
!"#$"%&'#(')*+',-)*'.//0%1'2++)3/$'#(')*+'4/)+"/%)3#/%1'5#63+)7'#('81+6)"#6*+&39)"7 3

!"#$%#$&'()&$

!"#$%&'&%#()*++&,,--(................................................................................................................../

01+2*3&4+(!"#$%&'-"3(........................................................................................................../&5/&&

64,*"&$7(8-9,4"-3(....................................................................................................................... /&&&(

:7-%$"1(8-9,4"-3(...........................................................................................................................&;

:"&'-(<&%%-"3(.......................................................................................................................... ;5;&&

:*3,-"(0-33&*%3(............................................................................................................................ ;&&

=0>(0*9&-,1(?--,&%#3(................................................................................................................ ;&&&

:4@7&9$,&*%3(................................................................................................................................;&/

0*9&$7(:"*#"$+A(B-9-2,&*%3C(>;94"3&*%3($%D(E$%F4-,(..............................................................;&/

!"$7(:"-3-%,$,&*%(:"*#"$+

?*%D$1C(G(0-2,-+@-"(H(I"&D$1C(J(0-2,-+@-"((......................................................................K

:*3,-"(:"-3-%,$,&*%(:"*#"$+(5(L77(01+2*3&$(............................................................................KMK

L4,N*"(=%D-;(.............................................................................................................................MMG

=0>(0*9&-,1(=%O*"+$,&*%(...........................................................................................................MPQ

:*3,-"(:7$%(0-33&*%(K(5(?*%D$1(R01+2*3&$((KC(MC(GC(SC(JT(........................................................MUJ

:*3,-"(:7$%(0-33&*%(M(5(64-3D$1(R01+2*3&$(PC(UC(QC(VC(KKC(KMC(KGC(KUT(.....................................MUQ

:*3,-"(:7$%(0-33&*%(G(5(<-D%-3D$1(R01+2*3&$(KWC(KSC(KPC(KJC(KQC(KVC(MWC(MKT(........................MUV

<--X(09N-D47-(..........................................................................................................................MJW

Y-%-"$7(=%O*"+$,&*%(............................................................................................&%3&D-(@$9X(9*/-"

B-#&3,"$,&*%(Z*4"3(D4"&%#(,N-(?--,&%#(......................................................&%3&D-(@$9X(9*/-"

!%(0&,-(B-#&3,"$,&*%(I--3(...........................................................................&%3&D-(@$9X(9*/-"

84%9N-3(.......................................................................................................&%3&D-(@$9X(9*/-"(

)*OO--(E"-$X3(.............................................................................................&%3&D-(@$9X(9*/-"

=%,-"%-,(0-"/&9-(...........................................................................................&%3&D-(@$9X(9*/-"

L99*+2$%1&%#(:-"3*%3(..............................................................................&%3&D-(@$9X(9*/-"

01+2*3&4+(09N-D47-($%D(I7**"(:7$%(........................................................................... @$9X(9*/-"

>7-9,"*9N-+&3,"1(O"*+([%*\7-D#-(,*(=%%*/$,&*%

M(,*(J(0-2,-+@-"(MWKQ

E*7*#%$C(=,$71

6N-(UV,N(L%%4$7(?--,&%#(
*O(,N-(=%,-"%$,&*%$7(0*9&-,1((

*O(>7-9,"*9N-+&3,"1

=%,-"%$,&*%$7(0*9&-,1(*O(>7-9,"*9N-+&3,"1C(9N-+&%(D4()7*3-7-,(MC(KWWU(8$43$%%-C(0\&,'-"7$%D((((((((((((((((((((((((((((()*21"&#N,(](MWKQ

I&"3,(24@7&3N-D(*%(,N-(\-@3&,-(N,,2A^^$%%4$7UV.&3-5*%7&%-.*"#(G(L4#43,(MWKQ

L77("&#N,3("-3-"/-D.(_*(2$",(*O(,N&3(\*"X(+$1(@-("-2"*D49-DC(3,*"-D(&%($("-,"&-/$7(313,-+(*"(,"$%3+&,,-D(&%($%1(O*"+(*"(@1($%1(+-$%3C(

-7-9,"*%&9C(+-9N$%&9$7C(2N*,*9*21&%#C("-9*"D&%#(*"(*,N-"\&3-C(\&,N*4,(2"&*"(\"&,,-%(2-"+&33&*%(*O(,N-(:4@7&3N-".(_*("-32*%3&@&7&,1(

&3($334+-D(@1(,N-(:4@7&3N-"(O*"($%1(&%`4"1($%D^*"(D$+$#-(,*(2-"3*%3(*"(2"*2-",1($3($(+$,,-"(*O(2"*D49,( 7&$@&7&,1C(%-#7&#-%9-(*"(

*,N-"\&3-C(*"(O"*+($%1(43-(*"(*2-"$,&*%(*O($%1(+-,N*D3C(2"*D49,3C(&%3,"49,&*%3(*"(&D-$3(9*%,$&%-D(&%(,N-(+$,-"&$7(N-"-&%.

:"&%,-D(&%(,N-(=,$71



!"#$"%&'#(')*+',-)*'.//0%1'2++)3/$'#(')*+'4/)+"/%)3#/%1'5#63+)7'#('81+6)"#6*+&39)"7:3

01+2*3&4+(!"#$%&'-"3

!"#$%&'(#)*) +,-%#,./0',1&)2%0)31/4.0%,-,1".'4,1)56/#'&.0"),-7)31/4.0%,-,1".'4,1)8%%1&)2%0)
!.(7"'-9)+,-%#,./0',1&
74+$28)94+182():;''(1$+4&'(<=)>#2),2%(2?)0+$@2(*$&A)'6 )B2(-*482C=)D*(428
.#-/$+5)E$=)F4+G$+5)0+$@2(*$&A=);#$+4
H-$5$)I48J$'84=)0+$@2(*$&A)'6 )9$84+=)D&48A
H-$*4)>'(*$=)0+$@2(*$&A)'6 )E4($=)D&48A

!"#$%&'(#):) ;"$6/-,./7<8/46-'=(/&)>-4%0$%0,.'-9)?-,1".'4,1)31/4.0%46/#'&.0"
I2&#$)E21$'-$):;''(1$+4&'(<=);#$C$2)34($*>2J#=)I(4+J2
94**$C')94(J4JJ$'=)0+$@2(*$&A)'6 )E'8'5+4=)D&48A
I4%$2+)9$'C4+1(2=)!F.);4J#4+=)I(4+J2
K2+4&').22%2(=)0+$@2(*$&A)'6 )9'12+4)4+1)K255$')!C$8$4=)D&48A

!"#$%&'(#)@) A'%/1/4.0%46/#'&.0")B/.(0-&).%).6/);%#/)%2 )C,1D,-'
L'8654+5).J#-#C4++):;''(1$+4&'(<=)0+$@2(*$&A)'6 )E'J#-C=)M2(C4+A
I4%$4+4)N(1-$+$=)0+$@2(*$&A)'6 )K'C2)>'()O2(54&4=)D&48A
K2+4&4)E$82?$JP=)0+$@2(*$&A)'6 )L4(*4?=)3'84+1
D84($4)348J#2&&$=)0+$@2(*$&A)'6 )I8'(2+J2=)D&48A)

!"#$%&'(#)E) A'$%1,0)31/4.0%46/#'&.0"F)20%#)A'%,-,1"&'&).%)G,./0',1&)!4'/-4/
N82"4+12()Q-#+):;''(1$+4&'(<=)0+$@2(*$&A)E'(124-")R=)I(4+J2
I(21($S)EGT(26'(*=)0//*484)0+$@2(*$&A=).?212+
K$J#4(1);(''S*=)0+$@2(*$&A)'6 )>2"4*)4&)N-*&$+=)0.N
34'8')05'=)0+$@2(*$&A)'6 )O2+$J2=)D&48A)

!"#$%&'(#)H) I6%.%J'%/1/4.0%46/#'&.0")<)20%#)A,&'4)5%-4/$.&),-7)G,./0',1&).%)K/D'4/&
I(21)H$*14&):;''(1$+4&'(<=)L$814-)>2J#+$J48)0+$@2(*$&A=)M2(C4+A
74+$8')7$+$=)0+$@2(*$&A)'6 )K'C2)H4).4/$2+P4=)D&48A
H4(*)B2-S2+=)0+$@2(*$&A)'6 )H221*=)0Q
I(4+S)94(S2+=)0+$@2(*$&A)'6 )E4&#=)0Q
K$JJ4(1')K-66'=)0+$@2(*$&A)'6 )9$84+)E$J'JJ4=)D&48A

!"#$%&'(#)L) A,../0'/&)'-.%).6/)M(.(0/N)20%#)?7D,-4/7)O'.6'(#<>%-)!"&./#&).%)+%D/1)
56/#'&.0'/&),-7)?046'./4.(0/&
;4&$4)N(%$PP4+$):;''(1$+4&'(<=)0+$@2(*$&A)'6 )E'8'5+4=)D&48A
;84-1$')M2(%481$=)3'8$&2J#+$J)'6 )>'($+'=)D&48A
K'%2(&)Q'*&2JS$=)H4?(2+J2)E2(S282A)F4&$'+48)H4%'(4&'(A=)0.N
.&264+')34**2($+$=),28C#'8&P)D+*&$&-&2)08C=)M2(C4+A)

!"#$%&'(#)P) 31/4.0%46/#'4,1)!"&./#&)2%0)3-/09")5%-D/0&'%-N)M(/1)5/11&),-7)31/4.0%1"&/0&
O$&')7$)F'&'):;''(1$+4&'(<=)0+$@2(*$&A)'6 )341'@4=)D&48A
N+&'+$+')N($JU=)D>N!);FK)92**$+4=)D&48A
72%'(4#)B'+2*=)0+$@2(*$&A)'6 )9'+&/288$2()V=)I(4+J2
,$('A-S$)0J#$14=)0+$@2(*$&A)'6 )W4C4+4*#$=)B4/4+

!"#$%&'(#)Q) !($/04,$,4'.%0&N)20%#)K%(J1/<O,"/0)31/4.0%46/#'4,1)5,$,4'.%0&).%)M,0,7,'4<
A,&/7);'96)I%R/0)!"&./#&
I(4+J2*J4).'4@$):;''(1$+4&'(<=)0+$@2(*$&A)'6 )E'8'5+4=)D&48A
N+1(24)E481-JJ$=)I($21($J#X.J#$882(X0+$@2(*$&A)B2+4=)M2(C4+A
!8P%$2&4)I(4JS'?$4S=)3'P+4+)0+$@2(*$&A)'6 )>2J#+'8'5A=)3'84+1

!"#$%&'(#)S) I6%.%<31/4.0%46/#'4,1)3-/09")5%-D/0&'%-N)!"#$%&'(#)'-);%-%0)%2 )I0%2T)U,-)
?(9(&."-&V'
K'%2(&)Q'*&2JS$=):;''(1$+4&'(<=)H4?(2+J2)E2(S282A)F4&$'+48)H4%'(4&'(A=)0.N)
I212($J')E2884=)3'8$&2J#+$J)'6 )>'($+'=)D&48A
.&264+');4(4C'($=)0+$@2(*$&A)'6 )I2((4(4=)D&48A
;84(4).4+&4&'=)3'8A&2J#+$J)'6 )9'+&(248=);4+414
K2+4&4).'84(*S4=)0+$@2(*$&A)'6 )L4(*4?=)3'84+1

!"#$%&'(#)*W)G,./0',1&)!"#),-7)!#"$)31/4.0%46/#'&.0"N)!.,./)%2 ).6/)?0.),-7)M(.(0/)80/-7&
M$'@4++$)Y4+54($):;''(1$+4&'(<=)0+$@2(*$&A)'6 )O$(5$+$4=)0.N
.4+1(');4&&4($+=)D;9N>!);FK)341'@4=)D&48A
.$8@$4)I(4+P=)3'8$&2J#+$J)'6 )9$84+=)D&48A
94**$C')D++'J2+&$=)0+$@2(*$&A)'6 )I8'(2+J2=)D&48A
9$S#4$8)NZ)O'('&A+&*2@=)92+12822@)0+$@2(*$&A)'6 );#2C$J48)>2J#+'8'5A=)K-**$4



!"#$"%&'#(')*+',-)*'.//0%1'2++)3/$'#(')*+'4/)+"/%)3#/%1'5#63+)7'#('81+6)"#6*+&39)"7 :33

!"#$%&'(#)**)5%00%&'%-F)I,&&'D,.'%-F),-7)I0%./4.'%-)!.0,./9'/&
.4++4S4$*4)O$(&4+2+):;''(1$+4&'(<=)0+$@2(*$&A)'6 )!(84+52+XF-(2C%2(5=)M2(C4+A

.#$+G$)I-G$C'&'=)[*4S4)0+$@2(*$&A=)B4/4+
3#$8$//2)94(J-*=)!F.;3=)I(4+J2
9'+$J4).4+&4C4($4=)0+$@2(*$&A)'6 )3482(C'=)D&48A

!"#$%&'(#)*:)31/4.0%$6%0/.'4)K/$%&'.'%-)%2 )M(-4.'%-,1)5%,.'-9&N)20%#)G,./0',1&)!4'/-4/).%)
A'%./46-%1%9"
N81')KZ)E'JJ4JJ$+$):;''(1$+4&'(<=)0+$@2(*$&A)'6 )!(84+52+XF-(2C%2(5=)M2(C4+A)
E25'\4)I2((4($=);.D.)941($1=)./4$+
;4(C2+)M484**$=)D.>!;);FK)I42+P4=)D&48A

!"#$%&'(#)*@)31/4.0%46/#'&.0")?$$1'/7).%)5(1.(0,1);/0'.,9/
.-*4+4);Z)12)>'((2*$):;''(1$+4&'(<=)0+$@2(*$&A)'6 ).4')34-8'=)E(4P$8
;($*&$+4);#$4@4($=)0+$@2(*$&A)'6 )E'8'5+4=)D&48A
Q-(&)Q48J#2(=)0+$@2(*$&A)'6 )M(4P=)N-*&($4
H$5$4)9'(2&&'=)0+$@2(*$&A)'6 )O2+$J2=)D&48A

!"#$%&'(#)*E)31/4.0%46/#'4,1)3-9'-//0'-9N)B/&/,046).%R,07&)K/$1%",J1/)8/46-%1%9"
Q4(28)E'-P2S):;''(1$+4&'(<=)0+$@2(*$&A)'6 );#2C$*&(A)4+1)>2J#+'8'5A)3(45-2=);P2J#)K2/-%8$J
,2+(A)E2(5C4+=)N+#48&)0+$@2(*$&A=)M2(C4+A
944(&2+)E$2*#2-@28=)L2&*-*)H22-?4(12+=)F2&#2(84+1*
M2'66(2A)Q28*488=)DC/2($48);'88252)H'+1'+=)0Q
.$C'+2&&4)348C4*=)0+$@2(*$&A)'6 );458$4($=)D&48A
[+'6($').J$481'+2=)0+$@2(*$&A)'6 )3482(C'=)D&48A

!"#$%&'(#)*H)+/R)80/-7&)'-)XA'%Y<G%1/4(1,0)31/4.0%46/#'&.0"
[8$@$2()E-($2P):;''(1$+4&'(<=)!J'82)F'(C482).-/2($2-(2)34($*=)I(4+J2
;#($*&$4+)7-(4+&2=)0+$@2(*$&A)'6 )341'@4=)D&48A
B$($)H-1@$S=)BZ),2A('@*SA)D+*&$&-&2)3(45-2=);P2J#)K2/-%8$J
34&($P$4)9-**$+$=)0+$@2(*$&A)'6 )9$84+=)D&48A

!"#$%&'(#)*L)G'40%<),-7)+,-%<!4,1/)I1,.2%0#&).%)!.(7")31/4.0%-)80,-&$%0.)'-)XA'%Y)G%1/4(1,0)
!"&./#&N)20%#)M(-7,#/-.,1&).%)G%1/4(1,0)K/D'4/&
D*C428)7]2PX3^(2P=:;''(1$+4&'(<=)0+$@2(*$&A)'6 )E4(J28'+4=)./4$+
.4%($+4)N+&'+288'=)0+$@2(*$&A)'6 )341'@4=)D&48A
N+528);-2*&4);$*J4(=)0+$@2(*$&A)'6 )N%2(122+=)0Q
F41$C)74(?$*#=);-(&$+)0+$@2(*$&A=)N-*&(48$4
M$'@4++$)O482+&$=)0+$@2(*$&A)'6 )E'8'5+4=)D&48A

!"#$%&'(#)*P)I6"&'4,1)31/4.0%46/#'&.0"N)B/4/-.)K/D/1%$#/-.&)'-)!$/4.0%&4%$"F)G'40%&4%$")
,-7)86/%0")2%0).6/)B,.'%-,1)K/&'9-)%2 )31/4.0%46/#'4,1)>-./02,4/&
K'%2(&),$88C4+):;''(1$+4&'(<=)0+$@2(*$&A)'6 )H2$J2*&2(=)0Q
94($4)!*J-12('X!*J($%4+'=)0+$@2(*$&A)'6 );'/2+#452+=)72+C4(S
N82**4+1(')9$+5-PP$=)0+$@2(*$&A)'6 )9$84+=)D&48A
3$2(J4(8')9-*&4(288$=)0+$@2(*$&A)'6 )34@$4=)D&48A

!"#$%&'(#)*Q)86/%0"N)20%#)Z-7/0&.,-7'-9).%)[$.'#'\,.'%-),-7)I0/7'4.'%-
N82G4+1(')NZ)I(4+J'):;''(1$+4&'(<=)0+$@2(*$&^)12)3$J4(1$2)B-82*)O2(+2=)I(4+J2
94(J)Q'/2(=)H2$12+)0+$@2(*$&A=)F2&#2(84+1*
34?28)Q-82*P4=)0+$@2(*$&A)'6 )L4(*4?=)3'84+1
;84-1$')I'+&4+2*$=)0+$@2(*$&A)'6 )9'12+4)4+1)K255$')!C$8$4=)D&48A
I4%$')H4)94+&$4=)0+$@2(*$&A)'6 )E(2C2+=)M2(C4+A
32&()O4+A*2S=)F'(&#2(+)D88$+'$*)0+$@2(*$&A=)0.N

!"#$%&'(#)*S)!'-91/)3-.'.")31/4.0%46/#'&.0"
34&)0+?$+):;''(1$+4&'(<=)0+$@2(*$&A)'6 )L4(?$JS=)0Q
34'8')NJ&$*=)0+$@2(*$&A)'6 )H221*=)0Q
74C$4+)N(($54+=);-(&$*)0+$@2(*$&A=)N-*&(48$4
.&264+$4)K4/$+'=)0+$@2(*$&A)'6 )E'8'5+4=)D&48A

!"#$%&'(#):W)>-./02,4',1)31/4.0%46/#'&.0")'-)+%-<?=(/%(&)31/4.0%1"./&
,28C-&)E48&(-*J#4&):;''(1$+4&'(<=)0+$@2(*$&A)'6 )E'++=)M2(C4+A
F-($4)M4(J$4XN(42P=)0+$@2(*$&A)'6 ).'-&#4C/&'+=)0Q
N82**4+1(')H4@4JJ#$=)D;;[9);FK)I8'(2+J2=)D&48A
94($4)N**-+&4)F4@4((4=)0+$@2(*$&A)'6 )K'C2)H4).4/$2+P4=)D&48A

!"#$%&'(#):*)C/-/0,1)!/&&'%-
E2(+4(1)>($%'882&):;''(1$+4&'(<=)HD.!);FK.)34($*=)I(4+J2
74+$28)E284+52(=)0+$@2(*$&^)1-)_-2%2J)9'+&(248=);4+414
,-4);-$=)0+$@2(*$&A)'6 ).J$2+J2)4+1)>2J#+'8'5A),262$=);#$+4



56+7$%&'(8(*+,-+./+0(1234

011%!2 34)(5"46'/()'47 !"#"$89()'( !"#"$:/"#'" !"#"$8;;4))" !"#"$<'"=( !"#"$:=6">( !"#"$<*#*./* !"#"$?*)6* !"#"$@'"=>" !"#"$<(A"#/( !"#"$%"&*=/"$8 !"#"$%"&*=/"$@

!"#$%!&'# +<*%$6("*-=&- +<*%$6("*-=9 +<*%$6("*->? +<*%$6("*->> +<*%$6("*-@ +<*%$6("*->A +<*%$6("*-> +<*%$6("*->B +<*%$6("*->=- +<*%$6("*-D9 +<*%$6("*-D& +<*%$6("*-E

!"#$%&'&!(#$% !"#$%&'()#*+,&#-(9,:+5$(;6645$<(23,45+6&5,78

!(#)!&'&!(#*%
`7BV&P.-&O7YV

&9/.F3-&R4.-.66>P
&&A4.-V>&<0.-V>P7B D.0C&?C.-

&Q3B7/7.&Q07643. `.4./7.&+>P./6V.
=,/73&D.B;:306>- R0F.-E>&53--.0>

&Q@D@&A.-B:3X'A.-B:3X
a7&Q,7

S7-&S7. 9.407V&AB:F,V7

!(#*%&'&$!#!! &D7B:3/3&97.-. L/>EX7F730X&+,4-30 =.Bd,36&L7Y3-2308 +.4:.07-.&+076B:30 D.443>&O3640> ]7-8:>-8&\:.-8

$!#!!&'&$!#$% N,76&Q.64.-:370. D.43,6X&\/>27-6V7 &`.4.6.&W.67/Y3P7B ?>2304&N7-E6.C =>:-&1>06/3C A4.MM.-&A.-E7- K.27.-.&R0E,7-7 A.207-.&R-4>-3//> `.8.:70>&1>6:7 D@&=>:.--36&R-43 U@&D3-E>X.'130-.-E3X D@&W@&<>/E07-&\.->-7

$!#$%&'&$!#)! =7-8&N7 \3e7-8&L, +7067&a/7-73F7 N3T76&a,/3 =.F36&?,6/7-8 L37&=7- K34:7&<3E7>,7 <3/3-&<.4.-30> 5,C&O3-,.,/4 A.-E0.&D37-:.0E RF70&G.:F.627 G:>F.6&Q>447-3.,

$!#)!&'&$!#*%
FG+H!I-+!++0GJ-C-23+*4%5,66''%7"'#89:
H"56'&<-A-+5%)5*95#K-L#$*->?M@?-)$->CM@?
;0.&,(+<.%W
;0.&,(+<.%N
;0.&,(+<.%Y
;0.&,(+<.%S
;0.&,(+<.%==
;0.&,(+<.%=>
;0.&,(+<.%=?
;0.&,(+<.%=N

`.4./7.&N323E3P.

$!#*%&'&$$#!!

$$#!!&'&$$#$%

$$#$%&'&$$#)!

$$#)!&'$$#*%

$$#*%&'&$[#!!

$[#!!&'&$[#$%

$[#$%&'&$[#)!

$[#)!&'&$[#*% && &

$[#*%&'&$)#*% Q>,-B7/&D3347-8 N"34O

$)#*%&'&$*#!!

+<*%$6("*-=&- +<*%$6("*-=9 +<*%$6("*->? +<*%$6("*->> +<*%$6("*-@ +<*%$6("*->A +<*%$6("*-> +<*%$6("*->D +<*%$6("*->=- +<*%$6("*-D9 +<*%$6("*-D& +<*%$6("*-Q

$*#!!&'&$*#$% &R-E03T&13007-8 K073E3F.--&13883 Q.47.&R027XX.-7
170>V7&1.2.X.V7

Q@&RY>'K0.-V/7- D.0V&I@&U0.X3F Q:7.0.&\.-.0E7
?>-&`..F.- R-E03.&?,663//

&?>2304&O>F7-V>
<0344&N,B:4& a,.-&Q:3-

$*#$%&'&$*#)! R@&A./P.4>03&R07B> \:7'a>,&\:>, N37M&`C:>/F R-B.&R/E3.

+3-4.0>&170.V.

+.C/C-&+@&N3,-8

D.B73Y&OXT>-3V

W7P3V&90.4.;&174.76:7&

D7B:./&+7X/7-8

R/3e.-E0.&D.047-

D.07.&+>FV>P.

R/..&R22.6

D.07.&A@&9./.8>-7. 1>-8e7.&N,> G>F>-.07&G.V3,B:7

$*#)!&'&$*#*% &D>-7V.&O0.V63/>P. R--3'N,B73&G37//>,4 =@&D.0B3/&R432.&D2. &R0Y.-&D>/ &=>6f&K@&9f03X &&G.47.-.&9366.-:. `7V:7/&D./P.-V.0 &+.46,C>6:7&^V3E. &Q:3-'=,7&1,.-8 K,'D7-8&L.-8&& ^/>-.&K3/:>67&

$*#*%&'&$%#!! `.V&L>-&+>-8 &1.F76:&D7//30 a.6,:70>&K,V,-.V. &9:7/7;;3&D.0B,6 &?>3/&<7663/7-V &I/3>->0.&9.08>/3447 +.407-&K@&O>FV3 D.047-.&K0.BB:7. 9.407BV&AB:J- &Q/.,E7>&5302./E7 D33/76&1m0F.6

$%#!!&'&$%#$% G>6:7:70>&G.-,F. \:.>e7>-8&S73 &D.047-&AYJE7- &K@&O7&K0.-B> =>-.6&13037Y8306 &+@&AB:T.0X>P.'9@ &D@&N>;3X'D.047-3X &D.0B3/&?76B: D.047-&U;74X &Q.-E.B3&Q:.- &?7BB.0E>&<0.-E73/3

$%#$%&'&$%#)! R.0>-&D.06:.// 1323&D@&W7//,//.6 &=,/7.&N7--3F.-- D@&5>-X./3X'Q.64.l> I-07B>&W>/;7 &R8.4.&D7B:./6V. &=@&N,76&U//>d,7'A.0738> &?7V&D>F &`3YB&9.P/7- D@&D.047-3X'^2.l3X &=>:-&?@&D7//30

$%#)!&'&$%#*% &I-07B>&W30/.4> =>&1,F;:03C &G.>&N7, &G.V,F7&1.0,-. I/3-.&<.0.->P. W@&D.XX.0.BB:7> R,03/7>&D.43>'R/>-6> K.27>&N.&D.-47. Q.0F3-&Q.P.//> &N,B.&9>0B.03//7 +0XC6X4>M&K7B

$%#*%&'&$h#!! &2$LL55-8#5&P

$h#!!&'&$h#$% &G@&R@&\.T>EX7-6V7 &&=,-Y7&^-,V.7 &?>/M&AB:,6430 &K.47F.&D>-43F>0 1>T73&`@&Q:,& &I07V.&AB.P344.
&Q:07647.-&`7Y:,76 D7B:.3/&O36B:.F;6

Q:,-8,.-8&Q:3- &<30-.0E&N364073X R@&Q:>Y-.BV.

$h#$%&'&$h#)! &A3P307-&W7300.4: &L3-'<7-&Q.7 `7B>/.&Q>F766> +>4.0>&O>7 A43;:.-3&R02.,/4 9:7/7;;&D.0X.V 9076B7//.&<.V30 D3-8F3-8&N7, R:F.E&UF.0 G3036.&R@&Q3-43->

$h#)!&'&$h#*% &N.,0.&D3E. O3/7&L.-8 &W30.&AF,/E306 &D>-7B.&A.-4.F.07. 1.E.0&<3-'a>.P D7-&O3-8 +0XC6X4>M&`>T>0C4. =>6:,.&17:.4: R/P.0>&Q>/7-.& A.0.&O0P.07B&G./7.- ?>2304&+>643BV7 N.06&13--7-8&1366&

$h#*%&'&$i#!! =.03V&93430&A.2.T. &D7->0,&^-.2. &&D.>X:>-8&R- W7-B3-4&W7P730 R0V.EC&+.0C.V7- &1@&R@&K78,303E>&?@ 5,X3/&\7C.4E7->P. A7F>-3&Q7.F;7 &D.,0>&9>P7. &=,/7.&RF7B7 &D.07>&D.07-.0> =>63&D@&?>Y>

$i#!!&'&$i#$% R-E03.&\.MM>0. &W/.E7F70&5,430F.- &G346,C.&G6,E. &A.--.V.76.&W704.-3- &`@&Q.6.l'9.64>0 &I/.E&1./M> &A303-.&R0-.2>/E7 &9.6B./&D.047- +3/63C&A4>30X7-830& &=,63M&1.66>,- R@&L>03V.&`3F.8. &?7&S,

$i#$%&'&$i#)! W74>&O7&`>4> =>:.--36&K7B:4-30 IP.-83/>6&<>,02>6 R76:T.0C.&A07-.4: ?74,&+.4.VC O.-73//3&?.8>-76 &O.P7E&L7//7.F6
?7B:.0E&`7B:>/6 9.407BV&H-T7-

=3--7M30&AB:.3M30 +.X,V7&a.F.8,B:7 W74>0&N@&D.047-6

$i#)!&'&$i#*% N7.-d7-&L.-8 <YJ0-&L7BVF.- D@&1.6:3F;>,0&^8E307 ],-Y73&S, O,64C&D7//30 K3E307B>&9>/7 D.07.&Q,.0430> 176.->07&R-E> W7B4>0&W.-;33-3 R-344.&9/.43V

$i#*%&'&$"#!! R0F7-&A7323/ O.3&=>-8&a>, I/763&O,d,36-3 <3--C&L>,4306 D.-,3/.&?,3E. +.4:.07-.&AB:.M-30 W30>-7V.&H02.->P. L3-Y7-8&1>-8 N3>-&=.B>263 1.>&L3-&N7, =7-8&5,> <07E834&D,4,F.

$"#!!&'&$"#$% K>437-7&A.;>,-4X7 O>-8C>>-&A:7- O>F3-7B.&G>-3//7 R-4:>-C&A>F306 I/3-.&A,;0,- ?>-.&?>-3- I@'D7:.3/.&H-8,03.-, D.8E.@&10>F.E>P. R-E03.&A>003-47-> ?,7Y,-&9.- D@&9.-.8>;>,/>, A43P3-&N3&W>4

$"#$%&'&$"#)! =.E0.&D>6. R-E03.&93038> R/2304>&RE.-'F.6 O.-73/&=@&</.BVT>>E R-E03.6&N36B: K.207X7>&W7B.07 R2E3/:.M3E&G./32 =>083&9.P3 A,6,F,&+,T.2.4. 133'G.V&+7F K.27.-&=36B:,// Q.0/>&A.-4>0>

$"#)!&'&$"#*% R-4:>-C&UjD,//.-3 =7-d7,&\:.-8 a>-86:3-8&1.> L>>-6,;&A:7- 57>P.--7&A>487, A@&=.F33/&K3/3F2.- A47Y-&K@&N@&D3043-6 a,-B:.-8&N7.- D7B:3/3&K7>03 <>V6>>-&+T>- K0.-B36B.&A>.P7



!"#$"%&'#(')*+',-)*'.//0%1'2++)3/$'#(')*+'4/)+"/%)3#/%1'5#63+)7'#('81+6)"#6*+&39)"7C,

!
T
E
2
R
;
S
)C
I

;0.&,(+<.%?%% G+,'$'5*",54'.+(*"0%H'*<")(%*,%*4'%I,.'%,6%J#$K#)+
/$$01)2'(')L&'4$

/4$-)(,%B5b%/$)."-2(%!q.:P)$2V"-2A%T(2$'$%N-"(R-8>A%!)V$,5%F$)5$V-2%$2,%&$2+("$%T+(,$

.9166)#$).91.8(H#P>,*$)

C$3+#.'&!(d+P63$'<#.'!L&."(8+"$)%P.+2,)5A%Q$R)(28(%N()V("(5%C$'-.2$"%Q$B.)$'.)5A%N()V("(5A%D*!MC(?*3N-(

E$"49NC(g*3-()*"%-`*C(8&%(04

>%#&%--"&%#(>7-9,"*%&9(L9,4$,&*%($%D(0-%3&%#(&%,*(?&9"**"#$%&3+3(h3&%#(01%,N-,&9(E&*7*#1(

.91.8)#$).91:8))

('7$!(#?&$!LQ$B.)$'.)5%.;%&+"'-;+28'-.2$"%&$'()-$"9%$2,%*')+8'+)(9A%C$'-.2$"%129'-'+'(%.;%&$'()-$"9%H459-89A%

&$=+)("(A%T.#$2-$MC(b&9,*"(a&947-394C(=*%4,(>%947-394C(_&9*7-,$(:"-D$C(?&N$-7$(E-"-#*&C(L7-;$%D"4(

>/$%#N-7&D&3C(=7-$%$(B$4

Z&#N(04"O$9-(I7-;&@7-(>7-9,"*D-3(O*"(E&*+-D&9$7(L227&9$,&*%3(

.91:8)#$).9158))

:&')$3+!G.3$<$!Lc(E$)'#(2'%.;%N-.'(842.".=5%$2,%Q-;(%*8-(28(A%3.V5.%D2-K()9-'5%.;%!=)-8+"'+)(%$2,%

3(842.".=5A%3.V5.A%J$E$2MC(<$X$X*(634#$\$C([$,34N&"*([*`&+$C([*`&(0*D-

B$,&*%$7(>%'1+-(>%#&%--"&%#(O*"(a-/-7*2+-%,(*O(M.P,N(Y-%-"$,&*%(E&*3-%3*"(

.9158)#$).9198))

:$J#J'!:1!E&9'M!Lc(E$)'#(2'%.;%/4(#-9')5A%D2-K()9-'5%.;%N)-'-94%/."+#B-$A%G$28.+K()A%/$2$,$MC(Z4$5dN*%#(

j4C(a$%(E&''*,,*

>7-9,"*9N-+&9$7(I74*"-39-%9-(=+$#&%#(,*(=%/-3,&#$,-(a_L(0-7O(?*%*7$1-"3(L33-+@7-D(h3&%#(:*,-%,&$75

L33&3,-D(a-2*3&,&*%((

.9198)#$).9188))

>$7.&d!5=V+'&<!LP$8+"'5%.;%/4(#-9')5A%D2-K()9-'5%.;%S$)9$RA%S$)9$RA%H."$2,MC(?&9N$7([&'7&%#C(L#%&-3'X$(

<&-9X*\3X$C(B-%$,$(E&7-\&9'

.9188)#$).8168))

T.,&<!"3$)$/!G.)$.*-.!L/CT*%Q$B.)$'.-)(%,(%N-.(2()=('-6+(%('%,h12=(2-()-(%,(9%E).'0-2(9A%D2-K()9-'5%!-O:

&$)9(-""(A%&$)9(-""(A%P)$28(MC(=-/#-%(?$'4"-%X*C(B*+$&%()7o+-%,C(?$"&-56N-"-3-(Y&4D&9&5!",&9*%&C(L%%-(a-(

:*472&F4-,C(:N&7&22-(a-7$2*",-C(>7&3$@-,N(8*`*4

I4%9,&*%$7(=++*@&7&'$,&*%(*O(E&7&"4@&%(!;&D$3-(*%(>7-9,"*D-3A()*""-7$,&*%(E-,\--%(!"&-%,$,&*%(*%()$"@*%(

_$%*,4@-3($%D(*%(0-7O5L33-+@7-D5?*%*7$1-"3(*%(Y*7D(

.8168)#$).81.8))

>.7-$#!:.=#.'M!L/.""(=(%.;%12'():P$8+"'5%12,-K-,+$"%*'+,-(9A%D2-K()9-'5%.;%S$)9$RA%S$)9$RA%H."$2,MC(?$9&-`(

a'\*%-XC(84X$3'(61+-9X&C(8-&O(_1N*7+C(B-%$,$(E&7-\&9'

E&*342-"9$2$9&,*"(@$3-D(*%(+47,&5-%'1+-($%*D-(,*(*2-"$,-(&%(349"*3-(3*74,&*%3(

.81.8)#$).81:8))

(#&R$'?3$!>$3).'!Lc(E$)'#(2'%.;%/4(#-9')5A%D2-K()9-'5%.;%N-)#-2=4$#A%N-)#-2=4$#A%D2-'(,%F-2=,.#MC(>7-%$(

?$D"&DC(a$/&D(E4"#-33C(0$"$N(Z*"3\-77

6N-(-7-9,"*9N-+&9$7(@-N$/&*4"(*O($(+*D-7(@$9,-"&$7(+-+@"$%-(

.81:8)#$).8158))

>$3.$!:+%<+,$!L&$'()-$"9%*8-(28(%;$8+"'5A%&_G_%Q.#.2.9.K%&.98.R%*'$'(%D2-K()9-'5A%&.98.RA%T+99-$MC(

_$,$71$(0&,%&X*/$C(>7-%$([$"2*/$C(L"X$D1([$"1$X&%

LD/$%9-D(>7-9,"*9N-+&9$7(RE&*T3-%3*"3(E$3-D(*%(6"$%3&,&*%(?-,$7(Z-;$91$%*O-""$,-3(

.8158)#$).8198))

(#$$!(FF$*!L*84.."%.;%*8-(28(%$2,%72=-2(()-2=A%/$-).A%7=5E'MC(>N$@(>7(0$\1

_$%*2*"*43(0,$&%7-33(0,--7(L%*D-(O*"(>%N$%9-D(?&9"*@&$7(I4-7()-773(

.8158)#$).8198

4&3.N&!W*)9'&3!Lc(E$)'#(2'%.;%7"(8')-8$"%$2,%7"(8').2-8%72=-2(()-2=A%D2-K()9-'5%.;%N$'4A%N$'4A%D2-'(,%

F-2=,.#MC(:$\$%(g*771C(Y$&#&(Z*4D$C(0-$%(Y*##&%3C(0&%-$D(Z$1-3C()N"&3,*2N-"(I"*3,C(g$+-3(E7$;7$%DC(8-3(

E$&77&-C(:-D"*(>3,"-7$

:_L(:"*@-3($%D(_*/-7(=%,-"9$7$,*"3(O*"(=+2-D$%9-($%D(I&-7D5>OO-9,(@$3-D(a_L(a-,-9,&*%



!"#$"%&'#(')*+',-)*'.//0%1'2++)3/$'#(')*+'4/)+"/%)3#/%1'5#63+)7'#('81+6)"#6*+&39)"7 B=?

=Q
R
E
Y

[$/$%C(8$D&37$/A%*\@5\ZZ

[$/$%$#NC()N"&3,*2N-"C(L&.2%*\[T[]A]^

[$/&"$1$34C([$3&%$,N$%A%*\[5\Z@

[$\$#49N&C([-%`&C(L34+%*[]T[\A\\

[$\$X$+&C(_$,34+&A%*\?:[`?

[$\$X$+&A%*N&%`&A%*[\5[\s

[$\$3$X&A%*N&%`&A%*\?:[ZZA%*\a5\\`

[$'D$C(6*+$3A%*\?:[``

[$'-+&C(B-'/$%C(L3+(%*\[T[\A[^

[$''$'&C(L"-O-NC(L34+%*\?$T[^As\

[-93-%*/&,1C(>#*%A%*[\5\`[C(

LS(,%*[\T[\A\\

[--7-"C(L7-;$%D-"A%*[`5\Z\

[--7-1C(Y$"-,NC(L34+%*\`$T[`A]^

[-&#N"*%C(g$9F4-7&%-C(L3+(%*\sT[?A\\

[-&3$"C(!"A%*\?:\Zs

[-X-D15_$#1C(8$3'7*C(LS(,%*\sT\@As\

[-77-"C(?$"7*4C(LS(,%*\?$T[\A\\

[-77-"C(b$7o"&-C(L3+(%*\@T[\A[^

[-73$77C(Y-*OO"-1C(LS(,%*[]T\@A]^A%

*Z\5\Z`

[-73*C(?-$#$%C(L&.2%*[\T[]A\\

[-+22$&%-%C(>"%*C(LS(,%*[]T[\A[^

[-%D"&9XC(=$%C(LP)-%*\`$T[\A\\

[-%&3C(:$47C(L&.2%*\`$T[`As\

[-%+*-A%*,o2N$%-C(L34+%*[aT[?A]^

[-"@-"C(B$9N-7C(L3+(%*[\T[^As\

[-""5:N&77&23C(6N*+$3C(L3+(%*\[T[`A[^

[-"313C(L7#&"D$3C(L3+(%*\?$T[\As\C(

L3+(%*\?$T[?A]^

[-3$"X$"A%*$#$"C(LP)-%*\ZT[[As\

[-3,-%C(!7&/-"C(L3+(%*\?BT[\A[^

[-1-3C(6&$A%*[^5\]a

[N$DX-C(:"$3N$%,C(LP)-%*\`BT[\As\

[N$7$XN$%C(=/$%A%*\[5\??A%*\^5\[[C(

LS(,%*\`BT[\A[^

[N$7&7C(=@"$N&+A%*\`:\\`

[N$7&7C(B&,$A%*Z\5\sZ

[N$%&C(?&7$DA%*[^5\[Z

[N$%&2*4"C(:-1+$%C(L&.2%*[`T[`A\\

[N$,$--C(L+&""-'$A%*\?:\a@

[N*7X&%C(L%D"-&A%*[?5\[]

[&@-%$5:�7D3-22C(>7*A%*[\5\sa

[&@7-"C(84D\&#C(L&.2%*[`T[?As\

[&-%,'C(?$",&%C(L34+%*\`BT[`A[^

[&-"47O5b&-&"$C(<$7$9-C(L34+%*[\T[]A\\

[&X49N&C(_$*N&X*A%*\?:\?@

[&77&$%C(?$%4-7$A%*\@5\\`

[&7+$",&%C(:$47A%*\[5\sZ

[&+C(E$-5g4%#A%*\`:\Z^C(L3+(%*[`T[?A]^

[&+C(E14%#504A%*[\5\ZaA%*[\5\][A%

*[\5\]^

[&+C()N$%#5Z--A%*\`:[Zs

[&+C()N$"%5g4%#A%*\`:[^[A%*\`:[`]

[&+C()N4%`**%#A%*\?:\Z?

[&+C(a$-(<*%A%*\?:\Z]

[&+C(a$N--A%*\?:\Z?

[&+C(a*`&%A%*\?:\Z?

[&+C(a*%#([**XA%*[]5\\ZA%*[]5\\aA%

*[]5\\@

[&+C(a*%#(j*4%#A%*\?:[Z?

[&+C(a*%#j-*%A%*\`:\]`A%*Z[5\Z\

[&+C(a*%#14%A%*\?:[[`

[&+C(>4%(g**%#A%*\`:[^`

[&+C(Y4%\**A%*\?:[@]C(L3+(%*[\T[^As\

[&+C(Y1-*%#N*A%*\s5\]?

[&+C(Z$%34A%*\?:\Z^

[&+C(Z$%34%#C(L34+%*\`BT[`A]^

[&+C(Z-$"$%A%*\?:\`^

[&+C(Z--56$XC(L3+(%*\`$T[]A]^C(

L3+(%*\?BT[aA[^

[&+C(Z**%(g4%C(L&.2%*Z[T[aA\\

[&+C(Z1-X14%#A%*[]5\\`

[&+C(Z1-%X&A%*\`:\]^

[&+C(Z14%50**A%*\?:[Za

[&+C(Z14%#(?&%A%*\`:[`]

[&+C(Z14%#(04%A%*\?:[Z`

[&+C(Z14%X&A%*\`:\]sA%*\`:\]]A%*\`:\]?

[&+C(g&N1-*%A%*\s5\]`

[&+C(g*%#(0-*XA%*\?:\Z]

[&+C(g*%#3**%C(L&.2%*\?$T[^A[^C(

L34+%*\?BT[`As\

[&+C(g*%#\*%A%*[`5\\a

[&+C(g**N**%A%*Z[5\Z[

[&+C(g**1*4%#A%*\`:\]sA%*\`:\]]A%*\`:\]?

[&+C(g4(j*4%#A%*\?:[]Z

[&+C(g4+&A%*\?:[]Z

[&+C(g4%(?14%#A%*Z[5\Z[

[&+C(g4%N1-*%#A%*\`:\]sA%*\`:\]]A%

*\`:\]?

[&+C(g4%j*4%#C(L3+(%*\`$T[]A]^

[&+C([\$%#(E4+A%*\a5\\a

[&+C([\$%#(?$%A%*\?:[]Z

[&+C([1*4%#5B*XC(L&.2%*Z[T[aA\\

[&+C([14%#34A%*\?:[??

[&+C(?&%g**%#A%*\`:[Z@

[&+A%*$-14%C(L34+%*Z\T[\A\\

[&+A%*-*5j-*%C(L&.2%*Z[T[aA\\

[&+A%*-*%#5=%A%*\?:[?@

[&+A%*-*%#N\$%C(L34+%*[]T[?A]^

[&+A%*-*%#\*%A%*\?:\`^

[&+A%*-*%&C(L34+%*[]T[?A]^

[&+C(6$-(Z14%A%*\?:\Z]

[&+C(6$-5j*4%#A%*\`:[]?A%*\`:[^ZC(

L34+%*\`$T[]A\\

[&+C(j$%#(0**A%*\?:\Z]

[&+C(j$%#5B$-A%*\s5\``A%*\`:\[]

[&+C(j*%#56$-C(LS(,%*\`BT\@As\

[&+C(j*4%#(Z\$%A%*\a5\\a

[&+C(j*4%#5g4%A%*\?:\Z^

[&+C(j*4%#3$%#A%*\@5\\[

[&+C(j*43**A%*\Z5\Z\

[&++&9NC(a$%&-7A%*\@5\\a

[&+4"$C([-%,*A%*\?:\asC(L&.2%*\?$T[`A\\

[&+4"$C(_*"&,$X$A%*[]5\]?

[&+4"$A%*N4N-&C(L34+%*[]T[\A\\

[&%#C(L%D"-\A%*\?:\?`C(L3+(%*\?$T[`As\

[&%4+*,*C(6$"*A%*\`:[a[

[&"$X*31$%A%*-"-'`$C(L3+(%*\`BT[`A\\

[&"$%C([&"$%A%*\`:\`aC(L&.2%*\`$T[`A]^

[&"9NN*OOC(E`t"%C(LP)-%*\`BT\@As\

[&"9N%-"C([$,N7--%A%*[a5\\^

[&37-%X*A%*-"#-1A%*Z\5\\@

[&34C([$'4$X&C(L34+%*\aT[`A[^

[&,$D$C(L,343N&A%*\?:[]^A%*[\5\`?A%

*[\5\@[

[&,$#$\$C(j4&9N&C(L&.2%*[[T[\A[^

[&,$`*4C(L14X*C(L&.2%*\?$T[?A\\

[&,$+4"$C(_$*,*A%*\?:\ZZA%*\?:[Z[A%

*\?:[`?A%*\`:[@\A%*[\5\Z`C(

L34+%*\?$T[]A[^

[&,$%&C(LX&"$A%*\`:[?^

[&49N&C(Z&3$*A%*\?:\ZaA%*\?:\?sC(

L3+(%*\?BT[]A[^

[&/-7sC(Z-%"&A%*Z\5\s[

[&'7&%#C(?&9N$7C(L3+(%*\sT[]A]^C(

L3+(%*\sT[^A\^

[7-&%C(8&3$().A%*[[5\\[

[7-&%C(8*"-%$(Z.C(L&.2%*[[T[aA[^

[7-+-%,C(h,$A%*[\5\a`

[7-+-%'A%*-@$3,&$%A%*\`:\a^

[7-,,C(?$,&7D$A%*\?:[s@

[7&D&C(_&'$"A%*[]5\Za

[7&%-C([&+@-"71C(L&.2%*\sT[`A[^

[7&%#$%C([$,N$"&%$C(L&.2%*\`$T[?A[^

[7&%#-7-C(?$,,N&$3A%*\`:[^sC(

L3+(%*\`$T[?A[^

[7&%#-%N*OC(?$7,-C(L34+%*\`BT[^A[^

[7*3-C()$"*7&%A%*\`:[^s

[7*,'C(a&%*A%*\@5\[]

[743w9X*/wC(?*%&X$C(L&.2%*\@T[aA[^

[71+-%X*C(!7-X3&1(b.A%*[a5\[Z

[%$4,NC(:N&7&22-C(LS(,%*Z\T\@A]^A%

*[[5\\Z

[%&,,-7C(:-,-"A%*\Z5\\@

[*@$1$3N&C(Z&"*%*"&A%*\?:\ZaA%*\?:\Z@A%

*\?:[]`C(L3+(%*\?BT[]A[^

[*@$1$3N&C(6$X41$A%*\@5\[a

[*@$1$3N&C(j*A%*\?:\Z`

[*@&-743'C(?$"9&%C(LP)-%*\@T[\A\\

[*9$C(L,&OA%*[\5\^\

[*9$@*/$C(g$%$A%*[[5\sZ

[*D1+C(B*+$%C(L3+(%*\`$T[]As\C(

L34+%*\`$T[\A\\C(L34+%*[]T[?A[^

[*-O*-DC(8&%-A%*\]5\\^C(LS(,%*\]T\@As\

[t77&39NC(L%D"-$3C(L34+%*Z\T[`As\

[*#$%-&C([$'4,*A%*\?:\Za

[*#&X*3X&(g"A%*-"#&*C(L3+(%*\[T[]As\C(

LP)-%*[^T[\A\\A%*\Z5\[ZA%*[?5\\a

[*NC(?-&,-%A%*\?:[Z?

[*NA%*N&%`&A%*[?5\[[

[*N7@"-9N-"C(g*$9N&+C(L3+(%*[`T[?A]^

[*&X-C(g4%2-&A%*\`:[sZ

[*`&+$C([$,34N&"*C(L3+(%*\sT[]AZ^

[*`&+$C(6*3N&X$,34C(L3+(%*\?BT[`As\

[*X*NC(E*%&O$9-A%*\`:\??

[*7&/*3X$C(b&7&$+C(L3+(%*[?T[aA\\A%

*[?5\[^A%*[?5\[?

[*77$C(:"$/--%C(LP)-%*\`$T[\A\\

[*7*D'&-`C(LD$+A%*\[5\?]A%*\[5\?^C(

L&.2%*[`T[aA\\

[*+$"*/$C(_$,$7k1$A%*[\5\s]

[*+X*/$C(?$"&$A%*\s5\sZC(

L3+(%*\sT[^AZ^

[*%$X$\$C([*,$"*A%*\?:[]aA%*\?:[^[

[*%D$C(LX&N&"*C(L3+(%*[\T[`A\\

[*%D$"&D-3C(a&+&,"&3A%*\`:\\Z

[*%D*C(6*3N&N&"*A%*\?:[`a

[*%-/C(a+&,"1C(L&.2%*[\T[`As\C(

LP)-%*[aT[[As\

[*%#C(8&%#@&%A%*\a5\[s

[*%#C(_$X(<*%C(L3+(%*\`$T[]A]^

[*%#&C(_$D-'D$C(L34+%*\`BT\@A]^

[*%N-O"C(?$",&%A%*[^5\\s

[**C(E*%5?&%C(L3+(%*\?$T[aA\\

[**XC(?$,&A%*[`5\\@

[*2-"C(?$"9A%L34+%H"(2$)5M%\ab[^A%

*\`:\ssA%*\`:\s?A%*\`:\?[A%*\`:\`sA%

*\`:\@?A%*\`:[\aA%*[\5\^aA%*[\5\@@C(

L&.2%*[\T[^As\C(L&.2%*[`T[aA[^C(

L3+(%*[]T\@A]^C(L3+(%*[`T[`A]^C(

L34+%*\ZT[`As\C(LP)-%*\`BT[[A]^A%

*[`5\\`A%*[`5\sZA%*[`5\]\A%*[a5\[@

[*2&-9C(Y$@"&-7A%*\s5\a]A%*[?5\\`

[*"@C(?$"943A%*\[5\s]

[*"+w%1*3C(L,,&7$A%*\@5\[@A%*[^5\Z`

[*"*7-/C(=/$%C(L3+(%*[\T[\A[^



Advanced electrochemical (bio)sensors based on transition metal 

hexacyanoferrates 

 
Komkova M.A., Sitnikova N.A., Karpova E.V., Karyakin A.A. 

Materials Science and Chemistry faculties of M.V. Lomonosov Moscow State University, Moscow, Russia  

e-mail: mkomkova@gmail.com 

 

Hydrogen peroxide is recognized as one of important analytes, being a chemical threat agent and a 

key metabolite of life pathways. Moreover, it is a side product of oxidases, included as terminal enzymes 

in more than 90% of the existing enzyme-based biosensors. The low-potential detection of H2O2 is the 

most progressive procedure for operation of the oxidase-based biosensors providing both high sensitivity 

and selectivity in the presence of easily oxidizable compounds. Prussian Blue (FeHCF or PB) is known to 

be the most advantageous low-potential H2O2 transducer [1]. While Prussian Blue serves as a superior 

electrocatalyst for hydrogen peroxide reduction, there is rather contradictory and non-satisfactory 

information concerning other transition metal hexacyanoferrates, which are PB structural analogues. 

We note that NiHCF, CoHCF and CuHCF, which are PB analogues, are completely inactive in 

H2O2 reduction electrocatalysis: Ni, Co and Cu HCFs-mediated H2O2 reduction is due to the presence of 

FeHCF, presented as defects in their structure. Electrocatalysis of H2O2 reduction is thus PB exceptional 

property [2]. Nevertheless, non-iron HCFs perform high mechanical and chemical stability and were used 

for the superior electrocatalyst entrapment. The method of PB stabilization with NiHCFs was elaborated. 

The approach of layer-by-layer deposition of the PB catalytic and transition metal layer was shown to be 

preferable [3]. The method was adapted for mass production: screen printed electrodes were modified 

with PB-NiHCF bilayers in the open circuit regime (chemically). The sensors modified with composite 

material of PB and NiHCF were completely stable in continuous flow of 1 mM H2O2 within more than 1 

h, whereas common PB based sensors lose half of their response within 20 min. 

Furthermore, a new microscope-free pure electrochemical tool for evaluation of transition metal 

HCFs films continuity was elaborated. The decrease of HCFs films’ resistance upon material amount 

increase can be referred to as an apparent anti-Ohmic trend since the amount of the deposited film usually 

presumes film thickness. Nevertheless, assigning charge transfer resistance to the resistance of the 

electrode|film interface, its observed decrease with subsequent saturation is explained in terms of an 

increase of the interface area until the entire electrode is covered with the film. The dependence of charge 

transfer resistance on the amount of HCF deposited thus provides a microscopy-free estimation of the 

electroactive inorganic polymer film continuity [4]. 

Finally, we proposed a new approach of Prussian Blue-based (bio)sensors operation in power 

generation mode, providing advanced analytical performance characteristics. PB based (bio)sensors were 

successfully operated without a potentiostat by a simple short-circuiting the working and the reference 

electrodes. The noise of Prussian Blue-based (bio)sensors in power generation mode is an order of 

magnitude lower compared to it in a conventional three-electrode regime. Such approach simplifies 

elaboration of the controlling electronics and would have a potential for low voltage read-out methods, 

for example for printable electronics or wearable smart devices [5]. 
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