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1"/&,%7&!

!
L%420(*7.24+!70(&%32(%&20(!'%/!"++(!%!/2>(2827%(&!+(:2,0(3+(&%.!;,0".+3!%&!

9?!=+;%,&3+(&!08!J(+,>#!M9?=FJN!/2&+/!80,!3%(#!#+%,/G!O(!%442&20(@!%!82(%.!42/;0/%.!

/0.*&20(!80,!,%420%7&2:+!P%/&+@!/*7'!%/!4++;!>+0.0>27%.!,+;0/2&0,2+/@!'%/!%./0!"++(!%!

&0;27!08!2(:+/&2>%&20(!2(!,+7+(&!#+%,/!4*+!&0!&'+!'2>'!:0.*3+!08!P%/&+!'+.4!%&!/*,8%7+!

2(&+,23! 8%72.2&2+/G! O(! &'2/! ;%;+,@! /0,;&20(! 7'%,%7&+,2/&27/! 08! Q'MORN! 0(&0! /+:+,%.!

>+03+42%!P+,+! 2(:+/&2>%&+4!*/2(>!"%&7'! &+7'(2<*+/G!Q'0,2*3!'%/!"++(!*/+4!%/!%(!

%(%.0>!80,!0&'+,!&+&,%:%.+(&!%7&2(24+/!/*7'!%/!9MORN!%(4!I*MORN!/2(7+!%7&2(24+/!08!&'+!

/%3+!0S24%&20(!/&%&+!+S'2"2&!/232.%,!7'+327%.!"+'%:20,G!Q'+!/0,;&20(!08!Q'MORN!'%/!

"++(!/'0P(!&0!"+!/&,0(>!%4/0,"%&+!4*+!&0!2&/!&+(4+(7#!&0!'#4,0.#T+!,+%42.#G!

-*.&2;.+! "%&7'! +S;+,23+(&/! P+,+! ;+,80,3+4! &0! +:%.*%&+! &'+! /0,;&20(!

;,0;+,&2+/! 08! Q'MORN! 0(&0! /+:+,%.! >+03+42%! 2(! &'+! ;,+/+(7+! 08! 7%,"0(%&+G! ! Q'+!

>+03+42%!*/+4!2(!&'+/+!/&*42+/!2(7.*4+4!&P0!/*"/*,8%7+!/+423+(&/!8,03!&'+!9?=FJ!

?%:%((%'!L2:+,!/2&+U!%!/%(4#!/+423+(&!M?L??N!%(4!7.%#+#!/+423+(&!M?L?DN!%(4!&P0!

32(+,%./U!>0+&'2&+!%(4!E%0.2(2&+G!Q'+/+!/&*42+/!/'0P+4!&'%&!/0,;&20(!08!Q'MORN!P%/!

/&,0(>!MVWXYN!80,!;)!ZGX[AC!80,!"0&'!?L??@!?L?D@!%(4!>0+&'2&+!%&!%!&0&%.!7%,"0(%&+!

70(7+(&,%&20(!08!CGCA!-G!Q'MORN!/0,;&20(!0(&0!E%0.2(2&+!P%/!/&,0(>!80,!;)!B[X@!"*&!

/0,;&20(!4+7,+%/+4! 8,03!;)!X! &0!AAG!60,!%! &0&%.!7%,"0(%&+!70(7+(&,%&20(!08!CGA!-@!

/0,;&20(!4+7,+%/+4!/2>(2827%(&.#!80,!?L??!8,03!;)!\!&0!AB!%(4!4+7,+%/+4!/.2>'&.#!80,!

?L?D!8,03!;)!W!&0!AAG!!
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I,+72;2&%&20(! 08! Q'MORN! 0S24+/! P%/! %./0! &+/&+4! 2(! 70(]*(7&20(! P2&'! &'+/+!

/0,;&20(! /&*42+/G! Q'+/+! &+/&/! /'0P+4! &'%&! ;,+72;2&%&20(! '%4! %! /2>(2827%(&! ,0.+! 2(!

,+30:%.!08!%<*+0*/!Q'MORN!8,03!/0.*&20(!%&!&'+!Q'MORN!70(7+(&,%&20(!*/+4G!6*,&'+,!

2(:+/&2>%&20(/! 2(427%&+4! &'+! 80,3%&20(! 08! ^&,*+_! Q'MORN! 70..024/! 2(! &'+! %"/+(7+! 08!

>+03+42%!%(4!;/+*40[70..024/!2(!&'+!;,+/+(7+!08!>+03+42%G!!

Q'+/+! /&*42+/! 70(7.*4+4! &'%&! %/! 7%,"0(%&+! 70(7+(&,%&20(! 2(7,+%/+/@! Q'MORN!

/0,;&20(! 4+7,+%/+/! %&! (+%,! (+*&,%.! %(4! %.E%.2(+! ;)! :%.*+/G! 1.&'0*>'! /0,;&20(! 08!

Q'MORN!2/!/&,0(>!2(!&'+!/%3+!;)!,%(>+!%&!.0P+,!7%,"0(%&+!70(7+(&,%&20(/@!2&!3%#!"+!

2(! &'+! 80,3! 08! /*,8%7+! ;,+72;2&%&20(! 0(&0! 70..024/G! Q'*/@! &'+! 80,3%&20(! 08! &'+/+!

;/+*40[70..024/!7%(!%7&*%..#!2(7,+%/+!&'+!30"2.2&#!08!70(&%32(%(&/G!!



!2:!

17E(0P.+4>+3+(&/!

!
! Q'+!%*&'0,!P0*.4!.2E+!&0!+S;,+//!'2/!>,%&2&*4+!80,!&'+!P0(4+,8*.!>*24%(7+!

%(4!/*;;0,&!08!'2/!%4:2/0,!=,G!-%,E!H%,(+&&G!Q'+!%*&'0,!P0*.4!%./0!.2E+!&0!&'%(E!'2/!

0&'+,!70332&&++!3+3"+,/!=,G!I,%"'%E%,!D.+3+(&@!=,G!=0(>#+!K'%0@!%(4!&'+!,+/&!08!

&'+!+(:2,0(3+(&%.!8%7*.&#!2(!&'+!72:2.!+(>2(++,2(>!4+;%,&3+(&!80,!&'+2,!2(/&,*7&20(@!

E(0P.+4>+@!%(4!/*;;0,&!4*,2(>!&'+!%*&'0,`/!&23+!%&!1*"*,(!9(2:+,/2&#G!

6*,&'+,30,+@!Q'+!%*&'0,!P0*.4!.2E+!&0!&'%(E!a2(.2(>!K'*%(>!80,!'2/!&+7'(27%.!

%//2/&%(7+!%(4!/*;;0,&!2(!&'+!+(:2,0(3+(&%.!.%"0,%&0,#!%&!1*"*,(!9(2:+,/2&#G!Q'+!

%*&'0,!P0*.4!+/;+72%..#!.2E+!&0!&'%(E!H,2%(!)%.2+(%!80,!'2/!%//2/&%(7+!P2&'!

+S;+,23+(&/!%(4!0&'+,!P0,E!2(!&'+!.%"0,%&0,#G!62(%..#@!O!P0*.4!.2E+!&0!&'%(E!3#!

8%32.#!%(4!8,2+(4/!P'0!/*;;0,&+4!3+!&',0*>'0*&!3#!/&*42+/!'+,+!%&!1*"*,(!

9(2:+,/2&#G!Q'2/!,+/+%,7'!P%/!/*;;0,&+4!"#!&'+!F8827+!08!?72+(7+!MHJLN@!9G!?G!

=+;%,&3+(&!08!J(+,>#G!
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!:!

Q%".+!08!D0(&+(&/!

!

1"/&,%7& GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG22!

17E(0P.+4>+3+(&/ GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG2:!

b2/&!08!Q%".+/ GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG :22!

b2/&!08!62>*,+/ GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG:222!

D'%;&+,!AG!O(&,04*7&20( GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGA!

AGA!I,0".+3!?&%&+3+(& GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGA!

AGB!F"]+7&2:+/GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGZ!

AGZ!F,>%(2T%&20(GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGc!

D'%;&+,!BG!b2&+,%&*,+!L+:2+PGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGX!

BGA!L%420(*7.24+!D0(&%32(%&20( GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGX!

BGB!Q'0,2*3!)+%.&'!D0(7+,(/GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG\!

BGZ!5+(+,%.!Q'0,2*3!D'+32/&,#!%(4!-2(+,%.0>#GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGd!

BGc!?;+72%&20(!08!Q'0,2*3 GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGe!

BGX!?0.*"2.2&#!08!Q'0,2*3!FS24+/ GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGAB!

BG\!?0,;&20(!08!Q'0,2*3!0(&0!5+03+42%GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGA\!

D'%;&+,!ZG!?0,;&20(!08!Q'0,2*3!0(&0!?*"/*,8%7+!5+03+42% GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGAW!

ZGA!O(&,04*7&20( GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGAW!



!:2!

ZGB!-%&+,2%./!%(4!-+&'04/GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGBC!

-%&+,2%./GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG BC!

JS;+,23+(&%.!-+&'04/GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG BA!

-04+.2(>GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG BZ!

ZGZ!L+/*.&/!%(4!=2/7*//20(GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGBZ!

?;+72%&20(!08!Q'!2(!%<*+0*/!/#/&+3/ GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG BZ!

Q'MORN!f2(+&27/GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG BZ!

Q'MORN!O/0&'+,3 GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG Be!

Q'MORN!I,+72;2&%&20( GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG Be!

60,3%&20(!Q'MORN!I/+*40[70..024/ GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG Zc!

Q'MORN!?0,;&20(!0(&0!?L?? GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG Zd!

Q'MORN!?0,;&20(!0(&0!?L?DGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG Zd!

Q'MORN!?0,;&20(!0(&0!50+&'2&+GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG cA!

Q'MORN!?0,;&20(!0(&0!f%0.2(2&+GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG cZ!

J88+7&!08!D%,"0(%&+!0(!Q'MORN!?0,;&20( GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG c\!

D'%;&+,!cG!D0(7.*/20(/!%(4!L+7033+(4%&20(/!80,!6*&*,+!g0,EGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGXB!

cGA!D0(7.*/20(/GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGXB!

cGB!L+7033+(4%&20(/!80,!6*&*,+!g0,EGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGXc!

L+8+,+(7+/GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGXX!

1;;+(42SGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG\C!

!



!:22!

b2/&!08!Q%".+/!

!!
Q%".+!BGAU!Q'0,2*3!'#4,0.#/2/!,+%7&20(/!077*,,2(>!%&!QhBXiD!%(4!OhCGC!-!%(4!

%//072%&+4!.0>!f!:%.*+/G!b0>!f!70(/&%(&/!P+,+!7%.7*.%&+4!8,03!&'+,304#(%327!
4%&%!>2:+(!"#!ML%(4@!6*>+,!+&!%.G!BCCeNGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGW!

!
Q%".+!BGBU!Q'0,2*3!7%,"0(%&+!,+%7&20(/!077*,,2(>!%&!QhBXiD!%(4!OhCGC!-!%(4!

%//072%&+4!.0>!f!:%.*+/G!b0>!f!70(/&%(&/!P+,+!7%.7*.%&+4!8,03!&'+,304#(%327!
4%&%!>2:+(!"#!ML%(4@!6*>+,!+&!%.G!BCCeNGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGAA!

!
Q%".+!BGZU!Q'0,2*3!/0.*"2.2&#!,+%7&20(/!077*,,2(>!%&!QhBXiD!%(4!OhCGC!-!%(4!

%//072%&+4!.0>!f/;!:%.*+/G!b0>!f/;!70(/&%(&/!P+,+!7%.7*.%&+4!8,03!
&'+,304#(%327!4%&%!>2:+(!"#!ML%(4@!6*>+,!+&!%.G!BCCeNGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGAc!

!
Q%".+!ZGAU!?L?!?02.!D'%,%7&+,2T%&20(!Mf%;.%(@!BCACNGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGBA!
!



!:222!

b2/&!08!62>*,+/!

!
62>*,+!BGAU!Q'MORN!/;+72%&20(!42%>,%3!7%.7*.%&+4!*/2(>!R2/*%.!-O$QJjG!D&Q'hZGZX!S!

AC[X!-@!OhCGA!-!$%$FZG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGAC!
!
62>*,+!BGBU!Q'MORN!/;+72%&20(!42%>,%3!7%.7*.%&+4!*/2(>!R2/*%.!-O$QJjG!D&Q'hZGZX!S!

AC[X!-@!OhCGCW!$%$FZkCGCA!-!$%)DFZGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGAA!
!
62>*,+!BGZUQ'MORN!/;+72%&20(!42%>,%3!7%.7*.%&+4!*/2(>!R2/*%.!-O$QJjG!D&Q'hZGZX!S!

AC[X!-@!OhCGA!-!$%)DFZ GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGAB!
!
62>*,+!BGcU!Q'+0,+&27%.!/0.*"2.2&#!+4>+/!80,!Q'FB!M%3@!8,+/'N@!Q'FB!M%3@!%>+4N@!%(4!

Q'FBM/N@!P'27'!P+,+!7%.7*.%&+4!*/2(>!R2/*%.!-O$QJj!P2&'!:%.*+/!8,03!ML%(4@!
6*>+,!+&!%.G!BCCeNl!OhCGCW!-!$%$FZkCGCA!-!$%)DFZG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGAX!

!
62>*,+!BGXU!Q'+0,+&27%.!/0.*"2.2&#!+4>+/!80,!Q'FB!M%3@!8,+/'N@!Q'FB!M%3@!%>+4N@!%(4!

Q'FBM/N@!P'27'!P+,+!7%.7*.%&+4!*/2(>!R2/*%.!-O$QJj!P2&'!:%.*+/!8,03!ML%(4@!
6*>+,!+&!%.G!BCCeNl!OhCGA!-!$%)DFZGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGA\!

!
62>*,+!ZGAU!!Q'MORN!/;+72%&20(!42%>,%3!7%.7*.%&+4!*/2(>!R2/*%.!-O$QJjG!D&Q'hZGZX!S!

AC[X!-@!OhCGA!-!$%$FZG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGBc!
!
62>*,+!ZGBU!Q'MORN!/;+72%&20(!42%>,%3!7%.7*.%&+4!*/2(>!R2/*%.!-O$QJjG!D&Q'hZGZX!S!

AC[X!-@!OhCGCW!$%$FZkCGCA!-!$%)DFZG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGBX!
!
62>*,+!ZGZU!Q'MORN!/;+72%&20(!42%>,%3!7%.7*.%&+4!*/2(>!R2/*%.!-O$QJjG!D&Q'hZGZX!S!

AC[X!-@!OhCGA!-!$%)DFZGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGB\!
!
62>*,+!ZGcU!J<*2.2",2*3!E2(+&27/!08!Q'MORN!P2&'!?L??!%&!"#$!h!ZGZZ!>kb@!DChZGCe!S!AC[

X!-@!OhCGAC!-!$%$FZ@!;)hcGAXmCGCW@!Q+3;hB\mA!iDG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGBd!
!
62>*,+!ZGXU!14/0,;&20(!O/0&'+,3!08!Q'MORN!0(&0!?L??l!OhCGAC!-!$%$FZ@!
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b2/&! M$IbN! "#! &'+! 9G?G! J(:2,0(3+(&%.! I,0&+7&20(! 1>+(7#! MJI1N! 2(! &'+! .%&+! AWeC/!

M9?JI1!BCAANG!

!1(0&'+,!&0;27!08!70(7+,(!80,!/72+(&2/&/!%(4!>0:+,(3+(&!%>+(72+/!2/!&'+!82(%.!

42/;0/%.!3+&'04!80,!(*7.+%,!P%/&+G!60,!0:+,!BC!#+%,/@!0(+!08!&'+!%77+;&+4!/0.*&20(/!

&0!&'2/!;,0".+3!'%/!"++(!&0!"*2.4!(*7.+%,!P%/&+!,+;0/2&0,2+/!4++;!*(4+,>,0*(4!&0!

/&0,+!&'+!P%/&+!80,!&+(/!08!&'0*/%(4/!&0!32..20(/!08!#+%,/!Mf23@!fP0(!+&!%.G!BCAANG!

Q'2/! 3+&'04! P0*.4! %..0P! /03+! 08! &'+! (*7.+%,! P%/&+! &23+! &0! 4+7%#! 2(&0! &'+2,!

(0(,%420%7&2:+! 4%*>'&+,! ;,04*7&/! %(4! 2/! &'0*>'&! &0! "+! 8%,! +(0*>'! %P%#! 8,03!



\!

'*3%(! %7&2:2&#! &0! ;,+:+(&! %(#! %77+//2"2.2&#! 8,03! '*3%(/G! )0P+:+,@! &'+,+! 2/! &'+!

;0//2"2.2&#! 08! &'+!P%/&+! 70(&%2(+,/! 4+&+,20,%&2(>! "+80,+! &'+! (*7.+%,! P%/&+! 4+7%#/!

%..0P2(>!&'+!P%/&+!&0!/++;!2(&0!&'+!+(:2,0(3+(&G!Q'+,+80,+@!&'+!/&*4#!08!&'+!8%&+!%(4!

&,%(/;0,&! 08! 4288+,+(&! ,%420(*7.24+/! 2/! (+7+//%,#! &0! ;,+:+(&! 0,! 32&2>%&+! %!

70(&%32(%(&!,+.+%/+!2(&0!&'+!.07%.!/02.!%(4!>,0*(4P%&+,!/#/&+3/G!Q'+!+.+3+(&/!&'%&!

%,+!08!+(:2,0(3+(&%.!70(7+,(!%,+!&'0/+!&'%&!'%:+! .0(>!'%.8[.2:+/!/*7'!%/!Q'0,2*3[

BZB!qQ'MORNr@!9,%(2*3[BZe!%(4!I.*&0(2*3[BZW@!P'27'!'%:+!'%.8[.2:+/!2(!32..20(/!&0!

"2..20(/!08!#+%,/G!Q'0,2*3!'%/!"++(!.2/&+4!%/!%!'%T%,40*/!/*"/&%(7+!80,!3%(#!#+%,/!

%(4!2/!%!E(0P(!7%,72(0>+(!M1Q?=L!BCAANG!Q'0,2*3!'%/!%./0!"++(!*/+4!%/!%(!%(%.0>!

80,! 0&'+,! &+&,%:%.+(&! %7&2(24+/! /2(7+! 2&! '%/! %! /&%".+! &+&,%:%.+(&! 0S24%&20(! /&%&+!

M1.&3%2+,@! $+7E! +&! %.G! BCCXNG! Q'+,+! 2/! %./0! &'+! 70(7+,(! &'%&! Q'MORN! 70(&%32(%&20(!

3%#!2(7,+%/+!2(!&'+!8*&*,+!4*+!&0!&'+!,+(+P+4!2(&+,+/&!80,!*/+!08!Q'MORN!%/!%!(*7.+%,!

8*+.!ML0]0@!?+70!+&!%.G!BCCWNG!

BGB!!Q'0,2*3!)+%.&'!D0(7+,(/!

Q'0,2*3! 2/!%!,%420%7&2:+!3+&%.! &'%&! 2/!(%&*,%..#!;,+/+(&! 2(! &'+!+%,&'`/!7,*/&!

%(4!7%(!"+!80*(4!P0,.4P24+!%&!.0P!70(7+(&,%&20(/!2(!P%&+,@!,07E/@!/02./@!%(4!%2,@!%(4!

%/!%!,+/*.&!80*(4!2(!;.%(&/!%(4!%(23%./!M9?JI1!BCAANG!Q'+!%:+,%>+!70(7+(&,%&20(!08!

Q'MORN!2(!/02./!2/!%;;,0S23%&+.#!/2S!;%,&/!;+,!32..20(!M;;3N!M1Q?=L!BCAANG!Q'0,2*3!

2/!30/&!70330(.#!80*(4!%&!'2>'+,!70(7+(&,%&20(/!2(!&'+!+(:2,0(3+(&!%/!;%,&!08!&'+!

;'0/;'%&+!32(+,%.!30(%T2&+!MQ'IFcN!MI+&+,/0(@!-%7=0(+..!+&!%.G!BCCdNG!Q'+!1>+(7#!

80,! Q0S27! ?*"/&%(7+/! s! =2/+%/+! L+/>2/&,#! M1Q?=LN! ,%(E+4! Q'MORN! %&! ACA! 0(! 2&/!

DJLDb1!I,20,2&#!b2/&!08!)%T%,40*/!?*"/&%(7+/!Mb)?N@!P'27'!/'0P/!&'%&!&'0,2*3!2/!

(0&! &'+! 80,+30/&!70(7+,(!%&! 8%72.2&2+/!0(!&'+!$%&20(%.!I,20,2&2+/!b2/&! M$IbN!M1Q?=L!



d!

BCCWNG!Q'0,2*3!2/!,+>2/&+,+4!"#!&'+!JI1!%(4!1?Q=L!%/!%!E(0P(!7%,72(0>+(!%(4!'%/!

"++(!/'0P(!&0!2(7,+%/+!&'+!,2/E!08!/+:+,%.!7%(7+,/!2(7.*42(>!.*(>!%(4!"0(+!7%(7+,/!

M1Q?=L! BCAAl! 9?JI1! BCAANG! Q'0,2*3! 2/! 70(/24+,+4!32.4.#! ,%420%7&2:+! 4*+! &0! 2&/!

+S&,+3+.#!.0(>!'%.8[.28+!M&AkBh!Ac!"2..20(!#+%,/NG!g'+(!2&!40+/!4+7%#@!Q'MORN!+32&/!%(!

%.;'%! ;%,&27.+@! P'27'! 7%(! "+! '%,38*.! 4+;+(42(>! 0(! %! ;+,/0(`/! ;,0S232&#! &0! &'+!

;%,&27.+G! )0P+:+,@! &'+/+! '+%.&'! ,2/E/! %,+! /2>(2827%(&.#! ,+4*7+4! %/! .0(>! %/! Q'MORN!

;%,&27*.%&+/! %,+! (0&! 2(>+/&+4! 0,! 2('%.+4G! Q'+! JI1`/! 3%S23*3! 70(&%32(%(&! .+:+.!

M-DbN!80,!,%420(*7.24+/!/*7'!%/!Q'MORN!2(!4,2(E2(>!P%&+,!2/!e!;D2kb!0,!dGZ!t>[Q'kb!

M*/2(>! &'+! /;+72827! %7&2:2&#! 08! Q'[BZBhAGA! S! AC[d! D2k>N! MI+&+,/0(@!-%7=0(+..! +&! %.G!

BCCdl!9?JI1!BCAANG!

BGZ!!5+(+,%.!Q'0,2*3!D'+32/&,#!%(4!-2(+,%.0>#!

O(! 2&/!3+&%..27! 80,3!Q'MORN! 2/!%!/08&@!4*7&2.+@!/2.:+,#[P'2&+! 2(!70.0,!%(4!'%/!%!

4+(/2&#!/232.%,!&0!.+%4G!g'+(!'+%&+4@!Q'MORN!P2..!"*,(!%!",2>'&!P'2&+@!P'27'!3%4+!2&!

%(! 24+%.!;,04*7&! &0!"+!*/+4! 2(! .%(&+,(!3%(&.+/G!?2(7+! 2&!'%/!%!'%.8[.28+!08!Ac!"2..20(!

#+%,/@! 30,+! &'%(! WWY! 08! Q'MORN! 077*,,2(>! 2(! &'+! +(:2,0(3+(&! 2/! Q'[BZB! %(4! 2/!

/&%".+!2(!2&/!&+&,%:%.+(&!0S24%&20(!/&%&+!MI+&+,/0(@!-%7=0(+..!+&!%.G!BCCdNG!-0(%T2&+!

MQ'IFcN!2/!&'+!;,23%,#!32(+,%.!0,+!70(&%2(2(>!Q'MORN!M\!&0!dY!"#!P+2>'&N@!P'+,+%/!

Q'0,2&+!MQ'?2FcN!2/!&'+!30/&!;,+:+.%(&!Q'MORN!32(+,%.!MdBY!"#!P+2>'&N!M6,+243%(!

BCAANG!!

17&2(24+!7'+32/&,#!7%(!"+!<*2&+!703;.+S!"+7%*/+!/03+!%7&2(24+/!7%(!+S2/&!2(!

3*.&2;.+!0S24%&20(!/&%&+/!2(!&'+!/%3+!/#/&+3!MD'0;;2(!BCCdNG!$0(+&'+.+//@!%7&2(24+/!

&+(4! &0! +S'2"2&! /232.%,! ;,0;+,&2+/! P'+(! &'+#! %,+! 2(! &'+! /%3+! 0S24%&20(! /&%&+G!

H+7%*/+!08!2&/!/&%"2.2&#!2(!&'+!&+&,%:%.+(&!0S24%&20(!/&%&+@!Q'MORN!'%/!"++(!/&*42+4!%/!



e!

%(! %(%.0>! 80,! 0&'+,! &+&,%:%.+(&! %7&2(24+/! /*7'! %/! 9MORN! ML%2@! 6+.3#@! +&! %.G! AWWdN@!

$;MORN@!%(4!I*MORN!M1.&3%2+,@!$+7E!+&!%.G!BCCXl!5*0@!p*!+&!%.G!BCCXl!D'%(>@!p*!+&!%.G!

BCCdl! D'0;;2(! BCCdNG! Q'2/! &+7'(2<*+! 2/! %4:%(&%>+0*/! "+7%*/+! 2&! /23;.282+/! &'+!

,+/+%,7'! ;,07+//! "#! ,+30:2(>! %(#! ,+40S! ,+%7&20(/! &'%&! 3%#! 077*,! P2&'! 0&'+,!

%7&2(24+/G!)0P+:+,@!D'0;;2(!MBCCdN!/*>>+/&/!&'%&!/03+!70,,+7&20(/!0,!%4]*/&3+(&/!

/'0*.4! "+! 3%4+! &0! 4%&%! P'+(! */2(>! Q'MORN! %/! %(! %(%.0>! 80,! I*MORNG! Q'+/+!

%4]*/&3+(&/!%,+!%&&,2"*&+4!&0!&'+! 20(27!,%422!"+2(>!,+.%&2:+.#!/3%..+,@!P'27'!3%E+/!

Q'MORN!703;.+S%&20(!/03+P'%&!P+%E+,!MD'0;;2(!BCC\NG!!

BGc!!?;+72%&20(!08!Q'0,2*3!

Q'+! /;+72%&20(!08! %(! +.+3+(&! 2/! &'+!42/&,2"*&20(!08! &'%&! +.+3+(&! %30(>! &'+!

7'+327%.! /;+72+/! 2(! %! /#/&+3G! 1(! %(%.#/2/! 08! &'+! /;+72%&20(! 08! %(! +.+3+(&! 2/!

+S&,+3+.#! 23;0,&%(&! P'+(! &,#2(>! &0! 304+.! &'+! "+'%:20,! 08! &'%&! +.+3+(&! /*7'! %/!

/0.*"2.2&#@! &0S272&#@!%4/0,;&20(!&0!/02./@!%(4!&'+!/*,8%7+!;,0;+,&2+/!08!/0.24/G!?+:+,%.!

;,07+//+/! 7%(! "+! */+4! &0! 4+&+7&! &'+! 4288+,+(&! Q'MORN! /;+72+/! 2(7.*42(>!

;0&+(&203+&,27! &2&,%&20(/@! .%/+,[2(4*7+4! ",+%E40P(! 4+&+7&20(@! %(4! :%,20*/!

/;+7&,0/70;#!3+&'04/!MD'0;;2(!BCCdNG!!

g'+(!3+&%.!20(/!703;.+S!P2&'!P%&+,!30.+7*.+/@!%!,+%7&20(!7%..+4!'#4,0.#/2/!

077*,/! P'+,+! %! ;,0&0(! 2/! &,%(/8+,,+4! 8,03! &'+! '#4,%&+4! 3+&%.! &0! P%&+,! 80,32(>!

'#4,0S0!703;.+S+/G!?2(7+!Q'MORN!2/!/&%".+!2(!%!&+&,%:%.+(&!0S24%&20(!/&%&+!2(!/0.*&20(@!

2&!'%/!%!,+3%,E%".+!%"2.2&#!&0!80,3!30(03+,27!%(4!;0.#3+,27!'#4,0S24+!703;.+S+/G!

$*3+,0*/! /&*42+/! '%:+! "++(! 40(+! 0:+,! &'+! #+%,/! &0! 4+&+,32(+! &'+! 80,3%&20(!

70(/&%(&/!08!Q'MORN!'#4,0S24+/!2(!:%,20*/!3+42%G!Q'+!30/&!70330(!%(20(/!2(!3+42%!

*/+4! &0! /&*4#!Q'MORN!'#4,0.#/2/!%,+!;+,7'.0,%&+! MH%+/@!-+#+,!+&!%.G!AW\Xl!5,+(&'+!



W!

%(4!b%>+,3%(!AWWAl!JE"+,>@!1."2(//0(!+&!%.G!BCCCN@!(2&,%&+!M-2.27!AWdAl!H,0P(@!J..2/!

+&!%.G!AWeZN@!%(4!7'.0,24+!MH%+/!%(4!-+/3+,!AWeAl!-2.27!AWeANG!Q'+!FJD=!$*7.+%,!

J(+,>#!1>+(7#!M$J1N!,+:2+P+4!%(4!/*33%,2T+4!%..!&'+!,+.+:%(&!.2&+,%&*,+@!%(4!&'+!

'#4,0S24+!/;+72+/!%(4!&'+2,!70(/&%(&/!P2&'!&'+!30/&!70(/2/&+(&!,+/*.&/!%,+!/'0P(!2(!

Q%".+! BGA! ML%(4@! 6*>+,! +&! %.G! BCCeNG! 9/2(>! &'+/+! :%.*+/! 8,03! Q%".+! BGA@! %! Q'MORN!

/;+72%&20(! 42%>,%3! P%/! 703;.+&+4! %/! /'0P(! 2(! 62>*,+! BGA! */2(>! &'+! +<*2.2",2*3!

/;+7%&20(!/08&P%,+!R2/*%.!-O$QJjG!62>*,+!BGA!/'0P/!&'%&!&'+,+!%,+!0(.#!82:+!3%]0,!

'#4,0S24+!703;.+S+/!;,+/+(&!2(!&'+!/#/&+3G!!Q'+!20(27!80,3@!Q'co@!;,+4032(%&2(>!%&!

;)uZGB@!Q'F)Zo! 8,03!;)!ZGB!&0!;)!cGA@!Q'cMF)NABco!4032(%&2(>! 8,03!;)!cGA!&0!;)!

dGe@!%(4!Q'MF)NcM%<N!%&!;)VdGeG!!

*1/63(789:(Q'0,2*3!'#4,0.#/2/!,+%7&20(/!077*,,2(>!%&!QhBXiD!%(4!OhCGC!-!%(4!
%//072%&+4!.0>!f!:%.*+/G!b0>!f!70(/&%(&/!P+,+!7%.7*.%&+4!8,03!&'+,304#(%327!4%&%!
>2:+(!"#!ML%(4@!6*>+,!+&!%.G!BCCeNG!

Species Th(IV) Hydroxide Complexation Reactions Log K 
Th(OH)3+ Th4+ + H2O(l)  !  H+ + Th(OH)3+ -2.500 
Th(OH)2

2+ Th4+ + 2H2O(l)  !  2H+ + Th(OH)2
2+ -6.200 

Th(OH)4(aq) Th4+ + 4H2O(l)  !  4H+ + Th(OH)4(aq) -17.400 
Th2(OH)2

6+ 2Th4+ + 2H2O(l)  !  2H+ + Th2(OH)2
6+ -5.900 

Th2(OH)3
5+ 2Th4+ + 3H2O(l)  !  3H+ + Th2(OH)3

5+ -6.800 
Th4(OH)8

8+ 4Th4+ + 8H2O(l)  !  8H+ + Th4(OH)8
8+ -20.400 

Th4(OH)12
4+ 4Th4+ + 12H2O(l)  !  12H+ + Th4(OH)12

4+ -26.600 
Th6(OH)14

10+ 6Th4+ + 14H2O(l)  !  14H+ + Th6(OH)14
10+ -36.800 

Th6(OH)15
9+ 6Th4+ + 15H2O(l)  !  15H+ + Th6(OH)15

9+ -36.800 
!

g'+(!70(/24+,2(>!(%&*,%.!/#/&+3/@!0(+!08!&'+!30/&!23;0,&%(&!%,+%/!2(!P%&+,!

7'+32/&,#!2/!&'+!7%,"0(%&+!/#/&+3G!Q'+!7%,"0(%&+!/#/&+3!3%2(.#!70(/2/&/!08!>%/+0*/!

DFB@! DFBM>N@! ! %<*+0*/! DFB@! DFBM%<N@! ! 7%,"0(27! %724@! )BDFZ@! "27%,"0(%&+@! )DFZ[@! %(4!

7%,"0(%&+@!DFZB[!M?(0+#2(E!%(4!a+(E2(/!AWeCNG!?232.%,.#@!7%,"0(%&+!703;.+S%&20(!



AC!

!
;&<,#3(789:(Q'MORN!/;+72%&20(!42%>,%3!7%.7*.%&+4!*/2(>!R2/*%.!-O$QJjG!D&Q'hZGZX!S!
AC[X!-@!OhCGA!-!$%$FZG!!
!
P2&'! &'0,2*3! 2/! %./0! %! :+,#! 23;0,&%(&! ;%,&! 08! %<*+0*/! %7&2(24+! /#/&+3/G! ?03+!

/&*42+/!*/+4!DFBM>N!%&!4288+,+(&!;%,&2%.!;,+//*,+/!&0!;,0:24+!&'+!7%,"0(%&+!2(!/0.*&20(!

MF/&'0./@! H,*(0! +&! %.G! AWWcl! 6+.3#@! L%2! +&! %.G! AWWdl! 1.&3%2+,@! $+7E! +&! %.G! BCCXl!

1.&3%2+,@!$+7E!+&!%.G!BCC\N@!%(4!0&'+,/!*/+4!%!)DFZ[kDFZB[!"*88+,!/0.*&20(!P2&'!&0&%.!

7%,"0(%&+! 70(7+(&,%&20(/! ,%(>2(>! 8,03! CGCCA! &0! BGZ! M6+.3#@! L%2! +&! %.G! AWWdl!

1.&3%2+,@!$+7E!+&!%.G!BCCXl!1.&3%2+,@!$+7E!+&!%.G!BCC\NG!Q'+!FJD=!$J1!ML%(4@!6*>+,!

+&! %.G! BCCeN! ,+:2+P+4! %(4! /*33%,2T+4! &'+/+/! %,&27.+/! %(4! /+.+7&+4! &'+! /;+72+/!

/'0P(!2(!Q%".+!BGB!"+7%*/+!&'+#!'%4!&'+!30/&!,+.2%".+!<*%(&2&%&2:+!4%&%G!62>*,+!BGB!

%(4!62>*,+!BGZ!/'0P!&'+!42/&,2"*&20(!08!Q'MORN!/;+72+/!2(!&'+!;,+/+(7+!08!7%,"0(%&+!

%&!&0&%.!7%,"0(%&+!70(7+(&,%&20(/!08!CGCA!-!%(4!CGA!-@!,+/;+7&2:+.#G!g'+(!703;%,+4!

&0!Q'MORN! 703;.+S%&20(!P2&'!'#4,0S24+@! &'+,+! 2/(`&!3*7'!4288+,+(&2%&20(! 2(! /;+72+/!

42/&,2"*&20(! *(&2.! %8&+,! ;)! \GXG! 1&! &'2/! ;02(&! &+,(%,#! Q'MORN! '#4,0S24+[7%,"0(%&+!



AA!

/;+72+/! "+>2(! &0! "+703+! &'+!30,+! 4032(%(&! /;+72+/! 80,! &'+! ,+3%2(4+,! 08! &'+! ;)!

,%(>+!P2&'!&'+!+S7+;&20(!08!Q'F)cM%<N@!P'27'!"+703+/!4032(%(&!%&!;)VACGXG!!

*1/63(787:(Q'0,2*3!7%,"0(%&+!,+%7&20(/!077*,,2(>!%&!QhBXiD!%(4!OhCGC!-!%(4!
%//072%&+4!.0>!f!:%.*+/G!b0>!f!70(/&%(&/!P+,+!7%.7*.%&+4!8,03!&'+,304#(%327!4%&%!
>2:+(!"#!ML%(4@!6*>+,!+&!%.G!BCCeNG!

Species Th(IV) Carbonate Complexation Reactions Log K 
Th(CO3)5

6- Th4+ + 5CO3
2-  !  Th(CO3)5

6- 31.000 
ThOH(CO3)4

5- Th4+ + H2O(l) + 4CO3
2-  !  H+ + ThOH(CO3)4

5- 21.600 

Th(OH)2(CO3)2
2- Th4+ + 2H2O(l) + 2CO3

2-  !  2H+ + 
Th(OH)2(CO3)2

2- 8.800 

Th(OH)4(CO3)2- Th4+ + 4H2O(l) + CO3
2-  !  4H+ + Th(OH)4(CO3)2- -15.600 

!
!

!
;&<,#3(787:(Q'MORN!/;+72%&20(!42%>,%3!7%.7*.%&+4!*/2(>!R2/*%.!-O$QJjG!D&Q'hZGZX!S!
AC[X!-@!OhCGCW!$%$FZkCGCA!-!$%)DFZ!
!



AB!

BGX!?0.*"2.2&#!08!Q'0,2*3!FS24+/!

?0.*"2.2&#! 2/! 08! >,+%&! 23;0,&%(7+! &0! &'+! 8%&+! %(4! &,%(/;0,&! 08! 70(&%32(%(&/G!

-%(#! 8%7&0,/! %88+7&! &'+! /0.*"2.2&#! 08! %! /*"/&%(7+! 2(7.*42(>! &+3;+,%&*,+@! ;,+//*,+@!

&'+! (%&*,+! 08! &'+! /*"/&%(7+! "+2(>! 42//0.:+4! M+G>G@! ;0.%,2&#@! /2T+! 08! /0.24@! +&7GN@! %(4!

+S;+,23+(&%.! ;,07+4*,+/! M+G>G@! /&2,,2(>@! ;,+&,+%&3+(&@! +&7GNG! b2E+! %..! 7'+327%.!

/#/&+3/!&'%&!%,+!%&!70(/&%(&!&+3;+,%&*,+!%(4!;,+//*,+@!,+%7&20(/!&%E+!;.%7+!2(!0,4+,!

&0! 32(232T+! &'+! &0&%.! 52""`/! 8,++! +(+,>#G! g'+(! &'+! 52""`/! 8,++! +(+,>#! 2/! %&! %!
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! 

AxBy (s)" xAy+ + yBx#
! MAN!

Q'+!/0.*"2.2&#!;,04*7&!2/!

!

! 

Ksp =
{Ay+}x{Bx"}y

{AxBy (s)}
= [Ay+]x[Bx"]y{#

A y+ }x{#B x"}y

! MBN
! !

P'+,+! 2(427%&+/! %7&2:2&#! %(4! q2r! 2(427%&+/! 70(7+(&,%&20(@! %(4! !2! 2/! &'+! %7&2:2&#!

70+88272+(&!08!/;+72+/!2G!F:+,!&'+!#+%,/!&'+,+!'%:+!"++(!3%(#!/&*42+/!70(7+,(2(>!&'+!

/0.*"2.2&#! 08! Q'MORN! 0S24+/! %(4! '#4,0S24+/G! -0/&! 08! &'+/+! /0.*"2.2&#! /&*42+/! P+,+!

70(4*7&+4!*/2(>!&'+!*(4+,/%&*,%&20(!%;;,0%7'@!P'+,+!&'+!&'0,2*3!/0.24!P%/!;.%7+4!

2(&0!%!/0.*&20(!%(4!%..0P+4!&0!+<*2.2",%&+!ML#%(!%(4!L%2!AWedl!F/&'0./@!H,*(0!+&!%.G!

AWWcl!6+.3#@!L%2!+&!%.G!AWWdl!1.&3%2+,@!$+7E!+&!%.G!BCCcl!f23@!H%2E!+&!%.G!BCACNG!1/!

&'0,2*3! "+>2(/! &0! ;,+72;2&%&+! 2(! /0.*&20(@! &'+! /0.24! 2/! 70(/24+,+4! +2&'+,! %(!

%30,;'0*/! '#4,0S24+@! Q'MF)NcM%3N@! 0,! %! 327,07,#/&%..2(+! '#4,0*/! 0S24+!

Q'FB"S)BFM%3N! M$+7E! %(4! f23! BCCCNG! ML%2@! -00,+! +&! %.G! BCCCN! ,+;0,&/! &'%&! %8&+,!

/03+! &23+! Q'FBM%3N! &,%(/80,3/! 2(&0! &'+! .+//! /0.*".+! 7,#/&%..2(+! &'0,2*3! 0S24+@!

Q'FBM7,NG!Q'+!%30*(&!08! &23+! 80,!Q'FBM%3N! &0! &,%(/80,3! 2(&0! &'+!7,#/&%..2(+!/0.24!

4+7,+%/+/!%/!&'+!&+3;+,%&*,+!08!&'+!/0.*&20(!2(7,+%/+/!MBdC!4%#/!%&!BXiD!%(4!%"0*&!
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/0.*"2.2&#! 70(/&%(&/! P+,+! /+.+7&+4! 80,! &'+! %30,;'0*/! /0.24U! Q'FBM%3@! 8,+/'N! %(4!

Q'FBM%3@!%>+4NG!L%(4@!6*>+,!+&!%.G! MBCCeN!%7E(0P.+4>+4!&'%&! &'+,+! 2/(`&!%!4+82(2&+!
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4%&%!>2:+(!"#!ML%(4@!6*>+,!+&!%.G!BCCeNG!
!

Th(IV) Solubility Reactions Log Ksp 

Th4+ + 2H2O(l)  !  4H+ + ThO2 (am, fresh) -9.300 
Th4+ + 2H2O(l)  !  4H+ + ThO2 (am, aged) -8.500 
Th4+ + 2H2O(l)  !  4H+ + ThO2(s) -1.766 

!
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Q'+,+! '%:+! "++(! (*3+,0*/! /&*42+/! 0(! &'+! /0,;&20(! 08! Q'MORN! 2(!
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&'+! DJLDb1! b)?@! Q'MORN! /0,;&20(! '%/! "++(! /&*42+4! 0(! 3%(#! 4288+,+(&! &#;+/! 08!

>+03+42%G! Q'0,2*3! &#;27%..#! /'0P/! /&,0(>! /0,;&20(! 7'%,%7&+,2/&27/! "+7%*/+! 08! 2&/!
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Q'MORN!/0,;&20(!/&*42+/!'%:+!"++(!40(+!0(!2,0(!0S24+/!%(4!0S#'#4,0S24+/!2(7.*42(>!

3%>(+&2&+! %(4! 8+,,2'#4,2&+! ML0]0@! ?+70! +&! %.G! BCCWl! ?+70@! )+((2>! +&! %.G! BCCWN@!

'+3%&2&+! MD,032+,+/@! -0*.2(! +&! %.G! AWWel! -*,;'#@! b+('%,&! +&! %.G! AWWWl! L+2..+,@!

-0*.2(! +&! %.G! BCCBl! L+2..+,@! D%/%(0:%! +&! %.G! BCCXN@! %(4! >0+&'2&+! Mb%8.%33+! %(4!

-*,,%#!AWedl!)*(&+,@!)%PE+!+&!%.G!AWeeNG!

?+:+,%.!/&*42+/!2(:0.:+!Q'MORN!/0,;&20(!0(&0!0&'+,!0S24+/!70(/2/&2(>!08!/2.27%!

MF/&'0./! AWWXl! F/&'0./@! -%(7+%*! +&! %.G! AWWdl! D'+(! %(4! g%(>! BCCdN@! %.*32(%!

ML2>'+&&0@!H240>.20!+&!%.G!AWeel!5*0@!$2*!+&!%.G!BCCXl!D'+(!%(4!g%(>!BCCdN@!0,!&2&%(2%!

Ma%E0"//0(! AWWWl! 5*0@! $2*! +&! %.G! BCCXl! Q%(@! g%(>! +&! %.G! BCCdNG! -0/&! 08! &'+/+!

/0,"+(&/!P+,+!*/+4!%/!&'+#!%./0!+S'2"2&!.0P!/0.*"2.2&#!%(4!*"2<*2&#!2(!(%&*,+G!Mb2!%(4!

Q%0! BCCBN! 7%,,2+4! 0*&! %! 703;%,%&2:+! /&*4#! 0(! Q'MORN! /0,;&20(! 0(&0! %.*32(%! %(4!

/2.27%!%(4!80*(4!&'+2,!/0,;&20(!7'%,%7&+,2/&27/!&0!"+!/232.%,G!6*,&'+,30,+@!&'+,+!'%:+!

"++(! 0(.#! %! 70*;.+! /&*42+/! 0(! &'+! /0,;&20(! 08! Q'MORN! 0(&0! /03+! 70330(! 7.%#!

32(+,%./! /*7'! %/! E%0.2(2&+@! P'27'! 2/! 70(/24+,+4! %! 703;0(+(&! 08! 3%(#! /02./! %(4!
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1! E+#! 2//*+! %//072%&+4!P2&'!30/&! /&*42+/! 70(4*7&+4! 2(! %! .%"0,%&0,#! 2/! '0P!

P+..! &'+! ,+/*.&/!P2..! 70,,+.%&+! &0! 2(! ,+%.[P0,.4!+(:2,0(3+(&%.! /#/&+3/G!?2(7+! &'+,+!
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*/+4! %/! /0,"+(&/U! /*,8%7+! /%(4#! /+423+(&@! /*,8%7+! 7.%#+#! /+423+(&@! /*"/*,8%7+!

/%(4#! /+423+(&@! %(4! /*"/*,8%7+! 7.%#+#! /+423+(&G! H%&7'! +S;+,23+(&/! P+,+!

70(4*7&+4! &0! +S%32(+! &'+! /0,;&20(! +4>+/! 80,! &'+/+! /+423+(&/! P2&'! I*MORN! %(4!

I*MRNG! I.*&0(2*3MORN! /0,"+4! /&,0(>.#! MVWXYN! &0! +%7'! /+423+(&! %&! .0P! ;)! :%.*+/!

M;)uZN@!P'2.+! I*MRN! %7'2+:+4!VWXY! /0,"+4! %&! %;;,0S23%&+.#! ;)!XGXG! ! O&!P%/! %./0!

/'0P(! &'%&! %8&+,! ZZ!4%#/! &'+! /0,;&20(! +4>+! 80,! I*MRN!P%/! /232.%,! &0! &'+! /0,;&20(!
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"#!&'+/+!/+423+(&/G!

1(0&'+,! 703;0(+(&! &0! 70(/24+,! 2(! (%&*,%.! /#/&+3/! &'%&! 7%(! 703;.27%&+!

&'0,2*3! /0,;&20(! 2/! (%&*,%.! 0,>%(27! 3%&&+,@! /;+72827%..#! '*327! /*"/&%(7+/! M)?NG!

)*327!/*"/&%(7+/!%,+!(0&!%!/;+72827!7'+327%.!/;+72+/!"*&!,%&'+,!%!3%7,030.+7*.%,!

70..024%.! ;'%/+! MD'%(>@! p*! +&! %.G! BCCdNG! )*327! /*"/&%(7+/! %,+! >+(+,%..#! 7.%//282+4!

2(&0! &',++! /+;%,%&+! 8,%7&20(/U! MAN! '*32(@! &'+! 2(/0.*".+! 8,%7&20(l! MBN! '*327! %724/@!

P'27'! %,+! /0.*".+! %"0*&! ;)VZGXl! %(4! MZN! 8*.:27! %724/@!P'27'! %,+! /0.*".+! %&! %..! ;)!

:%.*+/! MD'%(>@! p*! +&! %.G! BCCdNG! ?&*42+/! '%:+! /'0P(! &'%&! %&! .0P! ;)! )?/! 23;,0:+!

Q'MORN!/0,;&20(!0(&0!32(+,%.!/*,8%7+/@!'%/! .2&&.+!+88+7&!0(!/0,;&20(!%&! 2(&+,3+42%&+!

;)@!%(4!7%(!,+4*7+!/0,;&20(!%&!'2>'!;)!:%.*+/!MD'%(>@!p*!+&!%.G!BCCdl!Q%(@!g%(>!+&!

%.G!BCCdl!6%(@!g*!+&!%.G!BCCeNG!
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?0,;&20(!08!Q'0,2*3!0(&0!?*"/*,8%7+!5+03+42%!!

!

56'3!86/.*)-!3)-9)3!/3!/!(-/4*!"/0&38-'.*:!;*!<'==!=/*)-!2)!3&2"'**)(!4+-!.&2='8/*'+0!'0!/!

.))->-)9')<)(!38')0*'4'8!?+&-0/=!/-*'8=):!

!

ZGA!!O(&,04*7&20(!

Q'+!/*"]+7&!08!/0,;&20(!08!&'0,2*3!MQ'MORNN!0(&0!4288+,+(&!>+03+42%!'%/!"++(!

/&*42+4!+S&+(/2:+.#G!Q'0,2*3!'%/!"++(!/'0P(!&0!%4/0,"!/&,0(>.#!&0!32(+,%./!/*7'!%/!

2,0(! 0S24+/! Mb%8.%33+! %(4! -*,,%#! AWedl! )*(&+,@! )%PE+! +&! %.G! AWeel! D,032+,+/@!

-0*.2(!+&!%.G!AWWel!-*,;'#@!b+('%,&!+&!%.G!AWWWl!L0]0@!?+70!+&!%.G!BCCWN@!7.%#/!/*7'!%/!

E%0.2(2&+! MH%(2E@! H*4%! +&! %.G! BCCdl! H*4%@! H%(2E! +&! %.G! BCCeN@! %(4! /03+! (%&*,%.!

?%:%((%'!L2:+,!?2&+! M?L?N!/02./! MI0P+..@!L0"+,&!+&!%.G!BCCBNG!)0P+:+,@! 8+P!/&*42+/!

'%:+! 2(:+/&2>%&+4! &'+! +88+7&/! 08! 7%,"0(%&+! 70(7+(&,%&20(! 0(! Q'MORN! /0,;&20(! 0(&0!

>+03+42%!/*7'!%/!>0+&'2&+@!E%0.2(2&+@!%(4!?L?!/02./G!Q'+!0"]+7&2:+/!08!&'2/!/&*4#!P+,+!

&0!AN!4+&+,32(+!&'+!%"2.2&#!08!(%&*,%.!/+423+(&/!8,03!&'+!?L?@!/#(&'+&27!>0+&'2&+!%(4!

E%0.2(2&+! &0! ,+30:+! Q'MORN! 2(! /*"/*,8%7+! +(:2,0(3+(&/! %(4! BN! &0! 2(:+/&2>%&+! &'+!

+88+7&/!08!7%,"0(%&+!70(7+(&,%&20(!0(!Q'MORN!/0,;&20(!%(4!;,+72;2&%&20(G!!
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?L?! /02./! P+,+! /*"/*,8%7+! /%(4! M?L??N! %(4! /*"/*,8%7+! 7.%#! M?L?DNG! Q'+! /02.!
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/-.(&/(#(36)#-.#(%-*316?@AB#*)().(3-.#DC#%)6&(3()#3.#(%)#'*)2)./)#-7#%163/#

&/342,c#Y.K3*-.6).(&0#U/3)./)#j#>)/%.-0-EC#$!?\Bd#;\+;H;\+M,#
5)300)*F#I,F#A,#T-103.F#8,#$&2&.-K&#&.4#$,#b&1()0#?"LL"B,#c5)().(3-.#D)%&K3-1*#-7#

%163/#21D2(&./)2#-.(-#63.)*&0#21*7&/)2#&.4#/-.2)`1)./)2#1'-.#(%-*316#

?@AB#6-D303(Cd#/&2)#-7#3*-.#-O34)2,c#Z''03)4#m)-/%)632(*C#&(?;"Bd#;!!;H;!\",#
53E%)((-F#e,F#m,#^34-E03-F#^,#T&*/&.4&003#&.4#@,#5,#^)00-D-.-#?;WMMB,#cU1*7&/)#

@.()*&/(3-.2#-7#Z/(3.34)2#G3(%#Z0163.&#$-00-342,c#5&43-/%363/&#Z/(&#""+'d#
QSHQ!,#

5-J-F#@,F#8,#U)/-F#T,#5-K3*&F#i,#m36).)fF#m,#$)*K&.()2F#A,#T&*(3#&.4#i,#4)#I&D0-#?"LLWB,#

c>%-*316#2-*'(3-.#-.(-#6&E.)(3()#&.4#7)**3%C4*3()#3.#&/343/#/-.43(3-.2,c#

i-1*.&0#-7#a1/0)&*#T&()*3&02#$%'?"Bd#+Q+H+QM,#
51.4)F#9,#?"LLLB,#c>%)#$%)63/&0#@.()*&/(3-.2#-7#Z/(3.34)2#3.#(%)#Y.K3*-.6).(,c#e-2#

Z0&6-2#U/3)./)##)d#"L,#



!W#

5C&.F#i,#e,#&.4#b,#5&3#?;WMQB,#c>%-*316?@AB#RC4*-12#NO34)#U-01D303(C,c#@.-*E&.3/#

$%)632(*C##)?"+Bd#+;+LH+;+",#
U/%6)34)F#k,#&.4#m,#^)*.%&*4#?"L;LB,#cU-*'(3-.#-7#a'?AB#&.4#a'?@AB#-.(-#:&-03.3()d#

Y77)/(2#-7#'RF#3-.3/#2(*).E(%F#/&*D-.&()#&.4#%163/#&/34,c#Z''03)4#

m)-/%)632(*C##'?MBd#;"SMH;"+Q,#
U/%G)*(6&..F#n,#&.4#5,#T,#$-*.)00#?"LLLB,#@*-.#NO34)2#3.#(%)#e&D-*&(-*C,#9)3.%)36F#

930)CHA$T,#

U)/-F#8,F#$,#R)..3EF#i,#4)#I&D0-F#T,#5-K3*&F#@,#5-J-F#A,#T&*(3F#i,#m36).)fF#e,#b1*-F#T,#

m*3K)#&.4#i,#^*1.-#?"LLWB,#cU-*'(3-.#-7#>%?@AB#-.(-#@*-.#$-**-23-.#I*-41/(2d#

YlZ8U#U(14C,c#Y.K3*-.6).(&0#U/3)./)#j#>)/%.-0-EC#"$?MBd#"M"!H"MSL,#
U.-)C3.:F#A,#&.4#b,#i).:3.2#?;WMLB,#9&()*#$%)632(*C,#a)G#P-*:F#930)C,#

>&.F#l,#e,F#l,#k,#9&.EF#$,#e,#$%).#&.4#Z,#R,#U1.#?"LLQB,#cY77)/(#-7#2-30#%163/#&.4#710K3/#

&/342F#'R#&.4#3-.3/#2(*).E(%#-.#>%?@AB#2-*'(3-.#(-#>3N"#.&.-'&*(3/0)2,c#

Z''03)4#5&43&(3-.#&.4#@2-(-')2#)'?+Bd#SQ!HSM;,#
nUYIZ,#?"L;;B,#c>%-*316,c###5)(*3)K)4#T&C#S;F#"L;;F#7*-6#%(('d__GGG,)'&,E-K_#

*'4G)DLL_*&43-.1/034)2_(%-*316,%(60,#

A&.4).D-**)F#i,F#Z,#ZD4)0-1&2#&.4#^,#m*&6D-G#?"LLMB,#cb32/*)'&./3)2#3.#(%-*316#

-O34)#2-01D303(C#K&01)2d#&#.)G#)O')*36).(&0#&''*-&/%#(-#36'*-K)#

1.4)*2(&.43.E#-7#-O34)#21*7&/)#&(#2-034_2-01(3-.#3.()*7&/),c#5&43-/%363/&#

Z/(&#!)?WH;;Bd#!;!H!"L,#
A&23/):F#5,#&.4#i,#UK-D-4&#?"L;;B,#ce-.EH()*6#03.3.E#')*7-*6&./)#H#$3K30#).E3.))*3.E#

'*-D0)6#-7#'-().(3&0#*)(*3)K&0#-7#D1*3)4#2').(#.1/0)&*#71)0,c#a1/0)&*#

Y.E3.))*3.E#&.4#b)23E.##"&?+Bd#;"SSH;"SQ,#
P1.F#i,#@,F#T,#Z,#k36F#I,#i,#I&.&:F#i,#@,#k36#&.4#>,#8&.E%&.)0#?"LL\B,#c8-*6&(3-.#-7#

&`1&(3/#>%?@AB#/-00-342#&.4#2(&D303f&(3-.#DC#3.()*&/(3-.#G3(%#$6?@@@B_Y1?@@@B,c#

i-1*.&0#-7#I%C23/&0#$%)632(*C#^#&&*?;;Bd#!+;\H!+"",#
#

#



\L#

Z'').43O#

>%)#7-00-G3.E#/&0/10&(3-.2#G)*)#12)4#(-#4)()*63.)#(%)#*)210(2#2%-G.#3.#(%)#

73E1*)2#7*-6#$%&'()*#S,#

#

b322-0K)4#>%?@AB#$-./).(*&(3-.F#$#

!"#$%&'(
m3K).d#$-./).(*&(3-.#7*-6#@$I#&.&0C232F#$@$I#h#\,QMW#6E_eF#T-0)/10&*#G)3E%(#-7#

(%-*316F#T9>%#h#"S",L+#E_6-0,#Y&/%#2&6'0)#G&2#&/34373)4#(-#!X#"T#RaNSd#

A3&0#G)3E%(F#9K#h#+,LQS#EF#A3&0#r#U-01(3-.#9)3E%(F#9Kr2#h#W,M;;#EF#>-(&0#U&6'0)#

9)3E%(F#9(#h#;L,;SL#

#

U()'#;d## b322-0K)4#>%?@AB#$-./).(*&(3-.#3.#6E_e#

Cf =CICP
Wt !Wv

Wv+s !Wv

"

#
$

%

&
'= 6.789mg L ( 10.130g! 4.073g

9.811g! 4.073g
"

#
$

%

&
'= 7.166 mg L #

#

U()'#"d## $-.K)*(#(-#s6-0_e#?sTB#

Cf =
C
MW

=
7.166mg L
232.04g mol

!
1 g

1000 mg
"

#
$

%

&
'!
106 µmol
1 mol

"

#
$

%

&
'= 30.88 µM #

#

U()'#Sd## b)()*63.)#'$#

pC = ! log(Cf ) = ! log(30.88 µM ) = !1.49 #
#

>%?@AB#n'(&:)F#`#

!"#$%&'(
m3K).d#>-(&0#2&6'0)#K-016)F#A(#h#SL,;;"F#A-016)#-7#>%?@AB#2(-/:#2-01(3-.#3.#2&6'0)F#

A>%#h#L,";QF#$-./).(*&(3-.#-7#>%?@AB#2(-/:#2-01(3-.F#$2(-/:#h#;L"!#6E_eF#

b322-0K)4#>%?@AB#/-./).(*&(3-.#-7#2&6'0)F#$7#h#Q,;\\#6E_eF#T&22#-7#2-30#3.#

2&6'0)F#6#h#L,L;!"#E#

#

U()'#;d## @.3(3&0#&`1)-12#>%?@AB#/-./).(*&(3-.F#$L#

C0 =
Cstock !VTh

Vt
=
1025mg L !0.217mL

30.112mL
= 7.400 mg L #

#



\;#

U()'#"d## >%?@AB#/-./).(*&(3-.#&42-*D)4#(-#E)-6)43&F#`#

! 

q =
C0 "Cf( )
1000

#
Vt

m
=
7.400 mg L " 7.166 mg L( )

1000 mL L
#
30.112mL
0.0152g

q = 0.4636 mg
g
#

1000 µg mg
232.04 µg µmol

$ 

% 
& 

' 

( 
) 

q =1.998 µmol g

#

#

X#>%?@AB#b322-0K)4#3.#2-01(3-.#

!"#$%&'(
m3K).d#>-(&0#2&6'0)#K-016)F#A(#h#SL,;;"F#b322-0K)4#>%?@AB#$-./).(*&(3-.F#$7#h#Q,;\\#

6E_eF#@.3(3&0#2&6'0)#>%?@AB#/-./).(*&(3-.F#$L#h#Q,+LL#6E_e#

#

U()'#;d## >-(&0#6&22#-7#(%-*316#3.#2&6'0)F#6(#

mt =
C0 !Vt

1000mL L
=
7.400mg L !30.112mL

1000mL L
= 0.223 mg #

#

U()'#"d## T&22#-7#(%-*316#4322-0K)4#3.#2-01(3-.F#64#

# # md =
Cf !Vt

1000mL L
=
7.166mg L !30.112mL

1000mL L
= 0.216 mg #

#

U()'#Sd## X#>%?@AB#b322-0K)4#3.#2-01(3-.#

# # %=
md

mt

!100%=
0.216mg
0.223mg

!100%= 96.86% #

#

I&*(3/0)#23f)#*)6-K)4#t#U(-:)u2#e&G#

!"#$%&'(
m3K).d#5&4312#-7#*-(&(3-.#-7#(%)#(-'#-7#(%)#2)436).(F#5#h#;",+#/6F#5&4312#-7#*-(&(3-.#

-7#(%)#21*7&/)#-7#(%)#212').23-.#3.#(%)#(1D)F#U#h#\,;#/6F#$).(*371E&(3-.#2'))4F#a6#h#

MLLL#*'6F#$).(*371E&(3-.#(36)F#(63.#h#SL#63.1()2F##A32/-23(C#-7#03`134#v#"!w$#?'-32)BF#

x#h#L,LLMW#E_/6H2F#b).23(C#-7#(%)#2-034#?>%N"BF#y>%#h#;L#E_/6
SF#b).23(C#-7#(%)#03`134#

?R"NBF#yG#h#;#E_/6
SF#b).23(C#-7#(%)#2-034#?2-30BF#y2#h#",\!#E_/6

S#

#

U()'#;d## U3f)#-7#>%?@AB#2-034#*)6-K)4#

#

#
Dµm =

63.0!108! log R
S
"

#
$

%

&
'

Nm
2 ( tmin ( "Th ) "w( )

=
63.0!108 (0.0089g cm) s ( log 12.4cm

6.1cm
"

#
$

%

&
'

(8000min)1)2 (30min( 10g cm3 )1g cm3( )
Dµm = 0.032 µm

#

#



\"#

U()'#"d## U3f)#-7#2-30#'&*(3/0)#*)6-K)4#

# #

! 

Dµm =
63.0 "108#log R

S
$ 

% 
& 

' 

( 
) 

Nm
2 * tmin * +Th , +w( )

Dµm =
63.0 "108 * 0.0089g cm , s* log 12.4cm

6.1cm
$ 

% 
& 

' 

( 
) 

(8000min,1)2 * 30min* 2.65g cm3 ,1g cm3( )
Dµm = 0.074 µm

#


