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� !"#$ 	%&''#()*+)	"#,#%-$&!	+	%'+.- ((+/#.%&!	.-'0%-0'1	2(#$&%	.+.-#31	CdS-
ZnS4	+5	(63+$#.*#$-$15	.7&!.-7	+	%+$#-+%+	2'&-#% 68+5	2'+	��	,&-&(+9#	2'&*#..&7:

��������

;+'&%&#	2'+3#$#$+#	3 -#'+ (&7	$ 	&.$&7#	CdS
&<0.(&7(#$&	+5	5&'&=+3+	(63+$#.*#$-$13+4	2'&�
7&")8+3+	.7&!.-7 3+:	>-+	3 -#'+ (1	+.2&(?906-�
.)	7	3+%'&@(#%-'&$+%#4	.#$.&' 5	' 9(+/$15	7+"&7	+9�
(0/#$+!4	.&($#/$15	@(#3#$-&7	+	2':	A$ /+-#(?$ )
/ .-?	+9	$+5	2'#".- 7()6-	.&<&!	3+%'&"+.2#'.$1#
.+.-#314	+	.&B( .$&	3$#$+6	 7-&'&7	C1D4	2&(+%'+.�
- ((+/$&.-?	2(#$&%	E	$ "#F" 	$ 	<0"08##:	�"$ %&
<#9	9$ $+)	2'+'&"1	7(+)$+)	"#,#%-$&!	+	%'+.- (�
(+/#.%&!	.-'0%-0'1	2(#$&%	$ 	%+$#-+%0	2'&*#..&74
2'&-#% 68+5	2'+	@%.2(0 - *++	0.-'&!.-7	$ 	+5	&.�
$&7#4	.(&F$&	2'#".- 7+-?	" (?$#!=##	+5	' 97+-+#:

�#(?6	' <&-1	)7()(&.?	+90/#$+#	7(+)$+)	0.(&�
7+!	.+$-#9 	G-#32#' -0' 4	.&.- 7	' .-7&' H	$ 	(6�
3+$#.*#$-$1#	.7&!.-7 	+	%+$#-+%0	2'&*#.. 	I,&-&�
0-&3()#3&.-+J	2(#$&%	.+.-#31	�������:

��������


(#$%+	2&(0/ (+	3#-&"&3	2+'&(+9 	 @'&9&()
7&"$15	' .-7&'&7	-+&3&/#7+$$15	%&&'"+$ *+&$�
$15	.&#"+$#$+!:	�()	2'+B&-&7(#$+)	2(#$&%	+.2&(?�
9&7 (+	CdCl

2
⋅2,5H

2
O

 
G5:/:H4	ZnCl

2 
G5:/:H	+	GNH

2
)

2
CS	3 '�

%+	&:.:/:	�	% /#.-7#	2&"(&F%+	+.2&(?9&7 (+	.+- (�
(&71#	2( .-+$1:	�#32#' -0'0	2&"(&F%+	+93#$)(+
7	"+ 2 9&$#	&-	KLL&�	"&	MLL&�.


2#%-'1	.- *+&$ '$&!	,&-&(63+$#.*#$*++	+9�
3#')(+	$ 	 7-&3 -+/#.%&!	.2#%-' (?$&!	0.- $&7%#
C2D	7	.2#%-' (?$&3	"+ 2 9&$#	NLL�OML	��	2'+	PLL	�:
�()	7&9<0F"#$+)	,&-&(63+$#.*#$*++	+.2&(?9&7 �
(+	( 320	�����KL	.	71"#(#$$&!	"(+$&!	7&($1	PQM
��	+	%7 $-&7&!	+$-#$.+7$&.-?6	R�L15 "'��&1!-11!�-24
 	- %F#	( 9#'	�S��K�	.	"(+$&!	7&($1	PP�	��	+	"(+�
-#(?$&.-?6	+320(?. 	O��L	�!:	�()	+..(#"&7 $+)	/07�
.-7+-#(?$&.-+	2(#$&%	%	3&8$&30	2&-&%0	0(?-' ,+�
&(#- 	G��H	+.2&(?9&7 (+	( 320	��;��LL	.	71"#(#$�
$&!	"(+$&!	7&($1	PQM	��	+	%7 $-&7&!	+$-#$.+7$&.�
-?6	R�L21 "'��&1!-11!�-24	 	- %F#	( 9#'	�S��K�:	�93#�
$#$+#	+$-#$.+7$&.-+	,&-&(63+$#.*#$*++	&2'#"#()�

(+	.	+.2&(?9&7 $+#3	,&-&03$&F+-#()	�>���T4	7'#�
3)	9 .7#-%+	7 '?+'&7 (+	&-	�L	3+$0-	"&	2&(0/ . :

3�

���������4���	5�
�4

�	9 7+.+3&.-+	&-	0.(&7+!	2&(0/#$+)	2(#$&%	3#�
-&"&3	2+'&(+9 	' .-7&'&7	-+&3&/#7+$$15	%&&'"+�
$ *+&$$15	.&#"+$#$+!	3&F$&	2&(0/+-?	2(#$%+	.
' 9(+/$13	$ <&'&3	"#,#%-&74	/-&	2'&)7()#-.)	7	+5
' 9(+/$15	(63+$#.*#$-$15	.7&!.-7 5	C3 – 5D:	�	' �
<&- 5	 C3, 4D	 0.- $&7(#$&4	 /-&	2'+	�	 2&(0/#$+)
KML÷350&�	2(#$&%	(6<&B&	.&.- 7 	7	2'#"#( 5	.+.-#�
31	CdS-ZnS	$ +<&(?=##	.7#/#$+#	$ <(6" #-.)	7
<&(##	%&'&-%&7&($&7&!	&<( .-+4	 	2'+	2&71=#$++
�	"&	PML÷500&�	3 %.+303	.7#/#$+)	.3#8 #-.)	7	<&�
(##	"(+$$&7&($&706	&<( .-?:

� 	�+.: 1	2&% 9 $&	2&(&F#$+#	&.$&7$15	2&(&.
(63+$#.*#$*++	2(#$&%	.+.-#31	CdS-ZnS:	�9	'+.0$�
% 	7+"$&4	/-&	7	.2#%-' 5	2(#$&%	+3#6-.)	2&(&.1
(63+$#.*#$*++4	$#	3#$)68+#	.7&#	2&(&F#$+#	2'+
+93#$#$++	.&.- 7 4	+	2&(&.14	2( 7$&	."7+B 68+#�
.)	2'+	#B&	+93#$#$++4	/-&	.&B( .0#-.)	.	' 7$&3#'�

�,6#	1#	
&(&.1	(63+$#.*#$*++	7	.2#%-'#	2(#$&%	.+.-#�
31	CdS-ZnS
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$13	.3#8#$+#3	3 %.+303 	(63+$#.*#$*++	2'+
&<' 9&7 $++	$#2'#'17$&B&	')" 	-7#'"15	' .-7&'&7
7	.+.-#3#	CdS-ZnS:	
'+'&" 	@-+5	2&(&.	2&"'&<$&
&<.0F"#$ 	7	C3D4	+	+5	2&(&F#$+#	2' %-+/#.%+	.&72 �
" #-	.	2&(&F#$+#3	2&(&.	"()	.3#= $$15	3&$&%'+�
.- ((&7	C6].

�	" $$&!	' <&-#	 $ (+9+'&7 ( .?	9 7+.+3&.-?
%+$#-+%+	2'&-#% $+)	,&-&5+3+/#.%+5	2'&*#..&7	$ 
2&7#'5$&.-+	2(#$&%	.+.-#31	2&"	"#!.-7+#3	��	.7#�
- :	�#90(?- -&3	2'&-#% $+)	,&-&5+3+/#.%+5	2'&�
*#..&74	% %	2' 7+(&4	)7()(&.?	03#$?=#$+#	+$-#$.+7�
$&.-+	,&-&(63+$#.*#$*++:


/+- #-.)4	/-&	"#!.-7+#	��	2'+7&"+-	%	&<' 9&�
7 $+6	3 (& -&3$15	%( .-#'&7	3#- (( 	$ 	2&7#'5�
$&.-+	2(#$&%	+	2'#&<' 9&7 $+6	*#$-'&7	(63+$#.�
*#$*++	7	*#$-'1	<#919(0/ -#(?$&!	'#%&3<+$ *++
C7D:	�	' <&- 5	C8, 9DD	2'#"(&F#$	.2&.&<	'#B+.-' *++
%+$#-+%+	<1.-'&B&	'&.- 	-&$%&B&	3#- ((+/#.%&B&

.(&)	2'+	,&-&(+9#	2(#$&%	Cd
0.5

Zn
0.5

S	+	71.% 9 $ 
$&7 )	+$-#'2'#- *+)	03#$?=#$+)	+$-#$.+7$&.-+
,&-&(63+$#.*#$*++	2'+	,&-&(+9#	E	2&B(&8#$+#
' .-08+3	-#3$#68+3	.(&#3	% %	7&9<0F" 68#B&4
- %	+	.7#- 	(63+$#.*#$*++:

V1( 	+93#'#$ 	%+$#-+% 	2'&-#% $+)	,&-&5+3+�
/#.%+5	2'&*#..&7	2'+	��	,&-&(+9#	$ 	2(#$% 5	.+.�
-#31	CdS-ZnS	' 9$15	.&.- 7&7	+	2&(0/#$$15	2'+
' 9$15	-#32#' -0' 5:	� 	�+.: 2	2&% 9 $ 	%+$#-+% 
,&-&2'&*#..&7	$ 	2&7#'5$&.-+	2(#$&%	Cd

0.6
Zn

0.4
S:	�9

'+.0$% 	7+"$&4	/-&	.	07#(+/#$+#3	7'#3#$+	@%.2&9+�
*++	2(#$&%	+$-#$.+7$&.-?	(63+$#.*#$*++	@%.2&�
$#$*+ (?$&	03#$?= ( .?4	/-&	.&&-7#-.-70#-	&<1/�
$&30	2'&*#..0	I,&-&0-&3()#3&.-+J	C10D4	2'+	@-&3
$ <(6" #-.)	2&-#3$#$+#	2&7#'5$&.-+	7	3#.-#	9 .�
7#-%+:	� % )	%+$#-+% 	5 ' %-#'$ 	"()	7.#5	2(#$&%
.&.- 7 	CdS- Cd

0.6
Zn

0.4
S. � %.+3 (?$ )	@,,#%-+7�

$&.-?	,&-&2'&*#..&7	GI
0
-IH	$ <(6" #-.)	$ 	2(#$% 5

@-&B&	.&.- 7 4	2&(0/#$$15	2'+	�R	PLL&
:	�$-#$.+7�
$&.-?	(63+$#.*#$*++	@-+5	2(#$&%	2 " #-	2&"	"#!�
.-7+#3	2&-&% 	��	.7#- 	3&8$&.-?6	�L15 ,&-&$	7
.#%0$"0	$ 	.32	$ 	OL	W:

� 	�+.: 3	2'+7#"#$ 	- 	F#	%+$#-+% 	"()	.&.- 7 
Cd

0.5
Zn

0.5
S:	A"#.?	3&F$&	&-3#-+-?4	/-&	2'+	"(+-#(?�

$&3	GR�LL	3+$H	$#2'#'17$&3	@%.2&$+'&7 $++	2&.�
(#	9$ /+-#(?$&B&	03#$?=#$+)	+$-#$.+7$&.-+	(63+�
$#.*#$*++	GRNL�MLWH	$ <(6" 6-.)	2'&*#..1	7&..- �
$&7(#$+)4	2'+7&")8+#	%	'&.-0	+$-#$.+7$&.-+	(6�
3+$#.*#$*++:	�#$"#$*+)	7&..- $&7(#$+)	<&(##	5 �
' %-#'$ 	"()	2(#$&%4	2&(0/#$$15	2'+	�>350&�.

�+$#-+% 	,&-&2'&*#..&74	2'&-#% 68+5	$ 	2(#$�
% 5	.&.- 7 	Cd

0,4
Zn

0,6
S	2&% 9 $ 	$ 	�+.: 4:	�&"	%+$#�

-+/#.%+5	%'+715	 $ (&B+/#$	5&"0	%'+715	.&.- 7&7
CdS- Cd

0,6
Zn

0,4
S	2'+	7.#5	�	2&(0/#$+)4	%'&3#	KML&�.

�()	@-&!	2(#$%+	$ <(6" #-.)	I $-+0.- (&.-?J	(6�

�,6#	3#	A 7+.+3&.-?	+$-#$.+7$&.-+	(63+$#.*#$*++	2(#�
$&%	Cd

0.5
Zn

0.5
S	&-	7'#3#$+	7&9"#!.-7+)	��:	
2' 7 	2&% �

9 $ 	�	2&(0/#$+)	2(#$&%

�,6#	2.	A 7+.+3&.-?	+$-#$.+7$&.-+	(63+$#.*#$*++	2(#�
$&%	Cd

0.6
Zn

0.4
S	&-	7'#3#$+	7&9"#!.-7+)	��:	
2' 7 	2&% �

9 $ 	�	2&(0/#$+)	2(#$&%

�,6#	4#	A 7+.+3&.-?	+$-#$.+7$&.-+	(63+$#.*#$*++	2(#�
$&%	Cd

0.4
Zn

0.6
S	&-	7'#3#$+	7&9"#!.-7+)	��:	
2' 7 	2&% �

9 $ 	�	2&(0/#$+)	2(#$&%
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3+$#.*#$*++4	-:#:	+$-#$.+7$&.-?	(63+$#.*#$*++
7&9' .- #-	.&	7'#3#$#3	@%.2&$+'&7 $+):	
(#$% 	2'+
.(#"068#!	�	2'&)7()#-	-#$"#$*+6	%	7&..- $&7(#�
$+6	+$-#$.+7$&.-+	(63+$#.*#$*++	2&"	"#!.-7+#3
��	2&.(#	2'&*#.. 	##	I0.- (&.-+J:

� /#.-7#$$&	+$06	%+$#-+%0	,&-&2'&*#..&7	2&�
% 917 6-	2(#$%+	.&.- 7 	Cd

0.3
Zn

0.7
S (�+.: 5H:	�&"	%'+�

715	,&-&2'&*#.. 	.7+"#-#(?.-70#-	&	2'&-#% $++
"705	2&.(#"&7 -#(?$15	'# %*+!4	(+3+-+'068+5.)
"+,,09+#!4	$ <(6" 6-.)	% %	.-02#$?%+	$ 	%+$#-+�
/#.%+5	%'+7154	- %	+	$#3&$&-&$$&.-?	%+$#-+%+	E	7&.�
.- $&7(#$+#	+$-#$.+7$&.-+	(63+$#.*#$*++	2&"	"#!�
.-7+#3	��:	�	' <&-#	C7D	- % )	$#3&$&-&$$ )	%+$#-+�
% 	' ..3&-'#$ 	.	2&9+*++	2'#&<' 9&7 $+)	*#$-'&7
(63+$#.*#$*++	7	*#$-'1	'#%&3<+$ *++	+	2&% 9 �
$&4	/-&	' 9$ )	%+$#-+% 	3&F#-	<1-?	7197 $ 	' 9$&!
%&$*#$-' *+#!	"#,#%-&7	$ 	2&7#'5$&.-+	2(#$&%:


'+	+93#$#$++	.&.- 7 	" (##	7	.-&'&$0	ZnS	%+�
$#-+% 	2'&*#..&7	.$&7 	.- $&7+-.)	3&$&-&$$&!	%+�

$#-+%&!	I,&-&0-&3()#3&.-+J4	 	$ 	2(#$% 5	.&.- 7 
ZnS	$ <(6" #-.)	-&(?%&	I $-+0.- (&.-?J	(63+$#.�
*#$*++	G�+.: 6).

��7��4����	�	��	�8
�9�����


&	.2#%-' 3	(63+$#.*#$*++	+	$ 	&.$&7 $++	" $�
$15	C3D	<1( 	&2'#"#(#$ 	2'+'&" 	"#,#%-&74	&<' 90�
68+5.)	7	2(#$% 5	.+.-#31	CdS-ZnS:	�	.2#%-' 5	$ �
<(6" #-.)	$#.%&(?%&	2&(&.4	.&&-$&.+315	.	' 9$13+
-+2 3+	"#,#%-&7	%'+.- ((+/#.%&!	.-'0%-0'1	2(#$&%:
�$ (+9+'0)	2&(0/#$$1#	" $$1#4	3&F$&	2'&.(#"+-?
@7&(6*+6	"#,#%-$&!	.-'0%-0'1	2(#$&%	.+.-#31	CdS-
ZnS	.	'&.-&3	.&"#'F $+)	.0(?,+" 	*+$% :


(#$%+	CdS	+3#6-	.-'0%-0'0	76'*+- 	+	-+2+/�
$06	2&(&.0	(63+$#.*#$*++	2'+	%&3$ -$&!	-#32#�
' -0'#	+93#'#$+)	7	%' .$&!	&<( .-+X	�ML��OL	$3:
�63+$#.*#$*+) 7	@-&!	&<( .-+	&<0.(&7(#$ 	"703)
&.$&7$13+	7+" 3+	"#,#%-&7X	7 % $.+&$$13+	"#�
,#%- 3+	-+2 	CV

Cd
V

S
D	+	 CV

Cd
O

S
D:	
&(&. 	$ <(6" #�

3&!	(63+$#.*#$*++	$#	@(#3#$- '$ 	+	.&.-&+-	+9
"705	2&(&.:	
	'&.-&3	�	2&(0/#$+)	2(#$&%	7 % $.++
.#'1	$ /+$ 6-	9 2&($)-?.)	%+.(&'&"&34	2&@-&30
3 %.+303	.7#/#$+)	$#9$ /+-#(?$&	.3#8 #-.)	7	<&�
(##	"(+$$&7&($&706	&<( .-?	.2#%-' 	C11].

�&< 7(#$+#	.0(?,+" 	*+$% 	&<&B 8 #-	2(#$%0
Cd

x
Zn

1-x
S	3#F09#(?$13+	+&$ 3+4	/-&	2'&)7()#-.)	7

2&)7(#$++	$ ')"0	.	%' .$13+	2&(&. 3+	2&(&.	7
&' $F#7&!	&<( .-+	G�+.: 1H4	&-$#.#$$15	%	%&32(#%�
.$13	"#,#%- 3	CMe

i
Cl

S
] [3D:	>-&	<&(##	71' F#$&	2'+

$+9%+5	�	2&(0/#$+)	2(#$&%	GYPLL&�H4	 	2'+	<&(##
71.&%+5	"&3+$+'06-	0F#	+97#.-$1#	"#,#%-1	7 % $�
.+&$$&B&	+	%+.(&'&"$&�7 % $.+&$$&B&	-+2 :	� %�
.+303	.7#/#$+)	2(#$&%	2'+	@-&3	' 7$&3#'$&	."7+�
B #-.)	7	%&'&-%&7&($&706	.-&'&$0	7.(#".-7+#	&<�
' 9&7 $+)	$#2'#'17$&B&	')" 	-7#'"15	' .-7&'&7	7
2(#$% 5	.+.-#31	CdS-ZnS [4, 5D:	� % )	.-'0%-0' 	"#�
,#%-&7	2(#$&%	2'+7&"+-	%	%+$#-+%#	,&-&2'&*#..&74
2&% 9 $$&!	$ 	�+.: 2:	
&"	"#!.-7+#3	9 .7#-%+	&<' �
906-.)	3 (& -&3$1#	3#- ((+/#.%+#	%( .-#'14	$ �
<(6" #-.)	2&-#3$#$+#	3#.- 	9 .7#-%+:	�(6/#706
'&(?	7	@-&3	2'&*#..#	+B' 6-	+3#68+#.)	3#F09#(?�
$1#	+&$1	% "3+)	+	*+$% 4	- %	% %	2'+	2#'#3#8#�
$++	&-	.&.- 7 	CdS	%	.&.- 70	Cd

0.6
Zn

0.4
S	.-#2#$?	2'&�

-#% $+)	,&-&2'&*#..&7	07#(+/+7 #-.):	� 	@-&	- %�
F#	0% 917 #-	, %-4	/-&	2(#$%+4	2&(0/#$$1#	2'+	$+9�
%+5	GRPLL&�) �	I0.- 6-J	.+(?$##:


&(0/ #31!	+9	-+&3&/#7+$$15	.&#"+$#$+!	/+�
.-1!	.0(?,+"	*+$% 	+3##-	.-'0%-0'0	., (#'+- 4	 
2(#$%+	.3#= $$&B&	.&.- 7 	E	76'*+- :	�	.3#= $�
$15	3&$&%'+.- (( 5	.0(?,+"&7	% "3+)	+	*+$% 	&<�
' 90#-.)	.-'0%-0' 	76'*+- 4	0	.&.- 7&74	<(+9%+5	%
ZnS4	E	., (#'+- 	C12D:	
(#$%+	+3#6-	7	.2#%-'#	2&(&�
.1	2'+	NTM	+	M�L	$34	.&&-$&.+31#	.	%&32(#%. 3+
"#,#%-&7	 CV

Zn
Cl

S
D	+	 CV

Zn
O

S
] [13D:	
'+.0-.-7+#	@-+5

�,6#	5#	A 7+.+3&.-?	+$-#$.+7$&.-+	(63+$#.*#$*++	2(#�
$&%	Cd

0.3
Zn

0.7
S	&-	7'#3#$+	7&9"#!.-7+)	��:	
2' 7 	2&% �

9 $ 	�	2&(0/#$+)	2(#$&%

�,6#	6#	A 7+.+3&.-?	+$-#$.+7$&.-+	(63+$#.*#$*++	2(#�
$&%	ZnS	&-	7'#3#$+	7&9"#!.-7+)	��:	
2' 7 	2&% 9 $ 	�
2&(0/#$+)
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%&32(#%.&7	"#,#%-&7	&<Z).$)#-.)	,&'3+'&7 $+#3
<&(?=&B&	%&(+/#.-7 	"#,#%-&7	-+2 	V

Zn
	+	Zn

i
	2'+

' 9(&F#$++	-+&3&/#7+$$&B&	%&&'"+$ *+&$$&B&	.&�
#"+$#$+)	*+$% 	2'+	$+9%+5	-#32#' -0' 54	%&B" 
%'+.- ((+/#.% )	'#=#-% 	<(+9% 	%	 3&',$&!4	/-&
2&"-7#'F" #-.)	" $$13+	'#$-B#$&.-'0%-0'$&B&
 $ (+9 :�"$ %&	2'+	2&(0/#$++	2(#$&%	.3#= $$&�
B&	.&.- 7 	&<( .-+	.08#.-7&7 $+)	&<#+5	, 9	3&B0-
3#$)-?.)4	- %	% %	' .-7&'+3&.-?	, 9	7	2(#$&/$&3
.&.-&)$++	71=#4	/#3	7	3&$&%'+.- (( 5:	
'+	2#'#�
5&"#	+9	&"$&!	2&(+-+2$&!	.-'0%-0'1	7	"'0B06	+9�
3#$#$+#	'#=#-%+	"&(F$&	&-' 9+-?.)	$ 	.7&!.-7 5
2(#$&%4	&.&<#$$&	.7)9 $$15	.	+5	"#,#%-$&!	.-'0%�
-0'&!4	$ 2'+3#'4	(63+$#.*#$*+#!:	�$ (+9+'0)
.2#%-'1	(63+$#.*#$*++4	3&F$&	."#( -?	717&"4	/-&
07#(+/#$+#	.&"#'F $+)	.0(?,+" 	*+$% 	7	.(&)5	2'+�
7&"+-	%	07#(+/#$+6	-#$"#$*++	&<' 9&7 $+)	7	.(&)5
3#F09#(?$15	+&$&7:

� %06	-#$"#$*+6	%	&<' 9&7 $+6	<&(?=#B&	%&�
(+/#.-7 	3#F09#(?$15	+&$&7	3&F$&	.7)9 -?	.	3#$?�
=+3	' "+0.&3	+&$ 	*+$%  (r(Zn2+) = 0,566 Å) 2&	.' 7�
$#$+6	.	+&$&3	% "3+)	Gr(Cd2+) = 0,99 Å) [14D4	/-&	&<�
(#B/ #-	715&"	+&$ 	+9	09( :	
	07#(+/#$+#3	"&(+	ZnS
7	2(#$% 5	3#F -&3$1#	' ..-&)$+)	.- $&7)-.)	<&(?�
=#4	/#3	7	.-'0%-0'#	76'*+- 4	2&@-&30	2'&*#..	71�
5&" 	+&$ 	2'&5&"+-	.	3#$?=+3+	@$#'B#-+/#.%+3+
9 -' - 3+:

�"$ %&	2'+	" (?$#!=#3	07#(+/#$++	.&"#'F $+)
.0(?,+" 	*+$% 	7	.(&)5	Cd

x
Zn

1-x
S	%+$#-+% 	,&-&2'&�

*#..&7	.- $&7+-.)	$#3&$&-&$$&!	G�+.: 3HX	2&.(#	9 �
3#-$&B&	.2 " 	+$-#$.+7$&.-+	(63+$#.*#$*++	2'+
"#!.-7++	��	+$-#$.+7$&.-?	(63+$#.*#$*++	$ /+�
$ #-	7&..- $ 7(+7 -?.):	>-&	2&"-7#'F" #-	+"#6	&
3$&B&.- "+!$&.-+	2'&*#.. X	2&"	"#!.-7+#3	��	.7#�
- 	+9	3#F09#(?$15	+&$&7	&<' 906-.)	3 (& -&3$1#
%( .-#'1	3#- (( 4	2&B(&8 68+#	% %	.7#-	7&9<0F�
"#$+)4	- %	+	(63+$#.*#$*++	 [9D4	2'+	$ %&2(#$++
&2'#"#(#$$&!	%&$*#$-' *++	%( .-#'&7	&$+	$ /+$ �
6-	' .2 " -?.)4	2'+	@-&3	'#B+.-'+'0#-.)	07#(+/#�
$+#	+$-#$.+7$&.-+	(63+$#.*#$*++:	� %&!	3#5 �
$+93	2&"-7#'F" #-.)	" $$13+	�+.: 4X	2'+	" (?$#!�
=#3	07#(+/#$++	"&(+	.0(?,+" 	*+$% 	7	.(&)5	.-#�
2#$?	2'&-#% $+)	,&-&2'&*#..&7	03#$?= #-.)4	+	"()
2(#$%+	Cd

0.4
Zn

0.6
S4	2&(0/#$$&!	2'+	. 3&!	$+9%&!	-#3�

2#' -0'#	GKML&�H4	$ <(6" #-.)	-&(?%&	2'&*#..	I $�
-+0.- (&.-+J	(63+$#.*#$*++4	- %	% %	2'+	$+9%+5
�	2(#$% 	.&"#'F+-	$ +<&(?=##	%&(+/#.-7&	3#F0�
9#(?$15	+&$&7:	
(#$%+	2'#"2&(&F+-#(?$&	+3#6-
.-'0%-0'04	0F#	<&(##	2&5&F06	% %	$ 	76'*+-$064
- %	+	$ 	., (#'+-$064	+	I $-+,&-&0-&3()#3&.-?J
&<' 9* 4	2&(0/#$$&B&	2'+	�


����A�
 =250&
4	2&% 91�

7 #-4	/-&	2'+	@-&!	-#32#' -0'#	 B'#B *+)	/ .-+*
9 -'0"$#$ 	+9�9 	.+(?$&	"#,#%-$&!	.-'0%-0'1:


'+	2#'#5&"#	%	.&.- 70	Cd
0.3

Zn
0.7

S	$ <(6" #3	.-0�
2#$/ -06	%+$#-+%0	G�+.: 5H:	�	' <&-#	C7D	2'#"(&F#$ 
+$-#'2'#- *+)	%+$#-+%+	$ 	&.$&7 $++	9 7+.+3&.-+
&-	$ / (?$&!	%&$*#$-' *++	"#,#%-&7	$ 	2&7#'5$&.�
-+	2(#$&%	2'+	2&(0/#$++	+9	-+&3&/#7+$$15	%&&'�
"+$ *+&$$15	.&#"+$#$+!:	>-0	+"#6	3&F$&	' 97+-?
.(#"068+3	&<' 9&3:	� 	2&7#'5$&.-+	2(#$&%	2&"
"#!.-7+#3	��	.7#- 	.&9" 6-.)	3 (& -&3$1#	%( .�
-#'14	.&.-&)8+#	+9	 -&3&7	% "3+)	+	*+$% :	�5	0.�
-&!/+7&.-?	9 7+.+-	&-	+5	' 93#' :	� 93#'	%'+-+/#.�
%&B&	9 '&"1= 	-&/$&	$#	+97#.-#$4	$&	"()	B (&B#$+�
"&7	.#'#<' 	<1(&	2&% 9 $&4	/-&	0.-&!/+713	%( .-#�
'&34	%&-&'1!	7	" (?$#!=#3	<0"#-	*#$-'&3	.%'1-&�
B&	+9&<' F#$+)4	)7()#-.)	/#-1'#5 -&3$1!	%( .-#'
Ag

4
 [15D:	�-&3$1!	7#.	% "3+)	<(+9&%	%	 -&3$&30	7#.0

.#'#<' 4	 	 -&3	*+$% 	2&/-+	7	"7 	' 9 	(#B/#:	�#'&�
)-$&4	2&@-&30	2'+	"#!.-7++	��	.7#- 	3#F09#(?$1#
+&$1	% "3+)	&<' 906-	0.-&!/+71#	/#-1'#5 -&3$1#
%( .-#'1	Cd

4
4	+	$ <(6" #-.)	2'&*#..	I,&-&0-&3()#�

3&.-+J	(63+$#.*#$*++[	/#-1'#5 -&3$1#	%( .-#'14
7	.&.- 7	%&-&'15	75&")-	 -&31	*+$% 4	3#$##	0.-&!�
/+714	 	- %	% %	7#'&)-$&.-?	&<' 9&7 $+)	9 '&"1= 
+9	<&(?=#B&	/+.( 	 -&3&7	&/#$?	3 ( 4	-&	&<' 906�
8+#.)	+(+	0F#	+3#68+#.)	$ 	2&7#'5$&.-+	%( .-#'1
' .2 " 6-.)4	/-&	.&2'&7&F" #-.)	07#(+/#$+#3	+$�
-#$.+7$&.-+	(63+$#.*#$*++	G�+.: 6).

>-&-	2'&*#..	&B' $+/+7 #-.)	%&$*#$-' *+#!
3#F09#(?$15	+&$&7	7	2'+2&7#'5$&.-$15	.(&)5:	
'+
$ (+/++	"&.- -&/$&B&	%&(+/#.-7 	2&7#'5$&.-$15
3#F09#(?$15	+&$&7	$ /+$ #-.)	'# %*+)	B#-#'&B#$�
$&!	$0%(# *++4	%&-&' )	&B' $+/+7 #-.)	2&"7#"#$+�
#3	'# B+'068+5	/ .-+*	2&	2'+/+$#	03#$?=#$+)	+5
%&$*#$-' *++	$ 	2&7#'5$&.-+4	/-&	&<0.(&7(+7 #-
.-02#$/ -06	%+$#-+%0:


(#"0#-	&-3#-+-?4	/-&	$#	3&$&-&$$&.-?	%+$#-+�
%+	,&-&5+3+/#.%&B&	2'&*#.. 	.7+"#-#(?.-70#-	&
.+(?$&3	' 902&')"&/#$++	2(#$&%	Cd

0.3
Zn

0.7
S4	/-&

2&97&()#-	2'#"2&(&F+-?4	/-&	2'+	2#'#5&"#	%	@-&30
.&.- 70	$ <(6" #-.)	2'#7' 8#$+#	.-'0%-0'1	., �
(#'+- 	7	76'*+-:

� %+3	&<' 9&34	7	2(#$% 5	.&	., (#'+-$&!	.-'0%�
-0'&!	(#B%&	&<' 906-.)	3#F09#(?$1#	+&$14	2&@-&30
2'&*#..1	3+B' *++	7	2(#$% 5	.	.&.- 7&34	<(+9%+3	%
ZnS4	2'&5&")-	(#B%&4	%( .-#'1	&<' 906-.)	+	' 97 (+�
7 6-.)4	+	0F#	2'+	2&(0/#$++	2(#$% 	.&"#'F+-	$#%&�
-&'&#	%&(+/#.-7&	%( .-#'&7:	
	2&)7(#$+#3	<&(##	-)�
F#(15	 -&3&7	% "3+)	%( .-#'1	&% 917 6-.)	<&(##
0.-&!/+713+4	+	$ <(6" 6-.)	2'&*#..1	,&-&0-&3()�
#3&.-+:	�	.-'0%-0'#	76'*+- 	9 -'0"$#$&	&<' 9&7 $+#
3#F09#(?$15	+&$&74	2'#+308#.-7#$$&	&<' 906-.)
7 % $.+&$$1#	"#,#%-14	2&@-&30	2'+	2#'#5&"#	.-'0%�
-0'1	2&)7()#-.)	.-02#$/ - )	%+$#-+% 4	.7)9 $$ )	.
715&"&3	+&$&7	+9	2'+2&7#'5$&.-$15	.(&#7:
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