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1. Introduction 
"#!$%&'()*#)!+'#)($,-)$'#!)'!%.*/-(.%.#)!$#!%'(*0!1-23%.#)!(./.*(+4!

$/! 5*%./! 6./)!/! 7.8$#$#3! 9//-./! :./)! ;79:<=! >4$+4! >*/! +'#/)(-+).2! *#2!
?*0$2*).2! $#! )4.!@ABC/!;6./)!@ABD=!@ABE=!@ABA*=!@ABA,F!6./)=!G''&.(=!G'2.(=!
H*/*#I=! J! "#2.(/'#! @ABK<! *#2! !"#"$%&.2! !"#$% &'(L!" #$" %&&'(" )*+(," -"
!"#$"%&! !""#F! !"#$=! :4'%*=! !"#$"%&! !! M.,.*-! @AAB!N! :4.! )./)! >*/!
+'#/)(-+).2! '#! )4.! ,*/$/! '8! O'40,.(3!/! 2.?.0'&%.#)*0! )4.'(P=! ,-)! 2$88.(.#)!
8('%! $)N! 6./)! *#2! 4$/! (./.*(+4! ).*%! (.*0$I.2! )4*)! )4.! 2.?.0'&%.#)! '8! *#!
$#2$?$2-*0!/!%'(*0!(.*/'#$#3!!"#$%&#'%$(!$)*#&%#%$)#+,-&!'./,-#"&,0)#,&#,#&!1)=!
*/!+0*$%.2!,P!O'40,.(3N! 9!"#$%&'()$()%"(%**("#%+$"(,-(.$%",!/!+(%#(%(#/0$'(*#2!
!"#$ %&'($ )*++#,#&-#$ +,%.$ %&#$ /&%!"#,$ *0$ !"#$ )*0!,*12!*%&! !"# $%!&'# &$()'&# ($#
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! M*/.2! '#! )4.! *,'?.! #')$'#=! )4.P! &('&'/.2! )4(..! 2.?.0'&%.#)*00P!
'(2.(.2!/+4.%*/N!:4.!8$(/)!/+4.%*!$/!Q.(/'#*0!9#).(./)/N!Q.'&0.!$#!)4$/!/+4.%*!
+*(.!*,'-)!)4.!3*$#/!*#2!0'//.!!'8!)4.%/.0?./!*#2!'8!)4.!&.'&0.!>$)4!R$#/4$&!
'(! $#)$%*).! (.0*)$'#/4$&N! :4.P! %*R.! %'(*0! 2.+$/$'#! ,*/.2! '#! )4.!
+'#/$2.(*)$'#!'8!!"#$%&'$#3!!"#$%&!$%&!"#$%=!*#2!'#!)4.!$#).#)$'#/!)'!!"#$%"#$!
3''2! (.0*)$'#/4$&/! *#2! /..R! *&&('?*0/N! :4.! /.+'#2! /+4.%*! $/! H*$#)*$#$#3!
S'(%/=! >4$+4! +'#+.(#/! !)4.! 8'(%*0! /)(-+)-(.! '8! /'+$.)P! */! 2.8$#.2! ,P!
$#/)$)-)$'#/=! (-0./! *#2! ('0./!! ;6./)! "#!$%N! @AAA<=! /-+4! */!>4.)4.(! '#.! /4'-02!
+''&.(*).! >$)4! #'#LR$#/4$&! ')4.(/=! *#2! 4'>=! ,*/.2! '#! )4.! +-((.#)! 0*>/=!
(.3-0*)$'#/=!*#2!#'(%/=!)'!2.?.0'&!+''&.(*)$'#!$#!/'+$*0!/+'&.=!.)+N!9#2$?$2-*0/!
*2'&)$#3!)4$/!/+4.%*!)*R.!0*>/=!'(2.(!*#2!(.3-0*)$'#/!*/!)4.!/'0.!-#+4*#3.2!
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%'(*0! 2.+$/$'#! %*R$#3! )4('-34! &*()$*0! (.+$&('+$)PN! :4.! )4$(2! /+4.%*=!
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*(3-$#3!)4*)!)4.!*+)!>'-02!!"#$"%&!')4.(!&.'&0.=!)4*)!!"#!*+)!/.(?./!/4*(!*,0.!
/'+$*0!3'*0/=! )4*)! )4.!*+)!'&)$%$I./!)4.!>.08*(.!'8!*00!&*()$+$&*#)/!!;!"#$!"#!$%&!
TCCA<!!Q.'&0.! $#! )4$/! /+4.%*! )*R.!%'(*0! +($).($*! ;.N3N=! /4*(!*,0.! $2.*0/<!'?.(!
/'+$*0! +'#?.#)$'#/! ;.N3N=! 0*>/! *#2! (.3-0*)$'#/<=! 8-00! (.+$&('+$)P! ;.N3N=! )4.!
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:4.! /+'($#3! /P/).%!'8!79:LT! +'%./! 8('%! )4.!&*()$+$&*#)!/! /+'(.! $#! )4.!
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@AWC/! ;G4.#! @AWWF! X-!!! Y$! @AAB<=! /)-2$./! 4*2! ,..#!%'/)0P! 8'+-/.2! '#! )4.!
)4.'(.)$+*0!(./.*(+4!;G4.#!@AWWF!X-!!!Y$!@AABF!Z*#3!!![-!TCCKF!Z*#3!TCCE<N!
\$-1-*#! ]-#! >*/! )4.! 8$(/)! /+4'0*(! )'! +'#2-+)! .%&$($+*0! /)-2P! >$)4! 79:LT! $#!
%*$#0*#2!G4$#*N!]4.!)./).2!79:LT!(.0$*,$0$)P!*#2!?*0$2$)P!$#!G4$#./.!/.))$#3/!$#!
4.(!%*/).(!)4./$/!;]-#!TCCB<N!^.(!(./.*(+4!&('?.2!)4*)!79:LT!>*/!*&&0$+*,0.!
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(./.*(+4./!-/$#3!79:LT!)'!.U&0'(.!%'(*0!1-23%.#)!+'%&.).#+.!'8!3'?.(#%.#)!
'88$+$*0/!;_4*'!TCCB<=!(.0*)$'#/4$&!,.)>..#!%'(*0! 1-23%.#)!*#2!.)4$+*0!*-2$)!
;Y$! TC@K<=! (.0*)$'#/4$&! ,.)>..#! %'(*0! +'3#$)$'#! 2.?.0'&%.#)! *#2! .)4$+*0!
2.+$/$'#L%*R$#3! *%'#3! *++'-#)*#)/! ;Z*#3! J! _.#3! TC@K<N! 7./&$).! )4.!
80'-($/4$#3! (./.*(+4 -/$#3! 79:LT! $#! G4$#*=! )4.(.! $/! #'! /+4'0*(! /'! 8*(! )*R$#3!
+'00.3.!/)-2.#)/!*/!&*()$+$&*#)/!)'!.U&0'(.!)4.!3.#.(*0!+4*(*+).($/)$+/!'8!)4.$(!
%'(*0! 1-23%.#)! +'%&.).#+.=! *#2! )'! .U&0'(.!>4*)! 2.%'3(*&4$+! 8*+)'(/!%*P!
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2. Method 

1.1 Sample 
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!"#$%&%#'$&()$%#(*+,$ -#'.+/($ 0/,,/1+(2$.!&()&')$%'/*#)3'#.$ 4567L!"#$%&$'()!
Q*()$+$&*#)/!>.(.!'88.(.2!'#.!.U)(*!+(.2$)!$#!)4*)!+0*//!8'(!)4.$(!&*()$+$&*)$'#N!
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,')4! /.U./!>.(.! $#+0-2.2! $#! )4.! /*%&0.=!%'(.!>'%.#! !ScDTB=! EDNC!"# )4*#!
%.#!!ScTWK=!`DNC!"#&*()$+$&*).2!$#!)4.!!"#$%N!!!"#$%&'"(%$#)(#*&"$%)+(#,"-"#
!"#$%&'()!
!" #!$%&" '(" !)!*&+,)" *,-),./,$&-" ,$)/0*,$%1" V!"#$%&'() *S!@CC!" @!"#$%&'
^-%*#$)P! ;S!"`!"# $B!C!<F! Y*#3-*3.! ;Sc@BD=! T@NEd<F! "++'-#)$#3! !S!@CD!"
@TNA!"#$S!"#$!%&]!"#$!#%&'S!AE!"@@NW!"#$9!"#$%&'()*+&!,+V!"#$%&'(#)*+S!@C`!"
@TNB!"#$ %&'$ (&)*&((+*&)$ ,-.'*(,$ /S!WK!" @CN`!"#$ %&'()$ *+$ ,-($ .+/*01&,.*+$
!"!#$!%$&'(!)&*(!+(%!*&$#,&(-!,)&.(/-01(23(+0(4`!!"#$%&'(&)&*+,EW!"#$"%"@NKC!"
!"##$%&'(#$)*!!
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!"#$%&'()! !""#$!%&'()!
!"#$%&'(! !"#$%!&'()*!
!"#$%"$&! !"#$%&!'()*!
!""#$%&'%(! !"#$%!&'()*!
!"#$%"&'()*+!)+(! !"#$%%&'()!
!"#$%&'(!)*+'",+-.-)(%$"!)*! !"#$!%&'()!
!"#$"!!%$"#&'()*$!'! !"#$%&'()*!

!"#$%&!!!!"#$%&'"('%)#*+'"(',-$)./.,-0)%!
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1.2. Instrument  
:'!.U&0'(.!)4.!%'(*0!1-23%.#)!+'%&.).#+.!'8!G4$#./.!&*()$+$&*#)/=!*#2!

)4.!(.0*).2! $#80-.#+$#3!8*+)'(/=! )4.! $#/)(-%.#)/!-/.2! $#!)4$/!(./.*(+4!*(.e!;@<!
G4$#./.! ?.(/$'#! '8!79:LT! )./)F! ;T<! 2.%'3(*&4$+! $).%/!>4$+4! $#+0-2.! 3.#2.(=!
.2-+*)$'#!0.?.0=!%*1'(=!*+*2.%$+!&.(8'(%*#+.!*#2!'#.L+4$02!&'0$+PN!!

:4.! V#30$/4! ?.(/$'#!>*/! )(*#/0*).2! $#)'! G4$#./.!>$)4! (.8.(.#+.! )'! )4.!
.U$/)$#3! G4$#./.! ?.(/$'#/! ;]-#! TCCD<N! ]-#!/! G4$#./.! ?.(/$'#! '8! 79:LT! >*/!
&('?.2! )'! ,.! *2.b-*).! $#! !"#$%&$#$'(! ;!cCNBT<! *#2! ?*0$2$)PN! :4.! )(*#/0*).2!
G4$#./.! ?.(/$'#! >*/! )4.#! ,*+RL)(*#/0*).2! ,P! )>'! G4$#./.! /+4'0*(/! >4'!
%*1'(.2!$#!V#30$/4!*#2!#'>!*(.!).*+4$#3!$#!"%.($+*#!+'00.3./!$#)'!V#30$/4!)'!
+4.+R!)4.!*++-(*+P!'8!)(*#/0*)$'#N!
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3. Results and Discussion 
!"# Q*()$+$&*#)/! $#! )4.! /*%&0.! /4'>! *! -#$b-.! a! &*)).(#! $#! /+4.%*!

2$/)($,-)$'#N!!!"#$%#&'($&')$(*&')&+)$)#,-&*-.'($./$*"#$01!L!"#$%#&'(")*+,"-.,"
!"# $%&# '(# )*+# ,-..+()# /0123+# 0.+# 2.+/+()+4# '(# 5063+# %N! 9)! !""#$%&'%($) %*'%)
!"#$%&%!"'$() %')$*%()("+!,-)(&.#-/)*%0*) %')1.$*)2-#(.'",) 3'$-#-($)(&*-+")"'/)
!"#$%"&'(&!"#$%&'()*+,%-'./!'&#0'"$'1%"$!%"$"$2'S'(%/!!"#$%&'(!

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

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

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

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

!
:4$/! &*)).(#! $/! 2$88.(.#)! 8('%! )4.! 2.?.0'&%.#)*0! &*)).(#! '8! %'(*0!

1-23%.#)! !"#$%&%'!%! )./).2! ,P! 79:! $#! 3.#.(*0N! ]$#+.! 79:! +'#+.&)-*0$I./!
%'(*0! 2.?.0'&%.#)! */! /4$8)$#3! 2$/)($,-)$'#! '8! )4.! /+4.%*/! >4.#! &($%$)$?.!
>*P/! '8! )4$#R$#3! *(.! 3(*2-*00P! (.&0*+.2! ,P! *2?*#+.2!>*P/! '8! )4$#R$#3=! $)! $/!
#*)-(*00P!)4.!+*/.!)4*)!)4.!&('3(.//$'#!$#!4$34.(!/+4.%*!%.*#/!)4.!2.3(.//$'#!
$#!0'>.(!/+4.%*N!:4*)!$/!4'>!ST!/+'(.!$/!+*0+-0*).2!>4$+4!4*/!,..#!/)*).2!$#!
2.)*$0!.*(0$.(!$#!)4$/!&*&.(N!

!"# /4'>! !"# $%&'# ()'*&0P!" #" $%&'(" &)" +'00.3.! !"#$%&"!' ()*+' ,+%)-./' -!'
!"#$%&'()&*(+,")-.(%&/-!0&!0-.&."+,1$2&30$&4"!"&('&!0$&5+$)-*"%&,")!-*-,"%!.&
!"# $%&'()*+# ,%-.&# /$()# ,0.# '%,%# (/# ,0.# ).1%# "%)2*.# (/# ,0.# 3).$!4%&#
!"#$%&%!"'$()*#+,)-.//)$+)-./01)23%&3)%()&('?$2.2!!"#$%&#'&($&)#*+!"#$%"&#'()"
!"# $%&'()*# +,-,*!./,0%# '0# 10'-,23'%4# !"# 5*)6)/)7# 8&,# 5/,2'()0# 3)/.*,# &)3#
!"#$ %&'#$ %()#$ *+,-../0$ 1(!"$ !"#$ %&'#$ &'234!$ 25$ 6&7!(8(6&4!%$ 25$ 9#4:#7$
!"#$%&#'()*+,-' .*/*01'$%&#'()234-' +4/*05-' 67876#6' 9:#' ;%$#' <=' #6>?%97@A'
!"#"!$%&'($'("$)(&*"+"$+,-.!"!"!

!"#$%&'&()%*%+,*&,-%&.%"+*&"+/&*,"+/")/&/%01",12+*&23&,-%&45!L!"#$%#&'("
!"#$% )4.! !"#$%&'() *'"+,#-) !*) &'() .#) *##() &,#'$,/0) 12%,#) 32#$#) *241*) ')
!"#$%$&'#&( )'*'+",-'#&.+( &/'#)( 0/"-( 1'/$"#.+( 2#&'/'$&( $!3'-.( &"(
!"#$%"&'(&$)"&*+, #%-(.*, ')*, /*)&$*)&)&0, 1"2.#, #!"#$%& '(& )$#*'!%(&
!"#$%&%!"'$()*$+,*-+%',(,*!"#$%&%!"'$(*(+./*"*0'%10,*2*!"$$,#')*$+"$*%()*+%3+*%'*
!"#$%&'()*&+"#"$+)$,-".')'&/)!%$+,%&0"&+1%&'()$,-".')23+)(%4)1&)5'1&+'1&1&6)
!"#$%&%'()$*+&!
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 ! !"#$! !"#$%#&%'()*+#"+,$!
!"#$%"&'(&$)"&*+,! !"#$! !"#"!
!"#$%&'()*&+"#"$+! !"#$! !"#$!
!"#$%"#$#$&'()*+,! !!"#! !"#$!
!"! !!"!! !"#$!

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

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

!"#$%"&'#(#$ !#')$ !*$"+,#$-#.,+(&,#$+')$-#.(&(!#'!$#/-"+(&($*'$+00#1!&*'$+')$
!"#$"%&'()* +,-!!"##$%&'()*+*,-& ./& .0& $#! +'#80$+)!>$)4! !"#$% "&'$(% ($!$)(*'$!%
!"#$"%&'(()&*%*"+*%,"#-)&)%.+/*#$#.+-*&%+00%12$'&)3%!"#$%"&%'($%)"&*$&'+"&,-%
!"#"!$%&'($)($%&"$*)+%,)(#"(%-)('!$./-($J!!"#$%%&'(#)*+#,-.*/0/#1)23.4.1)*30#
!"#$%& '(%#)%(& %*!+#,-,& ./& +%"!01"/%,,& #/2& .3"-'#)-./& ).& 4-/& 56+.7! J!!"#$%
!""!#$%!

! :4.(.! *(.! &'//$,0P! )>'!%*1'(! (.*/'#/! 8'(! )4.! -#$b-.! 2.?.0'&%.#)*0!
&*)).(#! '8! )4.! G4$#./.! &*()$+$&*#)/! $#! )4$/! /*%&0.N! f$(/)0P=! .+'#'%$+!
(.8'(%*)$'#! +4*#3./! &.'&0.!/! ?*0-./N! ]$#+.! )4.! 3'?.(#%.#)! *2'&).2! )4.!
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