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8)4( :-0-2154/( +./9174( *07/41+4+( G4/5( /1I*E25( ]*8)(
7-:I/4++*-0>(#)4( 2*:*8*0F(1/41(9-/(I-25BY(ZB-( *+(<>@a(0:;>(#)4(
:-0-2154/(-9(I-25BY(ZB-?(I/4I1/4E(*0(8)*+(]15?(]1+(8/10+94//4E(
9/-:( 8)4( 1*/N]184/( *084/9174( 8-( 8)4( +./9174( -9( 04]25( 7241G4E(
bKDj( S5( 1II/-=*:18*-0( -9( 8)4( )5E/-I)-S*7( bKDj( Y@( 7:;((

+./9174Z(8-(8)4(I-25:4/(:-0-2154/(18(8)4(1*/N]184/(*084/I)1+4>(
'=1:*018*-0(S5(!TR(+)-]4E(*:1F4+(]*8)(/4+-2.8*-0(40-.F)(8-(
I/-G*E4(8)4(I1/1:484/+(E49*0*0F(8)4()42*=(Y)42*712(I*87)?()42*712(
+40+4( 10E( I4/*-E*7( -S2*[.4( +8/*I4+Z( 1+( ]422( 1+( 8)4(
+.I/1:-247.21/! 1//10F4:408+( -9( I-25BY(ZB-( *0( 8)4( ;JB7/5+812>(
#).+?(:-0-2154/+( 9/-:( I-25BY(ZB-( I/4+408( ]422BE49*04E( 7)*/12(
;J( )42*=BS.0E24+?( ]*8)( 1( 7-0+8108( )4*F)8( -9( ;>a( 0:?(:-+8( -9(
])*7)(1/4(7241/25(/4+-2G4E(*08-(*0E*G*E.12(/*F)8B(-/(2498B)10E4E(
)42*712(9*42E+(I17\4E(I1/12242(8-(417)(-8)4/(YT*F./4(AZ>(
(

(

Q52#$+(J>(R-0-2154/(-S81*04E(18(Y@:eN:Z(+)-]*0F(2498B(10E(/*F)8B)10E4E()42*712(9*42E+(Y)*F)2*F)84E(*0(I*0\(10E(S2.4(/4+I478*G425Z>( $0(8)*+(+1:I24?(+*:*21/(1/41(/18*-+(
Y*>4>?(@L@Z(9-/(S-8)()-:-7)*/12(E-:1*0+(]4/4(-S81*04E>(!012-F-.+(E*+8/*S.8*-0(-9(E-:1*0+(]4/4(9-.0E(-0(-8)4/(/4F*-0+(-9(8)4(+1:I24(Y+1:I24+(+)-]*0F(.0*9-/:(9*42E+(
]*8)-.8( 1:-/I)-.+( E-:1*0+( 710( S4( 9-.0E( 18( '6$Z>( T-/( 8)4( +1\4( -9( 721/*85?( :1F0*9*718*-0+( -9( S-8)( )42*712( 9*42E+( 1/4( +)-]0?( *0E*718*0F( 8)4( )42*712( +40+4>

^-8)( 85I4+( -9( S.0E24+( 1/4( -/*F*0184E( 9/-:( 8)4( I1/12242(
1//10F4:408( -9( *0E*G*E.12( )42*712( 7)1*0+( -9( 8)4( +1:4( )42*712(
+40+4>(
#)4(I4/*-E*7(-S2*[.4(+8/*I4+(:41+./4E(*0(8)4(*0E*G*E.12(7)1*0+(
9-/:*0F! 8)4( S.0E24+( 8*284E( 7-.084/72-7\]*+4( Y4Z( ]4/4(
E484/:*04E(8-(S4(Bd<v(10E(8)4()42*712(I*87)(A>;(0:(YT*F./4(`Z>((

(

Q52#$+(K>(1Z(&498B)10E4E(:-0-2154/(9*42E(w-S81*04E(18(Y@:eN:Z(SZ(R1F0*9*718*-0(
-9( 1( 2498B)10E4E( :-0-2154/?( )*F)2*F)8*0F( 8)4( )42*712( +40+4?( I*87)( 10E( I17\*0F(
10F24>(7Z(R-247.21/(:-E42(-9(8)4(2498B)10E4E(+8/.78./4(-9(I-25BY(ZB->(

#)4(72-7\]*+4(S.0E24+(Y3Z(+)-]4E(1012-F-.+(G12.4+(-9(d<v(10E(
A>;(0:(YT*F./4(aZ?(*0(177-/E1074(]*8)(1(*)+B*)+-).%/(+\4248-0(*0(
S-8)(71+4+>(
$0(9178?(8)-+4(G12.4+(9-/(I4/*-E*7(-S2*[.4(+8/*I4+(10E(I*87)(1/4(
G*/8.1225(*E408*712(8-(8)-+4(-S81*04E(*0(+-2.8*-0(])40(I-25BY(ZB-(
.0E4/F-4+(7)*/12(1:I2*9*718*-0(S5(7-:I24=18*-0(]*8)(:-0-B(-/(
E*G12408( :4812( *-0+>@M( #)4( I1/1:484/+( -S81*04E( 1984/( &6(

E4I-+*8*-0?(*0E*7184(8)4(I/4+4074(-9()42*74+(]*8)(8)4(I40E108+(
I/-I4/25( -/*4084E( 8-( 9-/:( )5E/-F40( S-0E+( S48]440( 28)( 10E(
Y2xAZ8)(.0*8+(YT*F./4+(`7(10E(a7Z>(

(

Q52#$+( R>( 1Z( !TR( *:1F4(-9( 1( /*F)8B)10E4E(:-0-2154/( -S81*04E( 18( Y@:eN:Z>( SZ(
R1F0*9*718*-0( -9( 8)4( )*F)2*F)84E( 1/41( *0( T*F./4( a1?( +)-]*0F( 8)4( )42*712( +40+4?(
I*87)(10E(I17\*0F(10F24>(7Z(R-247.21/(:-E42(-9(8)4(/*F)8B)10E4E()42*712(+8/.78./4(
-9(I-25BY(ZB->(

$084/4+8*0F25?( 7-:I1/*+-0( -9( 8)4( J6%( 8/174( E.4( 8-( 8)4( &6(
:-0-2154/(]*8)(8)4(-04(-S81*04E(9-/(8)4(9*2:(I/4I1/4E(S5(+I*0(
7-18*0F( E4:-0+8/184+( 8)18( 8)4( &6( 847)0*[.4( E-4+( 0-8(:-E*95(

a)

Left-Handed Helix Rigth-Handed Helix

pendant "clockwise"

backbone 
"clockwise"

3.2 nm

a) c)
3.2 nm

60º

b)

60º
3.2 nm

Rigth-Handed
Monolayer

3.2 nm
pendant 

"counterclockwise"

backbone 
"counterclockwise"

a)

b)

c)
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GMNNO)LGDPLM)( !"#$%&'()&*+(

K (C("#!$%&'>?(;<@;?(,,?(@BA( #)*+(,-./012(*+(3(#)4("-512(6-7*485(-9(%)4:*+8/5(;<==(

D241+4(E-(0-8(1E,.+8(:1/F*0+(

D241+4(E-(0-8(1E,.+8(:1/F*0+(

8)4()42*712( +7199-2E(-9( 8)4(I-25:4/>( $0(S-8)( 71+4+?( 8)4/4( *+( 10(
4=-8)4/:*7( I41\( 1/-.0E( @M;( v%?( 7-//4+I-0E*0F( 8-( 8)4( *)+,
*)+-).%/(8-(01%2+,01%2+-).%/(*+-:4/*P18*-0(-9(8)4(S17\S-04(Y644(
6$Z>(MSB7(

#)4( )*F)B/4+-2.8*-0( !TR( *:1F4+( -9( 8)4( 7)*/12( I-25BY(ZB-( ;JB
7/5+812+(12+-( +)-]4E( 8)18( 8)4(1G4/1F4(7)1*0B8-B7)1*0(E*+81074(
*0( 8)4( /*F)8B)10E4E( 33?( 10E( *0( 8)4( 2498B)10E4E( 44( )42*712(
S2-7\+( *+(G*/8.1225(8)4(+1:4(Y644('6$Z>(#)*+(G12.4(Y`>a(0:Z( *+( *0(
F--E( 1F/44:408(]*8)( 8)-+4( 9-.0E( 9-/( -8)4/( )42*712( I-25:4/+(
]*8)( +)-/8( 0-0B1++-7*18*G4;<( I40E108+( 10E( 21/F4/( 8)10( 8)-+4(
/4I-/84E( 9-/( DD!+( S41/*0F( 2-0F( 12\52( F/-.I+?( ])4/4(
*084/E*F*818*-0( -9( 8)-+4( I40E108+( 91G-./( 1( 8*F)84/( I1/12242(
I17\*0F>@@SBE(
#)4+4( /4+.28+( 7-:I24:408( 8)-+4( E4+7/*S4E(S5( i1+)*:1( '0(%/#(
9-/(-I8*71225(*0178*G4(DD!+(S41/*0F(17)*/12(2-0F(7)1*0(I40E108+?(
8)18( 9-/:4E( S2-7\+( 7-0+8*8.84E( S5( )42*74+( -9( S-8)! 3! 10E! 4!
+40+4+?@@E( 10E( ]*8)( 8)-+4( 9-.0E( *0( -I8*71225( *0178*G4(
7-I-25:4/+(S41/*0F(:*=8./4+(-9( 7)*/12( 10E(17)*/12(:-0-:4/+?(
8)18(9-/:(+*0F24()10E4E(;JB7/5+812+(*E408*712(8-(8)-+4(-S81*04E(
9-/(8)4(I1/408(7)*/12()-:-I-25:4/>@;1(

$0(-./(71+4?(128)-.F)(8)4(I-25:4/(*0(+-2.8*-0(*+(n1=*1225(17)*/12o(
Y4[.*2*S/*.:(-9(4[.1225(I-I.2184E(4B(10E(3B)42*712(S17\S-04+Z?(
8)4( ;J(:-0-2154/( F404/184E( +)-]+( 1( I17\*0F( I1884/0(])4/4(
8)4()42*74+(I/494/(8-(1FF/4F184(]*8)(-8)4/+(-9(8)4(+1:4()42*712(
+40+4( 241E*0F( 8-( +4I1/184( 9*42E+?( -04( 9-/( I-25:4/( 7)1*0+(
.0*9-/:25( 2498B)10E4E(10E(-8)4/+( 9-/:4E(S5(7)1*0+(.0*9-/:25(
/*F)8B)10E4E>( #)4/49-/4?( 8)4+4( /4+.28+( /4+4:S24( 7)*/12(
1:I2*9*718*-0(499478+(y)#'#7(n+4/F4108+(10E(+-2E*4/+o?(n:1,-/*85(
/.24oy(I/4G*-.+25(/4I-/84E(*0(8)4(+-2*E(+8184?@;(S.8(*0(-./(71+4?(
-.8+810E*0F25?( I-25BY(ZB-( I/-E.74+( 1( S/10E( 04]( +7401/*-L( 10(
4[.12( 0.:S4/( -9( 3( 10E( 4( ;JB7/5+812+( 8)/-.F)( 1( 7)*/12(
1:I2*9*718*-0( 499478>( #)*+( 9178( E*994/+( 9/-:( 8)4( +5+84:+(
/4I-/84E(S5(i1+)*:1('0!%/#(])4/4(-025(1(+*0F24(7)*/12(;J(7/5+812(
]1+( -S81*04E( Y3( -/(4Z( E49*04E( S5( 8)4( 7)*/12*85( -9( 8)4( 7)*/12(
:-0-:4/>(
T/-:( 8)4( 8)4/:-E501:*7( I-*08( -9( G*4]?( 8)*+( +.FF4+8+( 8)18(
E*994/408( 404/F*4+( 1/4( 1++-7*184E( 8-( 8)4( I17\*0F( -9( 1=*1225(
)-:-7)*/12( Y'#8#7! 333?(444Z( 10E( )484/-7)*/12( )42*74+( Y'#8#?(
343?( 434Z?( S4*0F( 8)4( )-:-7)*/12( 7)1*0z7)1*0( *084/178*-0+(
91G-./4E(*0(I-25BY(ZB-(-G4/(8)4()484/-7)*/12(7-.084/I1/8+>((
!2+-?(8)4(.0*9-/:()4*F)8(:41+./4E(Y)#'#?(;>a(0:Z( *0E*7184+(8)4(
499478*G404++( -9( 8)4( &6( :48)-E( 8-( -S81*0( )-:-F404-.+(
:-0-2154/+(]*8)-.8(177.:.218*-0(-9(I-25:4/*7(7)1*0+(-04(-0(
8-I( -9( 8)4( -8)4/( Y+44( 6$Z>( T./8)4/:-/4?( S5( 8)*+( :48)-E( 8)4(
7)1*0+(E-(0-8(I/4+408(8)4(-S2184(-/(92188404E(+)1I4+(-S+4/G4E(
*0(-8)4/(DD!+(-0(bKDj>M(
$8( *+( /424G108( 8-( I-*08( -.8( 8)18( 128)-.F)( 8)4( E-:1*0+( 1/4(
.0*9-/:25( 9-/:4E( S5( 122( 2498B( -/( S5( 122( /*F)8B)10E4E( )42*74+?(
+-:4( )42*712( /4G4/+12+( 1/4( E*+8*0F.*+)4E( 12-0F( 8)4( I-25:4/(
7)1*0+>( $084/4+8*0F25?( 8)4( /4G4/+12+( 1/4( 12]15+( I/4+408( 1+(
7-08*F.-.+(I1*/+(*0(8)4(7)1*0?(122-]*0F(*0(8)18(]15(8-(:1*081*0(
S-8)( 8)4( +1:4()42*712( +40+4( 12-0F( 8)4( 7-:I2484( 7)1*0( -9( 8)4(
I-25:4/( YT*F./4( dZ( 10E( 8)4( 9*012( 7)*/12( 7-08408( -9( 8)4(
:-0-2154/>(

(

Q52#$+(S>(1Z(67)4:18*7(*22.+8/18*-0(-9(8)4(499478+(-9(8)4(E*994/408(85I4+(-9(/4G4/+12+(
*0( 1( )42*712( +8/.78./4>( SZ( !TR( *:1F4( -9( 1( /*F)8B)10E4E( :-0-2154/( +)-]*0F(
/4G4/+12+(12-0F(8)4(I-25:4/(7)1*0+(Y2498Z?(10E(8)4(+1:4(*:1F4(]*8)(E-.S24()42*712(
/4G4/+12+()*F)2*F)84E(9-/(8)4(+1\4(-9(721/*85>(

$0(1EE*8*-0(8-(8)4(/*F)8(10E(2498()10E4EB(]422B-/E4/4E(E-:1*0+?(
!TR( *:1F4+( 12+-( +)-]4E( 8)4( I/4+4074( -9( +4I1/184(
40108*-:4/*7(+.I4/)42*74+?(2498B(10E(/*F)8B)10E4E(-/*4084E((
#)4*/(:41+./4E()42*712(I*87)4+(1/4(d>f(9-/(8)4(2498B)10E4E(10E(
d>;( 0:( 9-/( 8)4( /*F)8B)10E4E( +.I4/)42*=?( 8)4( I17\*0F( 10F24+(
S4*0F( d<v( *0( S-8)( 71+4+>( T*F./4( f( +)-]( I21.+*S24( 7-*24EB7-*2(
+8/.78./4+( 9-/:4E( 9/-:( 8)4( AN@( )42*712( +7199-2E+( 8)18( :187)(
8)4( -S+4/G4E( 4=I4/*:40812( G12.4+>( #-( -./( \0-]24EF4?( 8)*+( *+(
8)4( 9*/+8( /4I-/8( -9( 1( 7)*/12( )42*712( I-25:4/( 8)18( F404/184+(
+.I4/)42*74+(-9(S-8)()42*712(+40+4+>;@?;;((

(

Q52#$+( T>( &498B( 10E( /*F)8B)10E4E( +.I4/)42*74+( -/*F*0184E( 9/-:( I-25BY(ZB-( 10E(
G*+.12*P4E(S5(!TR(10E(1(I21.+*S24(:-E42(S1+4E(-0(8)4(!TR(-S+4/G18*-0>(

T*01225?( *8( *+( ]-/8)( :408*-0*0F( 8)4( 499478*G404++( -9( 8)4(
&10F:.*/B67)1494/( E4I-+*8*-0( 847)0*[.4( 8-( F404/184( ;J(
:-0-2154/+( .+49.2( 9-/( )*F)( /4+-2.8*-0( !TR( -9(
I-25I)4052174852404+( ]*8)( +)-/8( I40E108+?( )1+( S440( 12+-(
I/-G40(]*8)(-8)4/(DD!+(])4/4(+I*0(7-18*0F?(E/-I(71+8*0F(10E(
&10F:.*/B^2-EF488( 91*24E( k'#8#?( 9%1%,! 10E( &'0%BI)4052(
+.S+8*8.84E( Y:ZBI)4052F257*04(:48)52(4+84/( YI-25BI(10E(I-25BJZ(
10E( &'0%BI)4052( +.S+8*8.84E( Y:ZB1B:48)-=5B1BI)40521748*7(
17*E( YI-25BKZ( 1+( I40E108( F/-.I+?( +44( 6$l?( +.FF4+8*0F( 8)18( &6(
7-.2E( S4( 8)4( :48)-E( -9( 7)-*74( 9-/( 8)4( I/4I1/18*-0( -9( F--E(
[.12*85(;J(:-0-2154/+(9-/()*F)(/4+-2.8*-0(!TR(+8.E*4+(-9(DD!+(
217\*0F(2-0F(7)1*0(I40E108+>(

(

G"%1'#05"%0(

Achiral PPA Chiral Axially Racemic PPA

Single Reversal
Helical inversion

Double Reversal
No Helical inversion

a) b)

2.3 nm

6.2 nm
2.3 nm

60º

7.8 nm

7.8 nm

60º

6.2 nm

8.3 nm

6.7 nm

60º

2.3 nm

2.3 nm

6.7 nm

60º

8.3 nm

Left-handed Right-handedSuperhelices
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!"#$%&'()&*+( (GMNNO)LGDPLM)(

#)*+(,-./012(*+(3(#)4("-512(6-7*485(-9(%)4:*+8/5(;<==! "#!$%&'>?(;<@A?(,,?(@BA(C(R (

D241+4(E-(0-8(1E,.+8(:1/F*0+(

D241+4(E-(0-8(1E,.+8(:1/F*0+(

$0(+.::1/5?(]4(I/4+408(10(1=*1225(/174:*7(7)*/12(I-25:4/(]*8)(
)*F)( +42478*G*85( 9-/( )-:-7)*/12( I17\*0F( *0( 8)4( ;J( 7/5+812?(
I/-E.7*0F( .0*9-/:( 9*42E+( 7-:I-+4E( S5( 4*8)4/( 2498B)10E4E( -/(
/*F)8B)10E4E( )42*712( 7)1*0+?( S.8( 0-( 9*42E+( -9( :*=4E( )42*7*85>((
#)*+( I/494/4074( 9-/( 8)4( 1++4:S25( -9( 7)1*0+( ]*8)( *E408*712(
)42*712(+40+4(*+(12+-(-I4/18*G4(*0(8)4(9-/:18*-0(-9(+4I1/184(2498B(
10E(/*F)8B)10E4E(+.I4/)42*74+(10E(8)4(1S+4074(-9(1FF/4F184+(
]*8)(:*=4EB+40+4(7)1*0+>((
#-(-./(\0-]24EF4?( 8)*+( *+( 8)4( 9*/+8( /4I-/8(-9(1( 7)*/12?(E501:*7(
I-25:4/( 8)18( 9-/:+( +4I1/184E( :17/-+7-I*71225( 40108*-:4/*7(
2498B(10E(/*F)8B)10E4E(E-:1*0+(10E(+.I4/)42*74+>(
#)4+4( /4+.28+( ]*8)( 1=*1225( /174:*7( 7)*/12( DD!+( 7-:I24:408(
8)-+4(-9(i1+)*:1('0!%/#(10E(122-](8-(F48( 8)4(])-24(I*78./4(-9(
)-]( :17/-+7-I*71225( -I8*71225( *0178*G4( DD!+( S4)1G4( ])40(
9-/:*0F(:-0-2154/+L(
1Z( !=*1225( /174:*7( 17)*/12( DD!+( F*G4! :-0-2154/+( ])4/4( 8)4(
*0E*G*E.12(I-25:4/(7)1*0+(7-081*0(9/1F:408+(]*8)(4*8)4/!3!-/(4!
)42*712(+40+4+?(+4I1/184E(S5(/4G4/+12+>((
SZ( !=*1225( /174:*7( 7-I-25:4/+( ;:1E4( S5( 7)*/12( 10E( 17)*/12(
:-0-:4/+( -/( :*=8./4+( -9( 40108*-:4/*7( :-0-:4/+y( F*G4(
:-0-2154/+( ]*8)( 1:I2*9*718*-0( -9( 7)*/12*85( Y+'18'%20+! %2.!
+-/.)'1+( -/( &%<-1)0=! 1>/'( 499478+Z( :1\*0F( 8)4( 7-I-25:4/( 8-(
1E-I8(:1*025(1(+*0F24()42*712(+40+4(]*8)(8)4(/1/425(I/4+4074(-9(
/4G4/+12+>(
7Z( T*01225?( 1=*1225( /174:*7( 7)*/12( DD!+( I/-E.74! :*=8./4+( -9!
:17/-+7-I*71225( )-:-F404-.+( 7)*/12! :-0-2154/+( 9-/:4E( S5(
I-25:4/( 7)1*0+( ]*8)( 4*8)4/! 3! -/! 4! )42*712( +40+4>( $0( 8)4+4(
7)1*0+(+-:4(/4G4/+12+(:15(-77./?(S.8(8)45(1/4(12]15+(I/4+408(
*0(7-08*F.-.+(I1*/+(8)18(122-](:1*081*0*0F(8)4()-:-F404*85(-9(
8)4()42*712(+40+4>((
(
D1U%".'+:2*+%70(
(
m4( 8)10\( {2G1/-( j*2( Y$0+8*8.8-( E4( %4/W:*71?( h6%Z?( H-+Q(
R*V-04+( YJ4I1/81:408-(E4(U.O:*71(TO+*71?(h6%Z(10E(64/G*7*-(
E4(e10-8470-2-FO1(5(!0W2*+*+(E4(6.I4/9*7*4+(Y%!%#$?(h|$jKZ>(">(
"-E/OF.4P( 10E( T>( T/4*/4( 8)10\( R'%( 9-/( 1( TD$( 7-08/178( 10E( 1(
"1:}0(5(%1,12(7-08/178(/4+I478*G425>(#)*+(]-/\(]1+(+.II-/84E(
S5( F/108+( 9/-:( R'%( Y%#U;<@`Bd@`f<B'cDZ( 10E( c.081(
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(
(

)"7+0(&%:($+C+$+%1+0(
@ Y1Z('>(i1+)*:1?(_>(R14E1?(4%*1-&-/'*>/'+(I,,V?(?@?(AB@;>(YSZ(

H>(j>(".E*7\?(|>(D4/747?(A**#!BC'&#!('+#7(I,,V?(?@?(@d`@B@da;>(
Y7Z('>(i1+)*:1?(_>(R14E1?(i>(T./.+)-?(A**#!BC'&#!('+#7(I,,V?(
?@?(@@ddB@@g<>(YEZ(^>(R>("-+40?(%>(H>(m*2+-0?(J>(!(m*2+-0?(R>(
D484/71?(R>(">($:10?(|>(D4/747?(BC'&#!('D#7(I,,W?(@EF?(d;faB
da`<>(Y4Z('>(i1+)*:1?(_>(R14E1?(b>($*E1?(i>(T./.+)-?(_>(e1F1*?(
BC'&#!('D#7(I,,W?(@EF?(d@<;Bd;@@>(Y9Z(m>B6>(&*?(#>(!*E1?(BC'&#!
('D#7(I,,W?(@EF?( d<`fzd<fds( YFZ( T>( T/4*/4?( H>( R>( 647-?( '>(
U.*V-W?(">("*F.4/1?(A.D#!3-/=&#!:*)>?(I,-J?(GHG?(@;Az@`<>(Y)Z(
H>(".E*7\?(A.D#!3-/=&#!:*)>?(I,-J?(GHG?(A`azAd;>(

; Y1Z( #>( e1\10-?( i>( K\1:-8-( BC'&#! ('D#7( I,,-?( @E@?( `<@Az
`<Ag>(YSZ(H>(H>(&>!4!%-/042*++40?(!>('>("-]10?(">(H>!R>!e-284?(e>(
!>(H>(R>((6-::4/E*,\10E?(BC'&#!('D>?(I,,-?(@E@?(`<AMz`<f<>(
Y7Z(J>(H>(b*22?(R>(H>(R*-?(">(^>(D/*074?(#>(6>(b.F)4+?(H>(6>(R--/4?(

BC'&#!('D>?(I,,-?(@E@?(AgMAz`<@;>( YEZ(R>(6.F*:-04?(i>( $8-?(
A.D#! 3-/=&#! :*)>?(I,,K?(@I@?( ffz@Ad>( Y4Z( H>(m>( i>( &1:?( ^>( ~>(
#10F?(A**#!BC'&#!('+>?(I,,R?(JK?(f`azfa`>( Y9Z('>(i1+)*:1?(_>(
R14E1?(*0(L-/.%&'1+M!:01>*0>1'7!31-9'10)'+7!%2.!A99/)*%0)-2+?(
4E>( 6>( b47)8( 10E( $>( b.7?( m*245B|%b?( m4*0)4*:?( I,,T?( II>(
AA@zAdds(YFZ(">(H>(R>(e-284?(!>('>("-]10?(3-/=&#!BC'&>?(I,--?(
G?(AAB`f>(

A Y1Z('>(!0F4/?(b>($*E1?(#>(i1:1F.7)*?(_>(b151+)*?(J>(_.:10-?(J>(
%/1++-.+?( e>( |108).504?( %>( "-.++427?( '>( i1+)*:1?( 3-/=&#!
BC'&#7(I,-K?!N?(`M<Mz`M@`>(YSZ(b>($*E1?(R>(R*\*?(6>($]1)101?(
'>(i1+)*:1?(BC'&#!O>1#!"#7(I,-K?(GE?(`;afz`;d;>(

` Y1Z( _>( 6)*:-:./1?( #>( $\1*?( 6>( _10-)?( '>( i1+)*:1?( _>( R14E1?(
$%0#!BC'&#7!I,-K?(H?(`;MB`A`>(

a Y1Z(">(D>(R4F40+?(j>("-4294+?(BC'&#!O>1#! "#7(I,--?(@I?(ga@`z
ga;A>( YSZ( ~>( #10F?( b>( $*E1?( bBi>( b.?( '>( i1+)*:1?( AB:!4%*1-!
5'00>?( I,-I?( @?( ;d@u;da>( Y7Z( b>( $*E1?( ~>( #10F?( '>( i1+)*:1?( "#!
3-/=&#!:*)#7!3%10!AM!3-/=&#!BC'&#?(I,-J?(N@?(;gdMz;gfM>(

d Y1Z(|>(D4/747?('>(![1E?(R>(D484/71?(H>j>(".E*7\?(&>(&4:-0?(H>(%>(
"-0E1?(^>(^>(J4?(D>!>(b4*045?('>(m>(R4*,4/?("#!A&#!BC'&#!:-*#7!
I,,S?( @GK?( @dAdaB@dAf;>( YSZ( |>( D4/747?( R>( D484/71?( H>( j>(
".E*7\?( '>( ![1E?( R>( ">( $:1:?( D>( !>( b4*045?( BC'&#! O>1#! "#7(
I,,T?(@J?(Maf;zMag@>(Y7Z(|>(D4/747?(H>(j>(".E*7\?(R>(D484/71?(
'>( ![1E?(R>( ">( $:1:?( D>( !>( "#!b4*045?( "#! 3-/=&#! :*)#7! 3%10! AM!
3-/=&#! BC'&#7! I,,T?( ?N?( `Mf`B`Mgf>( YEZ( H>( j>( ".E*7\?( |>(
D4/747?(4%*1-&-/#! BC'&#! 3C=+#7( I,,V?! GEF?( @faMz@fdg>( Y4Z(
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f Y1Z( ">(R-8-+)*F4?( i>(R1]181/*?( !>(R-8-+)*F4?( i>( i-+)*E1?( #>(
61+1\*?( b>( i-+)*:*P.?( #>( 6.P.\*?( #>( i-+)*)1/.?( R>( #1S181?( "#!
3-/=&#!:*)#7!3%10!AM!3-/=&#!BC'&#?(I,-J?(NG?(fa;zfaM>( YSZ(i>(
i-+)*E1?( i>( R1]181/*?( !>( R-8-+)*F4?( ">( R-8-E+)*F4?( #>(
b*/1-\*S?(R>(#1S181?(3-/=&#!BC'&#7(I,-J?(??( ;Mg;z;Mgg>( Y7Z(
i>( i-+)*1\*?( i>( R1]181/*?( !>( R-8-+)*F4?( ">( R-8-+)*F4?( #>(
b*/1-\*?(R>(m1F04/?(_>!!"##$%&'R>(#1S181?("#!A&#!BC'&#!:-*#7(
I,-J?(@JN?(`@@<z`@@d>(

g Y1Z(_>(_>(&>(%)4.\?(H>(m>(i>(&1:?(H>(%)40?(R>(&>(&1*?(^>(~>(#10F?(
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%)4.\?( &>( &*0F?( H>( %)40?( c>( c*1-?( %>( ^1*?( ^>( ~>( #10F?(
4%*1-&-/'*>/'+?( I,,J?( JH?( ff( z( ga>( Y7Z( H>( m>( i( &1:?( ^>( ~>(
#10F?! A**#! BC'&#! ('+#7( I,,R?( JK?( f`a( z( fa`>( YEZ( R>( j>(
R154/+)-94/?( K>! "( e.5\40?! 3-/=&#! :*)#! 3%10! A7( I,,R?( ?J?(
af;Azaf`f>( Y4Z( _>( _>( &>( %)4.\?( ^>( 6>( &*?( H>( m>( i>( &1:?( ^>( ~>((
#10F?(4%*1-&-/'*>/'+7(I,,V?!?@?(aMMfzd<<a>((

M Y1Z(&>(&*.?(#>(e1:*\-+)*?(i>(~10F?(#>(!-\*?(6>(b1E10-?(i>(!S4?($>(
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R*87)422?(mBJ>( %)-?( 6>( e>(R1F-0-G?(4%*1-&-/'*>/'+?(I,,S?(
JF?( fA`;BfAa@>( YSZ(|>(D4/747?( H>(j>(".E*7\?(R>(D484/71?( 6>(">(
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%).0F?(e>(j)*-00*?(6>(e>(R1F-0-G?(D>(!>(b4*045?(BC'&#!O>1#!
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@@ Y1Z( #>( e*+)*:./1?( _>( #1\1810*?( 6>( 61\./1*?( _>( R14E1?( '>(
i1+)*:1?(A28'P#!BC'&#!Q20#!O.#7!I,,I7!?@?(Ad<;BAd<`>(YSZ(6B$>(
61\./1*?(_>(K\-+)*?( H>(_.:1\*?('>(i1+)*:1?( "#!A&#!BC'&#!:-*#!
I,,S7!@GK7(ada<Bada@>(Y7Z(_>(K\-+)*?(6>(61\./1*?(H>(_>(K)+1]1?(
'>(i1+)*:1?(A28'P#!BC'&#! Q20#! O.#!I,,S7! ?N?( @;`aB@;`g>( YEZ(
6B$>( 61\./1*?( _>( K)+1]1?( _>( e1F1*?( _>( K\-+)*?( H>( _.:1\*?( '>(
i1+)*:1?(A28'P#!BC'&#! Q20#!O.#7(I,,T?(?H?(fd<aBfd<g>(Y4Z('>(
i1+)*:17!3-/=&#!"#(I,-,?(?G?(AB@d(Y9Z(6>(K)+1]1?(6B$>(61\./1*?(
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$>?( 6( 61\./1*?( _>(e1F1*?( H>( _.:1\*?( _>(K0*8+.\1?( '>( i1+)*:1?( "#!
A&#!BC'&#!:-*#7!I,,V?(@JE?( ;;MB;Ad>( YSZ( ~BU>(m.?(_>(e1F1*?(
R>(^100-?(_>(K\-+)*?(_>(K0*8+.\1?('>( i1+)*:1?( "#!A&#!BC'&#!
:-*#?(I,,W?!@J@?(df<gBdf@g>(
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b-]4G4/?( G12.4+( 1/-.0E( `>a( 0:( ]4/4( -S+4/G4E( *0( !TR(
*:1F4+(-9(I-25:4/+(]*8)(+)-/8(I40E108+(217\*0F(8)4(I/4+4074(
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