
Journal of Electrochemistry Journal of Electrochemistry 

Volume 23 Issue 6 

2017-12-28 

Electroactivities of Pd/FeElectroactivities of Pd/Fe33OO44-C catalysts for electro-oxidation of -C catalysts for electro-oxidation of 

methanol, ethanol and propanol methanol, ethanol and propanol 

Tao ZOU 

Qing-feng YI 
School of Chemistry and Chemical Engineering, Hunan University of Science and Technology, Xiangtan 
411201, China;Key Laboratory of Theoretical Organic Chemistry and Functional Molecule, Ministry of 
Education, Xiangtan 411201, Hunan, China;, yqfyy2001@hnust.edu.cn 

Yuan-yuan ZHANG 

Xiao-ping LIU 

Guo-rong XU 

Hui-dong NIE 

Xiu-lin ZHOU 

Recommended Citation Recommended Citation 
Tao ZOU, Qing-feng YI, Yuan-yuan ZHANG, Xiao-ping LIU, Guo-rong XU, Hui-dong NIE, Xiu-lin ZHOU. 
Electroactivities of Pd/Fe3O4-C catalysts for electro-oxidation of methanol, ethanol and propanol[J]. 

Journal of Electrochemistry, 2017 , 23(6): 708-717. 
DOI: 10.13208/j.electrochem.161104 
Available at: https://jelectrochem.xmu.edu.cn/journal/vol23/iss6/9 

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for 
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry. 

https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol23
https://jelectrochem.xmu.edu.cn/journal/vol23/iss6
https://jelectrochem.xmu.edu.cn/journal/vol23/iss6/9


!"#$%&'($%)*)%)+, '- ./01+

2

3

4

!5 5(%("6,%, -'&

7"+$%&'!89)/(%)': '- ;+%<(:'"= 7%<(:'" (:/ >&'?(:'"

!"#$%&'

(

)$*+,-./0123/0

4567

),!89:;,*<&/1=<&/

4

),>+#?@.&'1A./0

4

)

@#,;<'1B'/0

4

),:+C,8<.1D'/0

4

),!8"E,@.<1F./

(

G4H!!"#$$% $& '#()*+,-. /01 '#()*"/% 203*0((-*034 560/0 70*8(-+*,. $& !"*(0"( /01 9("#0$%$3.)

,:*/03,/0 I446J4),'#*0/K,6H!;(. </=$-/,$-. $& 9#($-(,*"/% >-3/0*" ?#()*+,-. /01 @60",*$0/% A$%("6%(4

A*0*+,-. $& B16"/,*$04 :*/03,/0 I446J4),560/04 '#*0/L

@A,%&($%

!M3N3F'AO3/PQ'2,A&FF&D.<O, RSDT,U&P&F=VPV?W.PX?X.0X?3F3UPB'&UP.N.P=?2'B?&FU'X'F?'Y.D&P.'/?.V?V.0/.2.U&/P?2'B?&FU'X'F?2<3F?

U3FFVH?+/?PX.V?W'BZ)?[D?/&/'A&BP.UF3V?W3B3?2'BO3D?\=?V'D.<O?\'B'X=DB.D3?]:&^8

I

LQB3D<UP.'/QO3PX'DQ&/DQV<\V3_<3/PF=QD3A'V.P3DQ'/Q

PX3QV<B2&U3Q'2QU&B\'/QV<AA'BP3DQ23BB.23BB'<VQ'Y.D3Q]`3

a

b

I

cdLQU'OA'V.P3QP'Q'\P&./QPX3QSDc`3

a

b

I

1dQU&P&F=VPVQW.PXQD.223B3/PQ`3

a

b

I

QF'&D1

./0VHQ%X3.BQPB&/VO.VV.'/Q3F3UPB'/QO.UB'VU'A.UQ]%CeLQ.O&03VQVX'WQPX&PQPX3Q[DQ/&/'A&BP.UF3VQW3B3Q</.2'BOF=QD.VA3BV3DQ'/QPX3Q`3

a

b

I

cdHQ

CF3UPB'&UP.N.P.3VQ '2Q PX3Q AB3A&B3DQ[Dc`3

a

b

I

1dQ U&P&F=VPVQ P'W&BDVQ 'Y.D&P.'/Q '2Qd41daQ &FU'X'FVQ ]O3PX&/'F)Q 3PX&/'F)Q01AB'A&/'FQ &/DQ

.V'1AB'A&/'FLQ./Q&FZ&F./3QO3D.&QW3B3Q./N3VP.0&P3DQ\=QU=UF.UQN'FP&OO3PB=Q]dfg)QUXB'/'&OA3B'O3PB=Q&/DQ3F3UPB'UX3O.U&FQ.OA3D&/U3Q

VA3UPB'VU'A=HQ9O'/0QPX3QAB3A&B3DQU&P&F=VPVQ][Dc`3

a

b

I

]6hT1d),[Dc`3

a

b

I

RijT1d),[Dc`3

a

"

I

R4JjT1d,&/D,[DcdT),PX3,[Dc`3

a

"

I

RijT1d,

U&P&F=VP,AB3V3/P3D,PX3,X.0X3VP,3F3UPB'1'Y.D&P.'/,U<BB3/P,D3/V.P=,2'B,'Y.D&P.'/,'2,d41da,&FU'X'FVH,9UU'BD./0,P',PX3,df,D&P&),PX3,&/1

'D.U,A3&Z,U<BB3/P,D3/V.P.3V,2'B,'Y.D&P.'/,'2,O3PX&/'F),3PX&/'F),01AB'A&/'F,&/D,.V'1AB'A&/'F,'/,PX3,[Dc`3

a

"

I

RijT1d,U&P&F=VP,W3B3,

'N3B,4Hk),4HI),4Hk,&/D,4Ha, P.O3V, F&B03B, PX&/, PX&P,'/, PX3,SDcd,U&P&F=VP), B3VA3UP.N3F=H,`<BPX3BO'B3), PX3,UX&B03, PB&/V23B, B3V.VP&/U3,'2,

3PX&/'F,'Y.D&P.'/,'/,PX3,SDc`3

a

b

I

RijT1d,U&P&F=VP,W&V,O<UX,F'W3B,PX&/,PX&P,'/,PX3,SDcd,U&P&F=VPH,`'B,&FF,'2,PX3,AB3A&B3D,U&P&F=VPV),

PX3, D3UB3&V3V, ./, 3F3UPB'1'Y.D&P.'/, U<BB3/P, D3/V.P=, '2, PX3, P3VP3D, d41da, &FU'X'FV,, 2'FF'W3D, PX3, 'BD3B, '2, 01AB'A&/'F, l, 3PX&/'F, l,

O3PX&/'F,l,.V'1AB'A&/'FH,+/,&DD.P.'/),PX3,AB3V3/U3,'2,`3

a

b

I

,/&/'A&BP.UF3V,./,PX3,U&B\'/,A'WD3B,.OAB'N3D,PX3,3F3UPB'UX3O.U&F,VP&\.F1

.P=,'2,PX3,SD,/&/'A&BP.UF3VH

B+6 C'&/,D

SD,U&P&F=VPK,`3

a

b

I

K,&FU'X'F,'Y.D&P.'/K,3F3UPB'U&P&F=VP

5E5 FGHA+&

! bmIm,,,,,,,,,,,,,,!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!I'$GH+:% 5'/+

! 9!!

n3U3.N3DoQ6J4m1441JI)Qn3N.V3DoQ6J4k1Ja14kQQQQpd'BB3VA'/D./0Q&<PX'B)Qqrm1ka4Tir6sJJIi)QC1O&.FoQ=_2==6JJ4tX/<VPH3D<HU/

%X.VQW'BZQW&VQ2./&/U.&FF=QV<AA'BP3DQ\=QPX3Q:&P.'/&FQ:&P<B&FQuU.3/U3Q`'</D&P.'/Q'2QdX./&QR:'H64akmJkJTQ&/DQPX3Q8</&/QSB'N./U.&FQ

:&P<B&FQuU.3/U3Q`'</D&P.'/Q'2QdX./&QR:'H4Ivv6JsmTH

!"#

vbEw:9>Qb`QC>Cd%wbd8Ce+u%w*

!

6a

" !

m

#

6J4k

$

46

%

f'FHQ6aQQQ:'HQm

M3UHQQ6J4k

I3J! 4JH4a6JrcxH3F3UPB'UX3OH4m44JI

Q5)%+ %<),oQCHQB%(",-$"#()HQKLMN)QDEqmToQkJr1k4kQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

@&%)$(" JI!4JJm1aIk4q6J4kTJm1JkJr14JQ

QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ!!O%%?occ3F3UPB'UX3OHYO<H3D<HU/

M.B3UPQ&FU'X'FQ2<3FQU3FFVQqM9`dVTQ&B3Q'2QV.0/.2.1

U&/PQ ./P3B3VPQ 2B'OQ \'PXQ 3/3B0=Q &/DQ 3/N.B'/O3/P&FQ

U'/V.D3B&P.'/VHQ 9/'D3Q B3&UP.'/Q ./Q M9`dVQ .VQ 3F3U1

PB'1'Y.D&P.'/Q'2Q&FU'X'FV)QWX.UXQX&VQ\33/Q3YP3/V.N3F=Q

./N3VP.0&P3DQ./QB3U3/PQD3U&D3V

y41kz

HQ +PQX&VQ\33/QB3U'01

/.{3DQPX&PQAF&P./<OQqSPTQ&/DQSP1\&V3DQU&P&F=VPVQ&B3QPX3Q

\3VPQ 3F3UPB'1U&P&F=VPVQ 2'BQ &FU'X'FQ'Y.D&P.'/HQE/2'BP<1

/&P3F=)QAB&UP.U&FQ&AAF.U&P.'/Q'2Q PX3QSP1\&V3DQU&P&F=VPVQ

.VQV3B.'<VF=QF.O.P3DQ\3U&<V3Q'2QPX3QX.0XQU'VPQ&/DQB&B3Q

B3V'<BU3VQ '2Q SPHQ +/Q &DD.P.'/)Q A'.V'/./0Q 3223UPQ '2Q SPQ

V<B2&U3)QU&<V3DQ\=QPX3Q./P3BO3D.&P3QAB'D<UPQF.Z3QU&B1

\'/QO'/'Y.D3QqdbTQAB'D<U3DQD<B./0QPX3Q&FU'X'FQ3F3U1

PB'1'Y.D&P.'/)Q&FV'Q B3V<FPVQ ./Q PX3QD3UF./3Q'2Q PX3Q 3F3U1

PB'&UP.N.P=HQ`3BB.23BB'<VQ'Y.D3Qq`3

a

b

I

TQX&VQ\33/QB3A'BP1

3DQP'Q AB3V3/PQ </._<3Q U&P&F=P.UQ &/DQ 3/N.B'/O3/P&FQ

2B.3/DF=QAB'A3BP.3V

yrz

)Q&/DQX&VQ\33/QPX3B32'B3Q<V3DQP'Q

.OAB'N3Q PX3Q 3F3UPB'&UP.N.P=Q '2Q SP1\&V3DQ U&P&F=VPVHQ

8<&/0Q3PQ&FQX&VQAB3A&B3DQ&Q/'N3FQ='FZcVX3FFQ`3

a

b

I

1A'F=1

D'A&O./3310B&AX3/31SPQq`3

a

b

I

tSM9cn;bcSPTQ/&/'1

U'OA'V.P3QPX&PQ3YX.\.P3DQF'W3BQ'N3B1A'P3/P.&F)QX.0X3BQ

3F3UPB'U&P&F=P.UQ &UP.N.P=Q &/DQ /'P&\F=Q VP&\.F.P=Q 2'BQ

O3PX&/'FQ'Y.D&P.'/QPX&/QSPc0B&AX3/3

ysz

HQ8'/0QX&VQV=/1



! "#!

!"#$%

&

'

(

!)

$%&'()"*)+,)-%./$%01

2

*

3

+,%-./%"0 1%

2

'

(

3-45567+%"8 940 :;"0 !+0 ;:;65:7+.<=%-0

>!+?94?1%

&

'

@

A84-.;B8+,%8<6;C%;+.6;:=8-6".4D8E676,F3

"7."%8GH:IJ

@

A87%"4<+.6;8D%+,6"K8:;"8L64;"8+,:+8+,%8

!+?94?1%

&

'

@

8 <:+:=F-+8 -,6M%"8 :8 -.B;.L.<:;+8 %;,:;<%3

D%;+86;8%=%<+76:<+.C.+F8 L678D%+,:;6=86N.":+.6;O<6D3

5:7%"8+68+,%8!+?94?P8<:+:=F-+

QRST

U8147+,%7D67%K8+,%8:"3

".+.6;86L8;:;681%

V

'

@

8 .;8 :<+.C:+%"8 <:7E6;8:.78 <:+,6"%8

M:-8E%;%L.<.:=8+68E66-+.;B8+,%8<,:7B%8+7:;-L%786L86NF3

B%;8 7%"4<+.6;8 7%:<+.6;8 :<<6D5:;F.;B8 M.+,8 +,%8 %;3

,:;<%D%;+8 6L8 56M%78 5%7L67D:;<%8 .;8 D.<76E.:=8 L4%=8

<%==

QRRT

U89;6+,%78."%:=8:=+%7;:+.C%8+68!+8.-85:==:".4D8>!"A8

"4%8+68+,%8D4<,8=6M%78<6-+86L8!"8+,:;8!+U8W,%8!"8:;"8

!"3E:-%"8<:+:=F-+-8-,6M%"8%C%;8,.B,%78%=%<+76:<+.C.+F8

L678 :=<6,6=8 6N.":+.6;8 .;8 :=X:=.;%8 D%".:8 +,:;8 !+8 "%3

-5.+%8;686EC.64-8%=%<+76:<+.C.+F86L8!"8L678:=<6,6=86N.3

":+.6;8.;8:<.".<8D%".:U8Y=%<+76:<+.C.+F86L8+,%8!"8<:+:3

=F-+8 <64="8 E%8 L47+,%78 .D576C%"8 EF8 :==6F.;B8 !"8 M.+,8

6+,%78D%+:=-8678L67D.;B86L8!"3E:-%"8<6D56-.+%-

QRZ3R*T

U8

Y=%<+76:<+.C.+F8 6L8 +,%8 !"8 <:+:=F-+8 L678 :=<6,6=8 6N.":3

+.6;8M:-8576D6+%"8EF8;:;6<7F-+:==.;%86N."%-8.;<=4"3

.;B8P%'

Z

K8P6

V

'

@

K8[;

V

'

@

K8:;"8H.'

QR\3R]T

U8̂ ,%;O:;"O<6M67X3

%7-O 7%567+%"O +,:+O!"3H.'?PO<:+:=F-+O -,6M%"O:O,.B,%7O

6C%7356+%;+.:=OL67O+,%O6N.":+.6;O6LOP'O+,:;O!"?PO:;"O

!+3H.'?PO<:+:=F-+-

QR]T

UOW,.-OM64="OE%O%N5=:.;%"O.;O+%7D-O

6LO+M6O56--.E=%OD%<,:;.-D-_OR`O:"-675+.6;O6LO%+,:;6=O

6;O+,%O-47L:<%O6LO!"3H.'?PO.-O.;O+,%O:-<%;":;+O<6D3

5:7%"O+6O+,:+O6LOP'KO:;"OZAO;6OP'O.-OL67D%"OL67O%+,:;6=O

6N.":+.6;O6;O+,%O!"3H.'?PU

a;O+,.-OM67XKO+,%O<:7E6;3-45567+%"O1%

V

'

@

O;:;63

5:7+.<=%-OG1%

V

'

@

3PAOM.+,O".LL%7%;+O1%

V

'

@

OD:--O=6:".;B-

M%7%O L.7-+=FO 57%5:7%"O :<<67".;BO +6O +,%O 7%L%7%;<%

QRbT

KO

:;"O+,%;O+,%O!"?1%

V

'

(

3PO<:+:=F-+-OM.+,O".LL%7%;+OD:--O

7:+.6-O6LO!"O+6O1%

V

'

(

OM%7%O57%5:7%"OEFO4-.;BO!"P=

Z

O:-O

+,%O!"O57%<47-67O:;"O1%

V

'

(

3PO:-O +,%O-4E-+7:+%UOW,%.7O

%=%<+76:<+.C.+.%-O L67O %=%<+7636N.":+.6;O 6LO :=<6,6=-O

GD%+,:;6=KO %+,:;6=KO!35765:;6=O :;"O .-635765:;6=AO .;O

:=X:=.;%O D%".:O M%7%O .;C%-+.B:+%"O EFO C6=+:DD%+7.<O

+%<,;.c4%-O :;"O %=%<+76<,%D.<:=O .D5%":;<%O -5%<3

+76-<65FUO

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

9==O<,%D.<:=-O4-%"O.;O+,.-OM67XOM%7%O6LO:;:=F+.3

<:=OB7:"%O:;"O4-%"O:-O7%<%.C%"OM.+,64+OL47+,%7O547.L.3

<:+.6;UO 1%

V

'

(

O ;:;65:7+.<=%-O :;"O <:7E6;O 56M%7O M%7%O

547<,:-%"O L76DO^.;65,:7DOd7645OP,%D.<:=Oe%B%;+O

P6UOf+"UOg:+%7OM:-O"%.6;./%"OM:+%7O-4Eh%<+%"O+6O+,%O

"64E=%O".-+.==:+.6;UOW,%O<:+:=F-+-OM%7%O-F;+,%-./%"OEFO

+,%O <6;C%;+.6;:=O H:IJ

i

O 7%"4<+.6;O D%+,6"UO 1.7-+=FKO

+,%O <:7E6;3-45567+%"O 1%

&

'

i

O ;:;65:7+.<=%-O G1%

&

'

i

3P`O

M%7%O57%5:7%"O:<<67".;BO+6O+,%OL6==6M.;BO-+%5-O:-O"%3

-<7.E%"O57%C.64-=F

QRbT

UO" DBO6LO1%

&

'

i

O;:;65:7+.<=%-O:;"O

RSSODBO6LO<:7E6;O56M"%7OM%7%OD.N%"OM.+,OZSODfO6LO

%+,F=O:<%+:+%KO:;"O+,%OD.N+47%OM:-O-4Eh%<+%"O+6O-6;.3

<:+.6;O +7%:+D%;+O L67O RO ,O :+O 766DO +%D5%7:+47%UO W,%O

L67D%"O-4-5%;-.6;OM:-O+,%;O".-+.==%"O.;OC:<46O:+OiSO

6

PO

+6O7%D6C%O+,%O-6=C%;+UOW,%OE=:<XO56M"%7OM:-O1%

&

'

i

3PO

<6D56-.+%UO W,7%%O 1%

&

'

i

3PO <6D56-.+%-KO ;:D%"O :-O

1%

&

'

i

GZjA3PK81%

&

'

i

klmA3P0:;"01%

V

'

@

>RSnA3PKO<677%3

-56;".;BO +6O +,%O 1%

V

'

@

OD:--O 5%7<%;+:B%-O 6LO Zn KO lnO

:;"ORSnKO7%-5%<+.C%=FKOM%7%O6E+:.;%"OM,%;O+,%O" C:=3

4%-O >1%

V

'

@

OD:--AOM%7%OZURKOlUVO:;"ORRURODBKO7%-5%<3

+.C%=FUOW,%O1%

V

'

@

3PO-45567+%"O!"O;:;65:7+.<=%-OM%7%O

-F;+,%-./%"O EFO 4-.;BO +,%O :-357%5:7%"O1%

V

'

@

3PO :-O +,%O

-4E-+7:+%O :;"O !"P=

Z

O :-O +,%O D%+:=O 57%<47-67UO W,%O

1%

V

'

@

3PO :;"O !"P=

Z

O M%7%O 4=+7:3-6;.<:==FO D.N%"O .;O

%+,F=%;%OB=F<6=O +6OL67DO:O4;.L67DO-4-5%;-.6;UOW,%;KO

%N<%--O ZSnOH:IJ

@

O -6=4+.6;O .;O %+,F=%;%O B=F<6=O M:-O

:""%"O+6O +,%O-4-5%;-.6;O"765OEFO"765O4;"%7O-+.77.;BKO

:;"O+,%O6E+:.;%"O-4-5%;-.6;OM:-OX%5+O-+.77.;BOL67O@O,UO

9L+%7M:7"KO .+OM:-O L.=+%7%"O:;"O +,%;OM:-,%"OEFO:E4;3

":;+O:D64;+-O6LOM:+%7O +6O 7%D6C%O +,%O .D547.+.%-O".-3

-6=C%"O.;O+,%O-4-5%;-.6;UOW,%OE=:<XO7%-."4%OM:-OC:<3

44D3"7.%"O:+O@SO

6

POL67OZ@O,O+6O6E+:.;O+,%O!"?1%

V

'

@

3PO

<:+:=F-+UOW,7%%O!"?1%

V

'

@

3PO<:+:=F-+-KO=:E%==%"O:-O!"?3

1%

V

'

@

>ZnA3PKO!"?1%

V

'

@

>lnA3PO:;"O!"?1%

V

'

@

>RSnA3PKO

M%7%O57%5:7%"OEFO4-.;BO1%

V

'

@

>ZnA3PKO1%

V

'

@

>lnA3PO

:;"O1%

V

'

@

>RSnA3PO:-O+,%O-45567+-KO7%-5%<+.C%=FUO167O

<6D5:7.-6;KO +,%O !"?PO M:-O 57%5:7%"O EFO 4-.;BO +,%O

-:D%OD%+,6"O :-O +,%O!"?1%

V

'

@

3PO <:+:=F-+-O %N<%5+O +,%O

<:7E6;O56M"%7O .;-+%:"O6LO1%

V

'

@

3POE%.;BO4-%"UOWY[O

.D:B%-O6LO+,%O57%5:7%"O<:+:=F-+-OM%7%O7%<67"%"O4-.;BO

:O +7:;-D.--.6;O %=%<+76;O D.<76-<65%O -F-+%DO >WY[KO

!,.=.5-KO+,%OH%+,%7=:;"-AU

Y=%<+76<,%D.<:=OD%:-47%D%;+-OM%7%O<:77.%"O64+O

.;O :O <6;C%;+.6;:=O +,7%%3%=%<+76"%O B=:--O <%==O M.+,O :;O

94+6f:EO !d^W9WVS?1e9O %=%<+76<,%D.<:=O .;-+743

D%;+O>+,%OH%+,%7=:;"-AUOW,%OM67X.;BO%=%<+76"%OM:-O:O

\Sb

! !



! " #

!"#$

!

%&'() *'+,) -*) '(.) -() /) 0+/112) 3/45-() 6'1.) 7+73%4-67)

89:;)"<=$>)3,

!

?<)@&7)'(.)A/1),/67)52)B+%4/1-('3/++2)

,'C'(0)D),0)-*)%&7)3/%/+21%)1/,E+7)A'%&)=<FD),G)-*)

7%&/(-+)/(6)D=)!G)-*)D)A%H)I/*'-() 1-+B%'-(<)@&7(;)

>!)"G) -*) %&7) 1B1E7(1'-() '(.) A/1) 64-EE76) -(%-) %&7)

9:)7+73%4-67)/(6)+7*%)%-)642) '()/'4)/%)4--,)%7,E74/J

%B47<)K)L%)*-'+)/(6)K0MK0:+)'()1/%B4/%76)N:+O1-+B%'-()

/3%76)/1)%&7)3-B(%74)/(6)47*747(37)7+73%4-671;)471E73J

%'P7+2<)K++)E-%7(%'/+1)A747) 47*74476) %-)K0MK0:+)7+73J

%4-67<) L4'-4) %-) 7CE74',7(%1;) EB47) ('%4-07() 0/1)

8FF<FFQ ?) A/1) 5B55+76) %&4-B0&) %&7) 1-+B%'-() *-4) /%)

+7/1%) #D),'() %-) 47,-P7) %&7) 6'11-+P76) -C207() '() %&7)

1-+B%'-(<) R7*-47) 7+73%4-3&7,'3/+) ,7/1B47,7(%1;)

A-4.'(0) 7+73%4-671) A747) 3+7/(76) 52) 47E7/%76+2) 32J

3+'(0) 13/(1) '()/) 4/(07)-*) J><") %-)"<S)T) '()>),-+

!

G

J>

)

I/UV) 1-+B%'-() B(%'+) 47E4-6B3'5+7) :T) E4-*'+71) A747)

-5%/'(76<) K++) 7CE74',7(%1) A747) E74*-4,76) /%) 4--,)

%7,E74/%B47)8!D!! !?)

-

:<

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

W'0<) >) 1&-A1) %&7)@XY) ',/071) -*) %&7) E47E/476)

3/%/+21%1<) Z(17%) '() W'0<) >K) '(6'3/%71) %&/%) %&7) 1'[7) -*)

W7

\

U

]

8>=?J:)E/4%'3+71)A/1)3/<)\\)(,<)@&7)+/4074)0472)

E/4%'3+71)A'%&)1'[71)-*)\D)^O]=O(,OA747O3/45-(O1BEJ

E-4%<O@&7O1,/++74O6/4.O6-%1O '(OW'0<O#OKO6'1E74176O-(O

%&7O3/45-(O1BEE-4%;OA747O%&7OL6O(/(-E/4%'3+71OA'%&O/(O

/P74/07O E/4%'3+7O 1'[7O -*O 3/<O ]<FO (,<O _-,7O E/4%'3+71O

*-4,76O/00470/%71O/1O'(6'3/%76O'(O%&7O3'43+71O8W'0<O#K?<O

W-4O %&7O L6O E/4%'3+71O 67E-1'%76O -(O W7

\

U

]

J:O 1 BEE-4%;O

%&7'4O L6O E/4%'3+7O 1'[71O A747O 3/<O #\O (,O *-4O L6MW7

\

U

]

8!Q ?J:O 8W'0<O #R?;O 3/<O DO (,O *-4O L6MW7

\

U

]

8DQ ?J:O

8W'0<O#:?O/(6O$O(,O*-4OL6MW7

\

U

]

8#=Q?J:O8W'0<O#`?<O

K+%&-B0&O%&7OL6OE/4%'3+71O1BEE-4%76O-(OW7

\

U

]

J:OA747O

+/4074O %&/(O %&-17O -(O 3/45-(;O (-O -5P'-B1O /00470/%7O

A/1O *-B(6O *4-,OL6MW7

\

U

]

8!Q?J:;O L6MW7

\

U

]

8DQ?J:O

/(6OL6MW7

\

U

]

8#=Q?J:O3/%/+21%1<OOOOOO

ab`OE/%%74(1O-*O%&7O3/%/+21%1O/47O1&-A(O'(OW'0<O!<O

@&747OA747O*-B4O6'**4/3%'-(OE7/.1O/%O!! P/+B71O-*O3/<

\F<F

-

;O ]S<D

-

;O S$<F

-

O /(6O c#<F

-

O %&/%O /47O '(67C76O %-O %&7O

8###?;O 8!==?;O 8!!=?O/(6O8\##?OE+/(71O-*OL6O */37J37(J

%7476O3B5'3O8*33?O3421%/+O1%4B3%B47;O 471E73%'P7+2<O@&7O

A7/.O6'**4/3%'-(OE7/.1O/EE7/4'(0O/%O!! P/+B71O-*O3/<O

\D<D

-

O/(6OS!<$

-

O3-B+6O57O/%%4'5B%76O%-O%&7O8\##?O/(6O

8]]=?OE+/(71O-*OW7

\

U

]

<OU%&74O6'**4/3%'-(OE7/.1O57+-(076O

%-O W7

\

U

]

O /%O \=<!

-

;O \$<!

-

;O ]\<!

-

;O D\<D

-

O /(6O D$<!

-

O A747O

(-%OE4717(%76;OA&'3&O,/2O57O/11-3'/%76OA'%&O%&7O+-AJ

74OW7

\

U

]

O3-(%7(%O-4O%&7O7(1&4-B676OW7

\

U

]

<

W'0<O\O1&-A1O%&7O323+'3OP-+%/,,7%4'3O 8:T?O6/%/O

-(O%&7OE47E/476O3/%/+21%1O'(O#O,-+

!

G

J#

OI/UVO1-+B%'-(<O

@&717O 3/%/+21%1O E4717(%76O 3&/4/3%74'1%'3O :TO E4-*'+71O

-*OE-+23421%/++'(7OL6O7+73%4-67<OK++O3/%/+21%1O7C&'5'%J

76O/O3/%&-6'3OE7/.O4O/%O3/<OJ=<\DO%-OJ=<\SOT;OA&'3&O'1O

/134'576O%-O%&7O476B3%'-(O-*OL6O-C'671OE4-6B376O6B4J

'(0O %&7O *-4A/46O E-%7(%'/+O 13/(<O @&'1O 3/%&-6'3O E7/.O

3B447(%O67(1'%2O476B376O*-++-A'(0O%&7O-4674dOL6MW7

\

U

]

J

8DQ?J:OeOL6MW7

\

U

]

8!Q?J:OeOL6MW7

\

U

]

8#=Q?J:OeOL6M:<O

Z(O/66'%'-(;O%&7O47/+O1B4*/37O/47/1O'(P-+P76O%-OL6O/3J

%'P7O1'%71O8!

/3%'P7OL6

?O*-4O%&717OL6J5/176O3/%/+21%1O3/(O57O

473.-(76O/33-46'(0O%-O%&7O3-B+-,51O3-(1B,76O*-4O%&7O

OW'0<O#OO@XYO',/071O-*O%&7OL6M:O8K?;OL6MW7

\

U

]

8!Q?J:O8R?;

L6MW7

\

U

]

8DQ?J:O8:?O/(6OL6MW7

\

U

]

8#=Q?J:O8`?O3/%/J

+21%1<OZ(17%O'(OW'0<O#KO'1OW7

\

U

]

J:O@XYO',/07<O

OW'0<O!OOab`OE/%%74(1O-*O%&7OE47E/476O3/%/+21%1OL6MW7

\

U

]

8!Q?

J:O8/?;OL6MW7

\

U

]

8DQ?J:O85?OL6MW7

\

U

]

8#=Q?J:O83?O/(6O

L6M:O86

"

$#=

! !



! "#!

!"#$%

&

'

(

!)

$%&'()"*)+,)-%./$%01

2

*

3

+%",-./012032!"204/"%52 6-7.80"/-9:%7;2+<230+=%"2",+>

/1?9.8%930+@7+"95-719019.8%95=00.89:0AB-+B5.7AA/1%9!"9

%A%-.+0"%96)C910.9580@1<D9E8%9%F7A,7.%"9G7-./F%9!"9

F7A,%59 039 .8%9 !"HI%

J

'

(

6KL <>)M9 !"HI%

J

'

(

6NL <>OMP

!"HI%

J

'

Q

6RST<>)271"2!"H)2-7.7AB5.52@%+%2(DUSM2NDVVM9

KDWS9 71"9 KDV&9 -=

K

M9 +%5:%-./F%ABM9 @8/-89 7+%9 5/?1/3/>

-71.AB9A7+?%+9.8719.8%/+9?%0=%.+/-7A97+%79039SDSUR9-=

K

D9

E8%9A7+?%5.9!"97-./F%95,+37-%97+%79@7597-8/%F%"9@/.89

.8%9!"HI%

&

'

W

6NT<>O9-7.7AB5.97=01?9.8%930,+9:+%:7+%"9

-7.7AB5.5D9X.9/595,??%5.%"9.87.9.8%97""/./0190397197::+0>

:+/7.%97=0,1.9039I%

&

'

W

9 .09 -7+Y019 /59=0+%9:+0:/./0,59

.09.8%9"/5:%+5/019039!"91710:7+./-A%5D

OB-A/-9F0A.7==0?+7=59039.8%9:+%:7+%"9-7.7AB5.59

/19Z7'[9 50A,./0159 -01.7/1/1?9 "/33%+%1.9 7A-080A59 7+%9

:+%5%1.%"9/19I/?D9WD9X.9/59-A%7+AB95%%193+0=9I/?D9W9.87.9

I%

J

'

W

6NT<H)9580@%"9109%A%-.+0-7.7AB./-97-./F/.B930+9

.8%904/"7./019039 .8%97A-080A59 .%5.%"9 /19 .8/59@0+;D9\59

30+9=%.8710A904/"7./019 /19I/?D9W\M97AA9 -7.7AB5.59-01>

.7/1/1?9I%

J

'

W

9"/5:A7B%"9795/=/A7+9)C9:+03/A%9.09!"H)M9

-87+7-.%+/]%"9 YB9 79 A7+?%9 710"/-9 :%7;9 019 .8%9 :05/>

./F%>?0/1?95-7196+

:

<971"979+%A7./F%AB95=7AA901%9019.8%9

1%?7./F%>?0/1?95-7196+

1

<D9)0=:7+%"9.09.8%9!"H)9-7.7>

AB5.M9!"HI%

J

'

W

6KT<>)971"9!"HI%

J

'

W

6NT<>)9-7.7AB5.59

580@%"9798/?8%+9-,++%1.9"%15/.B9039.8%9:%7;9+

:

M9@8/A%9

!"HI%

J

'

W

6RST<>)9-7.7AB5.9 580@%"979"%-A/1%9019 .8%9

:%7;9+

:

9-,++%1.9"%15/.BD9E8%9:%7;9+

:

9-,++%1.9"%15/.B9039

=%.8710A904/"7./019019.8%9!"HI%

J

'

W

6NT<>)9-7.7AB5.9

@7590F%+9RDU9./=%59A7+?%+9.8719.87.9019.8%9!"H)D9\A50M9

.8%9!"HI%

J

'

W

6NT<>)9-7.7AB5.9%48/Y/.%"9798/?8%5.9-,+>

+%1.9"%15/.B930+9.8%9710"/-9:%7;9+

1

9/19.8%9+%F%+5%95-71D9

X.9/59?%1%+7AAB95,??%5.%"9.87.9.8%9+%F%+5%9710"/-9:%7;9

+

1

9-719Y%97..+/Y,.%"9.09.8%9+%=0F7A9039.8%9/1-0=:A%.%AB9

04/"/]%"9-7+Y017-%0,595:%-/%59:+0",-%"9YB9.8%9=%.8>

710A904/"7./019/19.8%9:05/./F%>?0/1?95-71

^KS>KK_

DPE8%5%P

-7+Y017-%0,5P5:%-/%5P7+%P7"50+Y%"P01P.8%P7-./F%P5/.%5P

03P!">Y75%"P-7.7AB5.MPA%7"/1?P.0P.8%P50>-7AA%"P:0/501>

/1?P%33%-.P03P.8%P-7.7AB5.DPE8%P:%7;P-,++%1.P"%15/.BP+7>

./0P03P+

:

P.0P+

1

P`!`+

:

<H!`+

1

<<P-71PY%P,5%"P.0P+0,?8ABP,1"%+>

5.71"P.8%P71./>:0/501/1?P7Y/A/.BP03P.8%P-7.7AB5.DP\--0+"

/1?P.0PI/?DPW\MP.8%P!`+

:

<H!`+

1

<PF7A,%5P01P.8%P!"HI%

J

'

W

`KT<>)MP!"HI%

J

'

W

`NT<>)MP!"HI%

J

'

W

`RST<>)P71"P!"H)P

-7.7AB5.5P@%+%P -7A-,A7.%"P .0P Y%P KDaKMP KDKWMP KDWbP 71"P

KDR(MP +%5:%-./F%ABMP /=:AB/1?P .87.P .8%P :+%5%1-%P 03P

I%

J

'

(

P /=:+0F%"P .8%P 71./>:0/501/1?P 7Y/A/.BP 03P .8%P

!"HODP

cA%-.+07-./F/./%5P 03P .8%P :+%:7+%"P -7.7AB5.5P 30+P

%.8710AP 04/"7./01P 30AA0@%"P .8%P 57=%P 0+"%+P 75P .805%P

30+P=%.8710AP04/"7./01MP75P /1"/-7.%"P /1PI/?DP(dDPE8%P

!"HI%

J

'

(

`NT<>)P-7.7AB5.P7A50P580@%"P.8%P8/?8%5.P-,+>

+%1.P "%15/.BP /1P .8%P :05/./F%>?0/1?P 5-71DP E8%P :%7;P "

:

P

-,++%1.P"%15/.BP03P%.8710AP04/"7./01P01P.8%P!"HI%

J

'

(

>

`NT<>)P -7.7AB5.P %4-%%"%"PRD(P ./=%5P A7+?%+P .871P .87.P

01P.8%P!"H)DPE8%P015%.P:0.%1./7AP30+P%.8710AP04/"7./01P

01P.8%P!"HI%

J

'

(

`NT<>)P-7.7AB5.P@75P-7DPUSP=CP1%?7>

./F%ABP 58/3.%"P 75P -0=:7+%"P .0P .87.P 01P .8%P!"H)P -7.7>

AB5.DP E8%P F7A,%5P 03P ! `+

:

<H! `+

1

<P 30+P %.8710AP 04/"7./01P

`I/?DP(e<P01P .8%P!"HI%

J

'

(

`KT<>OMP!"HI%

J

'

(

`NT<>OMP

!"HI%

J

'

(

`RST<>OP71"P!"HOP-7.7AB5.5P@%+%PSDbMPRDKMP

SDVP71"PRDJMP+%5:%-./F%ABDPX1P7""/./01MP.8%P-,++%1.P"%1>

5/./%5P01P .8%P:+%:7+%"P-7.7AB5.5P 30+P%.8710AP04/"7./01P

`I/?DP (\P 71"P I/?DP (e<P @%+%P ,1%4-%:./017AABP 8/?8%+P

.871P .805%P 30+P =%.8710AP 04/"7./01DP E8%5%P +%5,A.5P

=/?8.PY%P+%A7.%"P.0P.8%P/1.%+=%"/7.%5P0Y.7/1%"P",+/1?P

%.8710AP 04/"7./01P /1P .8%P :05/./F%>?0/1?P 5-71DP I0+P

=%.8710AP04/"7./01P01P.8%P!">Y75%"P-7.7AB5.5MP.8%P/1>

.%+=%"/7.%5P@%+%P A/1%7+ABP 30+=%"P5:%-/%5MP=7+;%"P75P

!"fOf'

^K&_

MP@8/A%P30+P%.8710AP04/"7./01MP .8%P 30+=%"P

/1.%+=%"/7.%5P@%+%P.8%P7"50+Y%"P%.804BP!">O[

&

O'

^KW_

DP

!"fOf'P5:%-/%5P@0,A"PY%P=0+%P5.7YA%P.871P!">O[

&

O'MP

71"P .8%P 1,=Y%+P 03P .8%P 7-./F%P 5/.%5P ",+/1?P=%.8710AP

04/"7./01P=/?8.P"%-A/1%P=0+% P 5/?1/3/-71.ABP .871P .87.P

",+/1?P%.8710AP04/"7./01MP+%5,A./1?P/1P.8%P"%-+%75%P03P

PI/?DP&PPOB-A/- P F0A.7==0?+7=5 P 03 P "/33%+%1. P -7.7AB5.5 P /1 P R

=0A

#

g

>R

PZ7'[P50A,./015P7.P7P5-71P+7.%P03PNSP=C

$

5

>R

URR

! !



! " #

!"#$

!

%&'()*+,-+./0)'/+*-1233&*'-0&*4/'56

7,&1'3+8+./0)'/+*4-+9-!:;3+;)*+,-)*0-/4+:;3+;):

*+,-+*-'(&-1)'),54'4-)3&-4(+<*-/*-=/>?@AB-)*0-=/>?-AC?-

D'- /4- 1,&)3,5- 4&&*- '()'- '(&-E0F=&

G

H

A

IJKL:B-1)'),54'-

4(+<&0-'(&-(/>(&4'-1233&*'-0&*4/'5-+*-'(&-;+4/'/M&:

>+/*>-41)*-9+3-&/'(&3-!:;3+;)*+,-+./0)'/+*-+3-/4+:;3+:

;)*+,-+./0)'/+*?-N(&OE0F=&

G

H

A

PJKL:B-1)'),54'-0/4:

;,)5&0- '(&-;&)Q-"

;

-1233&*'-0&*4/'5-+9-#RS?J-%T

!

1%

:!

-

9+3-!:;3+;)*+,-+./0)'/+*-)*0-JG?U-%T

!

1%

:!

-9+3-/4+:

;3+;)*+,-+./0)'/+*V@<(/1(@)3&@+M&3@#?$@)*0@#?G@'/%&4@

,)3>&3@ '()*@ '(&@ E0FBV@ 3&4;&1'/M&,5?@ T00/'/+*),,5V@ 9+3@

),,@+9@ '(&@;3&;)3&0@1)'),54'4V@ '(&@1233&*'@0&*4/'/&4@+*@

'(&@ 9+3<)30@ 41)*@ 9+3@ '(&@ !:;3+;)*+,@ +./0)'/+*@ <&3&@

),<)54@ (/>(&3@ '()*@ '(+4&@ 9+3@ +'(&3@ ),1+(+,4@ +./0):

'/+*4V@ )*0@ /4+:;3+;)*+,@+./0)'/+*@;3&4&*'&0@ '(&@ ,+<:

&4'@1233&*'@0&*4/'5?@T11+30/*>@'+@0/99&3&*'@&,&1'3+:+.:

/0)'/+*@ %&1()*/4%4@ +9@ '(&@ ),1+(+,4@ '&4'&0@ +*@

E0:W)4&0@1)'),54'4

X$Y

V@'(&@/*'&3%&0/)'&4@9+3@!:;3+;)*+,@

+./0)'/+*@<&3&@ '(&@)04+3W&0@ 4;&1/&4@E0:BZ

G

BZ

!

BHV@

<(/1(@%)5@W&@%+3&@,/Q&,5@'+@,&)M&@93+%@'(&@1)'),54'@423:

9)1&@ 02&@ '+@ '(&@ ,+*>&3@ 1)3W+*@ 1()/*@ +9@ E0:BZ

G

BZ

!

BH@

'()*@'(+4&@+9@E0[B[H@)*0@E0:BZ

G

BH?@Z+<&M&3V@'(&@

&,&1'3+:+./0)'/+*@ +9@ /4+:;3+;)*+,@ +*@ E0:W)4&0@ 1)'):

,54'4@<&*'@ '(3+2>(@)@0/99&3&*'@%&1()*/4%V@<(&3&@ '(&@

/*'&3%&0/)'&4@+9@/4+:;3+;)*+,@+./0)'/+*@1+2,0@W&@3&;:

3&4&*'&0@ W5@ E0:BZ

G

BZHZBZ

G

X$Y

? @ =+3%)'/+*@ +9@ '(&@

E0:BZ

G

BZHZBZ

G

@ 4;&1/&4@ %/>('@ W&@ 3&,)'/M&,5@ 0/99/:

12,'@'()*@+'(&3@/*'&3%&0/)'&4V@W3/*>/*>@)W+2'@)@,+<&3@

1233&*'@0&*4/'5@+9@/4+:;3+;)*+,@+./0)'/+*?@N(/4@1+2,0@

W&@ 923'(&3@ 1+33+W+3)'&0@ 93+%@ '(&@ B\@ ;3+9/,&@ +9@

/4+:;3+;)*+,?@D'@/4@9+2*0@93+%@=/>?@G@'()'@9+3@'(&@+./:

0)'/+*@+9@/4+:;3+;)*+,V@'(&@)*+0/1@1233&*'@0&*4/'5@)9:

'&3@'(&@)*+0/1@;&)Q@3

;

@+*@'(&@9+3<)30@41)*@3);/0,5@0&:

13&)4&0@'+@)@,+<&4'@M),2&@1+33&4;+*0/*>@'+@'(&@)*+0/1@

;+'&*'/),@+9@1)?:S?SJ@\?@Z+<&M&3V@9+3@'(&@+./0)'/+*@+9@

+'(&3@),1+(+,4@P=/>4?@ATV@]@)*0@BLV@'(/4@)*+0/1@;+'&*:

'/),@ 4(/9'&0@ '+@ )@%+3&@;+4/'/M&@0/3&1'/+*?@ D*@ )00/'/+*V@

)*@ +WM/+24@ 1)'(+0/1@ ;&)Q@ )'@ 1)?@ :S?!U@ \@ +*@ '(&@ 3&:

M&34&@41)*@)3/4&0@/*@'(&@;3&4&*1&@+9@/4+:;3+;)*+,@P=/>?@

ACLV@<(/,&@ '(/4@1)'(+0/1@;&)Q@W&1)%&@<&)Q&3@ /*@ '(&@

;3&4&*1&@+9@+'(&3@),1+(+,4@P=/>4?@ATV@]@)*0@BL?@^&42,'4O

3&M&),&0O'()'O/*O'(&O;3&4&*1&O+9O/4+:;3+;)*+,VO'(&O9+3:

%)'/+*O+9OE0O+./0&4O+*O'(&OE0:W)4&0O1)'),54'4O023/*>O

'(&O9+3<)30O41)*O'++QO;,)1&O)'O)O,+<&3O+M&3:;+'&*'/),O

O=/>?OAOOB51,/1OM+,')%%+>3)%4O+9O'(&O;3&;)3&0O1)'),54'4O/*O_O%+,

!

`

:_

Oa)HZO/*O'(&O;3&4&*1&O+9O"?JO%+,

!

`

:_

OBZ

G

HZOPTLVO"?JO%+,

!

`

:_

O

BZ

G

BZ

!

HZOP]LVO"?JO%+,

!

`

:_

O!:BZ

G

BZ

!

BZ

!

HZOPBLO)*0O"?JO%+,

!

`

:_

O/4+:BZ

G

BZ

!

BZ

!

HZOPCL?Ob1)*O3)'&cOJSO%\

!

4

:_

?OD*4&'4O

)3&O'(&O1+33&4;+*0/*>OB\4O<(&3&O1233&*'O0&*4/'/&4O)3&O*+3%),/d&0OW5Ob

)1'/M&OE0

?

$_!

! !



! "#!

!"#$%

&

'

(

!)

$%&'()"*)+,)-%./$%01

2

*

3

+,-./0./+,%/12%3%.4%/56/5+,%2/-745,5738/39::%3+0.:/+,-+/

+,%/ 652;-+05./ 56/ !"/ 5<0"%3/ 0./ +,%/ 12%3%.4%/ 56/

035=1251-.57/ 03/ 2%7-+0>%7?/%-3?/45;1-2%"/ +5/5+,%2/-7=

45,573@/ $52/ +,%3%/ -745,5738/ +,%2%652%8/ +,%/ 12%1-2%"/

!"=A-3%"/4-+-7?3+3/%<,0A0+%"/+,%/,0:,%3+/%7%4+25-4+0>0=

+?/652/ !=1251-.57/ 5<0"-+05.8/ 65775B%"/ A?/ %+,-.578/

;%+,-.57/-."/035=1251-.57/5<0"-+05.@/C./-""0+05.8/+,%/

%7%4+25-4+0>0+0%3/ 56/ +,%/ 12%1-2%"/ 4-+-7?3+3/ 652/ 5<0"-=

+05./ 56/ +,%/ -745,573/ +%3+%"/B%2%/ 39A52"0.-+%"/ +5/ +,%/

65775B0.:/52"%2D/!"#E%

F

'

G

HIJK=)/L/!"ME%

N

'

(

OPJK=QR

S/!"MQ/S/!"ME%

N

'

(

OTUJK=Q@

C.3%+3/0./E0:@/G/%<,0A0+%"/+,%/QV3/+,259:,/B,04,/

+,%/4922%.+/"%.30+0%3/B%2%/.52;-70W%"/A?/+,%/!"/-4+0>%/

3926-4%/-2%-/O"

-4+0>%/!"

K@/C+/03/659."/625;/+,%/0.3%+3/+,-+/652/

+,%/5<0"-+05./56/ +,%/ -745,573/ +%3+%"8/ -77/ +,%/ 4-+-7?3+3/

12%3%.+%"/4753%/4922%.+/"%.30+0%3/ O>3@/"

-4+0>%/!"

K@/X%397+3/

3,5B%"/ +,-+/ +,%/ 0.42%;%.+/ 5./ +,%/ "031%2305./ 56/ !"/

.-.51-2+047%3/0./+,%/12%3%.4%/56/E%

N

'

G

/4-93%"/+,%/0.=

42%-3%/56/+,%/4922%.+/"%.30+0%3/-3/0."04-+%"/0./E0:@/G@/

Y7%4+25-4+0>0+0%3/56/+,%/12%1-2%"/4-+-7?3+3/652/5<=

0"-+05.3/ 56/ ;%+,-.578/ %+,-.578/ !=1251-.57/ -."/ 035=

1251-.57/ 0./T/;57

#

Z

=T

/[-'\/3579+05.3/B%2%/ 692 +,%2/

0.>%3+0:-+%"/B0+,/4,25.5-;1%25;%+204/OQ]K/+%4,.0^=

9%8R-3R 0."04-+%"R 0.RE0:@RI@R C+R 03R5A3%2>%"R 625;RE0:@RIR

+,-+R-77R +,%R4-+-7?3+3R12%3%.+%"R+,%R 7-2:%3+R 3+-A7%R492=

2%.+R "%.30+?R 652R !=1251-.57R 5<0"-+05.8R 65775B%"R A?R

%+,-.578R;%+,-.57R-."R035=1251-.57R5<0"-+05.38RB,04,R

03R45.303+%.+RB0+,R+,%R2%397+3R625;RQV3ROE0:@RGK@R_,%R

,0:,R4922%.+R"%.30+0%3R-+R+,%R0.0+0-7R3+%1R56R%7%4+257?303R

B%2%R 39::%3+0>%7?R "9%R +5R +,%R "59A7%R 7-?%2R 4,-2:0.:R

A%+B%%.R+,%R0.+%26-4%R56R%7%4+25"%M%7%4+257?+%@RE52R+,%R

;%+,-.57R5<0"-+05.R3,5B.R0.RE0:@RI]8R+,%R3+-A7%R492=

2%.+R"%.30+?R-+RT`UUR3R5.R!"ME%

&

'

G

OIJK=QR4-+-7?3+RB-3R

5>%2R T@`8R P@aR -."R G@bR +0;%3R 7-2:%2R +,-.R +,-+R 5.R

!"ME%

N

'

(

OPJK=Q8R!"ME%

N

'

(

OTUJK=QR -."R!"MQR 4-+-=

7?3+38R 2%31%4+0>%7?8R 3,5B0.:R -R 7-2:%2R 3+-A7%R 4922%.+R

"%.30+?R"066%2%.4%RA%+B%%.R!"ME%

N

'

(

OcJK=QR-."R5+,%2R

4-+-7?3+3@R\5B%>%28R +,%R"066%2%.4%3RB%2%R 2%"94%"R 652R

+,%R5<0"-+05.3R56R%+,-.57ROE0:@RcdK8R!=1251-.57ROE0:@RcQKR

-."R035=1251-.57ROE0:@RceK8R-7+,59:,R+,%R!"ME%

N

'

(

=

OcJK=QR4-+-7?3+R3+077R"%70>%2%"R+,%R7-2:%3+R3+-A7%R4922%.+R

"%.30+?@

RE0:@RcRRQ,25.5-;1%25;%+204R2%315.3%3R56R+,%R12%1-2%"R4-+-7?3+3R-+R=U@PRVR0.RTR;57

$

Z

=T

R[-'\R0.R+,%R12%3%.4%R56RU@cR;57

$

Z

=T

R

Q\

N

'\RO]K8RU@cR;57

$

Z

=T

RQ\

N

Q\

P

'\ROdK8RU@cR;57

$

Z

=T

R!=Q\

N

Q\

P

Q\

P

'\ROQKR-."RU@cR;57

$

Z

=T

R035=Q\

N

Q\

P

Q\

P

'\ROeK@

aTN

! !



! " #

!"#$

!

%&'()*+(,),&-).(/0),1.&.).'0/+2/)3'/4567'

8

9

:

;<=>?@A

,B5/ 45C@/ ,0/ )D+/ )-E.(,&/ *'E*'0'B),).F'0A +2A )3'A E*'?

E,*'5A (,),&-0)0A D'*'A ,&0+A 0)G5.'5A G0.BHA *'E',)'5&-A

0D''E.BHA(-(&.(AF+&),II')*-JA7.HJAKA03+D0A:""A0G(('0?

0.F'A 0D''E.BHA@LA E*+2.&'0A +2A )3'A )D+A (,),&-0)0A .BA MA

I+&

!

N

?M

AO,9PA0+&G).+B0A.BA)3'AE*'0'B('A+2AQJ<AI+&

!

N

?M

A

')3,B+&JAR)A.0A+10'*F'5A2*+IA7.HJAKA)3,)A)3'A,B+5'A(G*?

*'B)A5'B0.)-A+BA)3'A2+*D,*5?H+.BHA0(,BA5'(&.B'5AD.)3A

)3'A .B(*',0.BHA .BA )3'A BGI1'*A +2A 0G(('00.F'A (-(&'A

0D''EJAR)A(,BA1'A2+GB5A2*+IA@L0A+2A45C7'

8

9

:

;<S>?@A

(,),&-0)AT7.HJAKU>A)3,)A)3'A,B+5'AE',VAT!

E

>A(G**'B)A5'B0.?

)-A+BA)3'A2+*D,*5?H+.BHA0(,BA2+*A)3'AM"")3A(-(&'AD,0A

WKSA+2A)3,)A2+*A)3'AM0)A(-(&'JAU&&A)3'A0,I'XA)3'A,B+5'A

(G**'B)A5'B0.)-A,2)'*A)3'A#QQ)3A(-(&'A*'I,.B'5A,&I+0)A

GB(3,BH'5 X A 03+D.BH A )3,) A , A *'&,).F'&- A 0)',5- A '&'(?

)*+?+Y.5,).+BA+2A')3,B+&A+BA)3'A45C7'

8

9

:

T<S>?@AD,0A

*',(3'5JA7.HJAKUA,&0+A03+D0A)3,)A)3'A*

E

A(G**'B)A5'B0.)-A

2+*A)3'A:QQ)3A(-(&'AD,0AKKSA+2A)3,)A2+*A)3'A#0)A(-(&'A

,B5AZ<SA+2A)3,)A2+*A)3'A8"")3A(-(&'JA[3'A5'(*',0'A+2A

)3'A,B+5'A(G**'B)A5'B0.)-A2*+IA)3'AM0)A)+AM"")3A(-(&'A

(+G&5A 1'A ,))*.1G)'5A )+A )3'A (+B0GIE).+BA +2A ')3,B+&A

B',*A)3'A.B)'*2,('A+2A(,),&-0)C0+&G).+BJAU0A2+*A)3'A45C@A

(,),&-0)A,0A.B5.(,)'5A.BA7.HJAK\XA)3'A(3,BH.BHA)*'B5A+2A

)3'A ,B+5'A (G**'B)A 5'B0.)-A D.)3A )3'A (-(&'A 0D''E.BHA

BGI1'*AD,0A0.I.&,*A)+A)3'A45C7'

8

9

:

T<S>?@A(,),&-0)XA

'Y('E)A )3,)A+BA)3'A45C@A(,),&-0)XA )3'A *EAE',VA(G**'B)A

5'B0.)-A 5.0E&,-'5A ,A *'&,).F'&-A *,E.5A 5'(&.B'AD.)3A )3'A

(-(&'A0D''E.BHABGI1'*JA[3'A*

E

A(G**'B)A5'B0.)-A2+*A)3'A

:"")3A (-(&'A D,0A <MSA +2A )3,)A 2+*A )3'A M0)A (-(&'A ,B5A

WZSA+2A)3,)A2+*A)3'A8"")3A(-(&'JA

%&'()*+(3'I.(,&A .IE'5,B('A 0E'()*+0(+E-A T%R]>A

D,0A,&0+AG0'5A)+A.BF'0).H,)'A)3'A'&'()*+,().F.)-A+2A)3'A

E*'E,*'5A(,),&-0)0A2+*A')3,B+&A+Y.5,).+BJA7.HJA$A03+D0A

O-^G.0)A5.,H*,I0A+2A)3'A45C7'

8

9

:

;<S>?@A,B5A45C@A

(,),&-0)0A,)A?QJ!ALA.BAMAI+&

!

N

?M

AO,9PA(+B),.B.BHAQJ<A

I+&

!

N

?M

A')3,B+&JA\+)3A45C7'

8

9

:

;<S>?@A,B5A45C@A(,)?

,&-0)0A E*'0'B)'5A ,A D'&&?5'2.B'5A 0'I.(.*(&'A .BA )3'A

*,BH'A+2A)3'A2*'^G'B(-A)'0)'5XAD3.(3A.0A(,G0'5A1-A)3'A

'&'()*+(,),&-).(A +Y.5,).+BA +2A ')3,B+&JA @+IE,*'5A )+A

45C@A(,),&-0)XA45C7'

8

9

:

;<S>?@A(,),&-0)A 'Y3.1.)'5A,A

0.HB.2.(,B)A5'(*',0'A+2A )3'A 0'I.(.*(&'A 5.,I')'*JA[3.0A

D,0A,))*.1G)'5A )+A )3'A &+D'*.BHA+2A )3'A(3,*H'A )*,B02'*A

*'0.0),B('A2+*A')3,B+&A+Y.5,).+BA+BA)3'A45C7'

8

9

:

;<S>?

@A(,),&-0)JA[3'A.B0')A.BA7.HJA$AE*'0'B)0A)3'A'^G.F,&'B)A

'&'()*.(A (.*(G.)A G0'5A )+A 2.)A )3'A O-^G.0)A 5.,H*,I0XA

D3'*'A"MA*'E*'0'B)0A 0+&G).+BA *'0.0),B('A,B5A"!A *'E?

*'0'B)0A(3,*H'A)*,B02'*A*'0.0),B('A.BF+&F'5A.BA')3,B+&A

+Y.5,).+BJAR)A.0A2+GB5A2*+IA7.HJA$A)3,)A)3'A2.)).BHA(G*F'0A

;0+&.5A&.B'>A,*'AD'&&A(+B0.0)'B)AD.)3A)3'A'YE'*.I'B),&A

5,),A;5+)0>XA.B5.(,).BHA)3'A*',0+B,1&-AH++5A2.)).BHAD.)3A

)3'A '^G.F,&'B)A (.*(G.)JAL,&G'0A +2A )3'A (+**'0E+B5.BHA

'^G.F,&'B)A(.*(G.)A'&'I'B)0A+1),.B'5A1-A2.)).BHA)3'A'Y?

E'*.I'B),&A5,),A,*'A&.0)'5A.BA[,1&'AMJAUA0I,&&A(3,BH'A

.BA"MAF,&G'0A2+*A45C@A,B5A45C7'

8

9

:

;<S>?@A(,),&-0)0A

D+G&5A 1'A ,0(*.1'5A )+A )3'A '**+*A (,G0'5A 1-A )3'A 2.)).BHA

E*+('00JA[3'A (3,*H'A )*,B02'*A *'0.0),B('A"!XA .BF+&F'5A

.BA)3'A'&'()*+(3'I.(,&A+Y.5,).+BA+2A')3,B+&XA5.0E&,-'5A

,AIG(3A&+D'*AF,&G'A+BA)3'A45C7'

8

9

:

;<S>?@A(,),&-0)A

)3,BA +BA )3'A 45C@A (,),&-0)JA [3.0A 03+D0A )3,)A V.B').(A

E'*2+*I,B('A +2A ')3,B+&A +Y.5,).+BA +BA )3'A 45C7'

8

9

:

?

;<S>?@A (,),&-0)AD,0AD'&&A .IE*+F'5A ,0A (+IE,*'5A )+A

)3,)A+BA)3'A45C@J

A7.HJAKAA:QQ?(+B).BG+G0?(-(&'A0D''E0A+2A)3'A45C7'

8

9

:

;<S>?@A;U>A,B5A45C@A;\>A(,),&-0)0A.BAMAI+&

!

N

?M

AO,9PA(+B),.B.BHAQJ<AI+&

!

N

?M

A

')3,B+&A,)A,A0(,BA*,)'A+2AMQQAIL

!

0

?M

$M:

! !



! "#!

!"#$%

&

'

(

!)

$%&'()"*)+,)-%./$%01

2

*

3

+,-./0//1234,56728/29/:;%/45%7%8:/<25=/<6:;/:;%/5%9%5%8>%/5%7?@:7

/A6B./C//D@%>:52>;%36>,@/634%",8>%/74%>:5,/E7F3-2@7G/,8"/:;%/

96::%"/>?5H%7/I72@6"/@68%7G/29/:;%/!"J$%

K

'

(

ILMGN1O,8"/

!"J1/ >,:,@F7:7/ 68/ P/ 32@

#

Q

NP

/ R,'S/ >28:,6868B/ T.L/

32@

$

Q

NP

/%:;,82@/,:/,/42:%8:6,@/29/ NT.0/U./V34@6:?"%/

29/32"?@,:628/42:%8:6,@/<,7/PT/3U./A5%W?%8>F/<,7/

>;,8B%"/ 9523/ PT/ =SX/ :2/ LT/YSX./ Z87%:/ 7;2<7/ :;%/

>255%7428"68B/%W?6H,@%8:/ %@%>:56>/ >65>?6:/ >234,:6-@%/

<6:;/:;%/RFW?67:/"6,B5,37[/<;%5%/!P\/%@%>:52@F:%/72N

@?:628/5%767:,8>%]/!0\/>;,5B%/:5,879%5/5%767:,8>%]/!K\/

8%B,:6H%/5%767:,8>%/%99%>:/29/4252?7/3,:%56,@]/"P/,8"/

"0\/>287:,8:/4;,7%/%@%3%8:/I1!DG]/1P\/%@%>:52>;%3N

6>,@/>,4,>6:25.

V7/925/:;%/52@%/29/A%

K

'

(

/4@,F%"/68/ :;%/%8;,8>%N

3%8:/29/!"J1/%@%>:52,>:6H6:F[/6:/<2?@"/,>:/,7/,/>2N>,:N

,@F7:/925/,@>2;2@/2^6",:628.OV>>25"68BO:2O :;%O3%>;,N

8673O29O,@>2;2@O2^6",:628O28O!"N-,7%"O>,:,@F7:7

_C`

[O:;%O

92@@2<68BO:;5%%O7:%47O,5%OB%8%5,@@FO,>>%4:%"O:2O%@?>6N

",:%O:;%O,@>2;2@O%@%>:52N2^6",:628O4,:;\OPGO,"7254:628O

29O,@>2;2@O28O!"O,>:6H%O76:%7O:2O9253O:;%O,"725-%"O68N

:%53%"6,:%]O 0GO 9253,:628O 29O :;%O ,"725-%"O'SO 28O !"O

,>:6H%O76:%7OI'S

,"

G]O,8"O&GO5%,>:628O-%:<%%8O:;%O,"N

725-%"O 68:%53%"6,:%O ,8"O'S

,"

O :2O 9253O :;%O 452"?>:7.O

1@%,5@F[O:;%O,"7254:628O7:5%8B:;O29O'S

,"

O28O!"O,>:6H%O

76:%7OB5%,:@FO689@?%8>%7O:;%O2^6",:628O5,:%O29O,@>2;2@7.O

!5%7%8>%O29OA%

&

'

a

O<%,=%87O:;%O,"7254:628O7:5%8B:;O29O

'SO28O:;%O!"O,>:6H%O76:%[O,8"O;%8>%[O9,>6@6:,:%7O:;%O5%N

,>:628O-%:<%%8O'S

,"

O,8"O:;%O,"7254:628O68:%53%"6,:%.O

Y25%O!"O,>:6H%O76:%7O<6@@O-%O452"?>%"O<6:;O:;%O5%,>N

:628O29O'S

,"

O,8"O:;%O,"725-%"O68:%53%"6,:%[O<;6>;O67O

>28"?>:6H%O :2O :;%O 9?5:;%5O 9253,:628O 29O 'S

,"

.O +;%5%N

925%[O :;%O 45%7%8>%O 29O 4524%5O ,32?8:O 29O A%

&

'

a

O >,8O

74%%"O ?4O :;%O ,@>2;2@O 2^6",:628O 5,:%.O '8O :;%O 2:;%5O

;,8"[O A%

&

'

a

O 6:7%@9O ;,7O 82O %@%>:52,>:6H6:FO 925O ,@>2;2@O

2^6",:628O ,8"O :;?7O %^>%776H%O ,32?8:7O 29O A%

&

'

a

O <6@@O

@%,"O :2O ,O "524O 68O :;%O ,"725-%"O 'S

,"

O >28>%8:5,:628[O

<;6>;O67O?89,H2?5,-@%O:2O:;%O,@>2;2@O2^6",:628.O

A68,@@F[O :;%O 5%7?@:7O 9523O :;%O 45%7%8:O 7:?"FO ,5%O

>234,5%"O <6:;O :;27%O 29O :;%O ,@>2;2@O 2^6",:628O 5%,>N

:628O ,>:6H6:6%7O 9523O 7%H%5,@O 2:;%5O !"N-,7%"O >,:,@F7:7O

5%425:%"O %,5@6%5O 68O +,-@%O 0.O +;%O ",:,O 7;2<O :;,:O :;%O

!"JA%

&

'

a

IbMGN1O>,:,@F7:O<,7O7?4%5625O:2O327:O29O:;%O

45%H62?7@FO5%425:%"O!"N-,7%"O>,:,@F7:7O-FO>2876"%568BO

-2:;O :;%O 28 7%:O 42:%8:6,@O ,8"O :;%O >?55%8:O "%876:FO ,:O

NT.POU.O

+,-.OPOOc63?@,:628O",:,O29O634%",8>%O74%>:5,O9523OA6B.OC

>,:,@F7: !PJ! !0J! "PNdT "PN8 "0NdT "0N8 !KJ! #PJ=A

!"J1 P*.e* 0T( (.LeDNT( T.e(0T( T.*fKg T.(gf N(P.( P

!"JA%

K

'

(

ILMGN1 P0.(h LK.e( i.(iDNT( T.eei T.ifKe T.(ef N(P.( P

1,:,@F7:

'87%:O42:%8:6,@J

UIH7.OVBJVB1@G

1?55%8:O"%876:FJ

I3V

!

>3

N0

G

D@%>:52@F:%

c>,8O5,:%J

I3U

!

7

NP

G

j%9.

!"!:J1R+7 NT.ih PTh T.LO32@

!

Q

NP

OR,'SOkOT.LO32@

!

Q

NP

O1

0

S

L

'S LT _(`

R6l!"JYm1R+7 NT.LL CP.L PO32@

!

Q

NP

On'SOkOP.TO32@

!

Q

NP

O1

0

S

L

'S LT _Po`

!"NR6'J1 NT.i Po.Ci PO32@

!

Q

NP

On'SOkOT.LO32@

!

Q

NP

O1

0

S

L

'S LT _Pe`

!"j?c8J1 NT.Co i0.L T.LO32@

!

Q

NP

OR,'SOkOK.TO32@

!

Q

NP

O1

0

S

L

'S LT _0P`

!"J+6 NT.iL i.o P.TO32@

!

Q

NP

On'SOkOP.TO32@

!

Q

NP

O1

0

S

L

'S L _0o`

!"JA%

K

'

o

ILpGN1 NT.iL P0C.i PO32@

!

Q

NP

OR,'SOkOT.LO32@

!

Q

NP

O1

0

S

L

'S LT +;67O<25=

CPL

! !



! " #

!"#$

!

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

%&' ()*+' ,-./0' ()1' 23451

6

7

8

9 :-;<-+*(1' :=(=>?+(+9

,1.19 <.1<=.139 @?9 31<-+*(*&A9 239 &=&-<=.(*:>1+9 -&9

51

6

7

8

BCD9E)1*.9;-.<)->-A*:=>9+(.F:(F.1+9,1.19:)=.=:4

(1.*G139@?9,1>>43*+<1.+139239&=&-<=.(*:>1+9-&9:=.@-&9

<=.(*:>1+D9 E)19 239 <=.(*:>1+9 ,*()9 +*G1+9 -H9 I9 J9 K69 &;9

,1.19 ,1>>43*+<1.+139 -&9 ()19 51

6

7

8

BC9 +F<<-.(D9 E)19

23B51

6

7

8

LIMN4CO:=(=>?+('3*+<>=?13'()1'>=.A1+('=:(*P1'

23'=.1='=;-&A'()1'<.1<=.13':=(=>?+(+D'C?:>*:'P->(=;4

;1(.*:'=&3':).-&-=;<1.-;1(.*:'.1+<-&+1+'-H'()1':=(4

=>?+(+'+)-,13'()=('()1'23B51

6

7

8

QIRN4C':=(=>?+('<.14

+1&(13' ()1' @1+(' 1>1:(.-=:(*P*(*1+' H-.' -S*3=(*-&+' -H'

;1()=&->T'1()=&->T'!4<.-<=&->'=&3'*+-4<.-<=&->D'E)1'

=&-3*:'-S*3=(*-&':F..1&('31&+*(?'-H'!4<.-<=&->'-&'=>>'

-H'()1'<.1<=.13':=(=>?+(+',=+'=>,=?+'>=.A1.'()=&'()-+1'

-H'-()1.'=>:-)->+'Q;1()=&->T'1()=&->'=&3'*+-4<.-<=&->ND'

C-;<=.13'(-'()1'23BCT'()1'23B51

6

7

8

QIRN4C'=>+-'1S4

)*@*(13' =' ;F:)' >-,1.' :)=.A1' (.=&+H1.' .1+*+(=&:1' H-.'

1()=&->' -S*3=(*-&T' +)-,*&A' ()=(' ()1' /*&1(*:' <1.H-.4

;=&:1'-H'1()=&->'-S*3=(*-&'-&'()1'23B51

6

7

8

QIRN4C'

,=+'A.1=(>?'*;<.-P13D'%&'=33*(*-&T'()1'23B51

6

7

8

QIRN4C'

:=(=>?+(' <.1+1&(13' )*A)' 1>1:(.-=:(*P1' +(=@*>*(?' H-.'

1()=&->'-S*3=(*-&D

*+,+-+$%+(

!

UKV99W=.:!=4C.FG9XT9C=+=3-4C-(1.*>>-9CT9 %.=@*1&9!T9 1(9 =>D9 21.4

H-.;=&:19 =++1++;1&(9 -H9 <->?;1.9 1>1:(.->?(19 ;1;@.=&19

1>1:(.-:)1;*:=>9 .1=:(-.9 F&31.9 =>/=>*&19 :-&3*(*-&+4=9 :=+19

+(F3?9,*()9()191>1:(.--S*3=(*-&9-H9=>:-)->+UYVD9Z>1:(.-:)*;*4

:=9[:(=T9!"K\T9!"\]9K\I4K$6D

U!V99 C=*9 Y9 ^TO _F=&AO `O `TO WF-O `O XDO 23E1SBCO &=&-:=(=>?+(+O

,*()O)*A)O:=(=>?(*:O=:(*P*(?OH-.O1()=&->O1>1:(.-4-S*3=(*-&O*&O

=>/=>*&1O;13*F;UYVDO[<<>*13OC=(=>?+*+Oa]OZ&P*.-&;1&(=>TO

!bK8TOKIb4KIKQcN]O!6b4!6$DO

U6VOOW-1>OYTOa=+FOdDO2(4e14d&O=+O;1(=>O:=(=>?+(+OH-.O1>1:(.-4-S*4

3=(*-&O-HO1()=&->O*&O3*.1:(O1()=&->OHF1>O:1>>UYVDOZ&1.A?O2.-4

:13*=TO!bK!TO!f]O\\4$$D

U8VOO`=&AOWTOg)-FO`TO2=&O_OaTO1(O=>DOh>(.=+-&*:4=++*+(13O+?&4

()1+*+O -HO 2342(B:=.@-&O &=&-(F@1+O &=&-:-;<-+*(1+O H-.O 1&4

)=&:13O1>1:(.-4-S*3=(*-&O-HO1()=&->O=&3O;1()=&->O*&O=>/=4

>*&1O;13*F;UYVDOh>(.=+-&*:+Od-&-:)1;*+(.?TO!b#\TO!f]O#c!4

#cfD

UIVOO`*OiO5TOg-FOETOg)=&AO`O`TO1(O=>DO[O&-P1>O=>:-)->B*.-&Q%%%NO

HF1>O:1>>UYVDOY-F.&=>O-HO2-,1.Od-F.:1+TO!b#\TO6!#]O!#c4!!IDO

U\VOO`*OiO5TOC)1&OiO_DO %&O +*(FO <.1<=.=(*-&O =&3O )*A)O 1>1:(.-4

:=(=>?(*:O =:(*P *(?O -HO @*&=.?O 234j*O &=&-:=(=>?+(+O ,*()O >-,O

234>-=3*&A+UYVDOZ>1:(.-:)*;*:=O[:(=TO!bKITOKf!]Oc\4Kb6D

U$VOO`*OiO5TOC)FO_TOC)1&OiO_TO 1(O =>DO_*A)O <1.H-.;=&:1O 23TO

23j*TO 23d&O =&3O 23d&j*O &=&-:=(=>?+(+O +F<<-.(13O -&O :=.4

@-&O &=&-(F@1+O H-.O 1>1:(.--S*3=(*-&O -HO C

!

C

8

O =>:-)->+ UYVDO

Z>1:(.-=&=>?+*+TO!bKITO!$Q!N]O6ff46c$D

UfVOO`=&AO_OYTOk=&AO_OXTOY*OdTO1(O=>DOd?&1.A?O@1(,11&O*+->=(4

13451

6

7

8

O&=&-<=.(*:>1+O=&3OCj

"

>=?1.+O31.*P13OH.-;O>?+*&1O

(-O*;<.-P1O()1O:=(=>?(*:O=:(*P*(?OH-.O-S?A1&O.13F:(*-&O.1=:4

(*-&UYVDO%&(1.&=(*-&=>OY-F.&=>O-HO_?3.-A1&OZ&1.A?TO!bK8TO

6cQfN]O6$6c46$8ID

UcVOO _F=&AO `TO X*FO `TO `=&AO gTO 1(O =>DO d?&()1+*+O -HO ?->/B+)1>>O

51

6

7

8

4<->?3-<=;*&14A.=<)1&142(O&=&-:-;<-+*(1O,*()O)*A)O

1>1:(.-:=(=>?(*:O=:(*P*(?OH-.OHF1>O:1>>+UYVDOY-F.&=>O-HO2-,1.O

d-F.:1+TO!bK8TO!8\Q6N]Of\f4f$ID

UKbVOO_-&AOCO`Q

"#$

NDO2.1<=.=(*-&O=&3O:)=.=:(1.*G=(*-&O-HO

[FB51

6

7

8

O&=&-<=.(*:>1+O=&3O2(B[FB51

6

7

8

O:=(=>?+(+U^VDOa1*4

l*&AOh&*P1.+*(?O-HOC)1;*:=>OE1:)&->-A?Q

%&'()*

NTO

!bK6]OIc4\fD

UKKVOO5FOgTO`=&OXTOX*OmTO 1(O =>DOE)1O <1.H-.;=&:1O =&3O;1:)=4

&*+;O-HO;-3*H*13O=:(*P=(13O:=.@-&O=*.O:=()-31O@?O&-&4+(-4

*:)*-;1(.*:O &=&-O 51

6

7

8

O *&O ()1O ;*:.-@*=>O HF1>O :1>> UYVDO

a*-+1&+-.+OnOa*-1>1:(.-&*:+TO!bKITO$8]Ocfc4ccID

UK!VOOk=&AO`TOg)=-O`TO`*&OYTO1(O=>DOd?&()1+*+O=&3O1>1:(.-:=(=>?(4

*:O =>:-)->O -S*3=(*-&O <1.H-.;=&:1O -HO 234C-O @*;1(=>>*:O

&=&-<=.(*:>1+ O +F<<-.(13 O -& O A.=<)1&1 UY V D O %&(1.&=(*-&=> O

Y-F.&=>O-HO_?3.-A1&OZ&1.A?TO!bK8TO6cL6N]OK6!I4K66ID

UK6VOOg=>*&11P=O[TOd1.-PO[TO2=3*>>=OoTO1(O=>DOj=&-4+(.F:(F.13O

234d&O :=(=>?+(+O H-.O =>:-)->O 1>1:(.-4-S*3=(*-&O *&O =>/=>*&1O

;13*F;UYVDOZ>1:(.-:)1;*+(.?OC-;;F&*:=(*-&+TO!bKITOI$]O

8f4IKD

UK8VOOg)=&AOoTO`=&OgTOp*1OYDOC-.1B+)1>>Oj*q23O&=&-<=.(*:>1+O

+F<<-.(13 O -& O okCjE+ O =( O *;<.-P13 O 1>1:(.-:=(=>?(*: O

<1.H-.;=&:1O H-.O =>:-)->O -S*3=(*-&O *&O =>/=>*&1O;13*= UYVDO

Z>1:(.-:)*;*:=O[:(=TO!bK!TO$$LcN]O!6$4!86D

UKIVOO `*O iO 5TO dF&O XO gTO X*FO pO 2TO 1(O =>DO 2=>>=3*F;4&*:/1>O

&=&-<=.(*:>1+O >-=313O -&O ;F>(*4,=>>13O :=.@-&O &=&-(F@1+O

;-3*H*13O,*()O !4:?:>-31S(.*&O H-.O 1>1:(.--S*3=(*-&O -HO =>4

:-)->+UYVDO5F1>TO!bK6TOKKK]Off4cID

UK\VOO`*OiO5TOj*FO5OWTOd-&AOXO_TO1(O=>DOZ>1:(.-:)1;*:=>O=:(*P*4

(?O-HO&-P1>O(*(=&*F;4+F<<-.(13O<-.-F+O@*&=.?O234eFO<=.(*4

:>1+OH-.O1()=&->O-S*3=(*-&O*&O=>/=>*&1O;13*=UYVDOZ>1:(.-4

=&=>?+*+TO!bKKTO!6LcN]O!!6!4!!8bD

UK$VOO d)1&O 2O mTO pFO CDO [>:-)->O -S*3=(*-&O -&O &=&-:.?+(=>>*&1O

-S*31O23BCO<.-;-(13O1>1:(.-:=(=>?+(+UYVDOZ>1:(.-:)1;*+(.?O

C-;;F&*:=(*-&+TO!bb\TOfLKN]OKf84KffD

UKfVOO_FO5TOC)1&OCTOk=&AOgTO1(O=>DOo1:)=&*+(*:O+(F3?O-HO1()=&->O

-S*3=(*-&O-&O234j*7BCO1>1:(.-:=(=>?+(UYVDOZ>1:(.-:)*;*:=O

$K\

! !



! "#!

!"#$%

&

'

(

!)

$%&'()"*)+,)-%./$%01

2

*

3

+,-./0122*/03456789:2;<=:2>?@

A:>B99C.DE9F9G5

456

7@9H-I"J%K9LD9LMNE%D0O%"I,-JLD0O%.,=

-JLD0LP0!-QR0%S%,-OL=,.-.SNK-0TL"JPJ%"0UN0V%

W

'

X

AYB@0Y.SJ.D0

ZJ.L-LDE0[DJ\%OKJ-N]

789:7;

7/012?2801>@

A12B00^.DL_.O.9`/9aLL"%DLIE_9 Z9 b@9^%-_.DLS9 LMJ".-JLD9 JD9

.,J"K9LD9LO"%O%"9cJdJAZB@9ZLIOD.S9LP9^.-%OJ.SK9)_%TJK-ON/9

?ee1/91]f789fg3=ffg@9

A1?B99^L"JU%"J9`9^/9^.KLTUIh.9d/9^.-_%9^9i@9R.OULD9KIj=

jLO-%"9 !"=HD9 .D"9 !"=`I=HD9 D.DL,.-.SNK-K9 PLO9 %-_.DLS9

%S%,-OL=LMJ".-JLD 9 JD 9 .Sh.SJD% 9T%"JITA Z B @ 9 kD-%OD.-JLD.S

ZLIOD.S9LP9FN"OLE%D9lD%OEN/912??/9Wm]f789(mm(=(mg1@

A11B99GJI9n/9aIL9b/9FLDE9G/9 %-9 .S@9^J,OLo.\%9 _%.-%"9 jLSNLS9

KND-_%KJK9 LP9 ,.OULD=KIjjLO-%"9 !-HD9 D.DLj.O-J,S%K9 PLO9

T%-_.DLS9%S%,-OLLMJ".-JLDAZB@9lS%,-OL,_%TJK-ON9RLTTI=

DJ,.-JLDK/9122m/9f5?789f&=e2@

A1&B99 GJI9 n/9 n_.DE9p/9FLDE9G@9 !_NKJ,.S9 .D"9 %S%,-OL,_%TJ,.S9

,_.O.,-%OJq.-JLDK9LP9D.DLK-OI,-IO%"9!"QR9.D"9!"cJQR9,.-=

.SNK-K9PLO9T%-_.DLS9LMJ".-JLDAZB@9lS%,-OL,_%TJK-ON9RLT=

TIDJ,.-JLDK/9122e/9??5r789e13=e1f@

A1rB99GJI9Z/9s%9Z/9pI9R/9%-9.S@9iJD%-J,K9LP9%-_.DLS9%S%,-OLLMJ".=

-JLD9.-9!"9%S%,-OL"%jLKJ-%"9LD9dJAZB@9lS%,-OL,_%TJK-ON9RLT=

TIDJ,.-JLDK/9122g/9e5e7891&&r=1&&e@

!"#$%

&

'

(

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

)&*"+,-"./

! "

?

!#$%

?/1t

!&''

?

!()*

?

!+,-

?

!./0

?

!123

?

5?@9

<=>?7;%;%@;A# <= BC

(??12?

$

1@9

DEFG%;HIJKLMNOPQRST# <= BC

(??12?7

01" UV')-%WXYFZ[/01.\$%&])^_/`ab.Pcde

@9

fghij%klmnU

Vo\pqrs# tuvwx

V%

W

'

(

QR

yz{|}# ~�o��

V%

W

'

(

���.

!"QV%

W

'

(

=R

$%&

@9

��/�

%

dl^

& ����' \pqrs���K�x

V%

W

'

(

QR

|}

@9

'U��.

!"QV%

W

'

(

=R

$%&��o����n

%

Ru

&(��/�%

R+

&+/%;���%

lkH

&.��'abo�x 1¡¢£'

R?=RW

)¤%()(*)+,)&-

%./$%01

@9

¥¦|§'¨UV.��

V%

W

'

(

���.

!"QV%

W

'

(

51v7=R

(

!"QV%

W

'

(

]3w7=R

(

!"QV%

W

'

r

]?2x7=R

+

!"QR

$%&£'

!"QV%

&

'

r

]3x7=R

$%&|©ª«¬.)-%/�­®

@0

¯°����%

Ru

&±°'

!"QV%

&

'

r

]3x7=R

$%&'()( *)( ²,)+[,)-%.³´µ/�­®K¶]

!"QR

$%&.

?@<

(

?@r

(

?@<

+

?@&

·

@0

!"QV%

&

'

r

]3x7=R

$%&'*)-%./¸¹º/�»¼½¾

!"QR

$%&

@0

UV.¨F$%&'

R?=R&

)¤/-

%./�­®7¿ÀÁÂÃ!²,)

y

*)

y

()

y

[,)

@0

ÄÅ'ÆÇ£

V%

&

'

r

pqrs.ÈxÉ¬o\pq

rs./%;ÊË1

@

234"\$%&$

V%

&

'

r

$)-%$/$%

<?<

! !


	Electroactivities of Pd/Fe3O4-C catalysts for electro-oxidation of methanol, ethanol and propanol
	Recommended Citation

	tmp.1677736614.pdf._tlIr

