


!

!
!"#$!

!
!

!

!
!
!

%&'()*+'(,-./012345
678+9:;<4=>?+@A!

!
!
!
!
!

B! C



!

!"!

!"!

! "#$%&'()*+,-./0123452678932:$%;<='

>?@ABCDE32:FGH670IJ3KLMNO0@:PQ'KLRS

L0TU:VWHXYMZ[932:F\]0SLU:^R;'SL_`a&

!"#$# b# %"#$R>40cdU:^RM;?:FSLefRJ3ghSLRK

LijkMl0678932:FmnopRSL_`a0qrU:^Rst'

67mn0u=mnvwRxyHz2SLefM{|932:F}~mn&&

�ÄÅÇ;ÉÑÖÜáàâäMz2mn;<:Fãåç0}~�H"#$%&

KLJ0é2Rqèt9:M'êHKLëä&í~R}~;ìM@2^RMî

ï8932:FñZXYst'óòHKLôöõú'}~�0òùU:"#û

üáà&"#$%HKL ¡0¢£C¤è:^RMîï8932:F"#ûü

áàH¥8'!'0u=¦§JPKLij¨©'"'C723}~ÅÇ01ª:

"#$%HKLëäM«¬;?:FJsJ'}~01ª:­7®¯$%H"#

ûüáà0u:KLij°±&²³´;<:F#

! ãe'ñZXYst'}~mn01ª:µ¶òùU:"#ûüáà&"#$

%HKL0·¸U¹9PKLijº»M<:^Rst'mnvwRSL_`a

HzdC¼½J3¾¿ç0}~mnÀ"#ûüáàCÁÂJPÃLÄÄÅC

ÆÇU:^R&ÈP@SLfR@=É:F#

! ÊËÌ0123&'}~mn01ª:&­7"#$%H"#ûüáà0u:

KLij°±H³´RGH°±0ÍÎéÃLÄÄÅHÆÇCÏçRJ32:F

ÊËÌ&'" ÐHÑst®Ò8932:F#

! Ó ! Ñ&±Ë;<=&"#$%H}~KL°®·ÔúÕKLôö0Ð23Ö

×J'óòHKL¨©·Ô"#ûüáàH¢£C×´JPF|P&"#$%HS

LefCØÙJ'}~�H"#$%HKL0TU:"#ûüáàH¢£1uÔ

ghSL0TU:NOÚC¦ÛU:RRÜ0'ÊXYHÏç0Ð23ÝÞPF#

! Ó ' Ñ0123&'!(# )* ÉÑÖÜáàßà}~01ª:­7áâê

+*,-(. HKL0·¸U"#ûüáàH¢£C72PãäÑåæç1uÔÄ

ÅèéêëCìíîïKLðñ0u=òóJ'KLij¨© " C723ôõ



!

!""!

"#ûüáàRáâêHKLëäHTöC«¬JPFîïKLðñ1uÔãä

Ñåðñst'" H>?2"#ûüáà&áâêHKLijº»M÷2^RC

øùJPFãäÑåðñst'úûÜáà&áâê0üýJ'þÿ!"#H$

%CdtU^R;'­7áâê0123ÜÃLÄC&'U:SL°®C´ts

0JPF#

! Ó % Ñ0123&'KLC(*J,U2)*+,-./" '(',/0% HKLi

jº»0·¸U"#ûüáàH¢£C´ts0U:PQ&µ¶"#ûüáàC

01 !#)* R !(#)*# ÉÑÖÜáàßà}~01ª:)*+,-./" '(',/

0% HKL ¡0·¸U"#ûüáàH¢£CãäÑåæç1uÔîïKLð

ñ0u=òóJPFKLij¨© " C723ôõ"#ûüáàR)*+,-

./"HKLëäHTöC«¬JPFîïðñst'ÅÇ�HÉÑÖÜáàH

âä0T[t2'" H>?2"#ûüáà&)*+,-./"HKLëäCi

è:^RM´ts@='" H3ºÄC45JPFÄÅ67ÅHêë8»st&ú

ûÜáàC01ßà}~�;*ÒU:KL*ÒÖH9úûHòùMèé;?&

KL*ÒÖH:8&;H"#ûüáàC01ÅÇ;<ÒJPG9u==é@

:^RMêsEPF>0'úûÜáà&)*+,-./"HKLH(*Üij

U:^RC´ts0JPFãäÑåðñst&?@KL0123úûÜáà&

)*+,-./"0<ÒU:þÿ!"#H$%CdA8B'KLCDC&'8

B:KLij°®C¦§JPF#

! Ó , Ñ0123&'úûÜáàHKLij°±0ÍÎéÃLÄÄÅHÆÇC

Ï¨JPFãäQE?RzEFG¬0u=úûÁÂHCáâê'0<ÒJ'G

HSLº»CîïKLðñ1uÔãäÑåæç0u=òóJPFçãIê¿;

#:C÷Jä0jKJ3áâêÄÅ0úûQE?HC<ÒJPL'zEMNO

1,((#2&#%(#)345HFG¬; 67/84 /"HCPÇU:^R0ÒQJPFîïðñ

st'FG¬ð%H 67/84 /"H& 84 Hu=Å³ëäMRé@='ð%HS

ÕKLCijU:^RC´ts0JPFÄÅR7ÅHèé6êëstð%'0

TU@úûKL*ÒÖ;h[9:^R;<:^RC´ts0JPFãäÑåð

ñst'FG¬0u=PÇJP 67/84 /"HHKLCD&ãäQE?||Hú

ûHu=÷é@:^RC´ts0JPF̂ 9tH8»st"#ûüáàHKL



!

!"""!

ij°±C72:ÃLÄ/ÅCÆÇU:ÏçCVÒ;?:F#

! Ó " Ñ0123&ÊËÌCWXJPF#



!

!"!

! ! "" #$"#####################################################################################################################################"!"
!#!" %&'("############################################################################################################################"!"
!#$" )*+,-./01-234#"####################################################################################"!"
!#%" 5)6./23-789:"############################################################################################"%"

!#%#!; *<=>?@-78"############################################################################################"%"
!#%#$; A@-78"############################################################################################################"%"
!#%#%; &' -78"##############################################################################################################"("
!#%#)" BCDE-78"######################################################################################################"*"
!#%#( ./FGDE-78"################################################################################################"+"

!#); ./01-H3IJ"#######################################################################################################","
!#)#!; KLH3"################################################################################################################","
!#)#$; MNH3"################################################################################################################"-"
!#)#%; 23OPQ"##########################################################################################################"!."

!#(" R$S-TUVWX"#######################################################################################################"!!"
YZS["#########################################################################################################################################"!$"
! $ "" \]5)6^_`a>b-23cd6efg./FGDE-78"##########################"!*"

$#! hi"###################################################################################################################################"!*"
$#$" jkIJ"##########################################################################################################################"!+"

$#$#!" l1"#######################################################################################################################"!+"
$#$#$" \]5)"###############################################################################################################"!,"
$#$#%" mn23lk"#######################################################################################################"!,"
$#$#)" MNoplk"#######################################################################################################"!,"
$#$#(" qrstVuv"####################################################################################################"!-"

$#"%" wx"#################################################################################################################################"!-"
$#%#!" mnlk"###############################################################################################################"!-"
$#%#!" MNoplk"#######################################################################################################"$."

$#)" Zt"##################################################################################################################################"$)"
$#(" w$"##################################################################################################################################"$("

YZS["#########################################################################################################################################"$+"
! % "" \]5)6^_` //$.$)01% -23cd6efg./FGDE-78"#################")("

%#!" hi"##################################################################################################################################")("
%#$" jkIJ"##########################################################################################################################")*"

%#$#!" l1"#######################################################################################################################")*"
%#$#$" \]5)"###############################################################################################################")*"
%#$#%" mn23lk"#######################################################################################################")*"
%#$#%" MNoplk"#######################################################################################################")+"

%#%" wx"##################################################################################################################################")+"
%#%#!"!"23 yoz{DE|}*+6mn~�-l1ÄÅ"#######################################")+"
%#%#$"!."23" yoz{DE*+6mn�l1-qrÄÅ"########################################"),"
%#%#%" mn~�-ÇÉÑo"###########################################################################################")-"
%#%#)" mn�l1qr- 456 uv"#############################################################################")-"



!

!"#!

%#%#(" mn�-l1Öruv"#######################################################################################"(."
%#%#*" mn�l1-Ör /76 uv"#############################################################################"(!"
%#%#+" MNoplk"#######################################################################################################"($"

%#)" Zt"##################################################################################################################################"(%"
%#(" w$"##################################################################################################################################"(("

YZS["#########################################################################################################################################"(*"
! ) "" Üá{DE-23OP4#6àâäãåçH3éèJ-êë"###################################"+,"

)#!" hi"##################################################################################################################################"+,"
)#$" jkIJ"##########################################################################################################################"+,"

)#$#!" MN 89 íìîVïéè6ñ`ó3òqr-ôX"############################################"+,"
)#$#%" mn23lk"#######################################################################################################"+-"
)#$#%" MNoplk"#######################################################################################################",."

)#%" wx"##################################################################################################################################",."
)#%#!" MN 89 íìîö-õúeùïéè-78"######################################################",."
)#%#!" mn�-*+-ûsVl1-qrÄÅ"############################################################",!"
)#%#!"! ü mn~�l1-qr 673 ÄÅ"###############################################################",$"
)#%#$"! ü mn�l1-qr 456 uv"###################################################################",$"
)#%#%"% ü mn�l1-qr 673 ÄÅ"###################################################################",%"
)#%#%"% ü mn�l1-qr 456 uv"###################################################################",%"
)#%#%" mn~�-l1-ÇÉÑo"###############################################################################",%"
)#%#$" MNop¡¢"#######################################################################################################",)"
)#%#$#!" ê£¤M¥:;<5=¡¢"#####################################################################################",)"
)#%#$#$" MNop{E¦§¨E©:7>6=¡¢"##################################################################",)"

)#)" Zt"##################################################################################################################################",("
)#(" w$"##################################################################################################################################",*"

YZS["#########################################################################################################################################",+"
! ( "" " ª«"###############################################################################################################################"!.)"
%&¬­T®"###############################################################################################################################"!.*"
¯°"###############################################################################################################################################"!.,"
"



! $!

# " $! %&!

!"!# !"#$#

"#$%&'()*+,-./0123452678932:$%;<='

>?@ABCDE32: !"#$FJsJ''(!, YHZ/KLå[19:;5Hîïs

t'"#KL0u:YO\]^_`& '<, abc*;'Z/HdeW*-`H

%f0ghJ'bd0iÄ89:ñjd&k ,fClQ: %$FKL0u:^_`

&'óòHSLefC\]0m7U:R'!"$#1=%&>"( n5st %"$o=?&>"( np

0cdU:^RM;?:F#

",q'r"@sHãÕHt"#Cu?'vRwsH"#xâ&Ñåç0þ

yç;<='z{Hmn�H|â,~R}(ç0~�J'"#|ÑÖM*ÒU

:FGHPQ't"#õúH"#& "#/#!(#4) ÄäH=2"#|ÑÖHM<Ò

U:Å&M<:F^H"#|ÑÖH&'ÇÉ)RJ3z{HmnCÑ7J'Ö

)þÿ!"#RÜá9: &$Fþÿ!"#HyçÄ&'"#àÒRmnâä0ã

òU:Fãåç0"#$%&åçmn0123KLJ@2M'~ÅÇ0îïU

:RÉÑÖÜáà@sHKLÄ),áàHéèCêª3þÿ!"#Mëí0

ìîJ'KLM(*U:F"#KL0·¸UúÕôöRJ3'Åò|â'Eä'

@A ·ÔÅòÉïRHTñÄMó2OXY893?P '()$FJsJ''òHKL

ôöCqrJPô/;Ü'}~�H"#KL03ö@ìC*õ:^RM<: !*$F

JPME3'KLHúæ,SLHPQ'"#$%H}~KL01ª:';HK

LôöCqrU:ùûM<:F#

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

! ~ÅÇ�;H"#$%HKL ¡&'"#,/"Hõï0uE3ü@:Fê

Hô/;&') ¡c¢£;¤M|Ñ~�CÛ^J'¤oBBpÜáào67+,pC

<ÒJ'ãöC¥ùU: !!$F#

# 67#C#67+,#D#'7"#1) ¡c~�5# !/!#

! û¦¡c~�&|âC01�ÄÅÇ;<:}~�;&§1!<'5;¨89: ;+



!

!%!

H©x~�;') ¡c~�;*ÒJPãöMª«89:F#

# ;+#D#'A+;#D#,7"#C#,;A"-1û¦¡c~�5# # !/'#

|âC01�ÄÅÇ�;'"#HÄÅ;&§1!<!5R§1!<'5H~�M¬N0(

*U:PQ') ¡c¢£;*ÒJP¤ÜáàRû¦¡c¢£;*ÒJP~|

ÑÖÜáàR~�J3'§ !/% R !/, Huí0¤H~|ÑÖC*ÒU: !!(!+$F

# 67+,#D#';A"#C#67#1;A5+# !/%#

~ÅÇ�;H)*+,-.HKL0u='@A 0ãòJ32éÐsHÑåõ

C<ÒU:FEF:G ~ÅÇ�01ª:') ¡c¢£;)*+,-.Í$&)

*+,-.Üáà0­ë0®ÑU:o!("# ¯õ°p!.(!/$F#

# HG#C#HG.,#D#%7"#1) ¡c~�5# !/,#

# ;+#D#'A+;#D#,7"#C#,;A"#1û¦¡c~�5# # !/"#

! ãåç0')*+,-.Üáà&±Ü²³¯Ää;~´~�CÛ^J'µ¶

·¸¹C<ÒU:F~´JP)*+,-.Üáà&­ë0º~ê³89'º~

ê³ÖCÉ: !.(!/$F#

# HG.,#D#A+;#!#HG#1;A5+,#D#A,- !/I#

! *ÒJP~|ÑÖ&ÅÇ�HÅ³äC»è9á'¼½J3"#Chí^R@

='>0~|ÑÖM¾~~�CÛ^UR|ÑÖC<ÒU:Rqèt9:F"#

'0<ÒJP|ÑÖ|P&~|ÑÖ"#&þ¡!"#RÜá9:F#

! ~ÅÇ�01ª:"#$%HÃLÄ&'l0>ä�;<ÒU:|ÑÖ"#R

~ÅÇ�;<ÒU:~|ÑÖ"#0ãòU:FÉÑÖÜáà&'ê'0~ÅÇ

�;*ÒU: 67# 1;A5+ Rëí0~�J3'Å³ÄH÷2KL*ÒÖC*ÒU

:PQ'êHop#CìîU:F`¿àÀ`ê')*+,-.'üÁàHuí

@"#$%0*ÒJPþÿ!"#&'TU;<:R¬N0'âÂRÃ28/J

3'÷2ÃLÄC¨UFJsJ'ÉÑÖÜáàC01~ÅÇ�0123"#$

%ÄÅHþÿ!"#MÉÑÖÜáàHéè0u=SÕç0Å³J3µÄ@$

%M<ÒU:FãwH�ÄâäC­ÅU:PQ0'ÉÑÖÜáàM$%0ÆÇ

J'$%ÕêHÉÑÖÜáàâäM÷é@='@A Mzé@:PQ'ÈJ22

SÕKLMÛ^='$%Mu=>?@ÉRÒóU:FÊL&þÿ!"#Mìî

89'"#âÂHÅ³MË|:F#



!

!&!

!"%# 2%3*+./)4567#

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

! ~,ÅÇ00|9:Åò|â&"#HKLÌÄ0123Íû;ÎÏ@AB

C»PUFGH¬Ð&'Åò|â&�Ä')*ûÉÄ1uÔ|ÄÅÇ�;Hû

¦¡c~�0T¤U:PQ;<: !#$F#

! êHô/'ÅÇ�HÅò|ââäHÑº0u='ê$KLëäMÑºU:^

RMV2 !#$Fû¦¡c~�&'Ç*²ÅÇstêÀH|âHÒÓëä0uE3

jÔ89'^HR?HãIC|âÒÓÔ/ãIRÜÕFãe'êHKL~�0

u=*Ò89:KL*ÒÖH&'Ç*²ÅÇst"#ÄÅÀH|âÒÓëäC

z°8B:F6;J;KLB+ t !%$H8»st'zâäHô/'Åò|âM¤RK

L*ÒÖ/Å;©x89^R;KLMjZU:F÷âäHô/'ÒÓJ3é:

|â0u= 67# 1;A5+ #H|ÑMÕêç0UU9Ö*×H~|Ñ¤#R@:F

|ââäM'ØU:R'¤HKLÜëé@:FJsJ'^Huí@mn;&o

pÄH<:KL*ÒÖÜ<ÒU:FGHPQ'KLëäR|ââäÜJé&|

âHÁÂëä&ÙÚTö0@t@2F#

! )*+,-.Huí@þÿ!ÑÛÜH÷2"#&'67�0þÿ!"#0$

%M*õ3Ü~ÅÇ�0òùU:Åò|â;ëí0þÿ!"#MÝÞ89:

PQ'VéHmn�;÷2ÃLÄC¨UFZmt& !&$'(<!#*#EF:G ¾äß&Ö

äÅÇ�;H HG/67 /"HKLCòóJPFàâ0u:¾ä~ÅÇ01ª:á

¶^_&Öäu= ' â0@:^RCîïJPFãät& !'$'÷åä~01ª:

)*+,-.HKL0·¸UÅò|âH¢£CòóJ'Åò|ââäMòùJ

@2ô/'û¦¡c¢£;~â(*~�C45JPM'Åò|âHâäM÷é

@:R'~âH(*¶Mz°U:^RCîïJPF#

!<%<'! +'()*#

! ~�ëäËHèÚstqè:R'KL&ãäÑå~�;<:PQ'GHëä

&EäH'Ø0ìE3ëé@:Rqèt9:FJ3MMN t& !)$'!#)FOO$#EF:G Å

Ç01ª:áâêHKL ¡0·¸UEäH¢£CòóJ'EäMKLëäR

67:;. H*ÒH¼e0¢£C¤è:^RCîïJPF,(#2R ?(#20123á



!

!'!

âêHKLëäCòÞP8»st'?(#201ª:áâêHKLëäM ,(#2R

æÞ3 !( âz°U:^RC´ts0JPF^9&'?(#2;*ÒU: 67:;. H

*ÒëäMëé@='u=TU@®¯Cçè'opÄM÷sEP^RM¬Ð;

<:F+NPMF t& +*$'QI" áâêHKL ¡0·¸UEäH¢£CòóJ'ã

äÑåðñH8»st'Eä&KL~�RKL°±0¢£U:l@ûô;<:

^RCîïJPFR74F)NS t& +!$'éêH*-~01ª:áâêHKL ¡C

´ts0U:PQ'ëìã¿C67J3IëREäH¢£CòóJPFKLë

äH8»st'EäRð%HëìëäM'ØU:R'KLëäMÑºU:F8

t0'ð%ÄÅHÉLRB9MEäRð%HëìëäH'ØRì2ÑºU:^

RC´ts0UJPF#

! )*+,-.Hô/'~í~01ª: '(T: st ,(T: 0'ØU:RKLM

ëé@='G9õ'HEä;&î0dAU:^RMîï89P ++$Fãät& +.$&#

'(T: st ,(T: HÅò|ââäM (<!#@@) õ°H÷åä~;# H%((%# HKLð

ñCZEPFEäC'ØU:R'ð%'0ï¾JPKL*ÒÖH¶MÑºJPF

JsJ'KL*ÒÖHï¾¶M<::80@:RKL&ðñU:^RÜ´ts

JPF:U74 t& +/$'òüÀàóÉ_¡*/~ÅÇ�; %((% )*+,-./"

HKL ¡0·¸UEäH¢£C¡ã·ê¿æçRãäÑåÜàô¡õà`

C72P'GH8»') ¡cH)*+,-.Å³Rû¦¡cH|â©x~�

MEäH'Ø0uE3öj89:^RM¨89PFJsJ÷EäM I(2C»

è:R÷|âHÅ³äRâäMz°J÷û¦¡c~�Møù89PF:FN t&

+#$'ßàíú>ämn01ª:# 'H('# )*+,-./"HKL ¡0·¸U

EäH¢£CòóJPF÷E1VI(#T:5Hô/'Åò|âHÅ³äMz°J÷Ç

#�H|âÒÓÄC÷Q:ûª;@é÷Üáà1:G"@s5HüýCöjJ÷)*

+,-.KL*ÒÖH*ÒCºëU:^RM´ts0JPFHG;1;A5H*Ò&

þÿ!"#HþHCu=TU0@='KLCÿ!:"ÛÄM<:F#

! "#HKL0·¸UEäH¢£&ÎÏ;<='ÅÇmnHEä&KLëäC

#çJ32:û¦¡cR) ¡c~�ëäCºëJ'"#'ÀHKL*ÒÖH

$ý,'KL*ÒÖH:8RopÄ0¢£C¤è:FmnHEäê%Mþ]ã

@ô/'$%HKLÌÄ0Ü>?@¢£C¤è:F#



!

!(!

!<%<%! @A ()*#

~ÅÇH @A ®Ñ0u:¢£&'"#Hõï0uE3ü@:F@A M'ØU

:R"#Hþÿ!"#MTU0@='KL&ij89:M'<:&õ'0@:

R"#HÅ³MºëU:F@A Mz°U:R'~âH(*Möj89:PQ'

"#HKLÜëé@:F|P'"#0þÿ!"#M<:ô/'~ÅÇH @A M

®ÑU:R'þÿ!"#HÅ³0¢£C¤è:PQ'KL0Ü¢£C¤è:"

ÛÄM<:FWSFXNYN t& +%$''gêHKLëäMÅÇH @A H'Ø0ìE3

z°U:^RCîïJPF@A &'KLHê(ûª;@é'VéHÑåG¬0

123ÊÜÍû@jKôö;<:FJU77 t& +&$'áâêHKL ¡0·¸U

@A H¢£CòóJPFáâêHKLëä&# @A H'ØRRÜ0z°U:^R

C´ts0JPF^9&'¤H|ÑÖHÅ³äM÷é'þyç;<:^RRT

ñJ32:F|P'"#KL0·¸UãÕHþÅÄ|P&)ÅÄH¼½Ö&'

opç@ABC»PU^RCîïJPF#

}~KLH*RJ3+Ü,¡0Ð23ÝÞ:F+Ü,¡~H @A &á|H*

ÒC-ª:PQ0 -<( õ'0jK8932: +'$F8t0'+Ü,¡HKLSñ

HèÚst&'?<" st -<" HO0.çU:ùûM<: +)$FRN447S t& .*$'+

Ü,¡~H @A C ?<"# õ'0.çU:^R;+Ü,¡HKLCÊÄÔ0ièt

9:RîïJ32:Få~Hô/'>ä0/0U:R'|Ñáâo:;+pCü

1J'á|C*ÒU:Fá|&"#HKLCöjU:|ÄÖá;<='á|É

R\2×!0<:Íá|É0³3U: .!$F*FYOP4F)3 t& .+$''"b-(2HEä

H4ÑÖ,)à5,-.C01ÅÇ�01ª:áâêHKLëäM @A H'Ø

RRÜ0670dAU:^RîïJ32:F#

! )*+,-.Hô/'"#HKL&GHã·RU/0TöJ31='"#H

ã·& @A 0>?éãòU: ..$F^H^Rst'@A M"#HKL0Íû@A

BCDE32:^R&´t;<:F8F3Z t& ./$'ãäÑåæç0u=')*+

,-./"ÄÅHÃLÄ&'�Ä¢£;&;H @A ¢£Ræ8J39dU:^

RCîïJP APF4[ t& .#$')*+,-./"Hþ]ãKLM @A H'Ø0

ìE3dAJ'÷Eâä01ª:')*+,-./"HKLM @A 0ãòJ@

2R^RCîïJPF#



!

!)!

!<%<,# ,-./()*#

! ÉÑÖÜáà::G"&"#ÄÅ0ëí0üýJ'þÿ!"#CìîJ3KLC

;Ë8B:F̂ HÌÄ;&':G"&~�0<¤U:ûª;@é'0=ç@ABÜ

»PUFGHPQ'µ¶H :G";Ü"#$%HKL0>?é<¤U: .%(.&$F"

#$%HKL°±'KL*ÒÖHàÒ1uÔ>HHop?Ä0·¸U :G"H¢

£0Ð232éÐsHXYM<:FE3OU3)PSF t& .'$'¤HKL*ÒÖ�H \/

67;;A ¶M :G"âäHÑºRRÜ0ÑºU:^RCîïJPFêë8»st'

\/67;;A &å@A=BJ0123C>st®DU:^R'C>H*Ò¶& :G"

âä0ãòU:^RC45JPF\/67;;A H*Ò0u=':G"M>HCEÌJ

3ê$0FVJ'KLCöjU:F]F)3)PSF t& .)$':G"âäHü@:G{ä

0HIJPÃJÄêM*ÒU:KL*ÒÖCòóJPF:G"âä&z2K.6L

MHô/'KL*ÒÖRJ3 ^/67;;A R _/67;;A H9NùJPF:G"âäM÷

2íOÂ£Hô/':G"0u=P/67;;A R 67.;/ H<ÒMöj89:^RCî

ïJPF#

! 8F3Z t& ..$'(<((%#XY$Q"<"#XY$#EF:G ÅÇ01ª: HHI(I! HÉLRêÄ

CòóJPF:G"âäHÑº0u=ÉLã·'KLã·RÜ0[2s0+Ä&0

SZJPF:3`NG34 t& /*$'|ÄÅÇ0123 :G"âäM÷é@:R')*+,

-./" I(?'/0I HKLëä0¢£C¤è@2^RCîïJPF̂ 9&'|Ä

ÅÇ01ª:)*+THÅ³äM÷2PQ'?@Hþ¡!ÑMÿù8932:

^R0u:F)*ûÉÄÅÇ�;&'ÉÑÖÜáàâäHÑºRRÜ0ÉL0

u:ãI&UJéÑºJPF#

! 4|Üáà:>ä�H +;+ êö&~0Åª,Ué'þyç@ú4|ÉC<Ò

J'~ÅÇ�;# A+;."'A,'+;.+"C*ÒU:FÅÇ�0Åò|âMòùU:R

A+;."# &8t0|Ñ893yç@ +;/+"R@='>H0üýU:FGH8»'

Å³ÄHKL*ÒÖMVé@=KLCºëU: /!$FHGGF) tH8»st /+$'>

H04|¤C<ÒU:R'4|¤HÅ³0u= +;/+"M*ÒJ3'>HR"#

H/Å;4|¤MVWç0<ÒU:F#

! á|Üáà:>ä�H :;+ &~ÅÇ0Å³J3'ê$ÄÅH @A Mz°0@

='ê$,KL*ÒÖ"#HÅ³MöjU:PQ'0=RJ3~�?@0KL



!

!*!

MöjU: /.$Fá|¤&Å³äMz2PQ'ê$HÄÅ0¼½J3opg#C

<ÒJ'ê$HKLC<:ÄäijU:^RM;?: //$FGHPQ'á|¤H

¶MÑè:R'KLëäMz°U:F#

!<%<" 0123./()*# #

! ~ÅÇ�H"#KL0·¸U"#ûüáàH¢£C´ts0U:PQ0&'

ÄÅ|Ñ#0"#ûüáàCX=Y|B:^RMÍû;<:FG^;'̂ Hu

í@"#ûüáàH¢£C³´U:PQ0'L7X3O & /#$'AFSZ#F4Z#+NaY#H`3Z#F4Z#

RFYU# 1A+HR5¬ËCZ[J3'*Ü`|6ÉÍCG9\9]¥2^R]_ts

2^0êïJ32:F¥2|R¥2ÉÍ&yç@Üáà8/C<ÒJ'`ts

2|R`ts2ÉÍ&yç@a38/C<ÒU: /%$FJsJ'A+HR Öb&ç

Äç@Öb;<:PQ'8/ÜHç¶&C¨U^R&;?@2F"#ûüáà

H¥ä&'A+HR ¬Ë0ÍÎ23'"#ûüáàH¥8& ! C723'õ°H

uí0ÄU /&$F#

# !#$#b"!!
" #%#&'#(!5

#$%c%#d#!(# !/>#

! !!
" &"#HãäcÄä'e#(&&�Ä"#dösteçH|Ñ×!|;HÜá

àÑHW´CÄUF"#ûüáàH¥ä !o§ !/!"p&'8/ÜC¨Uç¶ç

@¨©;<:F8UF4[ t& /'$'%(, `¿àÀ`êHKL ¡0·¸U'ü@:

¥8'!'CçÐ"#ûüáàH¢£CXYJ'ûüáàH¥8M¥é@:R

ijº»M÷é@:^RCîïJ32:F;YF43/)$t, +F3aPG#*$t&':G"C01

~ÅÇ�;H"#HKL ¡0·¸U"#ûüáàH¢£0ýÏJ'"#ûü

áàMþÿ!"#'0op#C<ÒU:^R;'ÉÑÖÜáàHéèCSf^

RCîïJ32:F+F3aPG t& #!$'÷Eßà}~01ª:`êHKL0·¸U

µ¶gºJP"#ûüáàH¢£CòóJ'84+,HKLijº»Mãh÷2^

RCîïJ32:FJsJ'}~mn01ª:áâêHKL0·¸U"#ûü

áàH¢£&'ÙÚç@TöC¨8@2^RMîïJP #*$F>it&'67+;.

R"#ûüáàH;G9\9H¹¾Hì0u=8//Å0�ÜM*õ'ìîM

*õ:vsGH�ÜM>?2ô/&ÄÅHHÃLÄMz°U:Rqèt93'

§ !/? Huí05*¹¾ìf)C723'§ !/!I ÈjKLij¨© " C¦§J



!

!+!

P #+$F#

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

# !/?#

# "#$#!#+#*)!%&#d#!(# !/-#

! " C723«¬JPßà}~~�;HáâêR)*+,-./"HKLë

äRKLÜàô¡õà`&'! 0k2gTTöC3U:^RM[s:F^H^

Rst'" &áâêR)*+,-./"H}~KL0lU:"#ûüáàHK

Lº»H¨©R@:^RM­m89PF#

!"&8 *+,-)9/:;#

!<,<!! 4567#

! ghSL0&n°63°6Î/H"#;h2'KLmnstÑ7U:SLe

f;<:F"#úû&n°"#0ÊÜ67U:SL$%;<:Fúûgh&¹

9PÃLÄ'/ýÄ·ÔghÄCçÐF|P'opq¿RJ3ãäÑåçop

P7M<: #.$Fúûgh0&'ãäúûQE?'FÒÓúûQE?'Årúû

QE?'ÅsúûQE?Ml0678932: #.(#/$F#

! ãäúûQE?:ãäúûQE?&'ã³Ç�H 84+,Mã/HP70u=ð

%ÄÅ0ãýJ'GHÄÅ;8tÑJ3"#úûC<ÒU:FãäúûQE?

HHÄÅM\t;TU;<='þÿ!ÑL0uM®[='"#$%HÃLÄ'

ÃvwÄC&'U:FJsJ'ãäúûQE?H&=2PQ'÷2ÃLÄMû

x89:67mn01236[2'l0KLÄHz2mnoyþmn@sp;

67U: ##$F#

! FÒÓúûQE?:FÒÓC67J3úûQE?CZíef;<:Fz¹F

ÒÓúûQE?R°{çFÒÓúûQE?0êªt9:Fz|FÒÓúûQE

?&'}~JPð%Cz|úû;�ÄJ'ÅEé=ëìJ3Çþ;ºFU:F

îEG¬|P&ÒÓG¬0uE3ÃLÄMÉ2]ã@úûHHC<ÒU:F#

°{çFÒÓúûQE?;&'ê¤ÕÑC~RÖè=¹oÜ,`á@spRa

0à7HâäÇÀ*0[9'ãE;åçJ@Mtúûz|R+ÄkCñWç0

gºJ'ê¤ÄÅ0úûQE?HC<ÒU:F°{çúûQE?&'ñW*-

ÄM÷é'z_`a;mnéèMA@é'BÑHùûM@2÷ÃäHÕÑHû



!

!,!

xCêPU^RM;?: #%(#&$F#

! ÅrúûQE?:úûÅrQE?&'÷EÅrëíC723úû|P&úû

/"CÅs×!0ºFJ'âÇìä;*ÒJP÷ëìäIC723úûÅsÖ

Cê¤ÄÅ0î?$ª3ï¹úû|P&úû/"HC<ÒU:ef;<:FÅ

rQE?;&'"#<ÒëäM÷é'ÅrºKñf0jÔ@J·ÔÅôóKM

"Û@smÚCçè'yúH>òê®¯Ö'?0ôö'ôõ'¤ú'~'ÇÜ

²'ùûüÖ° '¡Ö@sH¢2ê®¯ÖHß£¤è,KLop0\7U:
#'$F#

! ÅsúûQE?:ê¤$%CÅsúûÇ0îïJPLX=ùJ3'$%ÄÅ

0$ýJPúû|P&úû/"H"#C*ÒU:¥³¦`;<: #)$FÅsú

ûQE?&'!>,' Y0&§,à`;;(89'!?%I Y0§,à`;Ê?H?

¨M(Z89P'ÊÜ¢2úûQE?ef;<:FÅsúûQE?&©PM,

Ué'ªm;*-ÄM÷é'_`aÜzé'"#H:8CjKJ,U2H;'

ÃLÄC÷Q:^RM;?:F#

!<,<'! 8967#

! "#HKLd¬0ÍÎé'"#$%&óNOí~0îïU:R?'"#$%

ÄÅHãöMþ]ã@ê%J'2éÐsHÄ82û¦¡c1uÔ) ¡c¢£

M*ÒU:F"#ÄÅH) ¡c¢£MKLCÛ^J'ãöC_íFû¦¡c

¢£0&z{H=¹0ãIMI9:H;'û¦¡c¢£H"#HKLëä&z

°U:s'<:2&KLJ@2FJPME3'ãäSLHÊÜÍÊç@d¬&'

op89P"#âÂ0ãöC«¬J3'"#âÂH­¹×!MãöHÌ®C¨

Uuí0J'"#HKLëäCz°J'<:2&ñQ:^RM;?: %*$F"#

$%HãäSL&'' ÐHefM<:F#

! opq¿opf %!$:opq¿opf&'¬õã³á01ª:'op89P"

#$%R+Ä"#R/WU:^R;<:F) ¡cRJ3+Ä"#&ãöC_

E3KLJ'û¦¡cRJ3op89P"#$%&ãöC¯ÉJ3ãö°®×

!0@:Fop89P"#$%&ÄÅHsH·±;Ü¬õvã·@H;'ãö

C_í^R@é"#CopJ32:FÊÜ6789:+Ä"#&'ãäÑåç

0+Ä@±ó²³-.')*+,-.'úû1uÔG9tH/";<:F#



!

!$-!

! úÕãIopf %+(-%.$:op89:"#CúÕã´0/WJ3û¦¡cRJ'

"#Cû¦¡cç0ê¿U:FúÕãIopfRopq¿opf&'229Ü

"#MãöC_E3Üáà×!0@t@2uí0U:ÜH;<=M'úÕãI

opf&úÕã´CÖõ3ãöCÁÂJ'op89:"#Hã·C®Ñ8B:

^R;'op89:"#HÄÅ0ãöMµ|='­¹RJ3zã·×!0@:F#

<:Ää|;"#ÄÅHãö¶¾'KLãIM·³0@:R'xHã¸ã¹H

º»CijU:PQ0'̂ HefC723'¬õvHã·×!H­¹H"#±

aÉº²`'"#KLH(*CdtUs'<:2&Sf^RM;?:FúÕã

Iope§&'_`aM÷é'úÕã´MùûûM'opº»&÷2F#

!<,<%! :7;<=#

! KLijk&'mn0A¶gºU:^R;"#$%HKLCijU:ÖáR

ç»8932: %/"%&$F­7'>|s0n°¼KLijkR3°¼KLijkR

êï89:^RMV2Fn°¼KLijk&úûÉ'½Ü|É'Éà|É'²

³.|É·Ô5É¾¿à|É@sMV2Fn°KLijk&ãåç0"#ÄÅ

C|Ñ8B'þ¡!Ñ#C*ÒU:s'"#ÄÅHû¦¡c¢£0¼½#C<

ÒJ3KLCijU:ÏçCVÒU:Fn°¼û¦¡cijkH*RJ3'±

ó²³-.'úû',º½*HÜáàMÅÇ�H~|ÍR~�J'*[#1;A5+'

84#1;A5+'E3#1;A5+# R2íþÅÄH~|ÑÖC<ÒJ3'"#ÄÅHû¦¡c

¢£0¼½J3'ÄÅHû¦¡c~�CijU: %'$F3°KLijk0&Vé

HõïM<='ãåç0À½ãöCçÐÁ¿³dö, g ãöCçÐÖá;<

:Fêö�HÂ~ÍM$%ÄÅ08/J'"#H'ÍãäH®¯C®Ñ8B'

ÃÄ"#C*ÒU:FÅ~ÍC$%ÄÅ08/J'Å~#C<ÒU:^R;'

KLÄÅÇCÑ7U:F)+à¼KLSñk&'5é678932:KLij

kHãÐ;<:FMÆHÇÈÉ)+à&~0Åª,Ué':# õ'HÇÈÉ)+

àH~ÅÄ&670z°U:FÇÈÉ)+àHÀ½ãöR"#H+Äüý�Ê

MüýHC<ÒJ'áâHWHÑº0ì2'ËH_)¦*Ì¡aHHM<ÒU

:^RM<: %)$F6NPZF tHXYst &*$'ãäÑåçðñ0u='ÇÈÉ)+

àMû¦¡cKLSñk;<:^RCÉPF:!/:/ HÇÈÉ)+àCÍ-ÑÖ

ÜáàRÑ/8B'A++;/ =¹�;HáâêHKLSñº»CNÎJPF: H



!

!$$!

WMV2vs'KLijÄÛ&÷2FHGOFhF[U tHXYst &!$'âäHü@:

ÏÉò`¿*ÇÈÉ)+àHáâê0lU:KLijÄÛCXYJPFêöþ

0óÆRÎWHüý�ÊM<:PQ'ÄÅChíÅ¾M>?é'KLijº»

&gº¶HÑºRRÜ0ÉÐ0@:FÇÈÉ)+àHKLijÄÛ&'êöÆ

Hó8RTöM<:FêöÆHó8&'u=VéHüý�ÊCöÑJ'$%Ä

Å0TU;yçJPop#C*ÒU:^RM;?'KLijÄÛ&G90�õ

3ÑºU:F#

!"'# <=>)?@ABC#

ÊËÌ;&'ÉÑÖÜáàâäHz2ßà}~01ª:­7áâêR)*+

,-./"HKL0·¸U"#ûüáàHKLij°±H³´CÏçRJ3

2:F"#ûüáàH¢£C´ts0U:PQ'KLij¨© " C72PF>

0'84+,HKLij°±0ÍÎéÈP@S>fH;(CÏ¨J'ãäQE?R

zEFG¬0u= 84 ÁÂHCáâê'0<ÒJ'GHSLº»CòóJP#

ÊËÌH®Ò&õ°HR1=;<:F#

Ó ! Ñ&±Ë;<='"#$%H}~KL°±·ÔúÕKLôö0Ð23Ö

×J'óòHKL¨©·Ô"#ûüáàH¢£C×´JPF|P'"#$%H

SLefCØÙJ'}~�H"#$%HKL0TU:"#ûüáàH¢£1u

ÔghSL0TU:NOÚC¦ÛU:RRÜ0'ÊXYHÏç0Ð23ÝÞPF#

Ó ' Ñ0123&'ßà}~01ª:áâê +*,-(. HKL ¡C72P

îïKLðñ1uÔãäÑåæç0u:qéJPFÓ ! Ñ;¨Ò89P"#û

üáàH¥8 ! 0u:KLij¨© " C723'"#ûüáàHKLijº

»C´ts0JPF#

Ó % Ñ0123&'îïðñ1uÔãäÑåçðñ0u=')*+,-./

" '(',/0% H}~KLÀHSLº»0·¸Uµ¶"#ûüáàH¢£C´t

s0JPF|P'ü@:"#ûüáà0u:KL°±C´ts0JPF#

Ó , Ñ0123&'84+,HKLij°±0ÍÎéÈP@S>G¬fH;(C

Ï¨J'ãäQE?RzEFG¬0u= 84 ÁÂHCáâê'0<ÒJ'GH

SLº»CãäÑåæç1uÔîïKLðñ0u=òóJPF#

Ó " Ñ0123&'ÊËÌCWXJPF#



!

!$%!

'()*!

!5#B<#+F4YF4F&#H<#W7@7&#i<#j3)747M/W3kP7&#+<#@7GG3`7&#B<#*3GNO7l#F4Z#+<#:7S7m#+PSa<#:NFY<#

07`U4NG<&#'I"#1'(!"5#!(I<#

'5#+<#]UFSF&#+<#:UNPZUFSn&#+<#+F4[FG#F4Z#]<#*N4ZFG&#+PSa<#:NFY<#07`U4NG<&#'-I#1'(!I5#

'(%<#

%5#*<#H<#H)34#F4Z#*<#*<#BhSFU3)m#:NSNOO<#+`3<&#"%#1'(!!5#?>%<#

,5#i<#0FZF#F4Z#A<#]F47oNm#B+Bj#B4Y<&#"!#1'(!!5#!??'<#

"5!E<#J<#RFZZNNm#j<#:N4OYS<#+Y77G<#J7O<&#I,#1'((?5#!!--<#

I5#J<#R74Z7S&#p<#6qSN4&#p<#*3GGO&#+<#J3YY7S&#J<#RrsG7S&#p<#R7YY[7#F4Z#*<#8U7GPZo7l3`Um#

:NSSNO<#*FY7S<&#1'(''5#

>5<#tPGG)F4#jm#LFhNSFY3l#HSo7NGN[3&#"#1!--!5#!?-<# #

?5#L<;<#;GFOP4oF4)3&#B<R<#;hNY&#*<*<#]FhF4ZF&#i<i<#ih74ONm#j<#WUnO<#:U7)<#:<&#!!-#

1'(!"5#!I((,<#

-5#:<#u7S)F&#L<#;<#;GFOP4oF4)3&#i<#i<#ih74ON&#*<#H<#vPSF3OU3&#B<#R<#;hNYm#j<#WUnO<#

:U7)<#:<&#!'(#1'(!I5#!!"-?<#

!(5# (Ê)*+,-.Ó[ÔµÕ)*+,-.Öàc¾º²Ó×Ø'(Ê)*

+,-.Ó[o'((>p<#

!!5#p<#9<#]34[&#A<#H<#LNP4OhPSn&#6<#j<#*3GG7SN#i4l3SN4<#+`3<#07`U4N<&#'-#1!--"5#?!?<#

!'5#9<#L3&#]<#ENh7&#H<#j<#W7FSGOY734m#:NSSNO<#+`3<&#%!#1!--(5#I!"<#

!%5#p<#8UP&#9<#j<#;N3wm#:NSSNO<#+`3<&#,"#1'((%5#'!I%<#

!,5#+<#*<#*NN4&#+<#B<#WnP4m#:NSSNO<#+`3<&#%-#1!-->5#%--<#

!"5#J<#9<#J7l37m#jUN4#93G7n#x#+N4O&#1'((?5<#

!I5#8<#H<#6NSNPG3Om#:NSSNO3N4&#%"#1!->-5#%,(<#

!>5# ZmÝÙ'êÚÛÙÕÜ"#&#%>#1!-?>5#!(%<#

!?5# ãäÝÞ'ßàÉá'"öâã'ÑêäÛÕ(Ê"#å[å&#&#>(#1'((I5#?,"<#

!-5#J<#J3MMN&#+<#RF37S&#*<#JN[NXOoF#F4Z#J<#H)hFYm#:NSSNO<#+`3<&#!II#1'('(5#!(?,>!<#

'(5#J<#:<#+NPMF&#R<#H<#+F4YNO&#*<#:<#tN4yFGl7O&#i<#*<# jz43NS&#0<#H<#+3){7O&# j<#J<#

;G3l73SF#F4Z#H<#A<#RP74Nm#j<#W7Y<#+`3<#i4[<&#!?(#1'(!-5#>?<#



!

!$&!

'!5# H<# R74F)NS&# H<# t<# 0FGoUF4&# *<# EFOO7S&# B<# APOO734# F4Z# W<# :<# ;oN4oXNm# j<#

iG7`YSNF4FG<#:U7)<&#?(?#1'(!?5#'!?<#

''5# æçèéÕÜ"#'%!'I?%o!-?!p<#

'%5# ãäÝÞ'ßàÉá'"öâã'ÑêäÛÕ(Ê"#å[å''>!o'((>p

!(?(<#

',5#Q<#:U74&#&#9<#03F4&#&#+<#L3&#&#*<#.P#F4Z#j<#L3Pm#:U347O7#j<#H7SN4FPY<&#'-#1'(!I5#!!,'<#

'"5#*<#:FN&#L<#L3P&#L<#6F4&#8<#.P&#.<#L3&#i<#i<#;[PM37#F4Z#6<#9F4[m#*FY7S3FGO&#!!#1'(!?5&#

'%"<#

'I5#.<#WSFXNYN&#]<#BhSFU3)#F4Z#9<#R<#9F4#E3o&#HSFh<#j<#+`3<#i4[<&#%,#1'((-5#!!"<#

'>5#B<#A<#JU77&#A&#jP4[&#p<#:UNm#EP`G<#i4[<#07`U4NG<&#,I#1'(!,5#,%!<#

'?5#+<#RFOP&#RN3G7S#`U7)3OYSn#`N4YSNG#F4Z# YS7FY)74Y#Na# a77Z#XFY7S&#iGO7l37S#+`307`U#

:N447`Y&#1'(!"5<#

'-5#AF4ZhNNo#Na#B4ZPOYS3FG#9FY7S#0S7FY)74Y&#t747SFG#iG7`YS3`#:N)@F4n&#1'(!'5<#

%(5#i<#j<#RN447Sm#WS3)7#:N4a7S74`7#WSN`<#B4OY4<#*7`U<#i4[SO<&#!?!#1!-I>5',<#

%!5#B<#t<#974Y74&#6<#HSa3F4YNm#p7OFG34FY3N4&#%!,#1'(!%5#!(-<#

%'5#]<#*FYOP4F)3&#0<#]FYN#F4Z#]<#+P[3)NYNm#B4Y<#j<#WS7OO<#u7OO7G<#W3@<&#,"#1!--!5#!>-<#

%%5# *<# WNPShF3|&#HYGFO# Na# iG7`YSN`U7)3`FG# ikP3G3hS3F# 34#HkP7NPO# +NGPY3N4O# '017Z<&#

i4[G3OU&#EH:i&#1!->,5<# #

%,5#R<#8F3Z&#p<#+F3Z3&#H<#R74MF3Z#F4Z#+<#AF4Zw3m#:NSSNO<#+`3<&#"(#1'((?5#!?,!<#

%"5# B<#9<#APF4[&#R<#L<#APSG7n&#6<#.F4[#F4Z#J<#t<#RP`UU73Ym#iG7`YSN`U3)<#H`YF&#!--#

1'(!I5#','<#

%I5#0<#i<#tSF7Z7G#F4Z#J<#W<#6SF4o74YUFGm#j<#iG7`YSN`U7)<#+N`<&#!%>#1!--(5#'%?"<#

%>5#6<#:NSlN&#E<#R7YF4`NPSY&#H<#*74ZNMFm#:NSSNO<#+`3<&#%>#1!--"5#!??-<#

%?5#0<#E3OU3)PSF&#A<#]FYFnF)F&#]<#ENZF#F4Z#0<#]NZF)Fm#:NSSNO3N4&#"I#1'(((5#-%"<#

%-5#0<# ]F)3)PSF&# +<# AFSF&# A<# *3nPo3&# *<#.F)FOU3YF# F4Z# A<# K`U3ZFm# :NSSNO<# +`3<&#

,?1'((I5#'>--<#

,(5#p<#:3`NG34&#*<#0SP7hF&#+<#W<#0SFOFYY3m#iG7`YSN`U3)<#H`YF&#!',#1'(!,5#'><#

,!5#J<#9<#J7l37m#jNU4#93G7n#x#+N4O&#1'((?5<#

,'5#B<#*<#HGGF)&#j<#+<#HSGNX&#A<#+FS3`3)74m#:NSSNO<#+`3<&#%'#1!--!5#,!><#

,%5#6<#6FS7GFO&#*<#tFG3`3F&#R<#RSNX4&#+<#E7O3`#F4Z#A<#:FOYF47ZFm#:NSSNO<#+`3<&#"'#1'(!(5#



!

!$'!

"(-<#

,,5#:<#p7#9FFSZ&#p<#i<#*3GG3F)Om#:NSSNO3N4&#%!#1!->"5#!>><#

,"5#t<#E<#L7X3Om#:U7)3`FG#:FYFGN[#:N)@F4n&#B4`NS@NSFY7Z&#1!-'%5<#

,I5#J<#t<#W7FSON4m#j<#H)<#:U7)<#+N`<&#?"#1!-I%5#%"%%<#

,>5#*<#*3ON4N&#i<#;`U3F3&#.<#+F3YN#F4Z#.<#.N47ZF&#j<#B4NS[<#EP`G<#:U7)<&#'-#1!-I>5#

'I"?<#

,?5#+<#8UF4[&#0<#+U3hFYF#F4Z#0<#AFSP4F}#:NSSNO<#+`3<&#,>1'(("5&#!(,-<#

,-5#]<#;YF43&#*<#+FoF3S3#F4Z#0<#]3oP`U3}#8F3SnN/YN/]F4onN&#"-#1'(!(5&#%%(<#

"(5#*<+<#BOGF)&#]<#;YF43#F4Z#*<#+FoF3S3}#:NSSNO<#+`3<&#!,(#1'(!?5#?<#

"!5#*<+<#BOGF)&#]<#;YF43#F4Z#*<#+FoF3S3}#MF3SnNP/YN/oF44onN&#I>#1'(!?5#,"><#

"'5#]<#;YF43#F4Z#*<#+FoF3S3}#:NSSNO<#+`3<&#!!!#1'(!I5#%('<#

"%5#H<#J<#*FSZ7Sm#WSN[<#*FY7S<#+`3<&#,"#1'(((5#!-!<#

",5#Q<#6<#:F3&#.<#8<#APF4[&#.<#t<#L3#F4Z#L<#E<#8UFNm#H@@G37Z#*7`UF43`O#F4Z#*FY7S3FGO<#

0SF4O#07`U#WPhG3`FY3N4O#LYZ<&#,??#1'(!,5#I!<#

""5# �(êëÕÄÅëí''(!-'>(#1'(!-5#%>,<#

"I5#p<#9NSY7G74&#J<#6S37G34[&#A<#RSF`UY&#9<#tSFa#F4Z#6<#EFYSP@m#+PSa<#:NFY<#07`U4NG<&#

'I%#1'(!"5#II<#

">5#Q<#8UF4[&#L<#tPN&#9<#9F4[&#:<#ANP#F4Z#]<#8UF4[m#jNPS4FG#Na#WUnO3`O}#:N4a7S74`7#

+7S37O<#B;W#WPhG3OU34[&#!>-?#1'('!5#(!'(,!<#

"?5# '(´ìÕ$%'>(o'('!pI,<#

"-5#8<#.P&#j<#AP&#A<#*74[m#6SN4Y<#*FY7S<#+`3<&#>#1'('(5#>,<#

I(5#L<#p7#JNOF&#0<#*N47YYF&#6<#R7GGP``3&#p<#R<#*3YYN4&#H<#HY374MF#F4Z#:<#+34F[SFm#WSN[<#

;S[<#:NFY<&#,,#1'(('5#!"%<#

I!5#p<#0<#:U34&#t<#*<#+FhZ7m#:NSSNO3N4&#"I#1'(((5#>?%<#

I'5#:<#:US3OYNZNPGNP&#t<#tGFOO&# j<#97hh&#+<#HPOY34#F4Z#:<#tNNZ37Sm#:NSSNO#+`3<&#"'#

1'(!(5#'I>!<#

I%5#W<#W7Z7a7SS3m#:N4OYS<#RP3GZ#*FY7S<&#!(#1!--I5#%-!<#

I,5#j<#A#ENSZG374&#+<#;4N&#E<#*FOPoN#F4Z#]<#E3OF4`3N[GPm#:NSSNO#+`3<&#%-#1!-->5#!%-><#

I"5#+<#JNOO3&#W<#L<#RN4NSF&#J<#WFO347YY&#L<#R747Z7YY3&#*<#pSF[U7YY3#F4Z#i<#+F``Nm#*FY7S<#

W7SaNS)<&#%"#1!--I5<#



!

!$(!

II5#.<#*PSFoF)3#F4Z#A<#*FYOP4F[Fm#B4Y<#j<#6FY3[P7&#'?#1'((I5#!"(-<#

I>5#*<#8P43YF&#p<#9FUnP434[SP)&#R<#R<#RP`UFS3#F4Z#R<#RP4ZwFG3m#B4Y<#j<#iG7`YSN`U7)<#

+`3<&#>#1'(!'5#%'>,<#

I?5#u<#t74Y3G&#:NSSNO~N&#,237Z<&#J3N#Z7#jF473SN}#L0:&#1'((%5<#

I-5#i<#u<#+Y7434F&#L<#E<#+l3S3ZNlF&#R<#R<#pF)FOo34&#+<#B<#E7a7Zo34#F4Z#E<#u<# # 6SNGNlFm#

JPOO<#j<#iG7`YSN`U7)<&#,%#1'((>5#!''-<#

>(5#H<#+<#6NPZF&#A<#H<#*NOYFaF&#6<#iG/0F3h#F4Z#t<#.<#iG7XFZnm#:NSSNO<#+`3<&#,>#1'(("5#

!-??<#

>!<#H<#*<#HGOFhF[U&#*<#H<#*3[FU7Z#F4Z#A<#+<#HXFZm#:NSSNO<#+`3<&#,?#1'((I5#?!%<#
"
" "



!

!$)!

# # $! +,-./0123456789:/;<=>?@
ABC6DE!

$"! DE#

áâê&¹9P°{ÄÛC3J'zxyHPQ452ê(01236789

32:FJsJ'íÜ¥,Üà'î~ïð1uÔôö@sH®¯Ö0123á

âêMÈJéKLU:^RMîï8932: !"/$FáâêHÃLÄ&ÄÅ0*

Ò89Pþÿ!"#HyçÄ0uE3¢£Cêª:F̂ Hþÿ!"#&'ÉÑ

ÖÜáàC01ÅÇ�;ëí0ìî89 #"&$'KLU:FáâêHKLëäR

ÅÇ�HÉÑÖÜáàâä0gTM<:^RMîï8932: &(- '$F^H^R

st'ÉÑÖÜáàâäM¬õ@táâêHKLëä0>?@ì&@2Rqè

t9:M'ÉÑÖÜáàâäM¬õ;Ü­IHmn01233ö@ìM<:^

RMîï8932: )(-!*$F#

­mn0&'ÉÑÖÜáà@sH),áàõú0£7@"#ûüáàMòù

J32:FGH¢£0u=KLëä0ìM*õPRñæ;?:F]FoN!!$t&'

ò= EF:G ~ÅÇ�0µ¶0òùU: HG.,MáâêHKLCijU:^RCî

ïJ32:F:NGGFMN!+$t&'*[+,MÉÑÖÜáàC01mn�; HH'(',/0%

HKLCijU:^RCîïJ32:FWSFhFoFSF4!.$t&'~ÅÇ�0òùU

:ó3 84+,MáâêHKL ¡CjKU:^RCîïJ32:FkY'A+HR

HÖb !/$stZs9:"#ûüáàH¥8 !#$'!'0ÍÎ23'ü@:"#û

üáàHKLÀH¢£0TU:XYM<:F8UF4[!%$t&'%(, `¿àÀ`êH

KL ¡0·¸U'ü@:¥8'!'CçÐ"#ûüáàH¢£CXYJ'û

üáàH¥8M¥é@:Rijº»M÷é@:^RCîïJ32:F;YF43!&$

t, +F3aPG!'$t&'ÉÑÖÜáàC01~ÅÇ�;H"#HKL ¡0·¸U

"#ûüáàH¢£0ýÏJ'"#ûüáàMþÿ!"#'0op#C<ÒU

:^R;'ÉÑÖÜáàHéèCSf^RCîïJ32:F+F3aPG t& !)$'÷

Eßà}~01ª:`êHKL0·¸Uµ¶gºJP"#ûüáàH¢£C

òóJ'84+,HKLijº»Mãh÷2^RCîïJ32:FêHKL01ª

:"#ûüáàHKLijº»C´ts0U:PQ0'BOGF) t !'"+*$&'¥`



!

!$*!

|ÉÍ1A+HR5HÖb0ÍÎé"#ûüáàH¥8Cm7JPFôt&'84+,,

HG.,@sH¥2"#ûüáà&'ê'0òùU: ;A"R8/J'"#ûüáà

HC<ÒJ3':G"Héèstêõ$CopU:^RC´ts0JPFJsJ'

;YF43 t +!"+.$&'ßà}~01ª:"#ûüáàH¥8&áâêHKLëäC

ö­0×´;?@2RîïJPFôt&'"#ûüáàHopP7C×´U:

PQ0'¥8'!'"#ûüáàH~|ÑÖR _/67+;. RH5*¹¾æCà9/

[B3'KLijº»¨© " R2íÈJ2¨©C¦§JP +!$Fôõ"#ûü

áàH " &'§ '/!+!$# st÷øJPF#

"#�#!#Ä#Å)!'#d#!(# '/!#

^^;'! &"#ûüáàH¥8'Å)&§ '/' st÷øJP5*¹¾æ;<

:F#

Å)#�#Ç)()*#/)+,-Ç#d#)+,-# '/'#

^^;')()*&"#ûüáàH5*¹¾')+,-&"#03|ÑÖH5*¹¾CÄ

U +/$F0FhG7#'/' &ÊXY01ª:72P"#ûüáàH¥8'!'·Ô§ '/!

R '/' st÷øJP"#ûüáàH# "# C¨UF" HÑº0ìí"#ûüáà

HáâêHKLijº»&458932:M +#$')EH}~mn01ª:®

¯7êHKL ¡0·¸U"#ûüáàH¢£&³´8932@2F#

ÊXYHÏç&'ü@:"#ûüáàC01ßà}~oÉÑÖÜáàâä !(

ù*p01ª:áâêHKL ¡C³´U:^R;<:FGHPQ0'îïð

ñRôõãäÑåæçC­óJ'úóòãöûµü1+i*/ip+5'Q Úýãöê

ýþ±1QW+5Rá¡ÿ!ãöêýþ±1Hi+50u:èé1uÔêëC­óJPF

8t0'"#ûüáàH¥8'!'stZs9: ;YF43 t +!$M¦§JPKLi

jôö'"'0ÍÎéKLij°®C¦§U:F#

$"$# FG:;#

'<'<!# >?#

áâê +*,-(. "C !#Ä#!#Ä#(<!#`) 0]=ùJ372PFàÒC 0FhG7#'/! 0

¨UFîïðñHð%0lJ3IùÅõúHÄÅC³É_¡à#Ç0u=gh

JPFGHL'X$Cëí0U:PQ'ãäòÏ%³#Ç0&QY9 +3: X$



!

!$+!

';(',( st(,((( |;°{X$R_³Üõ*³Éû0u:üÅX$CZ

EPFX$LHð%&#ÇstX=ùJ367JPFãäÑåðñHð%&'

ZÚC/WJPL'òÏ%³#Ç0&QY9'+3: X$';(',( st(!'((

|;X$CZEPF­3Hð%&'ðñ)0òÁ ¡*1uÔ÷åä~�;ô

%((#O »*+}~CZEPF#

'<'<'# @ABC#

}~HÉÑÖÜáàâäCßàU:PQ'ÉÑÖÜáàâä !(#)* H !(#

)*#EF:G#1EF/+5'"#)*#*[:G+-1*[/+5'"#)*#84:G+#184/+5H % õïH"#ûü

áàC01ÅÇC72PFÊXY;72P~&­3÷åä~;<='67JP

ÅÇH @A & I Ää;<EPF,Ñ&UÞ3÷åäHÜHC67JPFKL¨

©C¦§U:0<E3-q0723"#ûüáàH¥8 ! H&C723÷ø

JP'÷øJP8»C 0FhG7#'/' 0¨JPF#

'<'<%# DE:7>F# #

îïKLðñ&'ð%C '-?#]'>ä³¥H !"#`). HÅÇ�0 '"-<'#oO# 1.

(O5îïJPFßà}~·Ôð%CoçU:H0Ü,`ë C72'ðñ�

HÜ,`ë &/;U0B2>ä;¥H×!ûEPFîï)LHð%Há¶®

ÑCêë12;÷æJ'§ '/% st÷øJPF̂ ^;'*! &îï)Há¶1)[5'

*+ &îïL0»*+}~'åçJPð%Há¶1)[5'+ &ð%HÄÅ¾1`)+5

;<:F#

*FOO#:UF4[7#1)[d`)+5#�#
!!"!+

#
# '/%#

'<'<,# 89GH>F#

ãäÑåæç0&'_àô3¡ÁjKHÏ¿à³4`ÁºaR.ã¿¦*

1BuBK*#0i:AE;L;tBi+&#:N)@F`YOYFY5C72PFl¿0 WY "'-5¿06´

]:G H H[dH[:G ã¿1++i5C72PFð%CÅÇ0îïJPL'%I((# O îïã

·1;:W5CæçJPFGHL'¡ã·ê¿æç1uÔãäÑåÜàô¡õà`

1iB+5æçCZEPF¡ã·ê¿æç&'úóëä !#)udO ; ;:W#É#"(#)u st'

) ¡ce&Rû¦¡ce&'Ë70ZEPFiB+ æç&'îïã·0123



!

!$,!

z+W7{ !(#oAMÑ!(#)AM'üI84 !(#)u ;Z2'Ét9P¿¡ÁH³ë

0&'Ï¿à³4`Áºa0$#H¦§aC72PF9ÅÄC45U:PQ'

­3Hæç& % ëõ'­óJPF#

'<'<"# IJKLMNO#

ÅÇ0îï)LHð%ÄÅ·ÔÜ,`ë ÖèH:¢&¿ÿÁ*û;,

1:F4N4&# >(p5;Z2'ð%ÄÅH÷â<èéCúóòãöûµü1+i*&# ji;L#

LYZ<&#j+LI"!(/LF50u=èéJPF+i* èéHºëãâ& !(#ou RJPFxâ

êëC '(#ou Hºëãâ; +i* $#Hò²*=¡êÓò Q Úêë1ip+5C7

23ZEPFKL*ÒÖHÑå×!CêëU:PQ'%#Z îïLHð%ÄÅC

Q Úýãöêýêëþ±1QW+'ºëãâ !(#ou'ãI !(#)H'HG/]^ Ú5;êë

JPFð%7Å&'7ÅX$°1:W&#ji;L#LYZ<&#+*/(-(!(5C723PÇJPF7

Å>?1uÔxâêë& +i* 1uÔá¡ÿ3ãöêýêëþ±1Hi+&# ji;L#

LYZ<&#jH*W/-"((#65;ZEPF@1'?ìþ±0u:èéRêëH)0&'÷å

ä~RòÁ ¡*�;»*+}~J'@ê0åçJPF#

$"#%# HI#

'<%<!# DE>F#

îïðñ;ËÙLHð%H>?C 63[PS7#'/!#1F50'EF/+'*[/+ 1uÔ 84/+

0 %# (OîïJPLH 63[PS7#'/!#1h50¨UF63[PS7#'/!#1h5st'ÅÇHõï0

T[t2'îïJPð%ÄÅ0AuHKL*ÒÖMèé89'EF/+ R *[/+ ;

*Ò89PKL*ÒÖH¶M 84/+ RæÞ3V2^RM[s:F63[PS7#'/!# 1`5

0»*+}~)Lð%HÄÅ>?C¨UF63[PS7#'/!#1h5R1`5H}~)H>?u

='EF/+ R *[/+ �;*ÒJPKL*ÒÖHUýÄMBé'ÅÇstX=ùU

ûª;ëí0¾CU:^RMês:Fãe'84/+ �;*ÒJPKL*ÒÖ&

>ÕêMDE32:F»*+}~L'EF/+ R *[/+ HÄÅ0®Ñ&@é'84/

+ HÄÅ0DE32PKL*ÒÖ&EsuF8932:F^H^Rst'84/+

�;&æ8çUýÄH÷2KL*ÒÖMð%'0<ÒU:RGè:F̂ 9tH

8»stÅÇ�0µ¶òùU:"#ûüáà&'KL¶H9;&@éKL*Ò



!

!%-!

ÖRþÿ!"#RH8/Ü0Ü¢£U:^RM¨Ò89:F#

63[PS7#'/' 0îïðñu=Ét9Pð%HKLëäRKLijôöRHTö

C¨UFKLijôöM>?é@:0HE3'KLëä&dAU:^RMês

:FG2sè:R'EF/+ R *[/+ 0æÞ3 84/+ 0îïJPð%HÃLÄM÷

2^RC¨J32:F#

'<%<!# 89GH>F#

'<%<'<!#;:W MP8QNR#

63[PS7#'/% 0ôÅÇ0 %I((#O îïJPð%H ;:W C¨UF%(((#O îïL0­

3Hð%; ;:W &v¸ãç&C¨Uuí0@:F84/+ H ;:W MÊÜt;<

:^RM[s:F^H¬ÐCòóU:PQ0'¡ã·ê¿æçC­óJPF#

63[PS7#'/,# 1F50ôÅÇ0 %I((# O îïL0æç89Pð%Hê¿IÚC¨UF

ÅÇHõï0T[t2'/#(<>#u# b# /#(<-#u 0|âHÒÓÔ/ãIMèé;?:F

84/+ Hû¦¡cR) ¡cHê¿IÚ&'æçJPÅÇ�;ÊÜÄ82ãI

C¨U'ãe'EF/+ R *[/+ Hê¿IÚ&v¸¬õ;<:F̂ H^R&'+F3aPG

t +*$MîïJPuí0'84/+ 0îïJPð%Hû¦¡c~�R) ¡c~�

H¼eMij89'KLMijU:^RC¨ÒJPF63[PS7#'/,#1h50 63[PS7#'/

,#1F5Hû¦¡cê¿IÚstxQP|âHÒÓÔ/ãIC¨UFEF/+ R *[/+

&v¸¬õ;<:M'84/+ &ÊÜÄ82^RM[s:Fõ'H^Rst'84/

+ 0îïJPð%H ;:W MÊÜt@ã·C¨JP¬Ð&'|âH©x~�R

Å³~�HJeMij89PPQRGè:F#

63[PS7#'/" 0ôÅÇ0¡ã·ê¿æçJPð%HÄÅ>?C¨UF63[PS7#'/"#

1F5&# 1h5R1`5&) ¡ce&æçJPð%M'63[PS7#'/"# 1Z5&# 175R1a5&û¦¡c

e&æçJPð%;<:FEF/+ R *[/+ 0îïJPð%H>?st'KLuH

KL*ÒÖMV¶0*ÒJ'ÄÅ0&VéHÉLM45;?:FJsJ'84/+

H>?&'EF/+ , *[/+ 0æÞ3ru,KLuHKL*ÒÖMA¶0òùJ'

ÉLHWÜA@sEPF# ^H8»st'84+,C01ÅÇ0îïJPð%&'K

Lij;?:op#M*Ò89P^RRñæ89:F!



!

!%$!

'<%<'<'# 89GHS/TUV/W#

áâêH?@KL ¡RÄÅ|Ñ"#0·¸U"#ûüáàH¢£Còó

U:PQ0'ãäÑåÜàô¡õà`æçCZEPF63[PS7#'/I 0ôÅÇ0 %I((#

O îïJPð%H1F5Üàô¡õà`R1h5·gC¨UF63[PS7#'/I#1`5HMxëN

stxQPÚC 63[PS7#'/I#1F5R1h50<[B3¨UF^^;72PMxëN&'

$%C3U:op#;h[9Pã¿0\78932:ÜH;<: +%$FMxë

N�'J456 &ÅÇCD'J1 &op#0òùU:$%�HÅÇCD'J72 &op#

0òùU:$%�H"#dÅÇ/ÅHãwS¡CD'v16 &op#0òùU:$

%01ª:"#dÅÇ/ÅH'ÍHHë¶'v8 &op#Hë¶;<:F@1'

­ñ8»st¬Oç@%Pí³Áà`R&Gè@2PQ'ë¶ÒêRJ3_à

`Áàa6§!ÜQ6òÀ;àaCR7JPFS0¨Uuí0'^HMxëN

stxQPÚ&'­ñ8»RÉéãTJ32:F63[PS7#'/I#1F5R1h5u= 84/+ &

;HÅÇRæÞ3ÊÜ>?@Üàô¡õà`R·g®ÑC¨U^RM[s:F

zz+¢£HÜàô¡õà`H&Cæ8U:^R;îïU:ßà}~UR0

ü@:ã¿HÄÅCDCæ8;?:PQ'zz+¢£HÜàô¡õà`H>?

8&ê'0<ÒJP"#ûüáà0u:opg#HKLijº»CÄJ32

:R2è: !)(- +*$Fzz+¢£HÜàô¡õà`H&Cæ8U:R'84/+ 0î

ïJPð%HÜàô¡õà`H&MÊÜ>?2^Rst'84/+ �;<ÒJP

ÄÅg#&KLijÛMÊÜ÷2Rqèt9:F#

ü@:"#ûüáàÅÇ�0îïJPð%HãäÑåÜàô¡õà`H³

ëu=Ét9Pôõí,;ÁC 0FhG7#'/% 0|RQ3¨UF0FhG7#'/% 0¨89

P&&­3 % ëHæç;Ét9P­ñ&0lU: :PSl7#a3YY34[ ;Ét9P&H

\]&;<:F0FhG7#'/% H J72 H&& 84/+#V#*[/+#V#EF/+ HV;>?2^Rs

t'+F3aPG tMîïJ32:uí0 +*$'ÅÇ�0òùU: 84+,0u=áâêÄ

Å0 84 HM<ÒJ'GHHMãwS¡CøùJ32:"ÛÄC¨ÒJ32:F

^HV;ßà}~�HáâêHÃLÄ&÷2Rqèt9:Fºè3'opg#

H$%þÕHãä'ÍHH v16 &'84/+ H&M EF/+ R *[/+ H&0æÞ3d

AJ32:^RM[s:F*FUZFl3F4+&$tHîï0u:R'^HMxëN01

ª: v16 H&&opg#�H$%0u:êHIùÕHWÅ¾0ãòU:Rîï



!

!%%!

J32:FGHPQ'v16 HdA&opg#0òùU:êHIùÕHdACö

ÑU:Rqèt9:Fõ'Hßà}~00|9:"#ûüáàH " HÑ>0

ìEP J72 HÑº1uÔ v16 HdAu='" H>?2"#ûüáà&êHIù

Õ08/U:^R;'g#HKLijÛC&'JPRñéU:F#

63[PS7#'/> 0 0FhG7#'/% H# 1F5#J72 R " RHTöC'1h50 v16 R " RHTöC¨

UF63[PS7#'/>#1F5st'84/+ H J72 &ôÅÇ�0ÊÜ÷2^RM[s:F|P'

84/+ ;Ét9: v16 &';HÅÇRæ8J3Ä82F^H^R&'êHÄÅ0

òùU:op#�H$%MdAU:^RC¨ÒJ32:FiB+ æç;Ét9P

8»RîïðñH8»R&É2ãTC¨J32:F#

63[PS7#'<' HîïKLðñH8»st'á¶^_& " 0HE3dAJ'63[PS7#

'/># 1F5H iB+ æç8»stã¿ÄÅHãwS¡CDÜ " 0HE3ÑºJ32

:Fºè3'îïKLðñstÉt9Pá¶^_R " HgTöW&/(<-%'iB+

æçstÉt9PãwS¡CD J72 R " HgTöW&/(<-%'v16 R " HgTö

W&/(<-('^9tH&R " HO0gTM3U:^RC¨ÒU:F#

'<%<%# IJKLMNO#

îïðñH8»u='% (OîïJPð%HKLëäRÄÅ<!&ÅÇ0u

=ü@:^RMêsEPFu=WX0ÄÅ<!CòóU:PQ'ð%ÄÅC

+i* 0u=èéJPF63[PS7#'/? 0îï)LHð%ÄÅH +i* >?C¨UF

63[PS7#'/! ;45JPð%ÄÅHKL*ÒÖ& +i* èé)0÷åä~·Ôò

Á ¡*�;»*+}~JPFEF/+ 0îïJPð%ÄÅ0&'YuH¢£R

ruHZ×H<!C3U:¢£Mèé;?:F*[/+ 0îïJPð%ÄÅ&'

>?@KL*ÒÖ;h[932:F84/+ 0îïJPð%ÄÅ&'W Ö) H[×

HKL*ÒÖ;h[932:F#

63[PS7#'/- 0ôÅÇ0îïJPð%ÄÅH ip+ 0u:xâH±ºôàó8»

C¨UFS�'ÃäH÷2Õê&ôuRÜ0´:é@E32:FEF/+ 0îï

JPð%ÄÅ&]ã@|âR¤HÑ/Ö;h[9:FYuH¢£RruHZ×

¢£HàÒ&F*[/+ 0îïJPð%ÄÅ&ãÕ|ÃäM÷é'^HÕêH¤

HÃä&zsEPFEF/+ R *[/+ 0îïJPð%ÄÅst&'EF R *[ xâ



!

!%&!

&Nù89@sEPF84/+ 0îïJPð%ÄÅ&|âMãÅ0òùJ32:

^RstîïJPð%ÄÅ&KL*ÒÖ;h[9:^RM[s:F63[PS7#'/-

u= 84 &ð%­¹0ê%J32:M'?0Ä82\×HKL*ÒÖHÕêH

ÃäM÷é'84 MVéòùJ32:Õê;& 67 HÃä&zé@E32:F^

9tH8»st'ÄÅ&|ÑÖ|P&~|ÑÖ;h[932:^RM[s:F#

ip+ ;&ÊÄÅH9Cêë;?@2^Rst'îïðñLHð%ÄÅC QW+

;êëJPF63[PS7#'/!( 0ôÅÇ0 % (OîïJPð%ÄÅH QW+# ]Üc`

^²a*1R34Z34[#i47S[n}#!%((#Ü#(#7u5C¨UFQW+ êë& 63[PS7#'/! ;¬ãð

%ÄÅHuMü@:ô/&ÎW_eHêëCZ2'uMü@:_eUR0 QW+

`^²a*0`2Mn2^RC45JPF% õïHÅÇ0îïJPð%ÄÅs

t ;':'67 Hô¡²M45;?:FEF/+ R *[/+ ÅÇ00|9: EF,R *[+,

0ÐaU:ô¡²&`^²a*st45;?@sEP^Rst'ÅÇ�H EF,

R *[+,&êHþÿ!"#08/J3Ñ/ÖC<Ò;?@2Rqèt9:F#

63[PS7#'/!!#1F5&#1`5R175# &'EF/+'*[/+'84/+# 0îïJPð%H# ;#!O# `^

²a*C¨JPÜH;<:F"'-<'/"'-<,#7u'"%!<(/"%!<I#7u $k0|ÑÖ,~

|ÑÖ0TñU: ' ÐHô¡²Mèæ89P +'$(+)$! F63[PS7#'/!!#1h5&#1Z5# &ô"

#ûüáà03ÅÇ0îïJPð%H EF#!O 1uÔ *[#'@ `^²a*;<='

EF#!O 1uÔ *[#'@ Hô¡²Mèæ89@sEP^RM4589PF63[PS7#'/

!!# 1a5# & 84/+ 0îïJPð%H 84#'@%d' `^²a*;<='!(''<'7u 0 84#

1;A5+# 0TñU:´4@ô¡²Mèæ89: !)$F^H8»&'84+,M~|ÑÖ

RJ3ÄÅ0òùJ'8t0¾~âÑ¥³¦`0uE3þÿ!"#RÑå8/

C<ÒJ'ÅÇ�Háâê'0"#ûüáàHM<Ò89P^RC¨ÒJ32

:F̂ H"#ûüáàH&':G"Hb[0lJ3¹9PopÛÜCçè'áâê

HÅ³CijU:^RM;?:Rqèt9:F#

63[PS7#'/? H +i* >?st'84/+ 0îïJPð%HÄÅ&'EF/+ R *[/+

0îïJPð%Rü@:[×KL*ÒÖMèéJP'GHàÒC8t0òÞ:

PQ'Hi+ C723 84/+ ð%HÄÅCêëJPF63[PS7#'/!'#1F50 84/+ 0 % (

OîïJPLHð%HÄÅHi+Úêë·±C¨JP1D5F63[#'/!'#1h50ÄÅHi+

ÚêëH8»C¨UFêë8»st'r2[×¢£RYu¢£&|â'¤Rú



!

!%'!

ûHô¡²CNùJPF?0'r2[×¢£&;HôeRæÞ3'úûHÃä

M÷sEPF̂ 9tH8»st'ÅÇ�HúûÜáàMð%ÄÅ0]ã0ëù

J32@2^RCöÑU:F#

îïðñL'ð%H7Å®¯C´ts0U:PQ0'7Åèé1uÔêëC

ZEPF63[PS7#'/!% 0'1F5#EF/+'1h5#*[/+ R1`5#84/+ 0îïJPð%H7Å

+i* >?C¨UFEF/+ 0îïJPð%ÄÅ0>?@cMèé89'c'0*

ÒJPKL*ÒÖHH:8&\dÕu=Ü:2^RM[s:F*[/+ 0îïJ

Pð%ÄÅ0*ÒJPKL*ÒÖH:8& 'b%#Ö) ;<:F84/+ 0îïJP

ð%&'KL*ÒÖRáâêõ$RH\t@/ÅMèé;?'KL*ÒÖHH

:8& >b?#Ö) ;<:F63[PS7#'/!%#1Z5& 63[PS7#'/!%#1`5HeuÕêHÒ> +i*

fg;<:F84/+# 0*ÒJPKL*ÒÖ&;Hßà}~0*ÒJPKL*Ò

ÖRæÞ3'`Ïàÿ×H<!CçE32:FñZXYst !&$'84/+# 0îï

JPð%Há¶®Ñ&;Hßà}~u=Ä8é@:163[PS7#'/'5F^9u= 84/

+# 0îïJPð%HÃKLÄ& EF/+# , *[/+# u=÷2^RM¨ÒJPFEF/

+ , *[/+ 0*ÒJPKL*ÒÖ&'$ýÜMh2H;'ëí0¾CU:F^

H^Rst'84/+ �;*ÒJPKL*ÒÖHH:8M'EF/+ , *[/+ �;*

ÒJPKL*ÒÖHH:8u=:2¬Ð;<:Rqèt9:F#

84/+ 0 % (OîïJPð%ÄÅHKL*ÒÖHàÒCòÞ:PQ'Hi+ Ú

êëC72PF63[PS7#'/!,#1F50êë·±C¨J1D5'63[PS7#'/!,#1h5&êëH8

»;<:FáâêÄÅstHi30T[t2':';'67 Hô¡²MNù89'

67 H|ÑÖ|P&~|ÑÖMð%'0<Ò8932:^RM[s:F: Hô

¡²&»*+}~LH_àÁ+²¡³4à0u:Rqèt9:F63[PS7#'/!,#1h5

st'éèÖH¢£0u='úHoD!'D' RD%pH# 67# R# 84# Hô¡²Mh

é@E32:FJsJ'67d84 Ãäæst'UÞ3HêëÚ0 67 R 84 Mòù

U:^RC45;?'84/+ 0îïL'84 C01KL*ÒÖHM*ÒJP^R

Mês:FñZXYst !&$'84# C03U:KL*ÒÖH&ê'Hþÿ!"#

H$%Ch2'ê$HKLCij;?:F#

$"&# JK#

^9|;H8»st'áâêHKL ¡&ÅÇ�H"#ûüáà0¢£89



!

!%(!

:^RM¨89PFê¿æçH8»0u=') ¡c~�Rû¦¡c~�RÜ

0ij89'GH8»'áâêHKLëäMz°JP^RMês:F#

ôßà}~01ª:áâêH"#ûüáà0u:KL°®C 63[PS7#'/!" 0

¨UF�ÄÅÇ01ª:áâê0<Ò89:þÿ!"#&'67.;/ R _/67+;. s

t®Ò8932:^RMîï8932: .*$FtF3GGFSZ.!$t&'GH|ÑÖÄÅ

M~|ÍHH;h[932:^RCîïJ32:FEF R *[ &'QW+ H8»

u=ÄÅ0òùJ@2^Rst'áâêÄÅH"#MÉÑÖÜáàHéèCê

ª3ìîJ'GHÕêstKLMëí0jZU:Rqèt9:163[PS7#'/!"# 1F&#

h55F#

ãe'ip+ 1uÔ QW+ êëH8»st'ÅÇ�0òùJ32P 84+,&ð%

'0|ÑÖÜJé&~´|ÑÖg#RJ3òùJ32:^RMêsEPF̂ ^

;'" H>?@"#ûüáà&'"#Hþÿ!"#H ;A"Rëí08/J'"

#ûüáàH|ÑÖÜJé&~|ÑÖHHC<ÒU:^RMîï8932:
!)$FÊXY0123'ÄÅêëst 84+,MòùJ32:PQ'ÅÇ�0òùU

: 84+,&'áâêHþÿ!"#ÊÄÅH ;A"RÙ/8/J'ÅÇRþÿ!"#

H/Å0opÄH<:"#ûüáàHC<ÒU:Rqèt9:163[PS7#'/!"#1`55F

GH8»RJ3'ÃLÄM&'U:FJsJ'óNOîïU:^R;'ÉÑÖ

Üáà0u=SÕç0ìî89'GHÕêstêMÅ³U:o) ¡c~�pF

Ê­ñ;67JPÅÇ&}~0k2PQ'"#Mìî89Pkj;Åò|âM

©xoû¦¡c~�p89';A"C*ÒU:FGH8»'û¦¡c¢£H @A M

'ØJ'84 H~|ÑÖMëùU: .+$F^Huí0ëùJP~|ÑÖ&'ð%

ÄÅH$%Chí^R;þÿ!"#�H$%MA@é@='"#HopÄC&

'8B:163[PS7#'/!"#1Z55F#

$"'# H=#

ü@:"#ûüáàC01ßà}~01ª:áâê +*,-(. HKL ¡C

òóJP8»'õ°H8ËCÉPF#

1!5# ßà}~01ª:áâê +*,-(. HKL ¡&"#ûüáà0uE3®

ÑJ'îïLHÄÅ<!Ü®ÑJPF#

1'5# ÊXY;72P % õïHßà}~0123'84+,MòùU:ÅÇ�Háâ



!

!%)!

ê +*,-(. HKLëä&ÊÜÄ8sEPF#

1%5# ÊXY;72P % õïH"#ûüáàHíè'84+,C01 84/+ ÅÇ0î

ïðñJPð%ÄÅ;H9ÅÇÐaH 84+,MNù89PF#

1,5#84+,&áâêHþÿ!"#RopHC<ÒJ3'ÉÑÖÜáàHéèCS

k'áâêHKLëäCz°8B:KLij°®C¦§JPF#

#

#

ÊÑ&lmn&# o[äp<# ßà}~01ª:áâêHKL ¡0·¸U"#û

üáàH¢£bjc<# ¤Rê&#'('!&#!(>1!'5}#!(II/!(>%<qRlL3#L&#+FoF3S3#*<#iaa7`YO#

Na#*7YFG#:FY3N4O#N4#:NSSNO3N4#*NS@UNGN[n#Na#:FShN4#+Y77G#34#*NZ7G#6S7OU#9FY7Sbjc<#

8F3SnN/YN/]F4onN&#'(''&#>!1>5}#'(?/'!'<q0ÍÎ23rs89PF#
" "



!

!%*!

'()*!

!5#J<#*7G`U7SO#F4Z#J<#j7aaS7nm#:NSSNO3N4&#I(#1'((,5#?,<#

'5#J<#*7G`U7SOm#:NSSNO<#+`3<&#,?#1'((I5#,!>,<#

%5#*<#p7nFh}#iG7`YSN`U3#H`YF&#'('#1'(!I5#'I'<#

,5#t<+<#uFOnG37l}#:NSSNO<#+`3<&#-?#1'(!"5#%%<#

"5#*<#HhZFGGFU&#i<#A7GFG#F4Z#H<#6NPZF}#:NSSNO<#+`3<&#,?#1'((I5#!I%-<#

I5#0<#RFGPOF)n#F4Z#0<#E3OU3)PSF}#iG7`YSN`U3#H`YF&#!--#1'(!I5#%("<#

>5#J<#6NG7n}#:NSSNO3N4&#'I#1!->(5#"?<#

?5#+<#8UF4[&#L<#ANP&#A<#pP&#A<#973&#R<#L3P#F4Z#.<#973}#:NSSNO<#+`3<&#!I>#1'('(5#!(?"%<#

-5#J<#L34ZOYSá)&#j</i<#+l74OON4#F4Z#L<t<#jNUF4OON4}#j<#iG7`YSN`U7)<#+N`<&#!,-#1'(('5#

"><#

!(5#0<#WSNO7o&#p<#0U37SSn&#:<#0F|q4#F4Z#j<#*F3|47S}#:NSSNO<#+`3<&#,-#1'((>5#'I>I<#

!!5#*<#]FYN&#*<#]N3XF3#F4Z#j<#]PXF4N}#:NSSNO<#i4[<#+`3<&#%!#1!-?'5#'><#

!'5#H<#:NGGFMN&#Q<#EàlNF#F4Z#:<#WqS7M}#iG7`YSN`U3#H`YF&#!',#1'(!,5#!><#

!%5#*<#WSFhFoFSF4&#*<#u74oFY7OU&#+<#JF)7OU#F4Z#u<#W7S3FOF)n}#H@@G<#+PSa<#+`3<&#'>I#

1'(!%5#"-'<#

!,5#W7FSON4#F4Z#JFG@U#t}#j<#H)<#:U7)<#+N`<&#?"#1!-I%5#%"%%<#

!"5#*<#*3ON4N&#i<#B<#;`U3F3&#.<#+F3YN#F4Z#.<#.N47ZF}#j<#B4NS[<#EP`G<#:U7)<&#'-#1!-I>5#

'I"?<#

!I5#+<#8UF4[&#0<#+U3hFYF#F4Z#0<#AFSP4F}#:NSSNO<#+`3<&#,>#1'(("5#!(,-<#

!>5#]<#;YF43&#*<#+FoF3S3#F4Z#0<#]3oP`U3}#8F3SnN/YN/]F4onN&#"-#1'(!(5#%%(<#

!?5#*<+<#BOGF)&#]<#;YF43#F4Z#*<#+FoF3S3}#:NSSNO<#+`3<&#!,(#1'(!?5#?<#

!-5#*<+<#BOGF)&#]<#;YF43#F4Z#*<#+FoF3S3}#MF3SnNP/YN/oF44onN&#I>#1'(!?5#,"><#

'(5#*Z<#+<#BOGF)#F4Z#*<#+FoF3S3&#:NSSNO<#+`3<&#!"%#1'(!-5#!((<#

'!5#]<#;YF43#F4Z#*<#+FoF3S3}#:NSSNO<#+`3<&#!!!#1'(!I5#%('<#

''5#]<#;YF43&#*<#+FoF3S3&#F4Z#H<#]F47oN}#*FY7S<#0SF4O<&#">#1'(!I5#!"%-<#

'%5#]<#;YF43#F4Z#*<#+FoF3S3}#*FY7S<#0SF4O<&#I'#1'('!5#?!"<#

',5#j<#i<#;<#*Fn47#F4Z#j<#9<#*74Y7S}#j<#:U7)<#+N`<&#!(%#1!-",5<#



!

!%+!

'"5#]<#;YF43&#*Z<#+<#BOGF)&#F4Z#*<#+FoF3S3}#j<#iG7`YSN`U7)<#+N`<&#!I,#1'(!>5#:,-?<#

'I5#6<#uF`F4Z3N&#.<#*FOO3F43&#W<#t7S[FPZ#F4Z#;<#0UN)FO}#0U34#+NG3Z#63G)O&#%"-#1'(((5#

''!<#

'>5#*<#*FUZFl3F4#F4Z#J<#EFZ7S3m#:NSSNO<#+`3<&#"%1'(!!5#!!-,<# #

'?5#+<#E34[OU74&#*<#+FoF3S3&#]<#+PMPo3&#F4Z#+<#KoF3&#:NSSNO<#+`3<&#>?#1'(!,5#%''<#

'-5#L<#L3#F4Z#*<#+FoF3S3&#Y7YOP/YN/AF[F47&#!(>#1'('!5#!(II<#

%(5#*<#:NU74}#j<#WUnO<#:U7)<#H&#"I#1!-"'5#,"!<#

%!5#6<#tF3GGFSZ&#i<#W73GG7|&#*<#JN)F4Z&#p<#u7S`U7S7#F4Z#A<#AN`kPFP}#+PSa#B4Y7SaF`7#

H4FG<&#'%#1!--"5#%(><#

%'5# *<# WNPShF3|}#HYGFO# Na# 7G7`YSN`U7)3`FG# 7kP3G3hS3F# 34# FkP7NPO# ONGPY3N4&# EFY3N4FG#

HOON`3FY3N4#Na#:NSSNO3N4#i4[3477SO&#APOYN4#07|FO#1!->'5#%(><#

#
" "



!

!%,!

" "

! "# $% & " '(

)*+, )*-. +*/+ )*)+/ )*))- 012*

!"#$%&'()&*+%,-."$&./,0/1-2-/3&/4&51%6&,"2%7-"$&8,"11&9:;

!"#$%&'('&</$"7&=/$5,%>&!>&,/$"7&=/$5,%&7"2-/>&?!>&"36
*/77/1-/3&-3+-#-2/7@&%44%.2&/4&."2-/31>&"#

A"BC <D8BC:! E38BC:! F%!B"

</$"7&=/$5,%>&! 8.," G&
,/$: !#$ )H;IH 'J;I) K';LM KM;JH

</$"7&=/$5,%&7"2-/>&!" M;KH M;)N M;MI (

A"% <D!% E3!% (

C"763%11&/4&,%2"$&
."2-/31>&$

);M) K;OJ J;LJ (

*/77/1-/3&-3+-#-2/7@&
%44%.2&/4&."2-/3>&"%!#$ M;'L );HI L;LO (

P/$52-/3 Q&
8R.,!:

Q'(
8R.,!:

S)
8T1*R+#,

.,+!:

S&-
8,1*R+#,

.,+!:

3) 3&-

A"(P HH;O JJH;) M;KMK ';NI M;HIJ M;IK

<D(P IH;N L'';K M;KOL ';H' M;NJJ M;I'L

E3(P )M);K )'ML M;)LK );MH M;NOJ M;IMH

!"#$%&'(K&*"$.5$"2%6&%$%.27/.+%,-."$&-,0%6"3.%&0"7",%2%71&/4&
."7#/3&12%%$&"42%7&-,,%71-/3&-3&2+%&1/$52-/31;



!

!&-!

"
" "

!"#$%&'()*'+,,&-%-./&'01'2,&/"3&.2'-14&%'"33&%2"0.'".'45&'206$4"0.'
7"45'3&4-6'/-4"0.2'8-9'-4'24-%".#'4"3&:'8;9'-4'"33&%2"0.'10%'(<=>('?2 8@'
A9:'-.A'8/9'2$%1-/&'"3-#&2'01'"33&%2&A'2-3,6&2';&10%&'-.A'-14&%'
$64%-20."/'/6&-.".#>



!

!&$!

"
" "

!"#$%&'()('*+,,'-.+/#&,'+,'+'0$/-1"2/'20'32%%2,"2/'"/."4"12%5'&00&-1'
20'-+1"2/,6'!7

2.0

1.5

1.0

0.5

0.0

M
as

s c
ha

ng
es

 / 
m

gc
m

-2

86420
Corrosion inhibitory effect of cation, Y

Na-S

Mg-S

Zn-S



!

!&%!

"
" "

!"#$%& '() *+&, -"%-$". +/.&,."01 /2.0",&3 ", 4/1$."/,4 5".6 3"77&%&,.
8&.01 -0."/,49

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

Po
te

nt
ia

l, 
E 

/ V
 v

s S
SE

3500300025002000150010005000

Immertion time, t / s

 Na-S
 Mg-S
 Zn-S

 



!

!&&!

"
" "

!"#$%& '() *+, -./+%"0+1".2 3$%4&5 +26 *7, .89#&2 6"::$5".2 /";"1"2#
3$%%&215 .: 5<&3";&25 ";;&%5&6 "2 5./$1".25 ="1> 6"::&%&21 ;&1+/ 3+1".25?

10
-1

10
0

10
1

10
2

10
3

10
4

C
ur

re
nt

 d
en

si
ty

, |
j| 

µA
cm

-2

-1.0 -0.8 -0.6 -0.4 -0.2

Potenial, E / V vs SSE

 Na-S
 Mg-S
 Zn-S

 

(a)

140

120

100

80

60

40

20

0

C
ur

re
nt

 d
en

si
ty

, |
j| 

/ µ
A

cm
-2

86420

Corrosion inhibitory effect of cation, Y

Na-S

Mg-S

Zn-S

(b)



!

!&'!

"
" "

!"#$%& '() *+,- *., +/0 *&, +11&+%+/.& 23 41&."5&/4 "55&%4&0 +36&% +/20".
127+%"8+6"2/- +/0 *9,- *0, +/0 *3, +11&+%+/.& 23 41&."5&/4 +36&% .+6:20".
127+%"8+6"2/;

!"# !$#

!%#!&#

!'# !(#

<+(=

>#(=

?/(=

) 55



!

!&(!

"
" "

!"#$%&'()* +,-'%&.$/0.'120&%'"33&%."45'24%'67*'8. "5'09&'.4/$0"45.':"09'3&01/'
;10"45.<'=4>&'>"1#%13'42'?1@'"3A&>15;&'15>'?B@'A91.&'.9"20<'?;@'&C$"D1/&50';"%;$"0'
34>&/'$.&>'04'2"0'09&'+,-'>1017

?;@

10
1

10
2

10
3

10
4

Im
pe

da
nc

e 
, |

Z|
 / 

!
cm

2

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

Frequency, f / s
-1

 EXP. Na-S  Fit. Na-S
 EXP. Mg-S  Fit. Mg-S
 EXP. Zn-S  Fit. Zn-S

-70

-60

-50

-40

-30

-20

-10

0

Ph
as

e 
/ d

eg
re

es

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

Frequency,  f / s
-1

 EXP. Na-S  Fit. Na-S
 EXP. Mg-S  Fit. Mg-S
 EXP. Zn-S  Fit. Zn-S

?1@

?B@



!

!&)!

"
" "

!"#$%&'()* +,-'.!" ,/0'+1-''2#$ ,3','4$/56"7/'74'57%%73"7/'"/8"1"67%9'&44&56'74'
5,6"7/:';<

+,-

+1-
5

4

3

2

1

0

Q
dl

 / 
m

sn !
-1

cm
-2

86420
Corrosion inhibitory effect of cation, Y

Na-S

Mg-S

Zn-S
R

2
 = 0.97

2000

1500

1000

500

0

R
c /

 !
cm

2

86420
Corrosion inhibitory effect of cation, Y

Na-S

Mg-S

Zn-S

R
2

  = 0.99



!

!&*!

"
" "

!"#$%&'()* +$%,-.&'+/0'"1-#&2'3,'24&."1&5'-,6&%'"11&%2"35'"5'67&'238$6"352'
,3%'9':'-6'(;!<=

>&,3%&'"11&%2"35 ?-)+

@5)+0#)+

;'A1



!

!&+!

"
" "

!"#$%&'()* +,-'./00"1#'"./#&'23'/1/456"6'/%&/'/37&%'"..&%6"21'"1'78&'
9/)-:';#)-'/1<'=1)->

9/)- ?

!& 9/

@/A

;#)- ?

!& ;#

@BA

(C'D.

@EA
=1)- ?

!& =1



!

!&,!

"
" "

!"#$%&'()*+ ,-.'/"0&'12&34%5'67'35%869'14&&:'1$%753&'574&%';0'"<<&%1"69'
"9'4=&'16:$4"69'/"4='<&45:'354"691>

In
te

ns
ity

 / 
a.

u.

1200 1000 800 600 400 200

Binding energy / eV

Na-S

Mg-S

Zn-S

Zn2p3/2
Zn2p1/2

Fe 2p1/1, 3/2
O 1s

C 1s

O KLL



!

!'-!

"
" "

!"#$%&' ()) *+, -.%%/012&34%.5.6 7 ) 1 .-8 596:. ) 1 /; 12&3"<&-
"<<&%1&8"- :. (,= 5367 ) 1.-8 586># ' 2 /; 12&3"<&-"<<&%1&8"- ># (,=
5&67 ) 1.-8 5;6?- ' 2@A' /; 12&3"<&-"<<&%1&8"- ?- (, B

5.6

536

5;65&6

586

596

N
or

m
al

iz
ed

 in
te

ns
ity

 / 
a.

 u
.

538536534532530528526524
Binging energy / eV

Na-SO 1s

529.4 eV

531.4 eV!

!

N
or

m
al

iz
ed

 in
te

ns
ity

 / 
a.

 u
.

1028102610241022102010181016
Binging energy / eV

 

1022.2 eV!

Zn 2p3/2 Zn-S

N
or

m
al

iz
ed

 in
te

ns
ity

 / 
a.

 u
.

538536534532530528526524
Binging energy / eV

Zn-SO 1s

!

!

531.6 eV

529.2 eV

N
or

m
al

iz
ed

 in
te

ns
ity

 / 
a.

 u
.

538536534532530528526524
Binging energy / eV

Mg-SO 1s

!
!

531.0 eV529.4 eV

N
or

m
al

iz
ed

 In
te

ns
ity

 / 
a.

u.

1076107210681064
Bingding energy / eV

Na 1s Na-S

N
or

m
al

iz
ed

 in
te

ns
ity

 / 
a.

 u
.

52 51 50 49 48 47 46
Binding Energy, E / eV

Mg 2p Mg-S



!

!'$!

"
" "

!"#$%&' ()' *&+$,-+./ -0&123 454,6+"+./ +7&8"9&5+4/-&%"99&%+".5"5 -0&
:5 (3 /.%; <=

!"#$

%&

%'

%(

In
te

ns
ity

 / 
a.

 u
.

140012001000800600400200

Binding Energy / eV

+1

+2

+3

)* +,
>4?

>@?



!

!'%!

"
" "

!"#$%&' ()* +%,--(-&./",012345 "61#&- ,7 /8&-9&."6&017/&%"66&%-",0
7,%* : "0 ;1<=1(3>;?<5# (3>;.< @0(3 10: ;:< 61#0"7"&:"61#&,7 ?21.A
1%&1"0;.<B

;1<

)C D6

)C D6

;.<

)C D6

;?<

) D6

;:<

!"#



!

!'&!

"
" "

!"#$%&' ()* +,- .%/00(0&12"/3,4567 "8,#& ,39 +:- 1%/00(0&12"/3,4;65
</"32,3,4=0"0/> 0<&1"8&3,>2&%"88&%0"/3"3?3(5@

+:-

In
te

ns
ity

 / 
a.

 u
.

1000800600400200
Energy /eV

O

C Fe

Zn+1
+2

+3

+4
+5

+6

!"#$

%&
%!%'

%( %)

%*

+,-



!

!''!

"
" "

!"#$%&'( )*+ ,-.."/0&'1-%%-."-2'324'"25"/"6"-2'7&1532".7'-8'7&630'136"-2.9'
:3;9':/;<':=2 ! >?3! 9'=#"! ;'@"65'65&'A3.."B&'8"07'-8'13%/-2'.6&&0'"2'*C'7='
D0# 3E$&-$.'.-0$6"-2F':1;'324':4;'G'H2"!$@"65'65&'A3.."B&'8"07'-8'13%/-2'
.6&&0'"2'*C'7='D0# 3E$&-$.'.-0$6"-2F

!"#$#!" !"#%#&"$



!

!'(!

# $ $! +,-./012 %%#&#'()$ 6789:/;<=
>?@ABC6DE!

%"!# DE#

)*+,-./"# '(',/0%# &Ü¶;¹9P°{ÄÛC3J'tìuvê(

01ª:5é678932: !".$F^9&')*+,-.�0/"xâMgº

8932:PQ;<: /"&$FJsJ')*+,-./"�H"#OÑ/Öwö

Hòù0u=')*+,-./"õ$RSÕãäÑå¦*C<ÒJ'/"xâ

Hgº0u=SÕKL"ÛÄM÷é@:F~ÅÇmn01ª:')*+,-.

/"HKL&5éXY89'Åò|âRÉÑÖÜáàâäMÍû@ôö;<:

^RM´ts0JP '"!*$Fþÿ!#MÉÑÖÜáà0uE3ìî89')*+

,-./"HKLMË|:FHH'(',/0% �0òùU:"#OÑ/ÖHwö&'

l0 + gRÜÕ HG+:P*[ ;<:F+ g�H *[ R HG &'KLÄHÃ2ÉÑÖ

ÜáàÅÇ01ª:R¹ñç0Å³J':P MâÇ89 !!"!.$'DxJP :P 0u

E3SÕKLëäMºë89:^R0@:Fþ¡!"#Hìîëä&ÅÇ�H

ÉÑÖÜáàâäH'Ø0ì2ÑºU: !/"!%$F#

)*+,-./"HSLefRJ3'_¡¿yàó !&(!'$# ,Üàz{Á¡!)(+*$

@sM<:M'SL_`aM÷é'mnÀH3ù¢£ÜÑ>J32:Fmn0

nù1uÔ|x;'X=}2M~�@Üà{{Á¡H;(M{|932:F"

#ûüáàM~ÅÇ�H"#HKLCijU:^R&VéHXYÄMîïJ

P +!"+&$F]U7ZS# t& +&(+'$'�Ä1uÔ|ÄHÉÑÖÜáàC01mn0123

zâäHû¦¡c~�HãöCa,º¥U:^R0u='ÅS"#1uÔÍ"

#ûüáà&)*+,-.HKLCijU:"ÛÄM<:RèéJ32:Fº

çt& +)$'(<!,#)*#EF:G ÅÇ�Hµ¶H HG.,M HG# 1;A5./|A+; HàÒCçÐ

opHC<ÒJ'áâêHKLCijU:^RCîïJPF:NGGFMN# t& .*$'

*[+,M + gwöHÅ³ëäCz°8B'HG HKLCijU:^RCîïJPF

BOGF) t& .!$'EF:G ÅÇ�H 84+,HâäM÷é@:R'ÅÇ�HáâêHKL

ëäMz°U:^RCîïJPFJsJ'ÉÑÖÜáà03U:~ÅÇ01ª

:# HH'(',/0%# HKL ¡0·¸U"#ûüáàH¢£&³´8932@2F#



!

!')!

ÊÑ;&'ü@:"#ûüáàC01ßà}~oÉÑÖÜáàâä !#)* R

!(ù*p01ª: HH'(',/0% HKL°®C³´U:PQ'ãäÑåæç·Ô

ÄÅd7ÅèéRêëCìíîïðñCZEPF|P'KLij¨© " C72

3'"#ûüáàHõï0u= HH'(',/0% HKLëäC«¬JPF#

%"$# FG:;#

%<'<!# >?#

ð%&)*+,-./" '(',/0% C72'GHàÒC 0FhG7#%/! 0¨UF

HH'(',/0% "& >#Ä#>#)) 0]7J3ð%RJPFãäÑåðñHð%&'ã

äç/0CR:PQû§É¡&wûCÅýJPFð%&òÏ%³#Ç1`a*

)`ÇÇ'òÏ§yº²`50ÉÅCIù8BP×!;&QYwûFîïðñ

RãäÑåðñHð%&'+3: X$'C723â#',( stâ#,((( |;X$J'

Ç§·ÔõÜÑ5àcí-õ¡0u=üÅ|;X$JPFîïðñHð%&'

#ÇstX=ùJ'ðñÅÇ0îïJPFãäÑåðñHð%&'#ÇstX

=ù82'ðñã¿RJ372PFð%&òÁ ¡*·Ô÷åä ' ëÖx~;

»*+}~JPF#

%<'<'# @ABC#

ðñ0&'̧ H I õïHßà}~C72PF!#)*#EF:G#1EF/+!5'(<"#)*#*[:G+#

1*[/+!5'(<"#)*#84:G+#184/+!5'!(#)*#EF:G#1EF/+!*5'(<"#)*#*[:G+9-D#-#)*#

EF:G#1*[/+!*5'(<"#)*#84:G+#D#-#)*#EF:G#184/+!*5F­3Hßà}~&|â6

´Hâä;ðñ072PFßà}~HPÇHPQ67JP~&'' ëÖxJP

L'~~ 1*BLBW;Ji'+3)@G3`3Yn#Ku5;JÇJP÷åä~;<:F­3Hð,

&TÜÑåH?áC72PF"#ûüáàH¥8'!'RKLij¨©'"'H

&C 0FhG7#%/' 0¨UF#

%<'<%# DE:7>F#

ð%Cü@:ßà}~01ª:''-?#] 0oçJP>ä;¥âä°; > ·Ô

!,''! (OîïJPFîïðñ)Lð%&'±Ü²³12C72á¶CæçJ



!

!'*!

P#

îïðñ)LHá¶®Ñ&'§ %/! 0u=ð%HKLëäC÷øJPF#

:NSSNO3N4#SFY7##Ö)dn$� !.! '!."
/.0.1.0.*

#Ä#%I"(## # # # # %/!#

*! R *+ &îï­ñ)Lð%Há¶1)[5'p &ð%HUä1[d`).5'+ &ð%

HIùÅ¾1`)+5'Y &îïðñHNO1(O5;<:F#

îï)LHð%HÄÅ&'¿ÿÁ*û;,1:F4N4&#>(p5Rúóòãöûµü

1+i*'ji;L#LYZ<&#j+LI"!(/LH50u=èéJPF7ÅX$°1:W&#ji;L#LYZ<&#+*/

(-(!(5C7Åèé7Hð%PÇ072PFîïLð%HÄÅR7ÅHêë&

+i* $#Hò²*=¡êÓò Q Úêë1ip+5'Q Úýãöêýêë1QW+&#ji;L#

LYZ<&#jW+/-'((5·Ôá¡ÿ3ãöêýêëþ±1Hi+&#ji;L#LYZ<&#jH*W/-"((#65C

723ZEPFQW+ êë& HG#]^Q Ú´1!,?I<I#7u5C723Z2'Q ÚH{¡

.à& %#Ä#%#)) RJPF@1'?ìþ±0u:èéRêëH)0÷åä~R

òÁ ¡*�;»*+}~J'@ê0åçJPF#

%<'<%# 89GH>F#

ãäÑåðñ&'ßà}~0123_àô3¡ÁjKJPÏ¿à³4`Áº

a1BuBK*#0i:AE;L;tBi+&#:N)@F`YOYFY5R©âç@ % ã¿¦*C723ZE

PFlã¿0& !?#`)+ H WY "C'-5ã¿0&6´ ]:G H H[#d#H[:G#1++i5C

72PFãäÑåðñ067JPð%HIùÄÅ¾& (<,-#̀ )+ ;<EPFæç

)0ð%C '-?#] 0oçJPôÅÇ0 %<I#oO#1!#U5# îïJ';ëNã·1;:W5C

æçJPFÃLÄCäxU:PQ0¡ã·ê¿æçCîïã·stG9\9û

¦¡ce&R) ¡ce&0'!)udO Húóëä;ZEPFãäÑåÜàô¡

õà`êýf1iB+5&'îïã·0123'z+W7{ !(/-AM st !("+-AM |;'

üI84 !(#)u ;­óJPFãäÑåðñH8»& BuBK*#+NaYXFS7 0uE3

³ëJPFôæç& % ë2ÐZ2'9ÅÄC45JPF#

%"%# HI#

%<%<!#!#)* XGYS./Z["\]DE^_(>?`a#

63[PS7#%/! 0îï)ð%HÄÅ>?C¨UFüÅX$M8932:PQð%



!

!'+!

ÄÅ&\ã;<:^RM[s:F>?st&45J0é2M"#ýåCçE3

2PF#

63[PS7#%/' 0 !#)*# ÉÑÖÜáàÅÇ01ª: >'!,''! (OîïLHð%

ÄÅ>?C¨UFð%ÄÅ>?st'EF/+!'*[/+! R 84/+! 0 > (OîïJP

ð%ÄÅ0qYuHKL*ÒÖM*ÒJ32:FEF/+! R *[/+! 0îïJPð

%ÄÅ&'îïL0"#ýåM_[932:Fãe'84/+! 0îïJPð%&

SÕç0îï)¬£0"#ýåCçE32:^RM45;?:FîïNORì

í'EF/+! R *[/+! 0îïJPð%ÄÅ&ö­0qYuHKL*ÒÖ;h[9

M'84/+! 0îïJPð%ÄÅ0&>?@$%Mèé;?:F#

úèèéstîïðñ072P !#)*# ÉÑÖÜáàÅÇ00|9:"#û

üáàHõï0uE3 HH'(',/0% HKL ¡&ü@:^RM´ts0@EPF

WX@KL<!C´ts0U:PQ'>'!, R '! (OîïJPð%ÄÅ +i*

>?C 63[PS7#%/% 0¨UF> (OîïJP EF/+! HÄÅ&W@ ä) HÉHuí

@_eM45;?'ç>@KL*ÒÖ;h[932:F*[/+! HÄÅ0& EF/

+! RæÞ3Ä82ÉHuí@_eMèé;?'ç>@KL*ÒÖMòùJ3@

2F84/+! HÄÅ&ç>@KL*ÒÖM45;?'X$HéÜèé;?:F!,

(OîïJP EF/+! HÄÅ&ç>@KL*ÒÖRÉLC45;?'ÈJ2KL

M­Åç0*õ32P^RM[s:F*[/+! HÄÅ&KL*ÒÖ;h[9P^

RM45;?'?èC3U:KL*ÒÖHêÜQM>?é@:F84/+! HÄÅ

&ü@:<!C3U:KL*ÒÖC45;?'ëÔB9H_eMèé;?:F

'! (OîïJP EF/+! R *[/+! HÄÅ&ç>@KL*ÒÖ;h[9PM'84/

+! 0îïJPð%ÄÅ&\ã;Ä8@ÉÜvRwsèé;?@2^Rst'

+i* èéstÜ¬£0 84+,C01ßà}~& HH'(',/0% H}~KL0lJ3

÷2KLijº»C¨U^RM[s:F#

%<%<'#!(#)*# XGYS./"\]DE_>?(IJ`a#

63[PS7#%/, 0 !(#)* ÉÑÖÜáàÅÇ01ª: >&#!, R '! (OîïJPð%

HÄÅ>?C¨UF> (OîïJPL'84/+! 0îïJPð%ÄÅ&ruRYu

HKL*ÒÖ0h[932:FEF/+!* R *[/+!* 0îïJPð%&qYuHK

L*ÒÖ;h[932:FîïNORRÜ0'EF/+!* R *[/+!* &670Yu



!

!',!

HKL*ÒÖ;h[9''! (OîïJPð%ÄÅMö­0YuHKL*ÒÖ

;h[9:^RM[s:FJsJ'84/+!* 0îïJPð%ÄÅ&Õêç0Yu

KL*ÒÖ0h[932:F#

63[PS7#%/" 0ü@: !(#)*# ÉÑÖÜáàÅÇ0 >&# !, R '! (OîïJPð

%HÄÅ +i* >?C¨UF> (OîïL'EF/+!* R *[/+!* 0îïJPð%0

ÉL'ëÔB9Huí@<!Mèé;?:F84/+!* 0&ç>@KL*ÒÖ&è

é;?@2F|P'EF/+!* R *[/+# !* HÄÅ&>?@ÉMèé;?:FîïN

ORìí'EF/+!* R *[/+!*# HÄÅ&ç>@KL*ÒÖ;670h[9''! (

OîïL'ö­0h[932:M'84/+!* HÄÅ&Es®ÑJ32@2F#

%<%<%# DE^_(bcdG#

ßà}~01ª: HH'(',/0% HKLëäCç¶ç0äxU:PQ'ðñ)

LHð%Há¶®ÑCæçJPF63[PS7#%/I#1F50NOC®è3 !#)* ÉÑÖÜ

áàÅÇ0'63[PS7#%/I#1h50 !(#)* ÉÑÖÜáàÅÇ0îïJPá¶®ÑC¨

UFÅÇ�HÉÑÖÜáàHâä0T[t2'EF,R *[+,C01ÅÇ0îïJ

Pð%Há¶^_&îïNORa0ÑºJ'84+,C01ÅÇ0îïJPð%H

á¶^_&'îïNORa0ís0ÑºU:^RM[s:F!#)* ÉÑÖÜá

àHÅÇ0îïJPð%&!(#)*ÉÑÖÜáàÅÇ0îïJPð%RæÞ3'

á¶^_&A@2F^H8»&'ÉÑÖÜáàâäz2}~0123Ü'"#

ûüáà& HH'(',/0% HKL0>?@¢£C¤è:^RC¨ÒJ32:F#

63[PS7#%/> &ü@:ßà}~01ª: '! (OîïLð%HKLëäR " H

TöC¨UF^H8»st'84+,M HH'(',/0% 0lJ3ÊÜ¹9PKLij

º»C3U:^RM[s:F63[PS7#%/># 1F5R1h5HgTöW& (<-? R (<-% R !

0k2^Rst'KLëäRßà}~�H"#ûüáàH " HO0Ã2äH

gTM<:^RM[s:F^H8»&'ßà}~�H HH'(',/0% 0·¸UK

Lijº»&'ßà}~00|9:"#ûüáàH " M>?2vs&'U:

^RC¨J32:F#

%<%<,# DE_>?IJ( QW+ NO#

! QW+ êë&îïLð%ÄÅÀH"#ûüáàH¢£CòÞ:PQ0Z2'



!

!(-!

<ÒJPKL*ÒÖHÑå×!CêëJPF63[PS7#%/?# 0 !(#)* ÉÑÖÜá

àÅÇ01ª: > (OîïJPð%H QW+# ]Üc`^²a*C¨UF­3H

ÅÇ0îïJPð%H`^²a*st HG';': R :P Hô¡²M45;?:F

84/+!* 0îïJPð%0&'84#'@!d' 1uÔ 84#'@%d' Hô¡²MòùU:FEF/

+!* R *[/+!* 0îïJPð%stîïÅÇ00|932PûüáàHô¡²&

]Üc`^²a*st45;?@2F^H8»st'84/+!* 0îïJPð%Ä

Å0 84 Ñ/ÖMòùU:^RM¨Ò89:F^H 84 Ñ/ÖHÑå×!Cò

Þ:PQ';#!O&#HG#'@%d' R 84#'@%d' HT³-`^²a*HæçRêëCZE

P163[PS7#%/-5F;#!O# HT³-`^²a*st'"#|ÑÖ1"%(<"#7u5R~|Ñ

Ö1"%'<(# 7u5# ./$H0ê3;?:FHG#'@%d'# HT³-`^²a*st&'HG+;.-

1>%<>#7u5R HG/;A#1>,<I#7u5#.#(-.%$0ê3;?:F84#'@%d'# HT³-`^²a*

C+<ê3U:^R; 84/;A#1!(''<>#7u5R 84/;#1!('!<I#7u5#./(-.&$Hô¡²M4

5;?:F^9tH8»st'HH'(',/0% & 84+,C01KL*ÒÖH0uE

3ÉÑÖÜáàéèstop89'KLMij8932:"ÛÄM¨Ò89:F#

%<%<"# DE_(>?eJNO#

63[PS7#%/!( 0'ôÅÇ0 '! (OîïJPð%H7Å +i* >?1uÔ 84/+!*

0îïJPð%H ip+ êë8»C¨UFEF/+!* 0îïJPð%H7Å>?s

t'ð%0& !(b'(#Ö) HKL*ÒÖHM<ÒJ32:FHG õ$RKL*Ò

Ö/Å&;HÅÇ0æÞ3çé@E31='GH°ÕH HG õ$MÈJéKL

J32:^RM[s:163[PS7#%/!(#1F55F*[/+!* 0îïJPð%H7Å>?st'

EF/+!* RæÞ:R=2KL*ÒÖHHRGH°Õ0ÉM<ÒJ32:^RM

[s:163[PS7#%/!(#1h55F84/+!* 0îïJPð%H7Å>?st'ÊÜ\ã;=

2KL*ÒÖHMèé;?:163[PS7#%/!(#1`55F63[PS7#%/!(#1Z5st''ÕH#Ç

R°ÕH)*+,-.õ$RHO0 84 CVé01KL*ÒÖHMòùJ32

:^RM[s:FJsJ'ÚÚH_e;¨JP�ìÕ&;HÕêu=îé'^

9& 84 MvRws2@2^RCöÑU:F63[PS7#%/!!# 1`5H7Å +i* fgs

t'ÚÚH_eMÈJéKLJ32:^RM[s:F|P'84/+!* HÉLW&

EF/+!* ,# *[/+!* u=ÜA@2^Rst'84+,& HH'(',/0% 'Hþÿ!"#0

üý89'"#ûüáàHM<ÒJP^RM¨Ò89:FGH8»'HH'(',/



!

!($!

0% ÄÅH"#ûüáàH&?@HÉÑÖÜáàHéèstop89'KLC

ijU:^RM;?:F#

%<%<I# DE_>?(eJ Hi+ NO#

EF/+!* 0 > (OîïJPð%H7Å +i* fg163[PS7#%/!'# 1F55C¨UFSH

1D5;Ä¨JP , _eC Hi+ 0u=ÚêëJPFGH8»C 63[PS7#%/!'#1h50¨

UFð%'0<ÒJPKL*ÒÖH Hi+ `^²a*0 ; R HG Hô¡²9t

9:F̂ H8»st')*+,-.Há|É|P&~|ÑÖMð%'0<ÒU

:^RM¨Ò89:F|P', H·±'HG õ$RKL*ÒÖn/'H`^²a

*st :P 0l�U:ô¡²Møt9:PQ':P "#OÑ/ÖHòùM45

;?:F#

*[/+!* 0 > (OîïJPð%H7Å +i* fg163[PS7#%/!%#1F5501ª:1D5H

" _eC Hi+ ;ÚêëJP8»C 63[PS7#%/!%# 1h50¨UFEF/+!* 0 > (Oîï

JPð%R¬£0'­3Hæç_est ; R HG Hô¡²Mèé;?'HG õ$

RKL*ÒÖHO0 :P C01"#OÑ/ÖM45;?:FHG õ$�0òùU

:"#OÑ/ÖoD" H·±pst *[ Hô¡²èé;?:FïG;×´JPu

í0'HH'(',/0% �0 HG+:P*[ "#OÑ/ÖwöMVéòùU:FÉÑÖÜ

áàC01ÅÇ0123'HG+:P*[ g�H *[ R HG M¹ñÅ³J':P MDx

U:F^HDxJP :P H\2ã·&z=H HG u=t@ã·;<:PQ':P

Mû¦¡c~�_eRJ@:FGH8»'z=H HG õ$HKLCºëU:^

R0@='"#OÑ/ÖwöHz=0ÉLMèé;?PRqèt9:F#

84/+!* 0 > (OîïJPð%H7Å +i* fg163[PS7#%/!%# 1F5501D5;Ä¨J

P I _eC Hi+ ;ÚêëJP8»C 63[PS7#%/!%#1h50¨UFUÞ3Hêë_e

st ; R HG Hô¡²MNù89'HG H|ÑÖ|P&~|ÑÖM*ÒJ32:

^RM¨Ò89:F84 Hô¡²&KL*ÒÖHH�ìÕ1D%'D,5H9;Nù8

932:F63[PS7#%/!, 0 84/+!* 0îïJPð%H Hi+ 7Å±ºôàóêë8

»C¨UFð%ÄÅHKL*ÒÖ& ;'HG R 84 MNù8932:F: &Nù

8932@2^Rst'KL*ÒÖ&'HG R 84 H|ÑÖ|P&~|ÑÖ;<

:Rqèt9:FSst 84 &KL*ÒÖH�OÕ0VéòùUJ'G9õú

Hôe;&EsòùJ32@2^RM[s:F̂ 9&ÅÇ�H 84+,MîïNO



!

!(%!

Ra0'84 HKL*ÒÖRJ3ëùJFJsJ'óNOîï0u='ÅÇ�

H 84+,&UÞ; 84 HKL*ÒÖ0®DJ'GHL*ÒJPKL*ÒÖM­3

HG HKL*ÒÖR@:F^H^Rst'ó@OîïU:^R;VH®¯Cç

ÐKL*ÒÖ1HG/S3`U#GFn7S#d#84/S3`U#GFn7S#d#HG/S3`U#GFn7S5M<ÒU:^RM¨Ò8

9:F#

%<%<># 89GH>F#

% õïH !(#)* ÉÑÖÜáàÅÇ0îïI0æç89P ;:W C 63[PS7#%/!"

0¨UFôð%H ;:W 03ö@ìM@2^RM[s:F#

63[PS7#%/!I 0ôÅÇ01ª: HH'(',/0% H¡ã·ê¿IÚC¨UFãåç

0'KL*ÒÖMã¿ÄÅ0ëùJ'û¦¡c¢£ÀH|âÒÓMjÔ89:

R'Ô/ãI&dAU: .'$F84/+!* 0îïJPð%&'/(<""u st/!<(u HO

;÷2û¦¡cãIUäC¨UF^9&''ÐH¬Ðstqèt9:FÉÑÖ

ÜáàÅÇ01ª:Ô/ãIH¢£0 84+,|PKL*ÒÖH©xMÛ^U·

ÔKL*ÒÖH*Ò0ìí|âH©x£§Ü®ÑU: .)$F|P'û¦¡cê¿

IÚ0|âÒÓÔ/ãIMèæ;?:F̂ 9&|âHÒÓMû¦¡c~�Cj

KU:^RCöÑU: ..$F) ¡cê¿H8»st') ¡cãIUä& ;:W

u=äe&0ã·CúóU:R'­È0ÑºU:M') ¡cê¿ ¡0ÅÇ

�0òùU:"#ûüáà0u:3ö@ì&9t9@2F#

HH'(',/0% H?@KL0·¸U"#ûüáà0u:¢£H³´·Ô

HH'(',/0% Rßà}~RH/Å®¯CòóU:PQ0'iB+ æçCZEPFü

@:"#ûüáàC01 !(#)* ÉÑÖÜáàÅÇ0 !#U îïJPð%C iB+

;æçJPI0Ét9P RNZ7#Z3F[SF) C 63[PS7#%/!> 0¨UF1F5&Üàô¡õ

à`'ñ8ñ';'1h5&·gì;<:Fzz+¢£Hñ8ñ&Cæ8U:^R;

îïU:ßà}~UR0ü@:ã¿HKLCDCæ8;?:FG2Dè:Rz

z+¢£HÜàô¡õà`H>?8&)*+,-./"'0<ÒJP"#û

üáà0u:opg#HKLijº»CÄJ32:Fzz+¢£HÜàô¡õ

à`H&Cæ8U:R'84/+!*ó*[/+!*óEF/+!* HV0@:F̂ 9&'84/+!* �

;<ÒJPÄÅg#&KLijº»MÊÜ÷2Rqèt9:F̂ H8»&'·

gì163[PS7#%/!># 1h55stÜ45;?:F84/+!* H·gìMÊÜ>?é'84/+!*



!

!(&!

�;<ÒJPop#M;Hßà}~�;<ÒJPop#u=¹932:^R

CöÑU:F#

63[PS7# %/!># 1F5R1h50&# 1`5HMxëNC723÷øJP8»C­Ú;òò

J32:F@1'÷ø072PMxëN&ã¿ÄÅ0$%C01opg#M<

ÒJP¼CßàJ32: +/$FMxëNHôûâ&'J456 &ÅÇCD'JZ &op

#0òùU:$%�HÅÇCD'J72 &op#0òùU:$%�H"#dÅÇ/

ÅHãwS¡CD'v16 &op#0òùU:$%01ª:"#dÅÇ/ÅH'Í

HHë¶'v8 &op#Hë¶;<:F̂ HMxëNC723÷ø89PÚ&'

­æ&;<:¥³ºaRuéãTJ32:F#

63[PS7#%/!>#1`5HMxëNC723 :PSl7#a3YY34[ 0u=÷øJPôûâstx

QP J72 1uÔ v16 RÅÇ00|9:"#ûüáàH " HTöC 63[PS7#%/!? 0

¨UFJ72 & !(#)* ÉÑÖÜáà00|9:"#ûüáàH " HÑ>0ìE3

ÑºJ31='gTöW& (<II' R�ÄäHäHgTC¨J32:163[PS7#%/!?#

1F55FU@[è'ô !(#)* ÉÑÖÜáàÅÇ0îïLHð%ÄÅ&ßà}~0

0|9:"#ûüáàH " HÑ>0ìE3ÃLÄM&'J32:Rqèt9

:Fv16 &"#ûüáàH " HÑ>0ìE3dAJ31='gTöW& (<-- R

Ã2vHgTM<:^RM[s:Fv16 H&M>?2vsþÿ!"#H$%0

u:âÂ)*+,-./"HIùÅ¾M>?é'&MÄ82vsIùÅ¾MÄ

82Rqèt9:FGHPQ'ßà}~00|9:"#ûüáàH " M>?2

vs'îïLH)*+,-./"Hþÿ!"#0<ÒJP$%Õ&A@2Rq

èt9:#

%"&# JK#

^9|;H8»st'67JP"#ûüáàH�; 84+,MÊÜ¹9PKLi

jº»C¨UFG^;'ü@:"#ûüáàC01ßà}~0îïJP

HH'(',/0% HKL°®0Ð23ß§SC723×´U:F#

63[PS7#%/!?#1F5'1`50'EF,'*[+,@sH . HÄ82"#ûüáàC01ÅÇ

01ª: HH'(',/0% HKL°®C¨UF63[PS7#%/? 0¨JP QW+ H8»st'

EF,&)*+,-./"'Hþÿ!#RÑ/ÖC<ÒJ38/J32@2F

HGX3YY & .&$'ßà}~012:)*+,-./"ÄÅHþÿ!"#MVH®¯



!

!('!

CJ31='úô&~|ÑÖ;þô&|ÑÖ;<:RîïJ32:FA+HR ¬

Ë0ÍÎéR'*[+,M¥2|';A"M¥2ÉÍ0êï89:FGHPQ'*[+,

&þÿ!"#úHH ;A"R8/J'"#ûüáàHC<ÒU:Rqèt9:F

JsJ'*[#1;A5+ R HG+;. H5*¹¾æM>?Uk:PQ'opÄH<:"#

ûüáàHM<Ò;?@2PQ'*[+,&ÉÑÖÜáàHéèCij;?@2R

Gè:F#

ãe'84+,Huí@# "# H>?@"#ûüáàC01ÅÇ�;H)*+,-

./"HKL°®C 63[PS7#%/!-#1h5R1Z5# 0¨UF)*+,-./"�0òùU

:Ó'gRxâöë0u=ã·ìM*õ'$%0123"#H|Ñ1§ %/'5R

G9õúH¢£;|â©x1§ %/%5HãäÑå~�MÛ^:F#

HG#�#HG23.D#%7'# %/'#

!d';%#D#A%;#D#'7'�#';A'# %/%#

ó0ÝÞPuí0'! H>?2"#ûüáà&þÿ!"#0üýJ,Ué'

;A"R8/J3 HH'(',/0% '0"#ûüáàHC<ÒU:ÜHRqèt9:F

îïðñst'84/+!* 0MNOîïJPð%HKLëä&'EF/+!* , *[/+!* 0

îïJPIR¬M;<:F̂ 9&'HH'(',/0% '0òùU: HG+;. H|Ñ"#

MÉÑÖÜáàHéèCSfPQRqèt9:FãäÑåæçH8»st'.

H>?@ûüáàMßà}~0òùU:vs v16 H&MÄ8é@:R2í"#

H$%ÕMdAJ32:^RC¨ÒU:8»MÉt9PF^9& . M>?2

vsèU@"#ûüáàHM<ÒU:^R;')*+,-.âÂHIùÅ¾M

dAJP^R0ÛôJ32:Rqèt9:F|P'Hi+ 7Åêë; 84 &'K

L*ÒÖR HH'(',/0% RH/Å$k0&èé;?@sEPFWNPShF3|#Z3F[SF)

u= /*$'õëHâä0123 84+,& @A�I $k;~|ÑÖRJ3ëùU:F7

2Pßà}~H?@ @A & "<" Ää;<EPPQ'KLH?@úù01ª:'

84+,&ëù;?2'Hi+ ;HNù0ùû@âä;&@sEPRqèt9:FJ

sJ'ñZXYst=2 84+! C01ûüáàHMþÿ!"#ÊúH0<Ò8

9:PQ'̂ HopP70u='HH'(',/0% HÉLCijJPRqèt9:F

63[PS7#%/!% R 63[PS7#%/!, 0¨Uuí0'KL*ÒÖH�ìÕ0 84 MòùU:

^Rst')*+,-.HKLÌÄ;|âH©x1§ %/%5~�0u=ÅÇH @A



!

!((!

M'ØJ'@A M I u=÷é@:R)*+,-./"'0 84; |P& 84#1;A5+

MëùU:FóNOHîï;KL*ÒÖ�0<ÒU:TU@"#ûüáàHM'

óNOHîïN0ÉÑÖÜáàHéèR HH'(',/0% HÅ³CijJ32P^

RC¨ÒJ32:F#

%"'# H=#

!(#)*# ÉÑÖÜáàßà}~�01ª: HH'(',/0% HKL ¡0·¸U"

#ûüáàH¢£C'ÄÅêë1uÔãäÑåçæç0u=NÎJPFGH8

»'õ°Huí@8ËMÉt9PF#

!<# # HH'(',/0% HKLëä&'MNOîïCu23'ßà}~�H¨¨¨© "

HÑºRRÜ0dAU:F#

'<# ü@:"#ûüáàC01ÅÇ0îïJPL'+i* 0u=ü@:ÄÅ<!

MèéU:F#

%<# îï1uÔãäÑåç@8»st'84/+!* 0îïJPð%&ÊÜ÷2KL

ijº»C¨J')*+,-./"CÉÑÖÜáàéèstopU:^RM[

s:F#

,<# 84+,C01ßà}~0îïJPð%&'HH'(',/0% 0 84/S3`U HR HG/S3`U

HC01opç@VHKL*ÒÖC<ÒU:û#

"<# 84/S3`U H&ÉÑÖÜáàHb[CSfÇÉ)C<ÒJ'HH'(',/0% HK

LCijU:F#

#

#

ÊÑ&ã!L3#L#F4Z#+FoF3S3#*<# B4aGP74`7#Na#*7YFG#:FY3N4O#N4#:NSSNO3N4#R7UFl3NS#Na#

HGP)34P)#HGGNn#'(',/0%#34#*NZ7G#6S7OUXFY7Sbjc<#*FY7S3FG#0SF4OF`Y3N4<#F``7@Y7Zã0

ÍÎ23rs89PF#

# #



!

!()!

'()*!

!5#8<#APZF&#E<#B<#0F3h&#F4Z#0<#8FUFS3437m#*FY7S<#:U7)<#WUnO<&#!!%#1'((-5#"!"<#

'5#+<#+P4&#v<#8U74[&#p<#L3&#+<#AP&#F4Z#j<#974m#:NSSNO<#+`3<&#"%#1'(!!5#'"'><#

%5#Q<#8UF4[&#0<#AFOU3)NYN&#j<#L34ZOFn&#F4Z#Q<#8UNPm#:NSSNO<#+`3<&#!(%#1'(!I5#?"<#

,5#0<#+PY7S#F4Z#J<#:<#HGo3S7m#j<#iG7`YSN`U7)<#+N`<&#!,?#1'((!5#R%I<#

"5#:<#RGF4`&#R<#LFl7GG7&#F4Z#t<#*F4oNXOo3m#:NSSNO<#+`3<&#%-#1!-->5#,-"<#

I5#9<#vFaOFNP3&#*<#9<#]74Z3[&#A<#W7SSNY&#F4Z#A<#0Fo74NPY3m#:NSSNO<#+`3<&#-'#1'(!"5#

',"<#

>5#+<#+P4&#v<#8U74[&#p<#L3&#+<#AP&#F4Z#j<#974m#:NSSNO<#+`3<&#"%#1'(!!5#'"'><#

?5#p<#:3`NG34&#*<#0SP7hF&#F4Z#+<#W<#0SFOFYY3m#iG7`YSN`U3)<#H`YF<&#!',#1'(!,5#'><#

-5#+<#:<#p7|Y7Sm#:NSSNO3N4<#%I#1!-?(5#,'%<#

!(5#9<#0<#0OF3&#j<#R<#pPU&#j<#j<#.7U&#j<#0<#L77&#F4Z#.<#:<#:UF4[m#:NSSNO3N4<#,I#1!--(5&#

,,,<#

!!5#A<#+U3&#8<#03F4&#0<#AP&#6<#L3P&#i<#A<#AF4&#*<#0FSnhF&#F4Z#+<#u<#LF)FoFm#:NSSNO#+`3<&#

??#1'(!,5#!>?<#

!'5#:<#RGF4`&#H<#6S7PGN4&#*<#:<#LFaN4Y&#.<#]3U4&#F4Z#t<#*F4oNXOo3m#:NSSNO<#+`3<&#,?#

1'((I5#%?%?<#

!%5#L<#LF`SN3|&#:<#RGF4`&#E<#WqhåS7&#t<#i<#0UN)@ON4&#R<#0S3hNGG7Y&#F4Z#u<#u3l37Sm#:NSSNO<#

+`3<&#I,#1'(!'5#'!%<#

!,5#0<#A<#E[Pn74&#F4Z#J<#0<#6NG7nm#j<#iG7`YSN`U7)<#+N`<&#!'>#1!-?(5#'"I%<#

!"5#+<#0<#WS3Z7&#j<#J<#+`PGGn&#F4Z#j<#L<#APZON4m#j<#iG7`YSN`U7)<#+N`<&!,!#1!--,5#%('?<#

!I5#R<#8F3Z&#p<#+F3Z3&#H<#R74MF3Z&#F4Z#+<#AFZw3m#:NSSNO<#+`3<&#"(#1'((?5#!?,!<#

!>5#J<#L<#0X3Y7&#F4Z#t<#W<#R37SXF[74m#WSN[<#;S[<#:NFY<&#%%#1!--?5#-!<#

!?5#t<#;<#BG7lhFS7&#j<#J<#+`PGGn&#j<#.PF4&#F4Z#J<#t<#]7GGnm#:NSSNO3N4&#"I#1'(((5#''><#

!-5#*<#BF44PMM3&#0<#.NP4[&#F4Z#t<#+<#6SF4o7Gm#j<#iG7`YSN`U7)<#+N`<&#!"%#1'((I5#R"%%<#

'(5#H<#]<#*3OUSF#F4Z#J<#RFGFOPhSF)F43F)m#:NSSNO<#+`3<&#,-#1'((>5#!('><#

'!5#]<#;YF43#F4Z#*<#+FoF3S3m#:NSSNO<#+`3<&#!!!#1'(!I5#%('<#

''5#]<#;YF43&#*<#+FoF3S3&#F4Z#H<#]F47oNm#*FY7S<#0SF4O<&#">#1'(!I5#!"%-<#



!

!(*!

'%5#]<#;YF43&#*Z<#+<#BOGF)&#F4Z#*<#+FoF3S3m#j<#iG7`YSN`U7)<#+N`<&#!I,#1'(!>5#:,-?<#

',5#*Z<#+<#BOGF)&#]<#;YF43&#F4Z#*<#+FoF3S3m#:NSSNO<#+`3<&#!%!#1'(!?5#!><#

'"5#*Z<#+<#BOGF)&#]<#;YF43&#F4Z#*<#+FoF3S3}#:NSSNO<#+`3<&#!,(#1'(!?5#?<#

'I5#*Z<#+<#BOGF)&#]<#;YF43&#F4Z#*<#+FoF3S3m#8F3SnN/YN/]F4onN<#I>#1'(!?5#,"><#

'>5#*<#t<#H<#]U7ZS#F4Z#H<#*<#+<#LFOU374m#:NSSNO<#+`3<&#%%#1!--'5#!%><#

'?5#*<#t<#H<#]U7ZS#F4Z#H<#*<#+<#LFOU374m#j<#iG7`YSN`U7)<#+N`<&#!%I#1!-?-5#-I?<#

'-5#*<#]FYN&#*<#]N3XF3&#F4Z#j<#]PXF4Nm#:NSSNO<#i4[<&#%!#1!-?'5#'><#

%(5#H<#:NGGFMN&#Q<#J<#EàlNF&#F4Z#:<#WqS7Mm#iG7`YSN`U3)<#H`YF<&#!',#1'(!,5#!><#

%!5#*Z<#+<#BOGF)#F4Z#*<#+FoF3S3m#j<#iG7`YSN`U7)<#+N`<&#!II#1'(!-5#:?%<#

%'5#*Z<#+<#BOGF)#F4Z#*<#+FoF3S3m#:NSSNO<#+`3<&#!"%#1'(!-5#!((<#

%%5# j<# 9343FSOo3&# 9<# 0nGPO&# ]<# 9343FSOoF&# B<# +M`Mn[37ç&# F4Z# R<# +M`Mn[37çm# j<#

+@7`YSNO`N@n#'(!?#1'(!?5<#

%,5#j<#6<# # *NPGZ7S#F4Z#j<#:UFOYF34}#AF4ZhNNo#Na#|/SFn#@UNYN7G7`YSN4#O@7`YSNO`N@n}#F#

S7a7S74`7#hNNo#Na# OYF4ZFSZ#O@7`YSF# aNS# 3Z74Y3a3`FY3N4#F4Z# 34Y7S@S7YFY3N4#Na#QW+#ZFYF&#

WUnO3`FG#iG7`YSN43`O#p3l3O3N4&#W7So34/iG)7S#:NS@<&#iZ74#WSF3S37&#*344<&#1!--'5#'"-<#

%"5#+<#9F44F@FSUP4&#+<#+7FG&#F4Z#u<#p7OF3m#H@@G<#+PSa<#+`3<&#!?"#1'(('5#!?%<#

%I5# E<# *34Y`U7lF&#H<#H<#HGwPGF3U&#9<#9P4Z7SG3`U&# +<#H<# ]PG343`U&# F4Z# +<# BXF)NS3m#

*FY7S3FGO&#!!1'(!?5#!!'><#

%>5#J<#+<#HGX3YYm#j<#iG7`YSN`U7)<#+N`<&#!'!#1!->,5#!%''<#

%?5#B<#+PMPo3m#:NSSNO#O`3<&#'"#1!-?"5#!('-<#

%-5#H<#W<#.FZFl&#H<#E3OU3oFYF&#0<#0OPSPm#j<#iG7`YSNF4FG<#:U7)<&#"?"#1'(("5#!,'<#

,(5#*<#WNPShF3|}#HYGFO#Na#iG7`YSN`U7)3`FG#ikP3G3hS3F#34/HkP7NPO#+NGPY3N4O&#EFY3N4FG#

HOON`3FY3N4#Na#:NSSNO3N4#i4[3477SO&#APOYN4#07|FO&#1!->'5#%(><#
" "



!

!(+!

"
" "

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

/01 /01 203 /03 405 /04 /061 /041 78.0

,89.$:; <4:%=$>"?8.:?@>A@B"C"@(:@D:&B$E:>8C$*"8.:F>8BB:GH0

,89.$ ; <6 I8*E($BB@D>$C8.?8C"@(BJ! J >@.8*K@.&>$J" J >@.8*K@.&>$
*8C"@JL" J8(E?@**@B"@("(="9"C@*M$DD$?C@D?8C"@(BJ#$

N8OI ')FOIH ! +(FOIH! -. ! O"

'@.8*:K@.&>$J:" F?>" P:
>@.H

450Q5 620Q4 ;60R/ ;606;

'@.8*:K@.&>$:*8C"@J:! " /052 /02R /0/6 <

N8# ') !# +( !# <

I8*E($BB:@D:>$C8.:?8C"@(BJ:
!

40/4 ;012 20R2 <

%@**@B"@(:"(="9"C@*M:$DD$?C:
@D:?8C"@(J:#%!$% /046 /0QR 6/064 <

!@.&C"@( S&

FT ?>! H
S'

FT ?>! H
S()

FUT ?>! H
V*

FWB+T ,$-

?>,! H

V'.

FWB+T ,$-

?>,! H

( * ( '.

N8<! RR0Q ;35 44024 /0;2 R01 /052 /0Q3

') <! R/0/ ;5R 66062 /045Q 105 /053 /0Q1

+( <! R/03 146 63043 40R; 60/ /034 /055

,89.$:; <; %8.?&.8C$E:$.$?C*@?=$>"?8.:">A$E8(?$:A8*8>$C$*B:@D:--6/62<,;:
8DC$*:">>$*B"@(:"(:C=$:B@.&C"@(B:8C:635:X0



!

!(,!

"
" "

!"#$%&' () *$%+,-&."#"/,0 -,1&%, "1,#& 2+/3&45&-"1&647&+2%&"11&%4"26

! ""



!

!)-!

"
" "

!"#$%&' () *+& ,--&,%,./& 012-&/"3&.2 ,14&%"33&%2&51%036 40)7 5 ". 7
38 /+90%"5&"0.2 209$4"0.2:

;, (<! 8# (<! =. (<!

6>5

7?>5

)7>5

@33



!

!)$!

"
" "

!"#$%&' (' )*+ ,$%-./&01%23141#"&,1- ,2&/"0&5, .-6&%"00&%,"15"5
7"--&%&56017&4-%&,38.6&%-1%9: ;< : .57 =; 7 .6 =>?@A

'BCD0

E. () ! +# () ! F5() !

9C7

;<C7

=;C7



!

!)%!

"
" "

!"#$%&' () *+& ,--&,%,./& 012-&/"3&.2 ,14&%"33&%2&51%036 4078 5 ". 89
3: /+;0%"5&"0.2 20;$4"0.2<

=, (>!" :# (>!" ?. (>!"

6@5

8)@5

78@5

A33



!

!)&!

"
" "

!"#$%&' () *$%+,-&./%01/2/#"&3/+ 30&-".&4 ,+5&%"..&%3"/4 "4 6"++&%&45
./6&2 +%&317,5&%+/%89:; 9,46 <: 6 ,5 <=>? @

8A6

:;A6

<:A6

B, (* !" C#(* !" D4(* !"

'E F.



!

!)'!

"
" "

!"#$%&' () *+,, -.+/#&, +, +0$/-1"2/20"33&%,"2/1"3&45+6"33&%,&7"/ 8
3* -.92%"7&"2/, ,29$1"2/,4+/7 5:6 "33&%,&7"/ 8; 3* -.92%"7&"2/,
,29$1"2/,

5+6

5:6

2.0

1.5

1.0

0.5

0.0

M
as

s 
ch

an
ge

s 
/ m

g 
cm-2

2520151050

Immersion time / day

  Na-S1 

  Mg-S1 

  Zn-S1 

2.0

1.5

1.0

0.5

0.0

M
as

s 
C

ha
ng

es
 / 

m
g 

cm-2

2520151050
Immersion time / days

 Na-S10

 Mg-S10

 Zn-S10



!

!)(!

" "

50

40

30

20

10

0

C
or

ro
si

on
 r

at
e 

/ µ
m

 y-1

20151050

Corrosion inhitory effect of cation, Y

Na-S10

Mg-S10

Zn-S10

R
2
 = 0.93

!"#$%&' () *+%%+,"+-%./&.0/&%"11&%,"+-0+%23 4 ., . 0$-5/"+-+05+%%+,"+-
"-6"7"/+%8&00&5/+05./"+-9! : ;.< "11&%,&4"- 3 1= 56>+%"4&"+-, ,+>$/"+-,9
.-4 ;7<"11&%,&4"- 3?1= 56>+%"4&"+-, ,+>$/"+-,

;.<

;7<

50

40

30

20

10

0

C
or

ro
si

on
 r

at
e 

/ µ
m

 y-1

20151050
Corrosion inhibitory effect of cation, Y

Na-S1

Mg-S1

Zn-S1

R
2

 = 0.98



!

!))!

"
" "

!"#$%&' () *+, -./ 0"1& 23&45%.67 23&4"8&92$%7.4&.75&%"88&%2&1"9
1"77&%&95861&: 7%&2;0.5&%276%< 1

10000

8000

6000

4000

2000

In
te

ns
ity

 / 
a.

 u
.

1200 1000 800 600 400 200 0
Binding energy /eV

O KLL

Na-S10

Mg-S10

Zn-S10

Zn 2p1/2

Zn 2p3/2

Cu LMM

Cu LMM

O1s

C 1s

Fe LMM

Al 2p3/2

Cu 2p3/2

Na 1s
!

Mg 2p
!



!

!)*!

"
" "

!"#

!$#

!%#

&'()*+ , -. /01 2"**34 56+%7*"38!"# 9 : 5; !$#<= >6, ?>; "2@!%#A2 >6, ?>
'BB+*5+@'2 A2-1!" CDE+*+@='2+5"*+ +F6+*'B+27"=*+5)=75C



!

!)+!

"
" "

!"#$%&' ()* +%,--(-&./",0123,%45,2,#"&-,6 /5&-4&."3&0- 16/&%"33&%-&7
6,%8) 7 1/ 89: ; "0 <1=>1(?!" @<A=B# (?!" @<.= C0(?!" @107 <7=DE?
&2&3&0/123144"0#,6 C0,A/1"0&76%,3-4&."3&016/&%"33&%-&76,%8) 7 "0
C0(?!" F

G"//"0#H.,%%,-",0 I&-"0

?$A-/%1/&

G"//"0#H.,%%,-",0



!

!),!

"
" "

!"#$%&' ()) *+, -%.// (/&01".2+34.%56.3.#"&/.7 /5&0"4&2"44&%/&8"2 9+(
: !" 7.%;) 8 +1;<= >?+28*@,AB: 5."21+2+3C/"/.7 0.%%./".25%.8$01/D

!"

!#

!$

!%
%&'(

*+,

*@,

In
te

ns
ity

 / 
a.

 u
.

140012001000800600400200

Energy / eV

+1

+2
 

+3

+4

O CuC Al



!

!*-!

"
" "

!"#$%&' ()* +,- .%/00(0&12"/3,45/%67/4/#"&0/8 06&1"5&3"55&%0&9"3 :# (
; !" 8/%*) 9 ,2 *<= >?,39 +@-AB; 6/"32,3,4C0"0/8 1/%%/0"/36%/9$120D

!"

!#

!$

!%

!"#$

+,-

+@-

!&

In
te

ns
ity

 / 
a.

 u
.

140012001000800600400200

Energy / eV

+1

+2
 

+3

+4

O Cu Al

+5 Mg



!

!*$!

"
" "

!"#$%&' ()' *+, -%.// (/&01".2+34.%56.3.#"&/.7 /5&0"4&2"44&%/&8"2 92(
: !" 7.%;) 8 +1;<= >?+28*@,AB: 5."21+2+3C/"/.7 0.%%./".25%.8$01/D

In
te

ns
ity

 / 
a.

 u
.

140012001000800600400200
Energy / eV

+1

+2

+3

+4

+5

+6

C O Zn Al

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

" ()

*+,

*@,



!

!*%!

"
" "

!"#$%&' ()* +,- .%/00(0&12"/3,45/%67/4/#"&0/8 06&1"5&3"55&%0&9"3 :3 (
; !" 8/%<) 9=,39 +>-?@; 5,66"3# ,3,4A0"0%&0$420B

! "#

! "

#$%&

+,-

+>-



!

!*&!

"
" "

!"#$%&' ()* +,&- (."%.$"/,0/&-/"123$%"-#/4& "55&%6"0-/&6/6"- 3"77&%&-/
602$/"0-68

-0.6

-0.5

-0.4

-0.3

-0.2

P
ot

en
tia

l, 
 E
 / 

V
 v

s 
S

S
E

3500300025002000150010005000

Immersion time,  t / s

 Na-S10

 Mg-S10

 Zn-S10



!

!*'!

"
" "

!"#$%&'( )*+ ,-.&/."-01/23"4 5-62%"72."-/'4$%8&9'-:'95&4"3&/'2:.&%'"33&%9"-/
:-%'*';'2.'<=>'?@

10
-1

10
0

10
1

10
2

10
3

10
4

C
ur

re
nt

 d
en

si
ty

, |j|
 µ

A
cm

-2

-1.2 -0.8 -0.4 0.0
Potential, E / V vs SSE

 Na-S10

 Mg-S10

 Zn-S10
 



!

!*(!

"
" "

!"#

!$#

!%#

&'()*+ , -./ 012*+3)4536738+"'9+: $75+*'99+*3'6: ': 5;+364)5'6:376*. ;<
=6>+ >'$(*$9 67 !$# '98+>$:"+ 84653$:> !%#8;$3+ 3;'7584653<$:> !"#
+?)'@$4+:5"'*")'5 )3+>567'55;+012>$5$A

10
2

10
3

10
4

10
5

Im
pe

de
nc

e,
 |Z|

 / 
!

 c
m

2

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

Frequency,  f / s
-1

 EXP. Na-S10  Fit. Na-S10

 EXP. Mg-S10  Fit. Mg-S10

 EXP. Zn-S10  Fit. Zn-S10

-70

-60

-50

-40

-30

-20

-10

0

P
ha

se
 / 

de
gr

ee
s

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

Frequency,  f / s
-1

 EXP. Na-S10

 Fit. Na-S10

 EXP. Mg-S10

 Fit. Mg-S10

 EXP. Zn-S10

 Fit. Zn-S10



!

!*)!

"
" "

!"#$%&'( )*+',-.' / !" -01',2.'' 3 #$-4'-'5$067"80'85'68%%84"80'"09"2"78%:'&55&67'85'
6-7"80;'! <

8

6

4

2

0

Q
dl
 / 

µs
n !

-1
cm

-2

20151050
Corrosion inhibitory effect of cation, Y

Na-S10

Mg-S10

Zn-S10

!

!

R
2

 = 0.99

,-.

,2.

35

30

25

20

15

10

R
ct
 / 

k!
 c

m
2

20151050
Corrosion inhibitory effect of cation, Y

Na-S10

Mg-S10

Zn-S10

R
2
 = 0.66

!

!

!



!

!**!

"
" "

!"#$%&' ()* +,%%,-",. /&012."-/ ,3 44 5657(8' ". /,9&: 3%&-1;2<&%
0,.<2".".# /&<2:02<",.- ;"<1 =2>?=0>-/2:: ! ?2.9 =@>?=9>:2%#&! A

=2>

=0>

=@>

=9>

B !"#CDE2" ?DB#$" B !"#CDF.$"



!

!*+!

# ' $! FGHBC678IJK%/LMNOPQR8ST
U6VW!

&"!# DE#

áâêHKLCijU:QE?G¬RKLijk&VéHmn;67893

2:F�;Ü'úû&¹9PÃKLÄ'÷2UýÄ'zsÚ·Ôopq¿RJ

3ãäÑåç@opP7M<:@smÚC3U:H;'ÊÜ678932:Q

E?$%;<: !"/$FÓ ' ÑRÓ % Ñst'úûÜáàÜ"#$%HKLëä

CijU:^RRGHij°±C³´JPF#

^^;'~áéüSñf #$0u:'úûH ùÍâ& '#)[dLo!"(<(!"#)*5;<

:F|P'­mn;"#ûüáà0u:KLijº»C.çU:0&'úûÜ

áàHçWç@gºMùû;<:Fmn0¶rU:RúûÜáàâäCÊ­ñ

Hâäu=¡¢õ'z°8B:ùûM<:Fîï8932:uí0âäMz°

U:R'KLijÄÛ&z°U: %"FGHPQ'mn0¶rJ3'@ê@KL

ijÄÛCÉ:H&)J2^R0@: &(- '$F^9|;HXYC-q0úûÜá

àCKLijkRJ367U:ô/'úûÜáàC~ÅÇ0SLº»0ùû@

âä0@:uí0Ù/gºU:ùûM<:FJsJ' ~ÍâCqrU:Rú

ûÜáàHâä&Uézâä0jÔ89:H;'SLº»&z°U:FG2D

è:R÷ËHef;ÅÇR$%/Å0úûÜáàCgºU:ùûM<:F£ Ð

HefRJ3$%st¾¿ç0ÁÂU:efMqèt9:F*èá'ð%'0

úûÁÂHH:8CjKJ3<ÒJ'úûÁÂHCÅ³8B:^R;úûÜá

àCmn�0ÁÂ;?9á'ÅÇR"#/Åkj0úûÜáàâäM÷2HC

<Ò;?:Rqèt9:F|P'FG¬0u=úûÁÂHHÅ³ëäMz°U

9áóNOº»MVWU:^R,úûH67¶cdÜ@¤;?:F!

ÊÑHÏç&'ãäQE?RFG¬0u=­7ê'0ÃLÄÄÅC<ÒU:

^RR'}~mn01ª:ÃLÄÄÅHKLij°±C³´U:^R;<:F#

&"$# FG:;#

,<'<!# 89 84 fghMijk]lmn7oIJ(pq#



!

!*,!

! QE?ÇàÒ&'!#L HÅÇ�0 !((#[#84+;/6>A+; R '(#[#A.R;. ;<:F

72PQE?Ç&'­3÷åä~;PÇJ'QE?ÇH @A & !<" Ää;<E

PF#

! :8 (<!#)) Háâê1+W::5"C !#Ä#!#`) 0]=ùJ'òÏ%³#Ç0&Q

Y9'+3: X$';(',( st(,((( |;°{X$R_³Üõ*³Éû0u:

üÅX$CZEPFX$LHð%&#ÇstX=ùJ3c¿RJPFãäQE

?)0òÁ ¡*1uÔ÷åä~�;}~JPFq¿& !?#̀ )+H WY "C72'

c¿stk "#̀ ) 3J3¶±JPFc¿$kHÖáüýâäC¬õ0U:PQ'

ãäQE?�&ÅÇCåçJPFÇEä '"#É#'#2'ãIUä '(#)Hd`)+'QE

?NO >(#O |P& %((#O ;ãäQE?CZEPF)Ä&ôæç0'LÄ&ãI

º<Hæç072PF#

! ãIº<16i5&'§ ,/! st÷øJPF#

6i#�# 45)+,65".4)++.7)8&
*95:65*8();.4)++.7)8&

#Ä#!(($#�# <
# $%&%'%&%(

)

#Ä#!(($# ,/!#

! 9 &æçJPëùÖHá¶1[5'9: &QE?"#Hdö¶1[#7kP3l;!5'Y &ë

ùNO1O5'B &¥ºãI1H5'6 &§¦,¿¡çW1-I,?"#:#)NG"!5;<:F@1'

æçJP\]QE?¶& (<I%#)[# ':8& !#Ö) ;<EPF-

ãäQE?JPð%&',((# T: H>ä;¥H±º§*Ç1.F)FYF&#6W%!5;F

G¬CZEPL'ãäÇstX=ùJ3>ä�;§¨JPFõL'ãäQE?

RFG¬J32@2ð%C :+< RãäQE?ð%C :+= RãäQE?RFG

¬JPð%C :+=,> RÜÕFFG¬0u=*ÒJPgC´ts0U:PQ0'

}~JPð%& Q# Úë©1QJp&#J3[FoP#`N<#LYZ<&#JBE0''((5# 0u=êëJPF

QJp HÚ´0& :P#]^ C72PF7Å>?&úóòãöûµü1+i*&# ji;L#

LYZ<&#j+LI"!(/LF50u=èéJPF+i* èéHºëãâ& !(#ou RJPFxâ

êëC '(#ou Hºëãâ; +i* $#Hò²*=¡êÓò Q Úêë1ip+51u

Ôá¡ÿ3ãöêýêëþ±1Hi+&#ji;L#LYZ<&#jH*W/-"((#65;ZEPF@1'

ð%7Å&'7ÅX$°1:W&# ji;L#LYZ<&#+*/(-(!(5C723PÇJ'èéRê

ëH)0÷åä~RòÁ ¡*�;»*+}~J'@ê0åçJPF#

,<'<%# DE:7>F#



!

!+-!

! ð%C ?I<,#oO#1! (O5'!>'<?#oOo' (OpR '"-<'#oO#1% (O5''-?#] 0oç

JPßà}~ "(#)L �0îïJPFðñ)LHð%Há¶CæçJ'á¶®Ñ

CÉPFîïKLðñ0&'Ü,`ë C72'ðñ�HÜ,`ë &/;U

0B2>ä;¥H×!RJPFîï)LHð%ÄÅ1uÔÜ,`ë HÖè&

¿ÿÁ*û;,1:F4N4#:NS@NSFY3N4&#>(p5;:¢J'+i* C723ð%ÄÅCè

éJPFÅÇ0îïLHð%ÄÅ&ýãöêýêëþ±1QW+&# ji;L#LYZ<&# jW+/

-'((5C723ZEPFQW+ Hêë0& HG#]^ Ú´C72'Q ÚH{¡.à&

Ùà %#)) RJPF#

,<'<%# 89GH>F#

ßà}~01ª:ãäÑåðñ&'_àô3¡Á;jKJPÏ¿à³4`Á

ºa1BuBK*#0i:AE;L;tBi+&#:N)@F`YOYFY5R©âç@ % ã¿¦*C723Z

EPFlã¿0& !?#`)+ H WY "C'-5ã¿0&6´ ]:G H H[#d#H[:G#1++i5

C72PFãäÑåðñ067JPð%HIùÄÅ¾& !# `)+ RJPF'-?#]

0oçJP !(#)*#EF:G ÅÇ0 (#U'',#U',?#U ·Ô >'#U îïJ'GHOH;

ëNã·1;:W5CæçJPFÃLÄCäxU:PQ0'ãäÑåÜàô¡õà

`êýf1iB+50u=Üàô¡õà`CæçJPFæç&'îïã·0123'

z+W7{ !(/-AM st !("+-AM'üI84 !(#)u ;­óJPFãäÑåðñH

8»& BuBK*#+NaYXFS7 0uE3³ëJPF#
!

&"%# HI#

,<%<!# 89 84 fghr(stuvijk()*#

ü@:FG¬NO0u=QE?HHàÒH®ÑCòÞ:PQ'FG¬CJ3

2@2ð%R ,((#2; %(#)34'I(#)34'!'(#)34'!?(#)34 oçJPð%C QJp

;êëJPFGH8»& 63[PS7#,/! 0¨UFFG¬CJ32@2ð%st&'

84 gR ^/67 g0l�U:ô¡²Mèé;?:FâÂ0l�U: ^/67 gHô

¡²Mèé;?:F%(#)34 FG¬JPð%st 84 gHô¡²Mö­0@é@

='67 03¶HÊÜV2 67/84 /"g;<: 67/84) g0l�U:ô¡²MN

ù8932:FFG¬NO0ìE3'ÄÅHHàÒ&®ÑJ@2^RM[s:F



!

!+$!

G^;'FG¬_`aRÄÅH|ÑCqrJ3'FG¬NO& %(#)34 RJPF#

FG¬JPQE?HH®¯RàÒCòóU:PQ'Hi+ C72PF63[PS7#,/

' 0 :+=,> ð%H1F5ÄÅ +i* >?R1h57Å +i* >?R Hi+ ÅêëH8»C

¨UFFG¬LH 84 HHÄÅ&'ª8JPuí@<×CJ31='VWH$

%Mèé;?:F:+=,> ð%H7Å +i* fgst'>(#O ãäQE?·Ô %(#)34

FG¬U:^R;'!#Ö) H]ã@QE?HM<ÒJ'QE?HR 67 âÂH/

Å0$%Mèé;?@2^RM[s:F|P'QE?H0 84'67 MNù89

:F#

u=WX0 67/84 /"HHàÒ®ÑCòÞ:PQ'Hi+ 0u:ÚêëCZ

EPF63[PS7#,/%# 1F50 :+=,> ð%H7Å +i* gC¨UFS�H1D5;Ä¨JP

!' _eC Hi+ 0u=ÚêëJPFGH8»C 63[PS7#,/%#1h50¨UFQE?H

úôHD! Úst�ÊÕHD> Ú|;H Hi+ ÚêëH8»st';'67'84 Hô

¡²Mòù45;?:F|P'D, Úõ«0 : Hô¡²Mèé;?:F^H^

R&'67 MâÂst 84 QE?H0ÒÓJ'67/84# /"HC*ÒJP^RC¨

ÒJ32:F^9tH8»st'!#Ö) Hãä 84 QE?HCæ8çzE;FG

¬U:^R0u= 67/84 /"H0®Ñ;?:^RM´tsR@EPFGHP

Q'õ«0123 !(#)*#EF:G ßà}~�;H :+<':+= ·Ô :+=,> ð%HK

L ¡CòóRQE?HHÅ³0u=ÅÇ�0ÁÂ89P 84+,0u:êHK

LijÛÜ0Ð23NÎU:F#

,<%<!# DE_("\(wKM>?(IJ`a#

63[PS7#,/,# 1F50îï) :+= ð%R :+=,> ð%HúèC¨UF:+= ð%ÄÅ&

¬ru;<=M':+=,> ð%ÄÅ&YuC­J32:F^Huí@úèH®Ñ

&'̂ 9|;Hêë8»;´ts0JP'ãäQE? 84 H0 67 MÒÓU:^

R; 67/84 /"HM<ÒJP^R0u:Rqèt9:F63[PS7#,/,#1h5R1`50î

ï ! (OR % (OL'ÅÇRð%HÖèC¨UF! (OîïJPð%kj0L

uHKL*ÒÖMèé;?:F̂ HKL*ÒÖ&I~0u:}~;ëí0ÄÅ

st®3J3J|í'¯)0UýÄHz2Öá;<EPF:+= ð%'0SÕç

0KLJP¢£R"#ýåCçÐ¢£Mèé;?:F̂ 9&'¤HÅù~�;

<:) ¡c~�R|âH©x~�;<:û¦¡c~�H(*_eRqèt



!

!+%!

9:F:+=,> ð%'0"#ýåRKLJP¢£&èé;?@2F^9tH8»

st':+=,> & :+= RæÞ3 84 ÁÂHHÅ³ëä&z°U:Rqèt9:F%

(OîïJPð%H>?st'>¶HLuHKL*ÒÖMèé;?:F:+= ð

%'0KLJP¢£&Ò>J32:F:+=! > ð%Ü % (îïU:R"#ýåM

@é@='SÕç0KLÛ^E32:F^9tH8»st':+=,> ð%&MN

Oîï0123'SÕKLHijº»M÷2^RM[s:F#

,<%<!#! xyDE^_>?(IJ +i* `a#

63[PS7#,/" 0 ! (OîïJPü@:ð%ÄÅ +i* >?C¨UF+i* èé)

Hð%&÷åä~�;»*+}~CZ2'ð%ÄÅ0<ÒJ32PUýÄHz

2KL*ÒÖCö­0uFJPF:+< ð%ÄÅ0VWHÉLMèé89'KL

*ÒÖMDE32@2^RM[s:F̂ H^R&'ßà}~0123*ÒJP

KL*ÒÖ&®M9,Ué'mnÑ7ÄMvRwsn2^RC¨ÒJ32:F

:+= ð%ÄÅ0UýÄH÷2KL*ÒÖMòùJ32:FJsJ'KL*ÒÖ

HãÕM®M9÷GHÕê0ÉL&èé;?@2F|P'KL*ÒÖM®M9

P_e&\ã;<='$%&(*J32@2^RM45;?:F:+=,> ð%Ä

Å&²,`Á¡uí@HKL*ÒÖ;h[931='u=UýÄH÷2KL*

ÒÖHHM<ÒU:F#

,<%<'#! xyDE_>?(IJ QW+ NO#

ip+ êë&ð%ÄÅst°8W Ö) H¢£CNùU:PQ'KL*ÒÖH:

8M=é@9á'67 âÂÜêëU:^R0@:FG^;'QW+ êë0u=î

ïLð%ÄÅÀH 84+,H¢£R'<ÒJPKL*ÒÖHÑå×!CòóJPF

63[PS7#,/I 0 !(#)*#EF:G ÅÇ01ª: ! (OîïJP :+= ð%R :+=,> ð%

H>?1'5R>?�HA2ÚÚ;¨JP±þC QW+ ;êëJ3Ét9P]Ü

c`^²a*C¨UF"#ýåCçÐ¢£RKLJP¢£Hêë8»st'"

#ýåCçÐ¢£0 84#'@!d''84#'@%d' R 84#L** Hô¡²Mèé;?:FK

LJP¢£0 84 0TU:ô¡²&èé;?2'67'; R : Hô¡²Mèé;

?:F:+=,> ð%H QW+ 8»st'­3Hêë_e0 84 Hô¡²Mèé;?

:F#



!

!+&!

84 Ñ/ÖHÑå×!CòÞ:PQ'D!'D% RD, 0123';#!O R 84#'@%d'

HT³-`^²a*HæçRêëCZEP163[PS7#,/>5F­3Hð%H ;#!O T

³-`^²a*& 67/; R 84/; 0ê3;?: )(!*$F84#'@%d' HT³-`^²a

*st 84/; 0l�U:ô¡²M45;?:F?0 :+=,> ð%0øt9:ru

HKL*ÒÖ¢£& 84/; HB/M÷sEP^RM[s:F#

,<%<%#% xyDE_>?(IJ +i* `a#

63[PS7#,/? 0 %# (OîïJPü@:ð%ÄÅH +i* >?C¨UF:+< ð%

&'îïNOMóé@:R÷8t0KLMjw;2:F:+= ð%HÄÅ0&K

L*ÒÖMís0òùU:FKL*ÒÖ;h[932@2Õê0ÉL0u=$

%Møt92'îïNOMóé@:R'UýÄH÷2KL*ÒÖ&vRwsè

é;?@2FKL*ÒÖH@2Õê&'KLMjw;2:F:+=,> ð%&'% (

OîïL;ÜUýÄH÷2KL*ÒÖHHMòùU:^RM[s:F̂ ètH

8»st':+= ð%R :+=,> ð%ÄÅ0*ÒJPKL*ÒÖ&ð%ÄÅCop

;?:Rqèt9:F#

,<%<%#% xyDE_>?(IJ QW+ NO#

63[PS7#,/- 0 !(#)*#EF:G ÅÇ0 %# (OîïJPQE?ð%R :+=,> ð%H

QW+# ]Üc`^²a*C¨UF>?HAÚÚ;Ä¨JP_eC QW+ ;êëJ

PFQW+ Hêë8»st'D! ¢£0 84 0TñU:ô¡²MNù89:F^9

&'û¦¡c~�;<:|â©x~�;(*JP ;A"MÅÇ�H 84+,R8/J

3 84 H|ÑÖ|P~|ÑÖC<ÒJP^RC¨UF;H¢£st 84 &Nù

89@2F:+=,> ð%HD! ¢£RD' ¢£st 84 TñU:ô¡²MNù89

:F:+=,> ð%H¬õYuRru¢£CêëJP8»'̂ H ' ÐH¢£;& 84

Hô¡²&Nù;?32@2F) ¡c~�¢£;&'84 C01KL*ÒÖ

M<Ò89@2^Rqèt9:F#

,<%<%# DE^_(>?(bcdG#

ßà}~01ª:ü@:ð%HKLëäCç¶ç0äxU:PQ'ðñ)L

Hð%Há¶®ÑCæçJPF63[PS7#,/!( 0 !(#)*#EF:G ßà}~0 !#/#%# (



!

!+'!

OîïJPð%Há¶®ÑC¨UF­ñef;ÝÞ|JPuí0'84 HHá

¶& (<I'#)[ ;<:st'îï¡(LH :+= ð%Há¶®Ñ&'84 HHá¶

Rv¸¬õ;<:FG2Dè:R'84 H&v¸Å³8932:^RCöÑJ

32:Fãe'á¶®Ñst&':+=,> ð%ÄÅH 67/84 H&ö­0Å³89

@2^RM[s:F|P'îïðñ0u: :+=,> ð%Há¶^_&':+i u=

Ä82^RÜ[s:F^9tH8»st'FG¬U:^R; 84 HÅ³ëäM

z°JPRGè:F#

,<%<'# 89GHz{#

,<%<'<!# |}~8Q1;:W5z{#

! 63[PS7#,/!! 0 !(#)*#EF:G ßà}~0 (#U st >'#U îïJPð%H !#U H

;:W æç8»C¨UF:+< ð%163[PS7#,/!!#1F55H8»st'îïNO (#U H ;:W

&/#(<%,#u st/#(<I#u |;dAJ'îï;Ë %(((#O stv¸ãçHîïã·0

@E32:F',/>'#U îïCWª:R':+< ð%Hîïã·v¸¬õ0@:^

RM[s:F̂ 9&'ÄÅ0*ÒJPKL*ÒÖMKLÌÄ0·¸U¢£8@

2PQRqèt9:F63[PS7#,/!!#1h50 :+= ð%Hîïã·®ÑC¨UFîï?

@0123':+= ð%Hîïã·&v¸/# (<?-#u ;<:F^HN'ð%0<Ò

JP 84 HMÅ³U:^Rqèt9:F',#U îïU:R'îïã·&k/#(<""#u

|;'ØJ'ð%ÄÅH 84 HMö­0Å³J32:^RM[s:FGHL'

:+= ð%Hîïã·&'229Ü/#(<I#u C¨J'3ö@ì&øt9@2F63[PS7#

,/!!# 1`50 :+=,> ð%HKLã·®ÑC¨UF67/84 /"H&å 84 Hu=KL

ã·M÷é'67 âÂRHã·ì&Ä8é@:^RM[s:F#

,<%<'<'# 89GHS/TUV/W1iB+5z{#

63[PS7#,/!' 0 !(#)*#EF:G ßà}~0îïJPü@:ð%0lU: iB+ æç

;Ét9P RNZ7 ÚSHÜàô¡õà`1²5R·gì1³5;'1F5R1h5& :+< ð

%'1`5R1Z5& :+= ð%'175R1a5& :+=,> ð%;<:FS�0´s932:­

Ú& 63[<# ,/!% 0¨UMxëN0u:§yº¿yàó0u=Ét9P&C¨J

31='­æ&C¨U¥³ºaRuéãTJ32:^RM[s:F̂ HMxë



!

!+(!

N&$%Cop#Máâê'0<:¼CßàJ32:FMxëNHôûâ&Å

ÇCD1J4565'op#H_à`Áàa§!ÜQòÀ;àa1v85'$%HþÕCD

1J15'âÂáâêIùÕHãwS¡CD1J725'âÂáâêIùÕHãä'ÍH

H_à`Áa§!ÜQòÀ;àa1v165st®Ò89:FîïNO (#U st >'#U

|; :+< ð%HÜàô¡õà`ÚSv¸¬õ;<:F:+= ð%01ª:'îï

(#U HÜàô¡õà`ÚS&'îï ',/>'#U L0Ét9:Üàô¡õà`u=

ÅÇCDM÷2^RM[s:F^9&'84 HHÅ³0uE3ÅÇ�HÜáà

âäM÷é@='ÅÇCDCdAJPQRqèt9:F:+=,> ð%123Ü :+=

ð%R¬£0'Ê?HÅÇCDM÷2FGHL'îïNOMóé@E3Ü'Ü

àô¡õà`R·g0®ÑMøt9@2F#

0FhG7#,/! 0MxëN0u: :PSl7#a3YY34[ 0u=Ét9PMxëNHôí,;

¡ÁH&C¨UFKLCD'J7 &§ ,/' ;÷øJPF#

# %# " & " %$ "' "%#%# ,/'#

63[PS7#,/!, 0ü@:îïNO01ª:ð%HKLCDC¨UF̂ H8»st'

:+< ð%&ãhÄ82KLCDC¨UF:+= ð%R :+=,> ð%HKLCD&÷

MNOîï;v¸¬õ&C¨UM÷îïNOMóé@:0ì2':+iDA ð%

& :+i ð%u=÷2KLCDC¨UF̂ HRstÜ÷:+=,> ð%HÃLÄMó

NO.çJ32P^RM45;?:F#

&"&# JK#

^9|;H8»stqèt9: !(#)*#EF:G ßà}~01ª: :+= ð%R

:+=,> ð%HKL°±C 63[PS7#,/!" 0¨UF#

:+= ð%& 84 QE?H;h[932:PQ'ÉÑÖÜáàHéèstSM

9:FMNOîïU:RÉÑÖÜáàHéè0u='84 QE?H0SÕç@

^µC*õ:F84 H\2ã·& 67 HG9u=v;<:PQ'Ü*Ç,º²K

LMÛ^='­ë0 84 HÅ³Mj1FJsJ'84 QE?HMö­0Å³U:

|;ê&KLJ@2F|P'84 QE?HHÅ³0u=*ÒJP 84+,&ê'0

84 C01op#C<ÒU:Rqèt9:Fop#0$%MòùUR'^Hu

í0ÉÑÖÜáàHéèCêª'þ¡!"#Mìî89'SÕç0KLëäM

ëé@:Rqèt9:FGH8»'̂ HÕê0:2KL*ÒÖM<Ò89:^



!

!+)!

R0@:F#

ãe':+iDA ð%&'67/84 /"H;h[932:PQ'âÂ&úûQE?

R¬£0ÉÑÖÜáàHéèstSM9:FJsJ'KLðñH8»st'ß

à}~01ª: 67/84 /"HHÅ³ëä& 84 Hu=Ré'u=óNOopº

»M.ç89:Rqèt9:FGHL'67/84 /"HHÅ³0u=*ÒJP 84+,

&ð%0üýJ'84 C01op#C<ÒJ3âÂCopU:F:+=,> ð%&u

= 84 HÅ³ëäMR2PQ'óNOúûÜáàM/Å0òùU:PQ^Ho

pº»MóNOçWU:FGH8»':+= ð%RæÞ3KLMRé@:RMq

èt9:F#

&"'# H=#

ÊÑ&ãäQE?·ÔFG¬C723'áâêÄÅ0:8 !#Ö) ãä 84 Q

E?HR 67/84 /"HCÆÇJPF!(#)*#EF:G ßà}~�0ãä 84 QE?

HR 67/84 /"H0u=áâêHKL ¡CòóJP8»Cõ°0òUF#

!<#QJp H8»st'ð%ÄÅH 84 g& %(#)34 FG¬U:^R; 67/84) g

0®ÑU:F#

'<# FG¬0u: 84 ÁÂHHÅ³ëäMz°J'óNOKLijº»MVW

U:F#

%<# úûÁÂH0u:*ÒJPúûÜáà&'ð%'0"#ûüáàHRú

ûC01KL*ÒÖHC<ÒJ'ð%HKLCDC&'8B:F#

#

# #



!

!+*!

'()*!

!5# ¶êë.Õ­·ÄÅëí&#'I#1!->-5#'"><#

'5#W<#J<#*P4SN7&#R<#tG77ON4m#*FY7S<#+`3<#i4[<#H&#'I,#1!---5#'(!<#

%5#H<#J<#*FSZ7Sm#WSN[<#*FY7S<#+`3<&#,"#1'(((5#!-!<#

,5#:<#E<#WF4F[N@NPGNO&#i<#W<#t7NS[3NP&#W<#i<#H[FYUN`G7NPO#F4Z#]<#B<#t3F44FoN@NPGNOm#

*FY7S<#Z7O<&#%(#1'((-5#,'I><#

"5# ¸dàíÕ(ÊL,å[å&#,(#1'(!"5#''%<#

I5!*<#+<#BOGF)&#*<#+FoF3S3m#j<#iG7`YSN`U7)<#+N`<&#!II#1'(!-5&#:?%#

>5#B<#R<#;hNY&#E<#;<#;h3/i[h7Z3#F4Z#+<#H<#K)NS74m#:NSSNO<#+`3<&#"!#1'((-5#!?I?<#

?5#W<#J<#JNh7S[7&#AF4ZhNNo#Na#`NSSNO3N4#74[3477S34[&#*`#tSFX#A3GG#AF4ZhNNo&#E7X#

.NSo&#1!---5<#

-5#9<#LP&#Q<#v34&#H<#*<#HO3S3&#H<#;<#HG/.NPh3#F4Z#Q<#+P4m#j<#EF4N@FSY<#J7O<&#!"#1'(!%5#

!<#

!(5#+<#R7S4UFSZY&#j<#péS34[&#+<#AFO`Uo7&#*<#]<#RFSS&#L<#+Y37[G7S&#W<#+`UéUG7&#6<#tSáU4m#

HZl<#*FY7S<#B4Y7SaF`7O<&#?#1'('!5#'(('!%(<#

# #



!

!++!

#
# #

!"#$%
&#'

(%&#
)*+

, !

)- $&"+
, #$

)- $&"+
, #

)- $&"+
. %

)/&- ' ()

$&' "+

' % . !*

)/ &- ' ()

$&' "+

' !*

0+

1 122 1345 1612 1722! 15' , 576148785! 15' - 57399

98 18: 1855 1;8: 9715! 15' , 574694768! 15' - 57355

84 123 1655 1423 27:1! 15' - 573 97;8! 15' - 57361

39 126 1:85 1336 37;;! 15' - 573 9743! 15' - 57325

0.

1 945 9162 9832 17;:! 15' / 576;9 973;! 15'0 576:3

98 43 926: 9842 179;! 15' - 573559788! 15' - 57363

84 42 1465 1632 17::! 15' - 573552795! 15' - 57339

39 1;5 13:5 1615 971;! 15' - 573552791! 15' - 57368

0.12

1 1982 1145 9892 9795! 15' - 57398;785! 15' - 57415

98 :1 984; 9;8: 9786! 15' - 573559718! 15' - 57451

84 39 98:: 9;24 4793! 15' , 574199796! 15' - 57419

39 :6 9325 9366 371;! 15' , 574169756! 15' - 5736;

(<=>#?8@1?0<>$A><B#C?#>#$BDE$*#&%$<>?%&"#C<'$#?"<D<&#B#D/?EF?$<D=E'?/B##>?
<FB#D?%&&#D/%E'?%'?B*#?/E>AB%E'/7



!

!+,!

#
# #

In
te

ns
ity

 / 
a.

u.

80604020
2 theta / degree

Zn
! -Fe
Fe4Zn9

 0 min

 30 min

 60 min

 120 min

 180 min

!"#$%&'( )* +,-''./00&%12'34'56 !" 2.&7"8&12'/40&%'9&/0'0%&/08&10'43%'':)*;:'8"1<



!

!,-!

#
# #

!"#$%&'( )*' +,-'.$%/,0&',12'+3-'4%5..).&06"51'789'":,#&.'5/' 47 !"#$ .;&0":&1.<

+,-

+0-

+3-

+2-

='>:?'>:

='>:='>:

!"# !$#

%& '(



!

!,$!

#
# #

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

In
te

ns
ity

 / 
a.

u.

1000800600400200

Binding energy / eV

+1
+2

+3
+4
+5
+6
+7
+8
+9
+10
+11
+12

C O Fe Zn

!"#$%&'()*' +,-'.%/00)0&12"/3,4'567'"8,#&',39'+:-'1%/00)0&12"/3,4';65'</"32'
,3,4=0"0'/>'0<&1"8&3?

+,-

+:-



!

!,%!

#
# #

!"#$%&'()(' *++&,%,-.&'/0'1+&."2&-1'3,4'5&0/%&'"22&%1"/-6'354',07&%'89'
"22&%1"/-6',-9'3.4',07&%':9'"22&%1"/-;'

354

<=! <=!"#

!"#$

%&'(

3.4

<=! <=!"#

!"#$

<=! <=!"#

3,4

>'22

>'22 >'22



!

!,&!

#
# #

!"#$%&' () *$%+,-&*./ "0,#&1 2+ 3,45* ! 63745* " ,89 3-45* " #$ 1:&-"0&8
,+;&%"00&%1"28"8;<&12=$;"281+2%> 9 ,; ?) !5@

)AB0

!"#

!$#

!%#



!

!,'!

#
# #

In
te

ns
ity

 / 
a.

 u
.

1200 1000 800 600 400 200

Binding Energy / eV

 +1
 +2

 

Zn 2p3/2

Zn 2p1/2 O KLL

Fe LMM

Fe 2s

Fe LMM
Fe 2p1/2,3/2

O 1s

C 1s

In
te

ns
ity

 / 
a.

 u
.

1200 1000 800 600 400 200

Binding Energy / eV

 +1
 +2
 +3

Zn 2p1/2

Zn 2p3/2

O KLL

Fe 2p1/2,3/2
O 1s

C 1s
Zn LMM

!"#$%&'()*'+,-'./.012"2'.%&.'./3'4"3&'./.012"2'%&2$052'67'8.9:'8;9'<- !" ./3' 8=9:'
839'<- !#$" .75&%'>'3'"??&%2"6/@'

8.9 8=9

839

8;9



!

!,(!

#
# #

In
te

ns
ity

 / 
a.

 u
.

536 534 532 530 528 526 524

Binding energy / eV

 Fe-O
 Zn-O

 
 

In
te

ns
ity

 / 
a.

 u
.

536 534 532 530 528 526 524

Binding energy / eV

 Fe-O
 Zn-O

 
 

In
te

ns
ity

 / 
a.

 u
.

536 534 532 530 528 526 524

Binding energy / eV

 Fe-O
 Zn-O

 

In
te

ns
ity

 / 
a.

 u
.

1028 1024 1020 1016 1012

Binding energy / eV

 Zn-O
 

In
te

ns
ity

 / 
a.

 u
.

1028 1024 1020 1016 1012

Binding energy / eV

 Zn-O
 

In
te

ns
ity

 / 
a.

 u
.

1028 1024 1020 1016 1012

Binding energy / eV

 Zn-O
 

!"#$%&'()*' +,-'./%%01'23&45%/'6/7'8'92'/.:'6;7'<.'=3>?='92'0@'A9'/%&/B'647'8'92'
/.:'6:7'<.'=3>?='0@'A>'/%&/B'6&7'8'92'/.:'6@7'<.'=3>?='0@'A('/%&/C

6/7 6;7

6:7647

6@76&7



!

!,)!

#
# #

!"#$%&' () *$%+,-&*./ "0,#&1 2+ 3,45* ! 63745* " ,89 3-45* "#$ 1:&-"0&8
,+;&%"00&%1"28"8;<&12=$;"281+2%> 9 ,; ?@!5A

@BC0

!"#

!$#

!%#



!

!,*!

#
# #

In
te

ns
ity

 / 
a.

 u
.

1200 1000 800 600 400 200

Binding Energy / eV

 +1
 +2
 +3

Zn 2p1/2
Zn 2p3/2

O KLL

Fe 2p1/2,3/2
O 1s

Zn LMM C 1s

In
te

ns
ity

 / 
a.

 u
.

1200 1000 800 600 400 200

Binding Energy / eV

 +1
 +2
 +3
 +4

Zn 2p1/2

Zn 2p3/2

O KLL Fe 2p1/2,3/2
O 1sZn LMM

C 1s

!"#$%&'()*'!"#$%&'()+',-.'/0/123"3'/%&/'/04'5"4&'/0/123"3'%&3$163'78'9/:;'9<:'
=. ! /04'9>:;'94:'=. !"#$ /86&%'?4'"@@&%3"70A'

9/: 9>:

94:

9<:



!

!,+!

#
# #

!"#$%&'()*+',-..'/0-1#&'23'.4&/"5&1.'6"70' 89 !" -1:'89 !#$" -37&%'"55&%."21'7&.7;

1.5

1.0

0.5

0.0

M
as

s 
ch

an
ge

s 
/ m

g 
cm-2

43210

Immersion time / d

 CSE

 CSE+H



!

!,,!

#
# #

!"#

!$#

!%#

&'()*+,- .//, 01+2,%'*%)'3,143+23'"5,46,!"#,78 ! 9,!$#,78"#"2:,!%#,78"$%#"63+*,;.<=,>,
'??+*@+:,'2,?4:+5,6*+@>A"3+*B,

-0.9

-0.8

-0.7

-0.6

-0.5

P
ot

en
tia

l, E
 / 

V
 v

s 
S

S
E

3500300025002000150010005000

Immersion time, t /s

 1h
 24h
 48h
 72h

-0.9

-0.8

-0.7

-0.6

-0.5

P
ot

en
tia

l, E
 / 

V
 v

s 
S

S
E

3500300025002000150010005000

Immersion time, t / s

 1h
 24h
 48h
 72h

-0.7

-0.6

-0.5

-0.4

-0.3

P
ot

en
tia

l, E
 / 

V
 v

s 
S

S
E

3500300025002000150010005000

Immersion time, t / s

 1 h
 24h
 48h
 72h

 



!

!$--!

#
# #

!"#

!$#

!%#

!&#

!'#

!(#

)*+,-%./012.345.-%6,786."(8%-.90:2.;.*<<%-6*=>.*>.<='%7.(-%6;?"8%-@.4<A%'">$%.
'*"+-"<.=(.!"#.B5 ! @.!$#.B5" @.!%#.B5"#$ ">'.A;"6%.6;*(8.!&#.B5! @.!'#.B5" @.!(#.B5"#$

10
0

10
1

10
2

10
3

10
4

Im
pe

da
nc

e,
 |Z
| /

 !
 c

m
-2

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

Frequency,  f / s
-1

 Exp-1 h  Fit-1 h
 Exp-24 h  Fit-24 h
 Exp-48 h  Fit-48 h
 Exp-72 h  Fit-72 h

 

-80

-60

-40

-20

0

P
ha

se
 / 

de
gr

ee

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

Frequency,  f / s
-1

 Exp-1 h  Fit-1 h
 Exp-24 h  Fit-24 h
 Exp-48 h  Fit-48 h
 Exp-72 h  Fit-72 h

 
 

10
0

10
1

10
2

10
3

10
4

Im
pe

da
nc

e,
  |Z

| /
 !

 c
m

-2

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

Frenquency,  f / s
-1

 Exp-1 h  Fit-1 h
 Exp-24 h  Fit-24 h
 Exp-48 h  Fit-48 h
 Exp-72 h  Fit-72 h

 

-80

-60

-40

-20

0

P
ha

se
 / 

de
gr

ee

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

Frequency,  f / s
-1

Exp-1 h  Fit-1 h
Exp-24 h  Fit-24 h 
Exp-48 h  Fit-48 h 
Exp-72 h  Fit-72 h 

 

-80

-60

-40

-20

0

P
ha

se
 / 

de
gr

ee

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

Frequency,  f / s
-1

Exp-1 h  Fit-1 h
Exp-24 h  Fit-24 h 
Exp-48 h  Fit-48 h 
Exp-72 h  Fit-72 h 

 

10
0

10
1

10
2

10
3

10
4

Im
pe

da
nc

e,
 |Z
| /

 !
 c

m
-2

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

Freqeuency, f / s
-1

 Exp-1 h  Fit-1 h
 Exp-24 h  Fit-24 h 
 Exp-48 h  Fit-48 h 
 Exp-72 h  Fit-72 h 

 



!

!$-$!

#
# #

!"#$%&'()*+',-$"./0&12'3"%3$"2'456&0'$7&6'25'8"2'29&',:;'6/2/<

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

!"#"$%

&'()%*'+ ,"

! !"#

! $%

" &#

" '

! &



!

!$-%!

#
# #

!"#$%&'()*('+,%%,-",.'%&-"-/0.1&'2 ! ,3'-4&1"5&.-'03/&%'*)6'7'"55&%-",.8

4

3

2

1

0

R
c 

/ k
!

 c
m

2

43210
Immersion time, t / d

 CSO

 CSE

 CSE+H



!

!$-&!

# #

!"#$%&'()*(' +,--"./&'0,%%,-",1'213'"14"."5",1'6&0421"-6',7'02%.,1'-5&&/'8"54'
92:;'90:;'9&:'<=! 213'9.:;'93:;'97:'<=!"#$ "1'6,3&/'7%&-4825&%>

92:

90:

9&:

9.:

93:

97:



!

!$-'!

# * $! ! XY!

! ÊXY;&'ÉÑÖÜáàâäHz2ßà}~01ª:­7áâêR)*+

,-./"HKL0·¸U"#ûüáàH¢£CòóJ'KLij¨© " C

723'ôõ"#ûüáàHKLijº»C«¬JPF>0'84+,HKLij

°±0ÍÎéÈP@S>G¬fH;(CÏ¨J'ãäQE?RzEFG¬0u

= 84 ÁÂHCáâê'0<ÒJ'GHSLº»CòóJPF#

ÊËÌ&'" ÐHÑst®Ò8932:F#

Ó ! Ñ&±Ë;<='"#$%H}~KL°®·ÔúÕKLôö0Ð23Ö

×J'óòHKL¨©·Ô"#ûüáàH¢£C×´JPF|P'"#$%H

SLefCØÙJ'}~�H"#$%HKL0TU:"#ûüáàH¢£1u

ÔghSL0TU:NOÚC¦ÛU:RRÜ0'ÊXYHÏç0Ð23ÝÞPF#

Ó ' Ñ0123&'!(# )* ÉÑÖÜáàßà}~01ª:­7áâê

+*,-(. HKL0·¸U"#ûüáàH¢£C72PãäÑåæç1uÔÄ

ÅèéêëCìíîïKLðñ0u=òóJ'KLij¨© " C723ôõ

"#ûüáàRáâêHKLëäHTöC«¬JPFîïKLðñ1uÔãä

Ñåðñst'" H>?2"#ûüáà&áâêHKLijº»C&'8B:

^RCøùJPFãäÑåðñst'84+,&áâê0üýJ'þÿ!"#H$

%CdtU^R;'­7áâê0123ÜÃLÄC&'U:^RC´ts0J

PF#

Ó % Ñ0123&'µ¶"#ûüáàC01 !#)* R !(#)*# ÉÑÖÜáà

ßà}~01ª:)*+,-./" '(',/0% HKL ¡0·¸U"#ûüá

àH¢£CãäÑåæç1uÔîïKLðñ0u=òóJPFKLij¨© "

C723ôõ"#ûüáàR)*+,-./"HKLëäHTöC«¬JPF

îïðñst'ÅÇ�HÉÑÖÜáàHâä0T[t2'" H>?2"#ûü

áà&)*+,-./"HKLëäCiè:^RC´ts0U:RRÜ0 "

3º*C45JPFÄÅ67ÅHêë8»st'84+,C01ßà}~�;*Ò

U:KL*ÒÖstH9 84 òùMèé;?'KL*ÒÖH:8&;H"#û

üáàC01ÅÇ;<ÒJPG9u==é@:^RMêsEPF>0'84+,&



!

!$-(!

)*+,-./"HÉLH(*ÜijU:^RC´ts0JPFãäÑåðñ

st'?@KL0123 84+,&)*+,-./"0<ÒU:þÿ!"#H$%

CdA8B'KLCDC&'8B:KLij°®C¦§JPF#

Ó , Ñ0123&'84+,HKLij°±0ÍÎéÈP@S>G¬fH;(C

Ï¨J'ãäQE?RzEFG¬0u= 84 ÁÂHCáâê'0<ÒJ'GH

SLº»CãäÑåæç1uÔîïKLðñ0u=òóJPFçãI;#:C

÷Jä0jKJ3áâêÄÅ0 84 QE?HC<ÒJPL'zEMNO1,((# ¹

%(#)345HFG¬; 67/84) /"HCPÇU:^R0ÒQJPFîïðñst'

FG¬ð%H 67/84 /"H& 84 Hu=Å³ëäMRé@='ð%HSÕKL

CijU:^RC´ts0JPFÄÅR7ÅHèé6êëstð%'0TU@

84 KL*ÒÖ;h[9:^R;<:^RC´ts0JPFãäÑåðñst'

67/84 /"HHKLCD& 84 Hu=÷é@='67 âÂRHã·ìÜÄ8é@

:R^Ü´ts0JPF#

Ó " Ñ0123'ÊËÌCWXJPF#

#

#
"
" "



!

!$-)!

Z[\]!^!

ºdUËÌ»#

!<#L3#L#F4Z#+FoF3S3#*<#B4aGP74`7#Na#*7YFG#:FY3N4O#N4#:NSSNO3N4#R7UFl3NS#Na#HGP)34P)#

HGGNn#'(',/0%#34#*NZ7G#6S7OUXFY7Sbjc<#*FY7S3FG#0SF4OF`Y3N4<#F``7@Y7Z#

'<#L3#L#F4Z#+FoF3S3#*<#iaa7`YO#Na#*7YFG#:FY3N4O#N4#:NSSNO3N4#*NS@UNGN[n#Na#:FShN4#

+Y77G#34#*NZ7G#6S7OU#9FY7Sbjc<#8F3SnN/YN/]F4onN&#'(''&#>!1>5}#'(?/'!'<#

%<# mn&# o[äp<# ßà}~01ª:áâêHKL ¡0·¸U"#ûüá

àH¢£bjc<# ¤# Rê&#'('!&#!(>1!'5}#!(II/!(>%<#

,<#L3#L#F4Z#+FoF3S3#*<#iaa7`YO#Na#OF`S3a3`3FG#834`#YU34#`NFY34[#N4#`NSSNO3N4#h7UFl3NS#

Na#`FShN4#OY77G#34#)NZ7G#aS7OUXFY7S<#0N#h7#OPh)3Y#

#

º¼Ú(Ä1UÄ(Ä5»#

!<# }~01ª: '(', )*+,-./"HKL ¡0·¸U"#ûüáàH¢

£mmn&# o[äp'Ó I> ë$%RmnÎË[1;4G347&#'('( Y !( ½5#

'<# }~01ª:áâêHKL ¡0·¸U"#ûüáàH¢£mmn&# o[ä

p'(Ê¤êÓ[6(Ê"#å[¼¾íí¿Õ/¬ÀÁÂÃ# >[1;4G347&#'('!

Y ! ½5#

%<# ßà}~01ª:áâêHKL0·¸U"#ûüáàHijº»mmn&# o

[äp'$%Rmn '('!1;4G347&#'('! Y " ½5#

,<# ôõ"#ûüáàC01ßà}~�;"#'0<ÒU:|ÑÖ"#Hêëm

mn&# o[äp'(ÊÑå[¾íí¿Õ# '('! Y# ÄÁXY(Ä[1;4G347&#'('!

Y > ½5#

"<#iaa7`YO#Na#84+,#N4#`NSSNO3N4#h7UFl3NS#Na#FGP)34P)#FGGNn#F4Z#`FShN4#OY77G#34#EF:G#

FkP7NPO#ONGPY3N4Om#L3#L3&#*FOFYNOU3#+FoF3S3&#>'4Z#H44PFG#*77Y34[#Na#YU7#B+i#1;4G347&#

'('!<(?5#

I<# ßà}~mn�H"#ûüáà0u:áâêÄÅHKL<!®Ñmmn&# o

[äp'Ó I? ë$%RmnÎË[1;4G347&#'('! Y !( ½5#

><# ü@:"#ûüáàC01ßà}~�;"#'0<ÒJPg#HÄÅêëm



!

!$-*!

mn&# o[äp'$%Rmn '(''1;4G347&#'('' Y " ½5#

?<#:NSSNO3N4#h7UFl3NS#Na#'(',/0%#FGP)34P)#FGGNn#34aGP74`7Z#hn#)7YFG#̀ FY3N4O#34#!()*#

:G"-)NZ7G#aS7OUXFY7Sm#L3#L3&#*FOFYNOU3#+FoF3S3&#i*:J#'(''#16SF4`7&#'(''<(-5#

#

�ÄÅÇI1ÉÑÖÜáÇI5à#

!<# ü@:"#ûüáàC01~ÅÇ01ª:)*+,-./"H# KL ¡

³ëÕo[äp'mn'Ü"#å[! Ó !%- ëÅ@>[o;4G347&#'('( Y ? ½p#

'<# ôõ"#ûüáàC01ÅÇ0îïJP)*+,-./"0<ÒU:KL

*ÒÖHêëÕo[äp'mn'Ü"#å[! Ó !,( ëÆ@>[o;4G347&#'('!

Y % ½p#
# #



!

!$-+!

_`!

! ÊËÌCÇZJå·ËÌC|RQ:0<P='ÈË<PPs2U¨ZRÈÉ

CÊ=|JP¨ZËÌ;<:¾íí>å# >åÍKåXYÍ! $%ÎåÕÏ#

o[äpÐËÑ0°éRÒJ31=|UFo[ñ*0&XY*st÷ , YO0

[PE3'XY,(Ä'ËÌrs@sXYÄ'Ç[ÓRJ3ùû@^RCÍÔ

stUËÑÕ?|JPF#

! åÍËÌÖó0123'3×@UØGR\]@U¨ZCÊ=|JP¾íí>

å! >åÍKåXYÍ! $%ÎåÕÏ! 'êÙÓËÑ@tÔ0ÚÍÒËÑ0

°éRÒÛJ'!|UF#

! XYãH·+@sCÖõ3XY0TU:tÍ@Uöø,U¨ZCÊ=|J

P¾íí>å! >åÍKåXYÍ! $%ÎåÕÏ! bÜÝËÑ@tÔ0ãê

ú\ØË'E[Pn74*F3#0UF4U ØË0&°éRÒÛJ'!|UF#

! ÊËÌHXYHPQHèé6êëþ±C72:';'ëí¨ZstWVéH

3×@UØGCÊ=|JP¾íí>å! >åÍKåXYÍ! ýãöêýêë

XYã! Þßàá! ëíáâ0°éRÒÛJ'!|UF#

! XYãHXYâHe7'ãñäe'¬@'LäHe7H1s!;3ö»@X

Yã*+CÌUU^RM;?|JPF¬@Håæçè'éÄêè'.P74#034[#

JF`U7G#:UFP è'ë´ìè&'Ïí,óÔ0$?/E3Üt2Jîç0>®Ø

st9|JPFLäHåïïè'¼ðè'ñòÊ0&'u7@Ïí,Ló0Ð

?<E3Üt9|JPF;0Ü'ôÊ5#£'Mêõö£'ºçötè'(¼

÷îè'ãäø*è'÷ùúÉèC&õQXYãHe70ÜPé8w1Zû0

@=|JPF°éRÒÛJ'!|UF#

! ÊL0@=|JPMó2O'å*CWª8B3é9P¼Â0°éRÒJ'1

nÛJ'!|UF#

! !


