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(Z4(+508)4+*]4E(8)4(F4:*0*(+./9178108()G'LMN(T*8)(8)4(2*0Y4/(

I-+*8*-04E( 18( 8)4( )41EF/-.I( 8)/-.F)( 8)4( /4178*-0( -9( 8T-(
4V.*G12408+( -9( 7-::4/7*1225( 1G1*21U24( $($B
E*:48)520-0521:*04( T*8)( @?_BE*U/-:-U.8104( 8-( 199-/E( 1( _g(
U*+W1::-0*.:X( E*U/-:*E4( +./9178108?( U5( 1012-F5( T*8)( 1(
I/4G*-.+( /4I-/8( W67)4:4( @X>;_( #/418:408( -9( 8)*+( +508)48*7(
*084/:4E*184( T*8)( J-T4=oB@( 7)2-/*E4( 10*-0( 4=7)10F4( /4+*0(
9./0*+)4E(8)4(E4+*/4E()G'LMN(U41/*0F(%2B(7-.084/*-0+>(%)2-/*E4(
7-.084/*-0+(T4/4( 7)-+40( 8-( 40)1074( 8)4( )5E/18*-0( 1U*2*85( -9(
8)4(+./9178108+?(10E(8).+(*07/41+4(8)4*/(I/-I40+*85(8-(9-/:(&&%(
I)1+4+( *0( ^;K>( W644( 6.II-/8*0F( $09-/:18*-0( 9-/( E481*24E(
4=I4/*:40812(I/-74E./4+>X(
m.184/01/5( U*+W1::-0*.:X( +./9178108( )G'LON!! ?( *0( T)*7)(

8)4( 2*0Y4/( 7-00478+( 8)4( 8T-( +./9178108+( 18( 8)4( !! BI-+*8*-0(
1E,17408( 8-( 8)4( _g( 1::-0*.:( )41EF/-.I+?( T1+( +508)4+*]4E(
9/-:(-./( I/4G*-.+25( /4I-/84E( E*71/U-=52184( F4:*0*( +./9178108(

E-7-+104BM?@_BE*71/U-=52*7(17*E( W-Xa( *0( 8)4( 8)/44(+84I+(+)-T0(
*0( 67)4:4( ;>( 6.U,478*0F( -( 8-( 67):*E8( /4178*-0( 7-0E*8*-0+( U5(
8/418:408( T*8)( c1cA( 10E( 7-07408/184E( ^;6K_( *0( U40]404(
/4+.28+( *0( 8)4( 499*7*408( 9-/:18*-0( -9( 1( F4:*0*( U*+W12Y52(
*+-7510184X?( T)*7)( .0E4/F-4+( +.U+4V.408( 12Y12*04( )5E/-25+*+(
T*8)( c1K^W%/X( 8-( 5*42E( 8)4( E*1:*04( I>;b( '=)1.+8*G4(
:48)5218*-0(-9(I(T*8)(%^A$?(9-22-T4E(U5(%2

B(*-0(4=7)10F4(.+*0F(
8)4( J-T4=oB@( /4+*0( 5*42E+( 8)4( E4+*/4E( _g( U*+W1::-0*.:X(
+./9178108?()G'LONR>(
O4:*0*( E*71/U-=52184( -( 12+-( +4/G4+( 1+( 1( G4/+18*24( +81/8*0F(

:184/*12(9-/(8)4(+508)4+*+(-9()G'LONS(U5(8)4(/-.84(E4I*784E(*0(
67)4:4( A>( Z4( 9*/+8( +508)4+*]4E( E*1:*E4( Q( U5( +4V.408*12(
/4178*-0(-9(E*17*E(N/-(T*8)(6K%2;(10E(^cQ4;( *0(#^f(18(;;( g%>(
%-:I2484( 1:*E4( /4E.78*-0( -9( Q( .+*0F( &*!2^_( 9./0*+)4+( 8)4( Ag(
E*1:*04( N?( T)*7)( T1+( I4/:48)52184E( T*8)( %^A$( 8-( 5*42E( 8)4(
E4+*/4E( _g( U*+W1::-0*.:X( +./9178108( +7199-2E>( $-E*E4( *-0(
4=7)10F4( T1+( 1F1*0( 17)*4G4E( U5( 8/418:408( T*8)( J-T4=oB@(
7)2-/*E4(10*-0(4=7)10F4(/4+*0(8-(5*42E()G'LON"" ( *0(Aej(-G4/122(
5*42E(U1+4E(-0(->(

#)4(&&%(I)1+4(U4)1G*-/+(-9(8)4(+4/*4+(-9(F4:*0*(+./9178108+(
)G'LMN?( )G'LON!! ,(10E()G'LON"" ( T4/4( +8.E*4E( U5( G1/*1U24(
84:I4/18./4( 21U( +-./74( 10E( +507)/-8/-0( +:122B10F24( pB/15(
+71884/*0F(W6!p6X(U48T440(,(k(;;i@<<(g%>(&&%+(T4/4(I/-E.74E(
U5( )5E/18*-0( -9( 417)( -9( 8)4( /*F-/-.+25( E/*4E( +./9178108( +128+(
T*8)(71/49.225(:41+./4E(1:-.08+(-9(^;K(8-(I/-E.74(1(+4/*4+(-9(
+1:I24+( T*8)( 7-:I-+*8*-0+( G1/5*0F( *0( b( T8j( *07/4:408+>( !22(
+1:I24+(T4/4(122-T4E(8-(/4+8(.0E4/(V.*4+7408(7-0E*8*-0+(9-/(18(
241+8(@;()(I/*-/(8-(6!p6(10125+*+?(*0(-/E4/(8-(122-T(/421=18*-0(-9(
/4+*E.12( +8/4++4+( *0( 8)4( +1:I24+( 1/*+*0F( 9/-:( I/4I1/18*-0( U5(
)*F)B+I44E( 7408/*9.F18*-0>( Z4( 0-84( 8)18( T)*24( I)1+4(
7-4=*+84074( T*0E-T+( +*8.184E( U48T440( 8)4( I./4( &&%( I)1+4(
T*0E-T+( E-7.:4084E( U42-T( 1/4( 108*7*I184E( *0( 177-/E1074(
T*8)(O*UU+q(I)1+4(/.24?;@?( ;a(8)4(b(T8j(7-:I-+*8*-0(/4+-2.8*-0(
-9(-./(I)1+4(:1I+(E*E(0-8(12T15+( /4G412( 8)4*/(I/4+4074`(-025(
I)1+4(7-4=*+84074(T*0E-T+(8)18(1/4(r(;>b(T8j(T*E4(1/4(0-84E(
*0(8)4(9-22-T*0F(E*+7.++*-0>(

A1C+*+(->(6508)4+*+(-9(F4:*0*(+./9178108()G'LMN>(

(

A1C+*+(I/(6508)4+*+(-9(F4:*0*(+./9178108()G'LON!! (

(

A1C+*+(Q/(6508)4+*+(-9(F4:*0*(+./9178108()G'LON!(

(

4

O
OH

O
HO

4

H2N NH2

4

N N
Cl Cl

1) MeI (10 eq.), K2CO3
    CH2Cl2/MeOH

2) Dowex®-1, MeOH

1) NaN3
   H2SO4, C6H6

2) 30 wt% NaOH(aq)

NCl-74!!1 2

4

O
OH

O
HO

4

O
N

O
N

4

N N

4

N NCl Cl

1) SOCl2

2)

       6 eq. 
       THF

H
N

 LiAlH4

 THF, Reflux

1) MeI, CH2Cl2

2) Dowex®-1
    MeOH

NCl-74b3 41

N

Br Br
4

1)

    Acetone, Reflux

2) Dowex®-1

    MeOH

2

N N
4

Cl Cl

NCl-84

Page 3 of 9 Soft Matter

S
of

tM
at

te
r

A
cc

ep
te

d
M

an
us

cr
ip

t



?9FEG;H( !"#$%&'()&*+(

N (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+(

(
)G'LMN( 9-/:+( 1( +4/*4+( -9( &&%( I)1+4+( 18( 7-:I-+*8*-0+(

7-:I/*+*0F( s( M<( T8j( +./9178108( 18( ;b( g%?( 1+( 8)4( +./9178108(

/4:1*0+(7/5+8122*04(18(2-T4/()5E/18*-0+(Wr(M<(T8j()G'LMNX(18(;b(
g%(Wf*F./4(A1X>(Z4(-U+4/G4(1(&&%(I)1+4(U48T440(,(k(e<B@<<(g%(
18( 1( 7-:I-+*8*-0( -9( M_>b( T8j( )G'LMN( 8)18( 4=)*U*8+( 6!p6(
:1=*:1(18(/0/1(k("a?("e?("@_?(10E("@a(T*8)(/S(k(<>@<;@(tB@?(
T)*7)( *+( 7-0+*+8408(T*8)( 8)4( 9-/:18*-0(-9(1(E-.U24(F5/-*E( WOX(
I)1+4>($0(8)4(7-:I-+*8*-0(/10F4(ebBd<(T8j()G'LMN(U48T440(,(
k( ;bB@<<( g%?( G1/*1U24B84:I4/18./4( 6!p6( 10125+4+( 5*42E(
+71884/*0F(I1884/0+(T*8)(I41Y+(2-7184E(18(/0/1(k(@?(uA?(10E(u_(
T*8)(/S(k(<>;_a<(tB@(8)18(*0E*7184(9-/:18*-0(-9(1()4=1F-01225B
I17Y4E(752*0E4/+(&&%(:-/I)-2-F5(W^$X>(&&%(+1:I24+(7-:I/*+*0F(
ab( T8j( )G'LMN( 1/4( +8*99( 10E( -I8*71225( 0-0BU*/49/*0F408?(
+.FF4+8*0F( 8)4( 9-/:18*-0( -9( 1( &&%( T*8)( 7.U*7( +I174( F/-.I(
+5::48/5>(6!p6(I1884/0+(1++-7*184E(T*8)(8)*+(&&%(U48T440(,(k(
;bBb<(g%(4=)*U*8(+71884/*0F(I41Y+(18(18(/N/S(k(u;?(u_?(ub?(ua?(ue?(
u@<?( u@;?( u@A?( u@_?( 10E( u@a( T*8)( /S( k( <>@<@e( tB@>( #)*+(
E*+8*078*G4( +71884/*0F( +*F018./4( T*8)( 1( +-:4T)18( .0.+.12(
+71884/4E( *0840+*85( 40G42-I4( *+( 7)1/1784/*+8*7( -9( 10( &&%( T*8)(
*&!2(+5::48/5(W+I174(F/-.I(v;;AX>A?(;dBA<(n42-T(a<(T8j()G'L
MN?( 8)4(+./9178108( 9-/:+(E*+-/E4/4E(0-/:12(:*74221/( +-2.8*-0+(
W&@X>(n1+4E(-0(8)4(9-/:18*-0(-9(1(&$(I)1+4(18()*F)(E*2.8*-0+?(T4(
1+74/81*0(8)18(8)4+4(&&%+(1/4(#5I4($(W[0-/:12\X(I)1+4+(T*8)(8)4(
T184/(7-07408/18*-0BE4I40E408(I)1+4(I/-F/4++*-0L(O$(w(^$(w(
*&!2(w(&@(W:*74224+X>(

#)4(F/-.I+(-9( &.]]18*?A<( $:I4/-/i%24/7?;d( 10E(Z1//;e()1G4(
I/4G*-.+25( /4I-/84E( 8)4( 9-/:18*-0( -9( #5I4( $( *&!2( &&%+( -/(
f/10YBR1+I4/(!@b(+8/.78./4+?(T)*24(D4//-0*(10E(Q1)108)1II1(
/4740825( /4I-/84E( 8)4(!@b( +8/.78./4( 1+( 1( #5I4( $$( &&%( I)1+4>;M(
D4/747(10E(7-BT-/Y4/+()1G4(12+-(E4+7/*U4E(1(/42184E(+8/.78./4(
*0( 8)4/:-8/-I*7( 2*V.*E( 7/5+812+>A@?( A;# #)*+( E*+7-08*0.-.+( 7.U*7(
&&%(+8/.78./4( 9-/:4E(U5()G'LMN( *+(1( 848/1)4E/12( 72-+4(I17Y*0F(
-9(V.1+*B+I)4/*712(:*74224+(T*8)(8T-(E*994/408(I/494//4E(+)1I4+(
*0( 10( !nA( +8-*7)*-:48/5( Wf*F./4( _X>A@( K04( +48( -9( +I)4/*712(
:*74224+( 1/4( 1//10F4E( -0( 1( U-E5B74084/4E( 7.U*7( 2188*74?( T*8)(
-04( :*74224( 18( 8)4( 74084/( -9( 8)4( .0*8( 7422( 10E( -04( :*74224(
2-7184E(18(417)(-9(8)4(4*F)8(7-/04/+>(!(+47-0E(+48(-9([I2184248\(
:*74224+(1/4(I2174E(I1*/T*+4(*0(417)(-9(8)4(+*=(9174+(-9(8)4(7.U4(
*0(1(:1004/(8)18(/40E4/+(8)4(.0*8(7422(E*1F-012(1(!B1=*+>(

Z4()1G4(+.::1/*]4E(8)4(I)1+4(U4)1G*-/(-9()G'LMN( *0(8)4(
84:I4/18./4( G4/+.+( 1:I)*I)*24( 7-07408/18*-0( &&%( I)1+4(
E*1F/1:( +)-T0( *0( f*F./4( b1>( #)4( -U+4/G4E( I)1+4( U4)1G*-/( *+(
7-0+*+8408( T*8)( 8)18( I/4G*-.+25( /4I-/84E( 9-/( -8)4/( _g(
U*+W1::-0*.:X( F4:*0*( +./9178108+?;;( 4+I47*1225?( 8)4( T*E4( ^$B
I)1+4( T*0E-T( 10E( 8)4( 01//-T( O$BI)1+4( T*0E-T( 8)18( *+(

(

(

(
K<2#$+( Q>( !]*:.8)1225B*084F/184E( 6!p6( I1884/0+( 9-/( &&%+( E4/*G4E( 9/-:L(
W%X()G'LMN?(W)X()G'LON"?(10E(W+X()G'LON!>(Q1/Y4/+(-0(417)(8/174(*0E*7184(
8)4(7127.2184E(I41Y(I-+*8*-0+(9-/(8)4(!"!#(W!X?(^$(W"X?(O$(W#X(10E(&!(W$X(
&&%(:-/I)-2-F*4+>((#)4(U/-1E(+71884/*0F(9418./4(18(1II/-=*:18425(<>_($B@(
*+( E.4( 8-( 8)4(R1I8-0o( *0( 8)4( +507)/-8/-0(6!p6( +1:I24()-2E4/?( 10E( 8)4(
+:122(1EE*8*-012(I41Y+( *0()G'LON"" (18(Mb>;(T8j(1/*+4(9/-:(1( 2-T(E4F/44(
-9(+./9178108(7/5+8122*0*85(18(2-T()5E/18*-0+>(

(

K<2#$+( N>( "4I/4+40818*-0( -9( 8)4(:*74221/( 1//10F4:408( *0( 8)4(*&!2( &&%(
I)1+4(1E1I84E(9/-:(D4//-0*(10E(Q1)108)1II1?A;(+)-T*0F(W%X(8)4(9.22(.0*8(
7422?(10E(W)X(1(G*4T(-9(-04(7422(9174(8-()*F)2*F)8(8)4(+)1I4(-9(8)4([I2184248\(
:*74224+>(

ba
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#)*+(,-./012(*+(3(#)4("-512(6-7*485(-9(%)4:*+8/5(;<==! "#!$%&'>?(;<@A?(,,?(@BA(C(T (

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

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

1774++*U24(-025( 18( 424G184E( 84:I4/18./4+>(c-84( 8)18( 8)4(I./4(
&!(&&%(I)1+4(*+(1U+408?(4G40(18()*F)4/(84:I4/18./4+>(

&&%+( 7-:I/*+*0F( bbBM<( T8j()G'LONR( -G4/( 8)4( 84:I4/18./4(
/10F4(,(k(;bB@<<(g%(4=)*U*8(1(+*:*21/(I)1+4(I/-F/4++*-0(T*8)((
(E47/41+*0F( +./9178108( 7-08408( 1012-F-.+( 8-( )G'LMN>( #T-(
/4I/4+40818*G4( 1]*:.8)1225B*084F/184E( +507)/-8/-0( 6!p6(
I1884/0+(9-/(&&%+(E4/*G4E(9/-:()G'LONR(1/4(+)-T0(*0(f*F./4(AU>(
6*:*21/( 8-( )G'LMN?( )G'LONR( 4=)*U*8+( 1( 01//-T( O$( :4+-I)1+4(
T*0E-T(18(1(+./9178108(7-07408/18*-0(-9(eb(T8j(U48T440(,(k(
M<B@<<g%( T*8)( 0-( 1774++*U24( &!( I)1+4`( U42-T( M<( g%?( -025(
)484/-F40-.+(:*=8./4+( -9( 7/5+8122*04( +./9178108( 10E( 1( I--/25(
E49*04E( &&%( 1/4( -U+4/G4E>( $0( 8)4( 7-07408/18*-0( T*0E-T(
U48T440( d<Be<( T8j()G'LONR(( T4( -U+4/G4( 10( ^$( :4+-I)1+4>(
&-T4/*0F(8)4(+./9178108(7-08408(8-(bbBa<(T8j?()G'LONR(1F1*0(
/4+.28+(*0(8)4(9-/:18*-0(-9(+8*99(+-2*E+(8)18(4=)*U*8(.0*V.4(6!p6(
+*F018./4+( -9( 8)4( E*+7-08*0.-.+( 7.U*7( *&!2( :*74224( I17Y*0F(
W/0/1( k( u;?( u_?( ub?( ua?( ue?( u@<?( u@;?( u@A?( u@_?( u@a?( u@d?( 10E(
u@e(1+( *0(f*F./4(_UX>( $0(U48T440(8)4(^$(10E(*&!2(I./4(I)1+4(
T*0E-T+?( T4( -U+4/G4( 1( +*F0*9*7108( T*0E-T( -9( 8T-BI)1+4(
7-4=*+84074>( !F1*0?( )G'LONR( 9-/:+( 1( &@( E*+-/E4/4E?( 0-/:12(
:*74221/( E*+I4/+*-0( T)40( 8)4( +./9178108( 7-07408/18*-0( E/-I+(
U42-T( bb( T8j>( #)4( &&%( I)1+4( U4)1G*-/( -9( )G'LONR( *+(
+.::1/*]4E(*0(8)4(I)1+4(E*1F/1:(*0(f*F./4(bU>(
J4/*G4E(9/-:(8)4(6!p6(10125+4+(I/4+4084E( *0(f*F./4(A7?(8)4(

1V.4-.+(&&%(I)1+4(E*1F/1:( 9-/()G'LONS( *+( F*G40( *0(f*F./4(b7>(
c-81U25?( )G'LONS( 9-/:+( -/E4/4E( I)1+4+( -G4/( 1( +-:4T)18(
U/-1E4/( 1:I)*I)*24( 7-07408/18*-0( T*0E-T( +I100*0F( b<BMb(
T8j( *0( ^;K>( J*+-/E4/4E(:*74224( +-2.8*-0+( W&@X( 9-/:( U42-T( b<(
T8j()G'LONS?(4G*E4074E(U5(8)4(1U+4074(-9(105(+)1/I(+8/.78./4(
9178-/( +71884/*0F( U5( 6!p6>( $0( 7-08/1+8( 8-( 8)4( -U+4/G4E( *&!2(
:*74221/( I)1+4( *0( )G'LMN( 10E( )G'LONR( 18( 7-07408/18*-0+(
U-/E4/*0F( 8)4( 7-:I-+*8*-0BE4I40E408( &&%( 2188*74( -/E4/*0F(
8/10+*8*-0(18()*F)()5E/18*-0+?(&&%+(7-:I/*+*0F(b<Bdb(T8j()G'L
ONS(9-/:(1(^$(:4+-I)1+4(U48T440(;bB@<<(g%>(c-(*&!2(I)1+4(
*+( -U+4/G4E( *0( 8)*+( +./9178108( +5+84:>(!8( e<( 10E(eb(T8j()G'L
ONS?( T4( -U+4/G4E( 1( T422B-/E4/4E( 10E( I./4( O$( :4+-I)1+4`(
)-T4G4/?(7-4=*+8*0F(O$(10E(&!(I)1+4+(1/4(-U+4/G4E(18(M<(T8j(
)G'LONS>( (x0E4/(8)4(:*0*:12()5E/18*-0(7-0E*8*-0(-9(Mb>;(T8j(
18( ,( r( a<( g%?( )G'LONS( 9-/:+( 1( &y( I)1+4( 4G*E4074E( U5( 6!p6(
:1=*:1(18(/0/1(k(@(10E(;>(#)4(1II1/408(8)4/:12( *0+40+*8*G*85(
-9( 8)4( -U+4/G4E( &&%( I)1+4+( 7-08/1+8+( 8)4( I)1+4( U4)1G*-/+( -9(
)G'LMN( 10E( )G'LONR( 10E( *+( /4:*0*+7408( -9( 8)4( 1V.4-.+(
25-8/-I*7( U4)1G*-/( F4:*0*( E*71/U-=52184( +./9178108( )U+NLON(
/4I-/84E(I/4G*-.+25>a((
%-:I1/*+-0( -9( 8)4( I)1+4( E*1F/1:+( I/4+4084E( *0( f*F./4( b(

I/-G*E4+(*0+*F)8+(*08-(8)4(+*:*21/*8*4+(10E(E*994/4074+(*0(8)4(&%(
I)1+4(U4)1G*-/+(-9(8)4+4(8)/44(+./9178108+>(f/-:(8)4(-0+48(-9(
7/5+8122*]18*-0(041/(eb(T8j()G'LONR(1+(7-:I1/4E(8-(M<(T8j(9-/(
)G'LMN( 10E( Mb( T8j( 9-/( )G'LON"" P( T4( E4E.74( 8)18( 8)4(
)41EF/-.IB7-.084/*-0( I1*/( -9( )G'LON"" ( *+( 8)4( :-+8( 41+*25(
)5E/184E>( #)4(T*E4/(*&!2( &&%( 7-:I-+*8*-0(T*0E-T( 10E( 8)4(
21/F4( /4F*-0( -9( ^$N*&!2( 7-4=*+84074( *0( 8)4( )G'LONR( I)1+4(
E*1F/1:(U-8)(+.FF4+8(1(I/-I40+*85( 9-/()G'LONR( 8-( 9-/:(:-/4(
)*F)25( 7./G4E( 1FF/4F184+(T*8)( 0-0B7-0+8108(:410( 7./G18./4+(
8)10( )G'LMN>( ^-T4G4/?( )G'LON"" ( 4=)*U*8+( 8)4( F/4184+8(
I/-I40+*85( 8-( 9-/:( 0-0B7-0+8108( :410( 7./G18./4( &&%+?( 1+(
/4G4124E( U5( 8)4( +81U*2*]18*-0( -9( 8)4( O$BI)1+4( -G4/( 1( &&%(
7-:I-+*8*-0( T*0E-T( +I100*0F( @<( T8j( *0( 7-07408/18*-0(
U48T440(;bB@<<(g%>(

(

(

(

K<2#$+( T/( #4:I4/18./4( 34#( 7-07408/18*-0( 1V.4-.+( &&%( I)1+4( E*1F/1:+(
9-/( W%X()G'LMN?( W)X()G'LON"?( 10E( W+X()G'LON!( F4:*0*(1:I)*I)*24+L( $+->(k(
92.*E(*+-8/-I*7(I)1+4?(!"!#(k(0-/:12(E*+7-08*0.-.+(7.U*7(:*74224(W!@bX(
I17Y*0F?(^$(k(0-/:12()4=1F-012?(O$(k(0-/:12(O5/-*E?(&!(k(21:4221/?(10E(p(
k(7/5+8122*04(+./9178108>(
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V (C("#!$%&'>?(;<@;?(,,?(@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+(

W<01#00<"%(
#)4( &&%( +429B1++4:U25( U4)1G*-/( -9( 8)4( )-:-2-F-.+( _g(

U*+W1::-0*.:X( F4:*0*( +./9178108+(:15( U4( /18*-012*]4E( .+*0F(
8)4( 7-074I8.12( 9/1:4T-/Y( /4740825( I/-I-+4E( U5( Q-0E12( '-!
%.>AA( #)4*/( :-247.21/( E501:*7+( +*:.218*-0+( -9( F4:*0*(
E*71/U-=52184( &&%( +429B1++4:U25( /4G4124E( 8)18( 9-/:18*-0( -9(
0-0B7-0+8108(:410( 7./G18./4( 1V.4-.+( 25-8/-I*7( O$( I)1+4+( *+(
I/*:1/*25( 7-08/-224E( U5( 42478/-+818*7( /4I.2+*-0+( U48T440( 8)4(
+-2G184E( +./9178108( )41EF/-.I+?(T)*7)( +40+*8*G425( E4I40E( -0(
8)4(4=8408(-9()41EF/-.IB7-.084/*-0(E*++-7*18*-0>(6-2G18*-0(-9(
8)4( *-0*7( )41EF/-.I+( 8/*FF4/+( 7-.084/*-0B)41EF/-.I(
E*++-7*18*-0?( T)*7)( 241E+( 8-L( W@X( .091G-/1U24( 52-6%&7.'+8.%6(
%-.2-:U*7( /4I.2+*-0+( U48T440( 8)4( 848)4/4E( )41EF/-.I+( 8)18(
9-/74( 1E-I8*-0(-9( 8)4( +I2154E(:-247.21/( 7-09-/:18*-0(-9( 8)4(
+./9178108( E4I*784E( *0( f*F./4( a?( 10E( W;X( .091G-/1U24(
52-'6&7.'+8.%6( %-.2-:U*7( /4I.2+*-0+( U48T440( )41EF/-.I+( -9(
1E,17408( +./9178108( :-247.24+>( #)4( -U+4/G4E( +.I/1:-247.21/(
&&%( :-/I)-2-F5( /492478+( 8)4( U121074( -9( 8)4+4( /4I.2+*-0+(
1F1*0+8( 8)4( G10( E4/(Z112+( 188/178*-0+( U48T440( 8)4( 81*2+( 10E(
8)4( [)5E/-I)-U*7( 499478\( 8)18( E/*G4+( 8)4*/( +4V.4+8/18*-0>(
Q-0E12('-!%.#!/41+-0(8)18(8)4(8*F)8(+./9178108(I17Y*0F( *0(1(&!B
I)1+4(*+(42478/-+818*71225(E4+81U*2*]4E(U5(%-.2-:U*7(/4I.2+*-0+(
U48T440( )5E/184E( )41EF/-.IB7-.084/*-0( I1*/+>( !8(
*084/:4E*184()5E/18*-0(24G42+?(8)4(E*:*0*+)4E(+81U*2*85(-9(8)4(&!(
I)1+4(E/*G4+(O$(I)1+4(9-/:18*-0(E.4(8-(8)4()*F)25(10*+-8/-I*7(
:-247.21/( 7-09-/:18*-0( 1E-I84E( U5( 8)4( +./9178108>( ^*F)25(
7./G4E?( F4:*0*( E*71/U-=52184( ^$BI)1+4+( 9-/:( -025( T)40( 8)4(
7-.084/*-0( *+( +-( )*F)25( E*++-7*184E( 9/-:( 8)4( )41EF/-.I( 8)18(
8)4(8T*0()5E/-I)-U*7(81*2+(1/4(9-/74E(8-([8.7Y(U17Y\(8-F48)4/>(
#)4/49-/4?( 0-0B7-0+8108( :410( 7./G18./4( F5/-*E( I)1+4+( 9-/:(
T)40( )41EF/-.IB7-.084/*-0( *-0( I1*/( E*++-7*18*-0( *+( :-+8(
+40+*8*G4( 8-( +.U824( E*994/4074+( *0( )5E/18*-0( %29( T)40( 8)4(
F4:*0*(+./9178108(710(1E-I8(1(+I2154E(7-09-/:18*-0>(
%-:I1/*+-0( -9( 8)4( &&%( I)1+4( E*1F/1:+( *0( f*F./4( b( 12+-(

)*F)2*F)8+(8)4(9178(8)18(8)4(2*0Y4/(I-+*8*-0(*0(_g(U*+W1::-0*.:X(
F4:*0*( +./9178108+( 7-08/-2+( 8)4( :1=*:.:( )5E/18*-0( 71I17*85(
-9( 8)4*/( )41EF/-.IB7-.084/*-0( I1*/+>( !8( 8)4( 7-07408/18*-0(
T)4/4( -04( -U+4/G4+( 1( 8/10+*8*-0( 9/-:( 1( +8/.78./4E( &&%( 8-( 1(
E*+-/E4/4E( :*74221/( +-2.8*-0( W&@( I)1+4X?( 8)4( +./9178108(
)41EF/-.IB7-.084/*-0(I1*/+(1/4(9.225(+-2G184E(10E(8)4(4=74++(
T184/( 8/*FF4/+( 2188*74( E*+-/E4/*0F>( Z*8)( 8)4( -0+48( -9( &&%(
-/E4/*0F(18(ab(T8j(9-/()G'LMN(1+(7-:I1/4E(8-(bb(T8j(9-/()G'L(
ONR( 10E( b<( T8j( 9-/( )G'LON"" P( T4( 7-072.E4( 8)4( +./9178108(

)5E/18*-0(71I17*85(*07/41+4+(12-0F(8)4(+4/*4+L(

)G'LMN((s()G'LONR((s()G'LON"" (

Z4( /18*-012*]4( 8)*+( 8/40E(U5(0-8*0F( 8)18()G'LMN( )1+( 8)4(:-+8(
+84/*71225(407.:U4/4E(_g(1::-0*.:()41EF/-.I+(*0(8)*+(+4/*4+(
Wf*F./4( @1X>( #)*+( +84/*7( U.2Y( E/*G4+( 8)4( F/4184+8( E4F/44( -9(
7-.084/*-0B)41EF/-.I( *-0( I1*/( E*++-7*18*-0?( T)*7)( 917*2*8184+(
8)4(7-:I2484()5E/18*-0(-9(8)4()G'LMN()41EF/-.I+>A_?(Ab(K0(8)4(
-8)4/( )10E?( )G'LON"" ( )1+( 8)4( :-+8( +84/*71225( .0407.:U4/4E(
)41EF/-.I( Wf*F./4( @7X( 10E( 8).+( 8)4( :-+8( 8*F)825( 1++-7*184E(
7-.084/*-0B)41EF/-.I( *-0( I1*/+( /4218*G4( 8-()G'LONR( 10E()G'L
MN>( %-0+4V.40825?( )G'LON"" ( /4V.*/4+( 8)4( 21/F4+8( 0.:U4/( -9(
)5E/18*0F( T184/( :-247.24+( 9-/( )41EF/-.IB7-.084/*-0(
E*++-7*18*-0?( /40E4/*0F( *8( 8)4( :-+8( +40+*8*G4( 8-( +.U824(
)5E/18*-0(+8184(E*994/4074+>(
#)4( &&%( I)1+4+( 9-/:4E( U5( )G'LMN?( )G'LONR?( 10E( )G'LON"" (

/492478( 8)4( 4=8408( -9( 7-.084/*-0B)41EF/-.I( E*++-7*18*-0(
8)4/4*0>( "-:+84E( 10E( 7-BT-/Y4/+( 4=I4/*:4081225( 0-84E( 8)18(
*07/41+*0F( )41EF/-.IB7-.084/*-0( E*++-7*18*-0( E/*G4+( 8)4(
9-/:18*-0( -9( )*F)4/( 7./G18./4( :*74221/( 1FF/4F184+( *0( E*2.84(
+-2.8*-0+(-9(_g(1::-0*.:(+*0F24B81*2(10E(F4:*0*(+./9178108+>A_?(
Aa?(Ad(K0(8)*+(U1+*+?(8)4(I/494/4074(9-/(U-8)()G'LMN(10E()G'LONR(
8-( 9-/:( 1( :*74221/( *&!2( &&%( I)1+4( T*8)( )*F)25( 7./G4E(
*084/9174+(:*//-/+( 8)4(E4E.74E()*F)4/(E4F/44+(-9( 7-.084/*-0B
)41EF/-.I( E*++-7*18*-0( *0( 8)4+4( )5E/184E( +./9178108+( W359'!
48:6%X>(#)4(19-/4:408*-04E(4=I4/*:408+(U5("-:+84E(10E(7-B
T-/Y4/+(12+-( +.FF4+8( 8)18( 8)4(-77.//4074(-9(10(&yBI)1+4(-025(
*0( )G'LON"" ( *:I2*4+( 8)18( 7-.084/*-0B)41EF/-.I( *-0( I1*/*0F( *+(
8*F)84+8(*0(8)*+(+./9178108>(#)*+(*-0(I1*/*0F(U4)1G*-./(122-T+(9-/(
E4)5E/18*-0(-9( 8)4()5E/-I)-U*7N)5E/-I)*2*7( *084/9174( 8-( 9-/:(
1(&!(I)1+4>(
#)4( 2*+8*0F( -9( 8)4( -U+4/G4E( &&%( I)1+4( 1+( 1( 9.078*-0( -9( 8)4(
)41EF/-.I( )5E/18*-0( 0.:U4/( ;( Wk( :-2( ^;KN+( :-2( F4:*0*(
+./9178108( )41EF/-.I+( E4/*G4E( 9/-:( :1++( U121074?( *072.E*0F(
105( ^;K( 1++-7*184E( T*8)( 8)4( 0-:*01225( E/5( +./9178108`( +44(
6.II-/8*0F($09-/:18*-0(9-/(424:40812(10125+*+(E481*2+X(9-/()G'L
MN?( )G'LONR?( 10E( )G'LON"" (F*G40( *0( #1U24( @( V.108*818*G425(
+.II-/8+( 8)4( E4E.74E( 4=8408( -9( 7-.084/*-0B)41EF/-.I(
E*++-7*18*-0>(Z)40(;!z(@b?( 8)4(I/494//4E( *084/917*12#7./G18./4(
-9(8)4(&&%(9218840+(9/-:(8)4(V.1+*B+I)4/*712(:*74224+(-9!*&!2(*0(
)G'LMN( 8-( 8)4( 752*0E/*712(:*74224+( -9( 8)4( ^$( I)1+4( -9()G'LON"" (
.I-0( :-G*0F( 8)4( 2*0Y4/( 91/8)4/( 1T15( 9/-:( 8)4( )5E/-I)*2*7(
)41EF/-.I?( 7-0+*+8408( T*8)( 1( F/4184/( E4F/44( -9( 7-.084/*-0B
)41EF/-.I( 1++-7*18*-0>( !( +*:*21/( 8/10+*8*-0( 9/-:( ^$( 8-( O$( *+(
-U+4/G4E(18(;!z(d?(T)*7)(9-22-T+(1(+*:*21/(8/40E( *0(E47/41+*0F(
*084/917*12( 7./G18./4( W-/( *07/41+4E( 7-.084/*-0B)41EF/-.I(
1++-7*18*-0X( 1+( 8)4( )5E/-I)-U*7( 2*0Y4/( *+(:-G4E( 91/8)4/( 9/-:(
8)4( 718*-0*7( 1::-0*.:( )41EF/-.I+>( c-84( 8)18( 8)*+(
7-:I1/18*G4( 10125+*+( -9( 8)4( :-/I)-2-F5( 1E-I84E( 18( 1( F*G40(
)41EF/-.I()5E/18*-0(0.:U4/(*+(-025(G12*E(9-/(+./9178108+(8)18(
)1G4( 1II/-=*:18425( 8)4( +1:4( )5E/-I)-U*7( G-2.:4( 10E(
)41EF/-.I(7)4:*+8/5?(1+( *+( 8)4(71+4( *0(8)4(+4/*4+()G'LMN?()G'L
ONR?(10E()G'LON""   I/4+4084E()4/4>(
Z)*24( 8)4( 4=8408( -9( 7-.084/*-0B)41EF/-.I( E*++-7*18*-0(

177-.08+(9-/(8)4(/4218*G4(+81U*2*8*4+(-9(8)4(:*74221/(10E(21:4221/(
I)1+4+( -9( )G'LMN?( )G'LONR?( 10E( )G'LON"" ?( 8)4( :-247.21/(
7-09-/:18*-0(-9(8)4(F4:*0*(+./9178108(I215+(10(*084F/12(/-24(

(

K<2#$+( V>( 67)4:18*7( E4I*78*-0( -9( 8)4( 7-09-/:18*-0( 1E-I84E( U5( 1( )5E/184E(
F4:*0*( +./9178108( 2*0Y4E( 8)/-.F)( 1( I-+*8*-0( 1E,17408( 8-( 8)4( )5E/-I)*2*7(
)41EF/-.I?( *0( T)*7)( 8)4( )5E/-I)-U*7( 81*2+( +I215( *0( -/E4/( 8-( :*8*F184(
*08/1:-247.21/(%-.2-:U*7(/4I.2+*-0+(U48T440(8)4()41EF/-.I+>(

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

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

(

F&D'+( -/( &*0Y4/( I-+*8*-0( E4I40E4074( -9( &&%( :-/I)-2-F5( 18( 7-:I1/1U24(
+./9178108()5E/18*-0(0.:U4/+(W$%((

61:I24( &'( T8j( D)1+4(
c%2Be_( @_><( ab><( !"!#!

( d>e( dd><( ^$(
c%2Bd_!( @_>M( ab><( !"!#({(^$(

( a>e( e<>;( ^$(
()*+,-.( @b>e( a_>M( ^$(

( d>A( dM>M( O$(

1(;(k(:-2(^;KN;(:-2(F4:*0*( +./9178108()41EF/-.I+(E4/*G4E( 9/-:(:1++(
U121074?( *072.E*0F( 105( ^;K( 1++-7*184E( T*8)( 8)4( 0-:*01225( E/5(
+./9178108`(+44(6.II-/8*0F($09-/:18*-0(9-/(424:40812(10125+*+(E481*2+(

*0( 8)4( 9-/:18*-0( -9( 8)4( 0-0B7-0+8108(:410( 7./G18./4(O$( &&%>(
xI-0( 7-.084/*-0(E*++-7*18*-0( 9/-:( 8)4( 718*-0*7()41EF/-.I(-9(
)G'LON"" /# T4( +I47.2184( 8)18( 8)*+( +./9178108( 1E-I8+( 1(
7-09-/:18*-0(*0(T)*7)(8)4(81*2+(+I215(1I1/8(1+(*0(f*F./4(a>(#)*+(
+I2154E( 7-09-/:18*-0( :*8*F184+( *08/1:-247.21/( %-.2-:U*7(
/4I.2+*-0+?(U5(*07/41+*0F(8)4(*08/1:-247.21/(E*+81074(U48T440(
718*-0*7( )41EF/-.I+>( 6*074( 10*+-8/-I*7( +./9178108( *072.+*-0+(
91G-/(0-0B7-0+8108(:410(7./G18./4(&&%(I)1+4(+42478*-0?Ae(8)*+(
7-09-/:18*-0(401U24+( 9-/:18*-0(-9(1(O$BI)1+4(-G4/(1(@;(T8j(
T*E4(7-:I-+*8*-0(T*0E-T(9/-:(;bi@<<(g%>(#)4(I/494/4074(9-/(
1(+I2154E(81*2(7-09-/:18*-0(12+-(I/4G408+(8)4()*F)4/(7./G18./4(
*&!2( I)1+4( 9/-:( 9-/:*0F?( 1+( 8)*+( :-/I)-2-F5( /4V.*/4+( 8)4(
+./9178108( 81*2+( 8-( [8.7Y( U17Y\( 8-F48)4/( 8-( 9-/:( 1( V.1+*B
+I)4/*712(:*74224>(!8( 8)4(-8)4/(4=8/4:4?#)G'LMN( 7100-8( 1E-I8(
105( +I2154E( 7-09-/:18*-0+( 8)18( :*8*F184( *084/:-247.21/(
)41EF/-.I( /4I.2+*-0+?( +*074( 8)4( 2*0Y4/( *+( E*/47825( 18817)4E( 8-(
8)4(718*-0*7()41EF/-.I+(W+44(f*F./4(@1X>(%-0+4V.40825?()G'LMN(
9-/:+( -025( )*F)( 7./G18./4( ^$( 10E( *&!2( &&%+>( Z)*24( 10(
*084/:4E*184(24G42(-9(8T*0(81*2(+I215(*0()G'LONR(*+(4=I4784E?(T4(
+./:*+4(8)4()*F)(E4F/44(-9(7-.084/*-0B)41EF/-.I(E*++-7*18*-0(
E/*G4+( 8)4( 9-/:18*-0( -9( 8)4( )*F)( 7./G18./4( &&%( I)1+4+>( #).+?(
8)4( 1U*2*85( -9( 8)4( +./9178108+( 8-( 1E-I8( 0-0B7-0+8108( :410(
7./G18./4(&&%(:-/I)-2-F*4+(*07/41+4+(*0(8)4(-/E4/L(

)G'LMN(s()G'LONR((s()G'LON"" (

#)4( 7)10F4+( *0( I/494//4E( &&%( *084/917*12( 7./G18./4( .I-0(
:-G*0F(8)4(2*0Y4/(E-T0(8)4(12Y52(81*2(-9(1(F4:*0*(+./9178108(1/4(
/4:*0*+7408( -9( 8)4( 499478+( -9( 7)10F*0F( 8)4( 7-.084/*-0( -0(
F4:*0*( E*71/U-=52184( &&%( I)1+4( U4)1G*-/>( 68/-0F( *084/178*-0+(
U48T440(c1{(718*-0+(10E(8)4(71/U-=52184()41EF/-.I+(:10*94+8(
*0( 8)4( T*E4( O$( 10E( &!( I)1+4( T*0E-T+( T*8)( 2-T( *084/917*12(
7./G18./4+>( 6*:*21/25?( +8/-0F( 7-.084/*-0B)41EF/-.I(
*084/178*-0+(*0()G'LON!(/4+.28(*0(8)4(1012-F-.+(+81U*2*]18*-0(-9(
&&%+(T*8)(2-T4/(E4F/44+(-9(*084/917*12(7./G18./4>("4I217*0F(8)4(
c1{(T*8)(1()*F)25(E*++-7*184E(cQ4_

{(7-.084/*-0( *0( 8)4(F4:*0*(
E*71/U-=52184+( 409-/74+( 9-/:18*-0( -9( )*F)25( 7./G4E(^$( I)1+4+(
-G4/(T*E4(7-:I-+*8*-0(/10F4+?(10E(8)4(O$(&&%(1II41/+(-025(18(
G4/5( 2-T( )5E/18*-0( 0.:U4/+>( ( #)*+( -U+4/G18*-0( I1/12242+( 8)4(
9-/:18*-0( -9( )*F)( 7./G18./4( ^$( &&%+( 9/-:()G'LMN>( ( #).+?( 8)4(
2*0Y4/( I-+*8*-0( *0( 1::-0*.:( F4:*0*( +./9178108+( 7-08/-2+( 8)4(
4=8408( -9( *-0( I1*/*0F( U48T440( 8)4( )41EF/-.I( 10E( 8)4(
7-.084/*-0(10E(*8+(+40+*8*G*85(8-(8)4(+./9178108()5E/18*-0(+8184>(

#)4+4(/4+.28+(+.FF4+8(8)18(,.E*7*-.+(I-+*8*-0*0F(-9(8)4(2*0Y4/(*0(
105(F4:*0*(+./9178108(:15(401U24(:10*I.218*-0(-9( *8+(122-T4E(
:-247.21/( 7-09-/:18*-0+( .I-0()5E/18*-0?( 10E( *8+( 7-0+4V.408(
*084/:-247.21/(I17Y*0F+(8)18(E*/478(&&%(I)1+4(+42478*-0>(
J*/478( 7-:I1/*+-0( -9( 8)4( 25-8/-I*7( I)1+4( U4)1G*-/+( -9( 8)4(

I/4G*-.+25( /4I-/84E( F4:*0*( E*71/U-=52184( +./9178108+( 10E(
8)-+4(7-0+*E4/4E()4/4*0(/4G412+(8)18(8)4(T*E8)(-9(8)4(25-8/-I*7(
F5/-*E( I)1+4(T*0E-T( 9-/( 8)4( U*+W1::-0*.:X( +./9178108()G'L
ON"" (*+(:.7)(01//-T4/(W;<(T8(j(G4/+.+(h@;(T8j?(/4+I478*G425X>(
Z4( 1+7/*U4( 8)*+( I)1+4( U4)1G*-./( G1/*18*-0( 8-( E*994/4074+( *0(
)41EF/-.I( 7)4:*+8/*4+>( Z4( 0-84( 8)18( 1( 71/U-=52184( *+( 1(
:-0-10*-0*7( )41EF/-.I( *0( T)*7)( 8)4( 04F18*G4( 7)1/F4( *+(
E42-712*]4E( -G4/( 8T-( -=5F40( 18-:+?( T)4/41+( 8)4( V.184/01/5(
1::-0*.:( )41EF/-.I( *+( :-0-718*-0*7( T*8)( I-+*8*G4( 7)1/F4(
E42-712*]4E( -G4/( 9-./( 71/U-0( 18-:+>( #).+?( 8)4( 7)1/F4( *0( 8)4(
1::-0*.:( +./9178108( *+( +*F0*9*710825( :-/4( E42-712*]4E>( Z4(
+I47.2184( 8)18( 8)*+( 7)1/F4( E42-712*]18*-0( *0( 8)4( 1::-0*.:(
)41EF/-.I+(/4E.74+(8)4(42478/-+818*71225BE/*G40(I/-I40+*85(9-/(
81*2(+I215?(T)*7)(E4+81U*2*]4+(8)4(25-8/-I*7(O$(I)1+4(T*0E-T>(K0(
8)*+( U1+*+?( T4( )5I-8)4+*]4( 8)18( 8)4( E4F/44( -9( 7)1/F4(
WE4X2-712*]18*-0( *0( 8)4( )41EF/-.I+( -9( 1( F4:*0*( +./9178108(T*22(
0474++1/*25(*:I178(8)4(4=8408(-9(81*2(+I215(10E(8)4(7-0+4V.408(
25-8/-I*7(048T-/Y(I)1+4(+81U*2*85>((

G"%1'#0<"%(
Z4()1G4(+508)4+*]4E(10E(7)1/1784/*]4E(8)4(&&%(U4)1G*-/(-9(

1( +4/*4+( -9( )-:-2-F-.+( _g( 1::-0*.:( F4:*0*( +./9178108+?( *0(
T)*7)(8)4(18817):408(I-+*8*-0(-9(8)4(2*0Y4/(T1+(+5+84:18*71225(
G1/*4E( /4218*G4( 8-( 8)4( )5E/-I)*2*7( )41EF/-.I>( ( #)4( 2*0Y4/(
I-+*8*-0( E/1:18*71225( *092.4074+( 8)4( &&%( I)1+4( U4)1G*-/?( U5(
:-E.218*0F( 8)4( 4=8408( 8-( T)*7)( 8)4( 7-.084/*-0( 10E(
1::-0*.:( )41EF/-.I( E*++-7*184( 10E( 8)4( +40+*8*G*85( -9( 8)*+(
E*++-7*18*-0( 4V.*2*U/*.:( 8-( )5E/18*-0>( ( Z)40( 8)4( 2*0Y4/( *+(
18817)4E(E*/47825(8-(8)4()41EF/-.I?(8)4()41EF/-.IB7-.084/*-0(
I1*/(:-/4(9.225(E*++-7*184+(10E(*+(41+*25()5E/184E(8-(9-/:()*F)(
7./G18./4(&&%(:-/I)-2-F*4+>(Q-G*0F(8)4(2*0Y4/(E-T0(8)4(12Y52(
81*2+( 1T15( 9/-:( 8)4( *-0*7( )41EF/-.I+( /4E.74+( 8)4( +84/*7( U.2Y(
1/-.0E( 8)4( 1::-0*.:( 9.078*-012*85?( 8)4/4U5( 122-T*0F(
+8/-0F4/( )41EF/-.IB7-.084/*-0( 1++-7*18*-0>( #)4+4( *07/41+4E(
7-//4218*-0+( 7-.I24E( T*8)( 8)4*/( *07/41+4E( +40+*8*G*85( 8-(
)5E/18*-0( -I40+( &&%( I)1+4( T*0E-T+( T*8)( 2-T4/( *084/917*12(
7./G18./4+?( *072.E*0F( 8)4( .+49.2( F5/-*E( WO$X( 048T-/Y( I)1+4>((
#)4+4( /4+.28+( E4:-0+8/184( 8)18( 8)4( 1U*2*85( 8-( E*78184( 8)4( &&%(
:-/I)-2-F*4+(1E-I84E(U5(F4:*0*(1:I)*I)*24+(7/*8*71225()*0F4+(
-0( 9*0425( 7-08/-22*0F( U-8)( 7-.084/*-0B)41EF/-.I( 7-//4218*-0+(
10E(+./9178108(7-09-/:18*-0+(18(:-E4+8()5E/18*-0(0.:U4/+>(

?1=%".'+82+*+%70(
Z4(17Y0-T24EF4(9*0107*12(+.II-/8(9-/(8)*+(T-/Y(9/-:(8)4(x>(6>(
c18*-012(67*4074(f-.0E18*-0(W%^'B@@b;A_dX(10E(1(AQ(67*4074(
10E(#47)0-2-F5(O/1E.184(f422-T+)*I(8-(O>D>6>>(#)*+(T-/Y(12+-(
.8*2*]4E( 7408/12( 917*2*8*4+( 18( 8)4( x0*G4/+*85( -9( Z*+7-0+*0i
Q1E*+-0( 9.0E4E( *0(I1/8(U5(c6f(F/108+( 9-/(:1++( +I478/-:48/5(
W%^'BMMd_eAMX?( cQ"( +I478/-+7-I5( W%^'B@<_ea_;X( 10E(
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?9FEG;H( !"#$%&'()&*+(

M (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+(

+.II24:4081/5( F*98( 9.0E+( 9/-:( D1.2( H>( n40E4/?( 8)4( xZB
Q1E*+-0( c6'%( WJQ"B<_;bee<( 10E( JQ"B<eA;da<X?( 10E( 8)4(
%'Q"$( WJQ"B<b;<b;d( 10E( JQ"B@@;@;eeX>( 6507)/-8/-0( 6!p6(
+8.E*4+(T4/4(7-0E.784E(18(6478-/(@;(-9(8)4(!EG1074E(D)-8-0(
6-./74(18(!/F-004(c18*-012(&1U-/18-/5?(T)*7)(*+(+.II-/84E(U5(
8)4(x>6>(JK'(.0E4/(%-08/178(vJ'B!%<;B<a%^@@Abd>((

)"7+0(&%8(9+:+$+%1+0(
@>( H>(Q>(64EE-0?(">(^>(#4:I24/?(">(&*I-T+Y5(10E('>(617Y:100?(*0(

<%29)77=! 7>! ?57.7@5+%.! *AB45+4?( c-/8)( ^-2210E( W'2+4G*4/X?(
c4T(|-/Y?(@MMb?(G-2>(}-2.:4(@?(D1/8(@?(II>(MdB@a<>(

;>( %>( '>( f1*/)./+8?( 6>( f.224/?( H>( O/15?(Q>( %>( ^-2:4+( 10E( O>( H>( #>(
#*EE5?( *0(<%29)77=! 7>! C5/859! D6B4-%.4?( 4E+>(J>(J4:.+?( H>(Z>(
O--EU5?( O>( Z>( O/15?( ^>( Z>( 6I*4++( 10E( }>( }*22?( Z*245B}%^?(
Z4*0)4*:?(@MMe?(G-2>(A?(II>(A_@BAM;>(

A>( 6>( #>( ^5E4?( *0( <%29)77=! 7>! E::.5'9! F86>%+'! %29! D7..759!
DA'&54-6B?( 4E>( R>( ^-2:U4/F?( H-)0( Z*245( ~( 6-0+?( $07>?( c4T(
|-/Y?(;<<@?(G-2>(@?(II>(;MMBAA;>(

_>( #>( R18-?( c>(Q*]-+)*81( 10E( R>( R*+)*:-8-?(E2@'G#! DA'&#(! H2-#!
I9#?(;<<a?(NT?(AeBae>(

b>( O>( D>( 6-/40+-0?(!>( R>( 67):*88( 10E(Q>( R>(Q1)108)1II1?( F7>-!
J%--'6?(;<@_?(-,?(e;;MBe;Ab>(

a>( O>( D>( 6-/40+-0?( R>( &>( %-II1F4( 10E( Q>( R>( Q1)108)1II1?( "#!
E&'6#!DA'&#!F7+#?(;<@@?(-QQ?(@_M;eB@_MA@>(

d>( J>( &>(O*0?( H>('>(n1/1?(">(J>(c-U24(10E(n>( H>('22*-88?(J%+67&7.#!
K%:59!D7&&82#?(;<<e?(IX?(AadBAeM>(

e>( '>(6>(^181Y451:1?(n>(">(Z*4+401.4/?(%>(H>(O1U/*42?(">(J>(c-U24(
10E(J>(&>(O*0?(DA'&#!J%-'6#?(;<@<?(II?(_b;bB_b;d>(

M>( Q>( %199/45?( J>( &*( 10E( !>( J.YY*I18*?( ?57+A'&54-6B?( ;<@;?( T-?(
a;aaBa;ee>(

@<>(}>(%)4/4]-G?(D866#!L:52#!F-68+-#!?57.#?(;<@@?(I-?(bbMBbaa>(
@@>(%>(&412?(c>(f>(n-.=+4*0?(R>(R>('T4/8(10E(%>(">(619*051?("#!E&'6#!

DA'&#!F7+#?(;<@<?(-QI?(@ae_@B@ae_d>(
@;>(H>(l)10F?(|>(D4*?(^>(l)10F?(&>(Z10F?(&>(!//*0F8-0?(|>(l)10F?(!>(

O21++(10E(!>(Q>(&4-04?(J7.#!*A%6&%+'8-#?(;<@A?(-,?(AMdB_<b>(
@A>(%>(p*1-?(c>(f.,*81?(R>(Q*51+1Y1?(|>(61Y1:-8-(10E(K>(#4/1+1Y*?(

$%-86'?(;<@;?(NMO?(A_MBAbA>(
@_>(R>( %]47)./1( 10E( !>( 6151/*?( DA'&#! J%-'6#?( ;<<a?( -M?( _@_dB

_@b<>(
@b>(&>(^10(10E(6>(%)4?(DA'&#!F7+#!6'3#?(;<@A?(NI?(Ad_<BAdb;>(
@a>(%>( n>( O1-?( ^>( n>( m*.?(Z>( l40F?( |>( 61Y1:-8-?(K>( #4/1+1Y*?( R>(

61Y1:-8-?( m>( %)40( 10E( 6>( !>( %)4?( DA'&!J%-'6?( ;<<a?( -M?(
AM<_BAM@_>(

@d>(%>(n>(O1-?(|>(61Y1:-8-?(K>(#4/1+1Y*(10E(6>(!>(%)4?(DA'&MI86!
"?(;<<e?(-N?(@@_;AB@@_;e>(

@e>(Q>($0(10E(">(l101?("#!N54:'6#!F+5#!,'+A27.#?(;<<d?(IM?(@_AB@b_>(
@M>(^>(R.0*4E1?(c>(Q1+.E1(10E(R>(#+.U-04?(C%2@&856?(;<<<?(-V?(

a_AeBa___>(
;<>(n>(!>(D*0E]-21?( H>( H*0(10E(J>( &>(O*0?( "#!E&#!DA'&#!F7+#?( ;<<A?(

-IT?(;M_<B;M_M>(
;@>(J>( }>( D4//-0*?( %>( Q>( n14]B%-88-?( O>( D>( 6-/40+-0( 10E( Q>( R>(

Q1)108)1II1?("#!*AB4#!DA'&#!C'--#?(;<@b?(V?(MMABMMe>(
;;>('>(!21:*?(^>(&4G5?(">(l101(10E(!>(6Y-.2*-+?(C%2@&856?(@MMA?(X?(

M_<BM__>(
;A>(6>(6G40+-0?("#!N54:'6!F+5#!,'+A#?(;<<_?(IT?(@<@B@@e>(
;_>(&>(Q*G4)*?( ">( n-/E4+( 10E( R>( ^-2:U4/F?( C%2@&856?( ;<@@?(IO?(

db_MBdbbd>(
;b>(J>( Q>( ^122?( 6>( Q1)U--U( 10E( '>( '>( #./04/?( "#! DA'&#! F7+#!

OK'48&'9P?(@Mb<?(@e_;B@e_b>(
;a>(R>(R>(R1/.Y+8*+?(Z>(%>(J.*:?(O>(">(}10(^47Y4(10E(c>(^1/1?( "#!

*AB4#!DA'&#!??(;<@;?(--V?(Ae@aBAe;;>(
;d>(Q>(%24/7?("#!*AB4#!HH!Q6%2+'?(@MMa?(V?(Ma@BMae>(
;e>(%>(R>(&*.(10E(O>(O>(Z1//?(F7>-!J%--'6?(;<@_?(-,?(eABed>(
;M>(J>(}>(D4//-0*(10E(Q>(R>(Q1)108)1II1?(F7>-!J%--'6?(;<@A?(X?(

dM@MBdM;;>(

A<>(">( }1/F1+?( D>(Q1/*10*?( !>( O.2*Y( 10E( }>( &.]]18*?( "#!J7.#! ?57.#?(
@MM;?(IIT?(@AdB@_b>(

A@>(}>(D4/747?(Q>(D484/71?(|>(#+.E1?(n>(Q>("-+40?(6>(x7)*E1?(Q>(">(
$:1:?( O>( x0F1/( 10E( D>( !>( ^4*045?( DA'&RI86#! "#?( ;<<M?( -T?(
eMM_BM<<_>(

A;>(6>(J>(^.E+-0?(^>(#>( H.0F?(D>(R4T+.T10?(}>(D4/747(10E(Z>(J>(
%)-?(C5/#!D6B4-#?(@MMM?(IV?(@_MAB@_MM>(

AA>(H>(Q-0E12?(Q>(Q1)108)1II1(10E(!>(|48)*/1,?("#!*AB4#!DA'&#!??(
;<@A?(--O?(_;b_B_;a;>(

A_>(}>( 6-2E*?( H>( R4*I4/?( &>( 6>( "-:+84E?( $>( Q>( %.77-G*1( 10E( ^>(
%)1*:-G*7)?(C%2@&856?(;<<<?(-V?(bMBd@>(

Ab>(Q>(n40//1-.?(n>(&>(n124+(10E(">(l101?("#!*AB4#!DA'&#!??(;<<A?(
-,O?(@A_A;B@A__<>(
Aa>(|>(O40F?(&>(6>("-:+84E?(6>(f/-4)04/?(J>(l104884?(&>(H>(Q1F*E?($>(
Q>(%.77-G*1(10E(^>(%)1*:-G*7)?(C%2@&856?(;<<b?(I-?(ba;Bbae>(
Ad>(|>(O40F?( &>( 6>("-:+84E(10E(f>(Q40F4/?( "#!E&'6#!DA'&#!F7+#?(
;<<a?(-IM?(_M;Bb<@>(
Ae>(H>(n>(f-./0*4/?(*AB4#!K'3#!C'--#?(@MMa?(OV?(__AaB__AM>(
(
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Increasing lyotropic gyroid stability

More associated counterion-headgroup pair

The aqueous lyotropic phase behaviors of 
homologous gemini bis(ammonium) 
surfactants demonstrate that the linker 
location impacts the gyroid phase stability.
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