(8*(<=#$5$'7>/172(?&@;#%(AB5,$/1#2(C';(
D$#&#;/E172(8#4',--#(D@-"F#$5/E152(D@GGF$',"(HGG'4.E1#2(
($5/)-=/A+ 8@B5-,I#$;( 7J7-,4I5#%,"( D"KL( G#.%( #$,( %&@=4( G@(
M$@"B7,( #77B$#G,( 4#4@;,G,$( %7#-,( D"KLND"KL( "'%G#47,(
;,#%B$,;,4G%( '4( "@B5-,( ,-,7G$@4I,-,7G$@4( $,%@4#47,( O8PPQR(
,SM,$';,4G%(5J( 7@4F'4'4.( G&,( %M#7,(#77,%%'5-,( G@( G&,(;,G#-( '@4*(
?&,( $,%B-G%( %&@=( ,S7,--,4G( #.$,,;,4G( ='G&( M$,"'7G'@4%( 5@G&( F@$(
G&,( ;#S';B;( #4"( ='"G&( @F( G&,( ;,#%B$,"( "'%G#47,( "'%G$'5BG'@4%*(
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1#2( 6%*(!*()*(+,-,.,"#$#/()$@F*(?*(AB5,$/()$@F*(D*(HGG'4.(
Q,%,#$7&(<7&@@-(@F(f&,;'%G$J(
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5'4"'4.( M$@G,'4( O6C)R( #4"( 7@;M#$,"( G&,( $,%B-G%( ='G&( "#G#(
@5G#'4,"(='G&( G&,(%'4.-,I#$;(CE'92( G#.( OT'.B$,(`,R/(=&'7&(&#%(
M$,Y'@B%-J(5,,4(%&@=4(G@(M$@"B7,(4#$$@=("'%G#47,("'%G$'5BG'@4%(
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'4G$#I"@;#'4("'%G#47,%(=,$,(,S#;'4,"*(
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M14#)&+ DN+ <G$B7GB$,%( @F( O#R( 3D'92( G#.( OaI&J"$@SJM$@MJ-( #$;%( &#Y,( %(
%G,$,@7&,;'%G$JR/( O5R( 3J'92( G#.( OaI&J"$@SJM$@MJ-( #$;%( &#Y,( &(
%G,$,@7&,;'%G$JR/( O7R( 3J'92( G#.( ;@",-,"( @4G@( G=@( 7J%G,'4,( $,%'"B,%( '4(
M@%'G'@4%(!"#4"(!'("O-,FGR(@$(M@%'G'@4%(!"#4"(!')"O$'.&GR(@F(#4(!I&,-'S/(O"R(G&,(B!('
KL( G#.( #7G'Y#G,"( 5J( #( G&'@MJ$'"J-( .$@BM( F@$( %M@4G#4,@B%( $,#7G'@4( ='G&( #(
7J%G,'4,(G&'@-(.$@BM/(#4"(O,R(G&,(CE'92(G#.*+

?&5#%/5+

3-441.4+5/)-/&41&5++
X4( G&,( F'$%G( '4%G#47,/( G#.%( =,$,( #GG#7&,"( G@( 7J%G,'4,( $,%'"B,%(
-@7#G,"('4(M@%'G'@4%(!(#4"(!LU(@F(#4(!I&,-'S/(=&'7&('4(G&,(F@--@='4.(
'%( $,F,$$,"( G@( #%( G&,( l!/!LU( #GG#7&;,4G( ;@",m*( ?&'%( #GG#7&;,4G(
;@",(&#%(M$,Y'@B%-J(5,,4(B%,"( F@$( G&,(C,-7H'O( G#./(=&'7&( '%(
#-%@( #( "@B5-,I#$;( G#.( 5#%,"( @4( #( 7J7-,4I-#4G&#4'",( 7@;M-,S(
#4"(F,#GB$,%(G&,(%#;,(7@Y#-,4G(-'4>,$%(='G&(7J%G,'4,($,%'"B,%(#%(
G&,(3D'92(#4"(3J'92(G#.%*1`]/a_2(X4(#""'G'@4/(=,(G,%G,"(G&,(3D'92(
#4"( 3J'92( G#.%( '4( #( "'FF,$,4G( #GG#7&;,4G( ;@",/( =&,$,( G&,(
7J%G,'4,( $,%'"B,%( =,$,( -@7#G,"( '4( M@%'G'@4%( !( #4"( !LV( @F( #4( !I
&,-'S(OG&,(l!/!LV(#GG#7&;,4G(;@",mR(='G&(#4(#%M#$G'7(#7'"($,%'"B,(
M@%'G'@4,"( '4( M@%'G'@4( !LU( G@( M$@Y'",( #4( #""'G'@4#-( F#Y@B$#5-,(
,-,7G$@%G#G'7( '4G,$#7G'@4( ='G&( G&,( @Y,$#--( M@%'G'Y,( 7&#$.,( @F( G&,(
G#.%( OT'.B$,( `7R*( 9'>,( G&,( @G&,$( G#.%/( G&,( B!('KL( G#.( =#%(
%J4G&,%'Z,"( ='G&( #4( #7G'Y#G,"( "'%B-F'",( .$@BM( F@$( %M@4G#4,@B%(
$,#7G'@4( ='G&( 7J%G,'4,( G&'@-( .$@BM%( #4"( -'.#G,"( G@( 7J%G,'4,(
$,%'"B,%('4(M@%'G'@4%( !(#4"( !LU(@F(!I&,-'7,%*(f@@$"'4#G'@4(@F(@4,(
D"KL( '@4( 5J( G=@( B!('KL( G#.%( =#%( #7&',Y,"( 5J( G'G$#G'4.( G&,(
M$@G,'4( ='G&( D"f-K( #G( #( `ha( OD"KLhB!('KL( G#.R( ;@-#$( $#G'@/( #%(
$,M@$G,"(M$,Y'@B%-J(F@$(f@aL(7@@$"'4#G'@4*1`V2(
+
H)"/&1.+5-*P%&5+
<'S( ;BG#4G%( @F( ?U( -J%@ZJ;,( =,$,( M$,M#$,"*( X4( #--( @F( G&,;/( G&,(
4#GB$#-(7J%G,'4,($,%'"B,%(#G(M@%'G'@4%(dU(#4"(]c(=,$,(;BG#G,"(G@(
G&$,@4'4,(#4"(#-#4'4,/($,%M,7G'Y,-J*(?&,%,(;BG#G'@4%(#$,(>4@=4(
G@( ;#'4G#'4( G&,( %G$B7GB$,( @F( G&,( M$@G,'4*1a`2( ?&,( #""'G'@4#-(
;BG#G'@4%( M-#7,"( 7J%G,'4,( $,%'"B,%( '4( !I&,-'7,%*( ?=@( ;BG#4G%(
MBG(7J%G,'4,($,%'"B,%('4(M@%'G'@4%(ca(#4"(cb/(`ac(#4"(`K`/(#4"(
`K`( #4"( `Kd*( X4( G&,( F@--@='4./( =,( $,F,$( G@( G&,(
fdU?jf]c!j8cafjQcbfj8`acfjk`K`f( ;BG#4G( #%( ?U9I!( #4"(
G&,( fdU?jf]c!j8cafjQcbfjk`K`fjn`Kdf( ;BG#4G( #%( ?U9IC*+
?&,( G&'$"( ;BG#4G/( $,F,$$,"( G@( #%( ?U9If/( M@%'G'@4,"( 7J%G,'4,%( '4(
M@%'G'@4%(ca(#4"(V_/(#4"(`ac(#4"(`Kd/(=&'-,(M@%'G'@4'4.(#%M#$G'7(
#7'"( $,%'"B,%( '4( M@%'G'@4%( cb( #4"( `K`(
OfdU?jf]c!j8cafjQcb8jQV_fj8`acfjk`K`8jn`Kdf( ;BG#4GR*(
?&,( F@B$G&(;BG#4G/(?U9I8/(=#%(M$,M#$,"( F@$( G&,(%'4.-,I#$;(CE'
92(G#.(#4"(7@4G#'4,"(7J%G,'4,($,%'"B,%(#G(M@%'G'@4%(ca(#4"(`K`(
OfdU?jf]c!j8cafjk`K`f( ;BG#4GR*( T'4#--J/( G=@( #""'G'@4#-(
Y#$'#4G%( @F( ?U9If( =,$,( M$,M#$,"( G@( #%%,%%( G&,( $@-,( @F( G&,(
#%M#$G'7(#7'"($,%'"B,(#G(M@%'G'@4"!LU('4(G&,(!/!LV(#GG#7&;,4G(;@",*(
X4( G&,( ;BG#4G( ?U9IP( OfdU?jf]c!j8cafjQV_fj8`acfjn`KdfR/(
G&,( ='-"IGJM,( $,%'"B,%( Qcb( #4"( k`K`( =,$,( $,G#'4,"( '4( G&,(
$,%M,7G'Y,( !LU( M@%'G'@4%/( =&'-,( '4( G&,( ;BG#4G( ?U9IT(
OfdU?jf]c!j8cafjQcb8jQV_fj8`acfjn`KdfR( Qcb( =#%(
7&#4.,"(G@(#4(#%M#$G'7(#7'"(5BG(4@G(k`K`*(
( T@$( 7@4F'$;#G'@4( 5J( #( %,7@4"( %J%G,;/( =,( #-%@( M$,M#$,"(
;BG#4G%(@F(G&,(;#-G@%,(5'4"'4.(M$@G,'4*(X4(G&,(F@--@='4./(=,($,F,$(
G@(G&,(\B#"$BM-,I;BG#4G(<aKKfj?aKcfj3KU`fj?KUdf(#%(6C)I!(
#4"(G@(G&,("@B5-,I;BG#4G(?aKcfj?KUdf(#%(6C)IC*(
( 8@B5-,I#$;(#GG#7&;,4G(@F(G&,(3D'92(#4"(3J'92(G#.%(=#%(
7@4F'$;,"(5J(;#%%(%M,7G$@;,G$J*(?U9If(%&@=,"(4@(,Y'",47,(F@$(
'47@;M-,G,(G#..'4./(=&,$,#%(;BG#4G%(?U9IP(#4"(?U9IT(F#'-,"(G@(
J',-"( 7@;M-,G,( "@B5-,I#$;( #GG#7&;,4G( #G( #( -,Y,-( @F( #5@BG( K_o(
#4"(`_o/($,%M,7G'Y,-J/('--B%G$#G'4.(G&,(5,4,F'G(@F(#4(#%M#$G'7(#7'"(
$,%'"B,('4(M@%'G'@4(!LU*(((
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++

+

M14#)&+ JN+ P8IP)Q( %M,7G$#( @F( G&,( 7,4G$#-( G$#4%'G'@4( $,.'@4/( @5G#'4,"( F@$( G&,(
D"KL( '@4%( '4( "'FF,$,4G( G#.%( #GG#7&,"( G@( G&,( ?U( -J%@ZJ;,( ;BG#4G%( ?U9I!( #4"(
?U9I8*(?&,(P8IP)Q(%M,7G$#(@F(G&,(G#.%(#GG#7&,"(G@(G&,(@G&,$(;BG#4G%(@F(?U9(
#4"(6C)(=,$,(%';'-#$(#4"(7&#$#7G,$'%G'7(@F(G&,(G#.($#G&,$(G&#4(G&,(M$@G,'4*(!--(
%M,7G$#( =,$,( 4@$;#-'Z,"( G@( B4'GJ( #4"( #$,( %&'FG,"( 5J( `( F@$( ';M$@Y,"(
Y'%B#-'Z#G'@4(#4"(7@;M#$'%@4*+

M14#)&+ :N+ 8PPQ( $,%B-G%( @5G#'4,"( ='G&( "'FF,$,4G( D"KL( G#.%( @4( ?U( -J%@ZJ;,(
;BG#4G%*( O#R( ?U9I!( #4"( ?U9I8*( O5R( ?U9IC*( O7R( ?U9If*( O9,FGR( C#7>.$@B4"(
7@$$,7G,"( 8PPQ( G$#7,%( O5-#7>R( #-@4.( ='G&( G&,( F'G( @5G#'4,"( ='G&( G&,( "'%G#47,(
"'%G$'5BG'@4%( %&@=4( @4( G&,( $'.&G( O$,"R*( ?&,( %;#--( ;'%;#G7&( 5,G=,,4(
,SM,$';,4G#-(#4"(F'GG,"(G$#7,%(@5G#'4,"(F@$(G&,(3D'92(#4"(3J'92(G#.%(;#J(5,(

#GG$'5BG,"( G@( G&,( 4,.-,7G( @F( G&,( "'M@-#$( M%,B"@%,7B-#$( G,$;%( '4( G&,( "#G#(
#4#-J%'%1aK2(@$(G&,(B47,$G#'4GJ(#%%@7'#G,"(='G&(7&@@%'4.(G&,(7@$$,7G(5#7>.$@B4"(
",7#J*( ?&,( B47@$$,7G,"( G$#7,%( #$,( %&@=4( '4( T'.B$,( <K*( OQ'.&GR( !4#-J%,"(
"'%G#47,("'%G$'5BG'@4%*(

+
>!'>H?+5P&=/)-+
P7&@I",G,7G,"( P)Q( OP8IP)QR( #4"( 8PPQ( ;,#%B$,;,4G%( =,$,(
7#$$',"( @BG( @4( `K( "'FF,$,4G( ?U9IG#.( Y#$'#4G%( #4"( F@B$( "'FF,$,4G(
6C)IG#.(7@4%G$B7G%*(?&,(6C)(%#;M-,%(=,$,(;,#%B$,"(5@G&( '4(
G&,( #5%,47,( #4"( M$,%,47,( @F( ;#-G@%,*( T'.B$,( a( M$,%,4G%( G&,(
$,.'@4(@F(G&,(D"KL(7,4G$#-(G$#4%'G'@4(@F(G&,(+I5#4"(,7&@(",G,7G,"(
P)Q(OP8IP)QR(%M,7G$#(@F(G&,(F@B$("'FF,$,4G(D"KL(G#.%(@F(T'.B$,(`/(
F@--@='4.(#GG#7&;,4G(G@(G&,(?U9(;BG#4G%(?U9I!(#4"(?U9I8*(?&,(
P8IP)Q( %M,7G$#( @F( #--( @G&,$( %#;M-,%( M$,M#$,"( '4( G&,( M$,%,4G(
=@$>(#$,( %&@=4( '4( G&,(<BMM@$G'4.( X4F@$;#G'@4( OT'.B$,%(<`(#4"(
<aR*(?&,(CE'92(G#.(7@4%'%G,4G-J(",-'Y,$,"(G&,(4#$$@=,%G(7,4G$#-(
G$#4%'G'@4/('4"'7#G'4.(G&,(%;#--,%G(Z,$@IF',-"(%M-'GG'4.(OpT<R/(=&'-,(
#--(@G&,$( G#.%( F,#GB$,"(#(7@4%'",$#5-J(5$@#",$(7,4G$#-( G$#4%'G'@4(
='G&( Y#$'#G'@4%( '4( G&,( ",G#'-,"( -'4,( %&#M,( 5,G=,,4( G&,( "'FF,$,4G(
G#.%( #4"( ;BG#4G%*( ?&,( Y#$'#G'@4%( '4( -'4,( %&#M,( ;#J( #$'%,( F$@;(
"'FF,$,4G( M$@G@4#G'@4( %G#G,%( @F( G&,( aI&J"$@SJM$@MJ-( M,4"#4G%/(
=&'7&(#$,(#-%@(>4@=4(G@(M$@"B7,(MAI",M,4",4G(M%,B"@7@4G#7G(
%&'FG%('4(e6Q(,SM,$';,4G%(='G&(?5KL(7@;M-,S,%*1`b/aa2+
+
92:;'92:;(215/-.=&+*&-5#)&*&./5A+3Q+%I5"RI*&+
T'.B$,(K(%&@=%(G&,(8PPQ($,%B-G%(@5G#'4,"(F@$(?U9(='G&(G&,(F@B$(
"'FF,$,4G( D"KL( G#.%( B%,"*( !%( ,SM,7G,"( 5#%,"( @4( G&,'$( %;#--(
%G$B7GB$#-("'FF,$,47,%/(G&,(3D'92(#4"(3J'92(G#.%(M$@"B7,"(Y,$J(
%';'-#$( "'%G#47,( "'%G$'5BG'@4%( F@$( #--( M$@G,'4( 7@4%G$B7G%( ",%'.4,"(
F@$( "@B5-,I#$;( G#.( #GG#7&;,4G*( ?&,( B!('KL( #4"( CE'92( G#.%(
M$@"B7,"( %'.4'F'7#4G-J( 5$@#",$( "'%G#47,( "'%G$'5BG'@4%( ='G&(
;#S';#(='G&'4(_*K(4;(@F( G&,(;#S';#(@5%,$Y,"(='G&( G&,(3D'92(
@$+ 3J'92( G#.%*( !%( G&,( Z,$@IF',-"( %M-'GG'4.( @F( G&,( CE'92( G#.( '%(
%;#--(#4"(G&,(7,4G$#-(-'4,(4#$$@=/("'%G#47,("'%G$'5BG'@4%(@5G#'4,"(
='G&( G&'%( G#.( #$,( M$@4,( G@( #$G'F'7'#-( 5$@#",4'4.( #$'%'4.( F$@;(
4,.-,7G'4.(G&,(M%,B"@I%,7B-#$(G,$;%(@F(G&,("'M@-#$('4G,$#7G'@4*1aK2(

+,( 7&,7>,"( G&'%( &JM@G&,%'%( 5J( 7#$$J'4.( @BG( QX86P(
,SM,$';,4G%/( =&'7&( M$@"B7,( "'M@-#$( ,Y@-BG'@4( G$#7,%( G&#G( #$,(
;B7&( -,%%( %,4%'G'Y,( G@( G&,( ,FF,7G%( @F( G&,( M%,B"@I%,7B-#$( G,$;%(
G&#4( G&,( 8PPQ( ,SM,$';,4G%*1aU2( ?&,( QX86P( "#G#/( $,7@$","( @F(
?U9IC(='G&(3D'92( G#.(#4"(@F(?U9I8(='G&(CE'92( G#./(%&@=,"(#(
7-,#$( 7@4G$'5BG'@4( F$@;(#( %,7@4"(&#$;@4'7(=&,4(#4#-JZ,"(='G&(
8,,$!4#-J%'%1ad2( OT'.B$,( UR( #4"( #-%@( #( G&'$"( =,#>,$( M,#>/( G&,(
M@%'G'@4( @F( =&'7&( "@,%( 4@G( \B'G,( ;#G7&( G&,( ,SM,7G,"( G&'$"(
&#$;@4'7( #4"( G&,$,F@$,( 7#44@G( 5,( #%%'.4,"( B4#;5'.B@B%-J*(
6@%G( ';M@$G#4G-J/( &@=,Y,$/( G&,( %#;M-,( G#..,"( ='G&( CE'92(
%&@=,"( #( "'%G#47,( "'%G$'5BG'@4( F@$( G&,( F'$%G( &#$;@4'7( G&#G( =#%(
%'.4'F'7#4G-J(4#$$@=,$(G&#4('4(G&,(8PPQ(,SM,$';,4G(OFB--(='"G&(#G(
&#-F( #;M-'GB",( @F( #5@BG( _*d( 4;( Y,$%B%( _*V( 4;( '4( G&,( 8PPQ(
$,%B-G%R/(=&,$,#%(G&,(QX86P(#4"(8PPQ(;,#%B$,;,4G%(@F(?U9I
C( ='G&( 3D'92( G#.( %&@=,"( Y,$J( %';'-#$( "'%G#47,( "'%G$'5BG'@4%(
#M#$G( F$@;( #( ;'4@$( O_*`( 4;R( %&'FG( '4( G&,( ;#S';B;( OT'.B$,( UR*(
QX86P(;,#%B$,;,4G%(@F(?U9If(='G&(3J'92( G#.+ "'"(4@G( $,Y,#-(
#4J( 4#$$@='4.( ='G&( $,%M,7G( G@( 8PPQ( ,'G&,$( OT'.B$,( <d*R +,(
#GG$'5BG,(G&,(7@4%,$Y#G'@4('4("'%G$'5BG'@4(='"G&(G@(G&,(%'.4'F'7#4G-J(
5$@#",$( P)Q( -'4,( ='"G&( #%%@7'#G,"( ='G&( G&,( 3D'92( #4"( 3J'92(
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4 

G#.%/( =&'7&( #--@=%( G&,( "'M@-#$( M%,B"@I%,7B-#$( G,$;%( G@( 5,(
4,.-,7G,"( ='G&@BG( $'%>'4.( G&,( #$G'F'7'#-( 5$@#",4'4.( #%%@7'#G,"(
='G&( #( "#G#( #4#-J%'%( 7#$$',"( @BG( B4",$( G&,( =,#>( 7@BM-'4.(
#MM$@S';#G'@4*1aK2( ?&,( 7@;M#$'%@4( 5,G=,,4( QX86P( #4"( 8PPQ(
"#G#( #-%@( %B..,%G%( G&#G( G&,( 4#$$@=( 7@;M@4,4G( @5%,$Y,"( '4(
%@;,(@F(G&,(P8IP)Q(%M,7G$#(;,#%B$,"(='G&(G&,(3D'92(#4"(3J'
92(G#.%(OT'.B$,%(a/(<`/(#4"(<aR(&#%(4@(%'.4'F'7#4G(';M#7G(@4(G&,(
"'%G#47,("'%G$'5BG'@4(='"G&*((

?&,( -#$.,$( "'%G$'5BG'@4( ='"G&( @5%,$Y,"( '4( G&,( QX86P(
,SM,$';,4G%(='G&(G&,(CE'92(#*+,-,(G&,(3D'92(G#.('4"'7#G,%(G&#G(
G&,( %'4.-,I#$;( #GG#7&;,4G( @F( G&,( CE'92( G#.( 5$@#",4%( G&,(
"'%G#47,("'%G$'5BG'@4("B,( G@( 'G%(.$,#G,$( 7@4F@$;#G'@4#-( F-,S'5'-'GJ*(
8'%#MM@'4G'4.-J/(G&,(8PPQ($,%B-G%(@5G#'4,"(='G&(G&,(B!('KL+ G#.+
=,$,(#-=#J%($,-#G'Y,-J(5$@#"/(",%M'G,(#(5$@#"(7,4G$#-( -'4,('4(G&,(
P8IP)Q( %M,7G$B;( OT'.B$,( aR( G&#G( %B..,%G%( -'GG-,( %,4%'G'Y'GJ( G@(
M%,B"@I%,7B-#$(G,$;%*(?&,(5$@#"("'%G#47,("'%G$'5BG'@4%(@5G#'4,"(
='G&( G&,( B!('KL+ G#.( M$@5#5-J+ $,F-,7G( ;B-G'M-,( "'FF,$,4G(
7@;M-,S#G'@4( ;@",%( @F( G&,( D"KL( '@4/( #%( '4"'7#G,"( 5J( M$,Y'@B%(
e6Q(,SM,$';,4G%*1`V2((
+

M14#)&+ QN+ QX86P( $,%B-G%( @5G#'4,"( ='G&( ?U9ICI3D'92( #4"( ?U9I8ICE'92*( O#R(
C#7>.$@B4"( 7@$$,7G,"( QX86P( G$#7,%( O5-#7>R( #-@4.( ='G&( G&,( F'G( @5G#'4,"( ='G&(
G&,("'%G#47,("'%G$'5BG'@4%(%&@=4(@4(G&,($'.&G(O$,"R*(?&,(B47@$$,7G,"(G$#7,%(#$,(
%&@=4('4(T'.B$,(<U*(O5R(f@;M#$'%@4(@F(G&,("'%G#47,("'%G$'5BG'@4%(@5G#'4,"(F$@;(
G&,(#4#-J%'%(@F(QX86P(O5-#7>R(#4"(8PPQ(O.$,JR("#G#*(?&,("@GG,"( -'4,%(%&@=(
G&,(M@%'G'@4%(,SM,7G,"(F@$(G&,(%,7@4"(#4"(G&'$"(&#$;@4'7%(7#-7B-#G,"(F$@;(G&,(
;#'4(M,#>*(

M14#)&+ON(C#$(.$#M&%(@F(G&,(,SM,$';,4G#-(#4"(;@",-,"(Y#-B,%(@F("'%G#47,(#4"(
='"G&( @F( G&,( "'%G#47,( "'%G$'5BG'@4%( '4( "'FF,$,4G( ?U( -J%@ZJ;,( ;BG#4G%*( ?&,(
"'%G#47,(=#%($,#"(F$@;(G&,(;#S';B;(@F(#("'%G#47,("'%G$'5BG'@4(#4"(G&,(='"G&(
'%($,M@$G,"(#%(G&,(FB--(='"G&(#G(&#-FI&,'.&G*(PSM,$';,4G#-(#4"(;@",-,"("#G#(#$,(
$,M$,%,4G,"(5J(F'--,"(#4"(&#G7&,"(5#$%/($,%M,7G'Y,-J*(8'%G#47,%(=,$,(;@",-,"(
B%'4.( G&,( 7$J%G#-( %G$B7GB$,( a9p6*1ab2( 8#G#( #$,( %&@=4( F@$( G&,( ;BG#4G%( ?U9I!(
O$,"R/(?U9IC(O5-#7>R/(?U9If(O@$#4.,R/(#4"(?U9I8(O5-B,R*(?&,(4B;,$'7#-(Y#-B,%(
#$,($,M@$G,"('4(?#5-,%(<`(#4"(<a*(QX86P($,%B-G%(#$,($,M@$G,"(F@$(G&,(CE'92(
G#.*(O#R(D"KLND"KL("'%G#47,%(F@$(G&,(G#.%('4"'7#G,"(5,-@=(G&,(.$#M&*(O5R(+'"G&%(
@F(G&,("'%G#47,("'%G$'5BG'@4%(#G(&#-F(#;M-'GB",* +

(+

M14#)&+SN+8PPQ($,%B-G%(@5G#'4,"(='G&("'FF,$,4G(G#.%(@4(6C)(;BG#4G%(='G&(O$,"R(
#4"( ='G&@BG( O5-#7>R( @4,( ,\B'Y#-,4G( @F( ;#-G@%,*( O#R( C#7>.$@B4"( 7@$$,7G,"(
8PPQ(G$#7,%(#-@4.(='G&(G&,(F'G(@5G#'4,"(='G&(G&,("'%G#47,("'%G$'5BG'@4%(%&@=4(
@4( G&,( $'.&G( O.$,JR*( ?&,( B47@$$,7G,"( G$#7,%( #$,( %&@=4( '4( T'.B$,( <`_( #4"(
7@$$,%M@4"'4.( QX86P( $,%B-G%( '4( T'.B$,( <``*( O5R( !4#-J%,"( "'%G#47,(
"'%G$'5BG'@4%*+

PS7,MG(F@$(G&,(%#;M-,%(='G&(B!('KL+G#./(=&,$,(G&,(M$,7'%,(
7@;M-,S#G'@4( ;@",( '%( B47,$G#'4/( =,( 5,47&;#$>,"( G&,(
,SM,$';,4G#-($,%B-G%(#.#'4%G( G&,@$,G'7#-(M$,"'7G'@4%(5J(;@",-'4.(
G&,(G#.%(@4(G&,(7$J%G#-(%G$B7GB$,%(='G&("'FF,$,4G($@G#;,$(%G#G,%(@F(
G&,( -'4>,$( %,.;,4G%( 5,G=,,4( G&,( D"KLI7@;M-,S( #4"( M$@G,'4(
5#7>5@4,/( #4"( B%,"( G&,( $@G#;,$( -'5$#$',%( G@( 7@;MBG,( "'%G#47,(
"'%G$'5BG'@4%*( T'.B$,( d( %&@=%( G&#G/( ='G&( #( %'4.-,( ,S7,MG'@4/( G&,(
;#S';#(@F( G&,(,SM,$';,4G#--J(",G,$;'4,"("'%G#47,("'%G$'5BG'@4%(
=,$,( #--( ='G&'4( _*K( 4;( @F( G&,( %';B-#G,"( "'%G#47,( "'%G$'5BG'@4%*(
?&,(,S7,MG'@4('%(?U9IC(G#..,"(='G&+3D'92+@$+3J'92/(=&,$,+G&,(
,SM,$';,4G#-("'%G#47,(=#%(BM(G@(_*d(4;(-@4.,$(G&#4(G&,("'%G#47,(
M$,"'7G,"( 5J( ;@",-'4.*( X4( 7@4G$#%G/( G&,( f]ID"( G#.( #GG#7&,"( G@(
?U9I8( %&@=,"( #( %&@$G,$( ,SM,$';,4G#-( "'%G#47,( G&#4( M$,"'7G,"(
5J( ;@",-'4.( OT'.B$,( d#R*( PS7,--,4G( #.$,,;,4G/( ='G&'4( _*`( 4;/(
5,G=,,4( ,SM,$';,4G#-( #4"( M$,"'7G,"( "'%G#47,( #4"( "'%G$'5BG'@4(
='"G&( =#%( @5G#'4,"( F@$( G&,( 3D'92( #4"( 3J'92( G#.%( #GG#7&,"( G@(
?U9If('4(G&,(!/!LV(#GG#7&;,4G(;@",*(?&'%('4"'7#G,%(G&#G(#(%;#--,$(
7@4F@$;#G'@4#-( %M#7,( #Y#'-#5-,( F@$( G&,( G#.( 4@G( @4-J( ",-'Y,$%(
4#$$@=( "'%G#47,( "'%G$'5BG'@4%/( 5BG( #-%@( ';M$@Y,%( G&,( #77B$#7J(
='G&(=&'7&(D"KLND"KL("'%G#47,("'%G$'5BG'@4%(7#4(5,(M$,"'7G,"*(

?@( #%%,%%( G&,( ';M@$G#47,( @F( #4( #%M#$G'7( #7'"( $,%'"B,( '4(
M@%'G'@4( !LU( '4( G&,( !/!LV( #GG#7&;,4G( ;@",/( =,( #-%@( ;,#%B$,"(
8PPQ( #4"( QX86P( "#G#( @F( G&,( ;BG#4G%( ?U9IP( #4"( ?U9IT( ='G&(
3D'92( #4"( 3J'92( G#.%*( ?U9IP( 7@4G#'4%( ='-"IGJM,( $,%'"B,%( '4(
5@G&( !LU( M@%'G'@4%/( =&'-,( ?U9IT( 7@4G#'4%( #4( #%M#$G'7( #7'"(
;BG#G'@4( #G( @4,( @F( G&,( !LU( M@%'G'@4%( #4"( #( ='-"IGJM,( $,%'"B,(
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OY#-'4,R( #G( G&,( @G&,$*( C@G&( ;BG#4G%( M$@"B7,"( 7@4%'%G,4G-J(
5$@#",$( "'%G#47,( "'%G$'5BG'@4%( G&#4( G&,( ?U9If( ;BG#4G( OT'.B$,%(
<bI<]R/( &'.&-'.&G'4.( G&,( Y#-B,( @F( #4( #%M#$G'7( #7'"( $,%'"B,( '4(
M@%'G'@4( !LU( =&,4( B%'4.( 3D'92( @$( 3J'92( G#.%( '4( G&,( !/!LV(
#GG#7&;,4G(;@",('4(#4(!I&,-'S*((+++ 

	
92:;<92:;+215/-.=&+*&-5#)&*&./5A+*-%/"5&+$1.21.4+P)"/&1.+
?&,( 8PPQ( $,%B-G%( @5G#'4,"( F@$( 6C)( ='G&( #4"( ='G&@BG( ;#-G@%,(
#$,( %&@=4( '4( T'.B$,( b*( ?&,( "'%G#47,( "'%G$'5BG'@4%( =,$,(
%'.4'F'7#4G-J( 5$@#",$( G&#4( F@$( ?U( -J%@ZJ;,( #4"( @F( %';'-#$( ='"G&(
F@$( G&,( X8!I<A/( ?`ID"/( #4"( ?aID"( G#.%*( ?&,( f]ID"( G#.( #-%@(
M$@"B7,"( #( 5$@#"( "'%G#47,( "'%G$'5BG'@4( #4"( QX86P(
;,#%B$,;,4G%( O%&@=4( '4( T'.B$,( <UR( %B..,%G( G&#G( G&,( ='"G&( '%(
'4G$'4%'7(#4"("B,(G@(#(;B-G'GB",(@F(7@4F@$;#G'@4%(#4"(4@G("B,(G@(
M%,B"@I%,7B-#$( G,$;( 7@4G$'5BG'@4%*( ?&,( 7@;M#$'%@4( ='G&( G&,(
7#-7B-#G,"( "'%G#47,( "'%G$'5BG'@4%( %&@=( #( 5,GG,$( #.$,,;,4G(
5,G=,,4( ,SM,$';,4G#-( #4"( ;@",-,"( "'%G#47,%( G&#4( F@$( ?U(
-J%@ZJ;,/( ='G&( 4@( "'FF,$,47,( .$,#G,$( G&#4( _*`( 4;( OT'.B$,( c#R*(
?&,( #""'G'@4( @F( ;#-G@%,( "'"( 4@G( 7&#4.,( G&,( "'%G#47,%(
%'.4'F'7#4G-J/(5BG(G&,(='"G&%(@F(G&,("'%G#47,("'%G$'5BG'@4%(5,7#;,(
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