
! " # $

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

%

!"

&%

!

'

+,##

(

$

)

-./0!"

!

'.0!

%&'(

!

+,##

*+,-

)*+,- +,-./ +0+1+'.23

./012#3

456$

!

7456$89:;

!

<=6>

!

?@AB

CDE

"

FGHI

!

JKL!*+,-MN2O4P

QRS2TU

#

JKVW!2XYZ[\]:^

4#5

!

*

+,-2456$_`aJKL2QR1b

#

JK

VWO4cd#efghi./jklm

467!5

"

no

*+2pq1b

!

rs5tuvwxL*+,-#

345FGyz{|}~�T�

48795

"

��2��FGHI

!

45JKL�

!

��vw

xL

#

�$��

#

��c�wx��i

!

��2�N

,-�U���������2�>Z[

"

��

!

�

�5tno*+,-

$

��

:

%

2 6¡¢£

!

¤Z

¥���*+,-1b

!

¦SUr§�¨2��J

©2ªQL��¨

4$7"5

"

«¬#S,�®#¯°±

2FGc_²FG³AD´

4;7##5

"

µ¶·¸¹/^º

»S¼L*+,-FG2½¾¿À

"

ÁÂu·ÃF

GÄÅp

!

�«ÆÇÈÉÊ#¯!2¼L�FG_

Ë

!

ÌÍ½¾2L�5c*+,-#345FG

!

¦

�Î�:vwxL*+FG2�ÏÐ

!

Z¥«Æ

,�®�:JKVW!��2*+�U��

!

¦

_«Æ,�®�:JKVW1bÏÑÒÓ

"

_º

Ô@«Æ,�®�ÕVW¡���*+,-1b

./�=2lm

"

!

SÖ#$gh

FGSuefp×ºØÆÙÚÛÜÝÆÞß

�

!

àáUâã�äåæç

4#65

!

èéêiëì��í

î�

4;5

"

ïðíîñò

!

óô2efõö÷køùº

úÉ'�ûüÙÚcØÆÙÚýþÿ!"2¬#$

ýþ�o

"

u#¯S%p

!

 Ø¬#¯dS&'()

#¯US*+

&

,-#¯.S

4#65

"

7!ÁÂÿ/¡

2SÖ×º«¬äå-¬0#SÇÈÉ

<

1

#=

!

S

2,�®�vwxL�÷

!

ö0/3¯4L

#

5

L

"

678È9:�;<Ê

#

=>Ê

#

?<Ê

#

ÇÈÉ

Ê

#

@AÊ

#

BCÊ

#

DEÊcFÉÊ

)

1

6=

!

7L6

1GH1

6

ÿa

!

»SIuJKLi0U#S/s

NMNLOP

!

Dsø8LQ¡R'O$�o2S

T

4#65

"

SU,�VJK:�vwxLæ#�÷

!

W

!"#$%&'()*+,-./012

3456789:

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

)

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

!

+, -"

6!8>>> =

;<

'

XL«¬,�®ÇÈÉÊ¼LÏÑ}½¾2L�5c*+#345UY

!

FG}¼L!*+,-2¤R

!

¦

_��2*+�U��ÏÑZ¥

!

��ZI

'

¼L!*+,-÷køùº��Õ

!

ÄÁrø[RQ$ST

(

¼L\]

!*+MN^E

!

_`�

"(981#>

7$

!

aj*+U£I~

!

�b9c�JK

(

��*+�U��P¼L:;

!

�j*+

de

!

¼Lc��2

:?@A

#

:?BC

fgb:^

(

��./D´2

:?@A

²

#

D+

h£9

!

i��2

!

E&

FGHD

f.º

#

!

Z

I},�®��Pó®��2*+,-1bÄÁ:;

"

= > ?

'

*+,-

(

ÇÈÉÊ

(

���

(

JKVW

(

jk¬0

@ABCD

'

I9""(68

J

9

EFGHI

'

G

EJKD

'

#>>>7!$9K

$

6>##

%

>!7>$$87>;

LMNO

'

6>#>2>;3>8

(

PQNO

'

6>#>3#67>9

RSTU

'

"Elmn5Äo

<8>"K!>#93

#

,+5pqrnFstÄo

<6>>;:HH>#

#

6>>;:HH>93

#

jkuvwxlmn5y¶

$

L%6>##M#KK

%

z{

"

VWXY

'

|}

!

~

!

#;"!

(�

!

qr

!

{�

!

÷k6�JK5

#

#3452nFc�5

(

E71,N0O 2PQCR/+'2A'ST#$!(RA1

"



!

!"

" !

!

#

$%&'()*+,

!

-./+,012345

"

!

6789:;<

67=8>?@ABCDEFGHIJK

#

L

#!$

$!

MNOIJKPQRST

%

USTQVWX

YUM

%

MZ[\]^T_`

!

ab=c

!

XYde

!

=cfgeh

"

iM67jklmnopq(r

!

s

8lQtuvwx23yz{B|

!

}~����

�

#&'

!

��{�f

!

�l�����

!

����

�

"

�~lu��{�������

$()

���

!

�

��� ��¡6|¢

"

67£¤;<|¢=¥¦

D§¨1©ª«¬®¤¯°©±§¨1©²³�

� ´µ

!

8l

*+,-./

¶·

!

¸$|¢¹º»¼

½¾

0#!1

!

¿ÀÁ£¤|¢ÂÃÄÅ

!2

"

Æ;<Ç

#)

È67

!

dÉ»(

#

"

"

d É

!"#

!"#$%&'()*+

ÊËÌIJKPUMÍÎ£¤;<dÉ

&

(

#

$%

Ï�ÐÑ

!

ËÌÒ£Ó°UMÍÎÔÕ

!

344

_�

!

O

5675"8)

-9

:8$6!8"8)

-9

!

Ö=

"6;5"8)

-9

!

�Q

<344

O

!6=""8)

-9

:8)6;="8)

-9

>

Ö=

;6!9"8)

-9

?

!

@344

O

)679"8)

-9

:$6)="8)

-9

>

Ö=

)6=;"8)

-9

?

%

!

344

×ØÅÌ

ÙÚM{Ö=Û

>87!6$"8)

-9

?

08;1

!

ÜÝËÌÒ£Ó°U

M./Þß'àáâ{ãäå_Xæ

0891

%

><ABCD?

E

01ç¿

!

èÅ

96)8:8)65" >

=Û

76")?

'

><AB/'?

E

_O=c

!

O

$6$;:!6;7 >

Ö=

!6!8?

!

>FGBCD?

E

O

867":!6(H>

Ö=

86="?

!

%éÁê(ë

!

ËÌÒ£Ó

L

8

ª«ì¿§eh®í

>A?

î§âïL

>D?

IJK68 LM&NOPJ& QO&ANJOP >A? APG RJ'SQJTJMG KMOQOKJ&AQ 'AS >D? OT NUM RNVGW AXMA

ðñ¾

(

ËÌIJKPUMÍÎ£¤§¨1©òó:3Ó*�{¡ô

99;



! " # $

!"!!

%

&'()*+,-./012345

!

!

"#

67

$%&'($%))

"

89

$%)*

"

:;<=4>-

"#

-?@A

#

"

+,

B

$%-$($%&)

"

89

$%-)

"

CDEF-

+,

-?@

A

!

GHIJKLMNO+,-PQOR

!

!"#

!"#$%&'(

STU-VWIJXYZ[7U$\]

"

^_`

Zab3

$

ST

$

/,cde2$fghST01-

ij

!

k+,!-VWlmXYno7pNq

"

rs

tuvZawWxUy

.#

$

/0

z3U{c|3U-

ij

"

h}Zade/,fg-ij

!

^

12

$

34

GH

lmAfBwWxUh~�U$-&��lm

5!&6

!

�

��+,!

12

y

34

C�O�

"

�O��_�

%

!

7

8

$%)!7&

&"

^

12

y

9++

O����

%

�

:

&!

#

"#

$

$

+,

��ZapN�01yU]-ij

"

+,��

-

%

"#

$

&

+,

�CL���

"

PQ�Z

12

���

3-ij

%

�

*

&"

uv������+,��!-

VWlm�Zas\~�U$hwWxU��-

ij

!

rs

"

"#

@AuvZa/,fg-ij

"

�/,

fg��R�./

"#

@Ay

+,

@A-�O��

�

"

{c

"#

@AKVW �¡¢-�O���

!

^

���+,-

'

"#;

(

+,

$

!

9++;

)

"#

%

�

<

&

9�

£¤EF-O���

"

�E¥¦'()*+,-VW

lm#§3¨*/�Zde/,fg-ij

5!)6

!

!

pNqVW©ª«¬-��®

¯7¥°'()*+,VWlmXY]7pN

�

"

±;Zas\~�ywWxU-��

"

�de/

,fgij_²

"

Q³´µ¶GL�e-NqVW

©ª«¬·¸¹��-®

"

º{rB»¼

"

ª½¾

NqVW©ª«¬

"

ºKD&N�·¸¿_

!

ÀÁVWlm-3¨¸BÂAOÃ

"

�¾z3

�

7

���#ÄÅÆ�

.=>%7 ?@2A@=>2AB4=C CDE,F0 DG @4# H@,IJ A2#A

�

:

¥°'()*+,

12;34

y

12;9++

�Ç

.=>%: 12;34 A0I 12;9++ I=A>2AF DG E=F#H@D0# G2DF K=,I=0>H4A0 .D2FA@=D0 =0 0D2@4#20 L04,= M2DN=0C#

---



!

!"

" !

!

#

!

!

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

"!#

$%

&

'.

'()*+ ! ',(-+ +*+.+/01 -2.3214042/ 5!6

7%

& 28 09+ :4;<4/=19(/ >2,.(042/

*4.+102/+ 4/ /2,09+,/ ?/9;4 @,2A4/-+

$

!

!

#$$

%&'

%

"

&#$$'

!

&()$*

"

+#$$'

!

,-)&*

#

!

$* '$*

.

/01#2304

.

!,-

.

5

#

!67' 67./01#28&(

.

!

9:

.

;

$

.

()*+,-./012

"

123456

<=>?

"

.@06

(789:;</012

"

123456

<=A?

$

��� JD-1 JD-2 JD-3 JD-4 JD-5 JD-6 JD-7 JD-8 JD-9 JD-10 

Y 1.90 2.66 2.31 5.43 3.29 3.04 3.80 4.87 3.51 2.38 

Zr 1.75 1.61 2.35 1.60 0.55 1.85 3.77 0.81 2.47 2.96 

La 1.05 1.21 1.08 2.49 1.32 2.13 2.52 2.69 1.99 1.72 

Ce 1.67 1.83 1.73 3.83 2.44 3.43 4.38 3.91 3.31 2.70 

Pr 0.21 0.25 0.23 0.49 0.34 0.43 0.57 0.52 0.44 0.37 

Nd 0.81 1.08 0.96 2.08 1.44 1.76 2.48 2.07 1.84 1.54 

Sm 0.19 0.24 0.23 0.47 0.37 0.38 0.51 0.47 0.43 0.34 

Eu 0.04 0.07 0.06 0.12 0.08 0.09 0.13 0.12 0.10 0.08 

Gd 0.22 0.29 0.28 0.61 0.43 0.42 0.53 0.59 0.50 0.35 

Tb 0.04 0.04 0.04 0.09 0.06 0.06 0.09 0.09 0.07 0.05 

Dy 0.20 0.28 0.23 0.56 0.34 0.35 0.44 0.44 0.40 0.31 

Ho 0.04 0.06 0.06 0.13 0.08 0.07 0.10 0.11 0.10 0.07 

Er 0.12 0.16 0.16 0.35 0.21 0.19 0.30 0.28 0.24 0.20 

Tm 0.02 0.02 0.02 0.05 0.03 0.03 0.04 0.04 0.04 0.03 

Yb 0.10 0.13 0.12 0.26 0.12 0.14 0.18 0.22 0.15 0.13 

Lu 0.01 0.03 0.02 0.04 0.02 0.02 0.03 0.02 0.02 0.02 

Th 0.12 0.10 0.15 0.19 0.05 0.11 0.33 0.11 0.16 0.19 

�REE 4.74 5.68 5.21 11.58 7.27 9.50 12.31 11.58 9.64 7.90 

HREE 0.76 1.00 0.93 2.10 1.28 1.28 1.71 1.80 1.52 1.15 

LREE 3.98 4.67 4.28 9.48 5.99 8.22 10.59 9.79 8.12 6.74 

�Ce 0.86 0.80 0.84 0.84 0.88 0.86 0.88 0.79 0.85 0.82 

�Eu 0.66 0.78 0.76 0.70 0.60 0.69 0.75 0.70 0.69 0.70 

(La/Yb) 7.08 6.53 6.02 6.51 7.67 10.48 9.71 8.40 8.77 8.92 

(La/Sm) 3.40 3.20 3.01 3.34 2.25 3.51 3.08 3.57 2.91 3.21 

(Gd/Yb) 1.78 1.87 1.88 1.92 3.02 2.50 2.46 2.21 2.62 2.19 

Y/Ho 44.60 42.36 38.44 40.52 42.95 40.59 36.89 43.48 35.42 34.85 

Y/Dy 9.60 9.67 9.96 9.71 9.65 8.74 8.60 11.02 8.69 7.75 

�Eu  0.94 1.11 1.08 0.99 0.85 0.99 1.08 0.99 0.98 1.00 
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logKd* -0.056  0.152  0.162  0.163  0.221  0.166  0.000  0.002  -0.070  -0.154  -0.422  -0.192  -0.183  -0.158  -0.213  

Kd 879  1419  1452  1455  1663  1466  1000  1005  851  701  378  643  656  695  612  
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��� JD-1 JD-2 JD-3 JD-4 JD-5 JD-6 JD-7 JD-8 JD-9 JD-10 

La 1.286  1.482  1.323  3.049  1.617  2.609  3.086  3.294  2.437  2.106  

Ce 1.267  1.388  1.312  2.906  1.851  2.602  3.323  2.966  2.511  2.048  

Pr 0.156  0.184  0.170  0.362  0.252  0.320  0.423  0.386  0.327  0.274  

Nd 0.600  0.799  0.707  1.539  1.065  1.302  1.835  1.532  1.361  1.139  

Sm 0.126  0.154  0.146  0.304  0.239  0.247  0.333  0.307  0.278  0.218  

Eu 0.033  0.049  0.046  0.090  0.057  0.067  0.094  0.089  0.077  0.058  

Gd 0.238  0.312  0.304  0.661  0.468  0.457  0.575  0.638  0.535  0.380  

Tb 0.040  0.047  0.042  0.100  0.063  0.067  0.102  0.097  0.079  0.052  

Dy 0.250  0.348  0.293  0.707  0.431  0.440  0.559  0.559  0.511  0.388  

Ho 0.065  0.096  0.092  0.206  0.118  0.115  0.158  0.172  0.152  0.105  

Y 5.411  7.575  6.579  15.464  9.370  8.658  10.822  13.869  9.996  6.778  

Er 0.204  0.263  0.261  0.589  0.357  0.316  0.502  0.467  0.397  0.326  

Tm 0.032  0.040  0.036  0.076  0.044  0.043  0.062  0.064  0.058  0.051  

Yb 0.155  0.194  0.187  0.400  0.180  0.212  0.271  0.335  0.237  0.201  

Lu 0.026  0.044  0.032  0.069  0.031  0.031  0.049  0.043  0.040  0.032  

Y/Ho 82.7 78.6 71.3 75.1 79.7 75.3 68.4 80.6 65.7 64.6 

Y/Dy 21.6 21.8 22.4 21.9 21.7 19.7 19.4 24.8 19.6 17.5 

�Eu  0.78 0.91 0.89 0.81 0.70 0.82 0.90 0.81 0.81 0.84 

�Ce 0.68 0.64 0.67 0.67 0.70 0.69 0.70 0.63 0.68 0.65 

�Eu 0.58 0.69 0.67 0.62 0.53 0.61 0.66 0.61 0.61 0.62 

(La/Yb) 26.68 24.75 24.70 27.00 24.97 40.60 33.81 34.62 28.36 27.83 

(La/Sm) 6.44 6.05 5.69 6.32 4.26 6.64 5.83 6.75 5.51 6.07 

(Gd/Yb) 5.91 6.24 6.79 7.00 8.65 8.50 7.54 8.02 7.45 6.00 
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