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"�#$% ��&'�( )*+$ ",�- .� �("/$� 0, "12% �( 3/4% �% .�1( � .�/+4	 �.+	��5 
��6���781+(,9+$+�5#%)5 ,)&: 

���;<�;< �	#=2	 �"1*>	 ,)�0*�;�#	 �+?� �

3,)�, ��/� ��/� 1@,� ��	A(, �,0- B�C��,� ��*+D B�)E 

B1+FG :H45,� 0, 1�)$5 �.�/+4	 I,)&+�5�% .+	�� 1+(,)bata(3/4%8��6�����#JK �� � L- MA@ �� 9+$+�5#%)5,)&:NaOH �
M#	)� �% ")*+$  NF$O*5{[Cd(bta)Na(H2O)4Mg0.5].2H2O}n (1)1D �+�: .NF$O*5 "�#$% ��&'�(�%Q,) "#:)  XR+2:

1D .S��&� �	 3���1�� �51@,� )� 3���&+% R�, )*+$ ,�- .� .+	��5 T	�D(II) .�/+4	 � .�1( ��%��#	 �;��U:U:V/W�(, .�(
3�+�5, �% "/$� 3#+:�53/4% "��8U�X�Y�V8�% IA+�5#%)5.��B1D TZ1�, .3/4%8U�X�Y�V8�� I�#Z �% .� IA+�5#%)5

3#+:�5 �% ��,1�� 9� .� � ��,1�� )*+$  � B1D T=&	 "/$� "��",�- .� , ,� [$&�	 /$� �( �% "12% �(�(, B�)5 ��\� .

B],�"1+$5 "��:"/$� �( N$O*5^)*+$ ,�- .�^3/4%8U�X�Y�V8IA+�5#%)5.

�	1�	 
)*+$  ,�- .�)��#+(�4���#_5(B)+\�0 ",)% �$5 `AaZ, 9� -

3#� R+% B14�� T  "��1��C+� 0, ���4&	�� "�� "/$� "��
�(, B1D T+F�:.`AaZ, R�,B)&�E � �@,)< .$b 0, �2+(�

(B)+\�0 0, ����&'�( R&'�"�� �%�% "12% 9� B��( �;��
 B14�� T 9G#5 "��1��C+�3#G c�/% "����&'�( �: 1+��+(

T�$�&	 T	�D�D#' �� ,� ��- c�/% "��1��C+� � "/$� "��
�	)%�)+E ]U.["��)*+$ ,�- .� "���)%��5 ",�,�B�)&�E ",
3#G B)+'f �"��/+��:�g �"0�(,1K ��'#( "0�( � ���(���,�
 /+��E���"�� ������(� ���+<�4h	 L#$a	 �F�/+��%�:�#� �
B)+i&��14]X8V[.j+5): R�,���&(� 3,#42% �,#	 0, ",

�/	 �� �)F+	 T$�&	")&	 T+�1%�;�� ka( .\@ �% l�% �
m�a2�, � 3�#% .n4	 �#' �% ,� 3��,1+*+D �K#: �")�o j$K 

B�#*�,1�]p.[)*+$ "�� .�,�- 9� �(, RF*	 "12%�� �"12%
����(14D�% ��#+(�4���#_5 "��1�#+  �% "12%.���- R+4q*�

 �(, RF*	"��1@,� "��&'�( 3�/�, H4F*�)% )%"�� 
��#+(�4���#_5 �r+2? "���)+� T	�D 3#G "��1�#+  

���]��1+� �C&D�;�, π-π�"��1�#+  �5 14D�% /+� N�,��1�,�
�� T@,)	 ��	�(�#'�sb�% ��)*+$  1D� �� ��2%, )&�+% �	 -

1�#D .R++2: H�� H45,� t�,)D � 1��C+� �"/$� 3#+:�5 u#�
B1445","��)*+$  T+F�: ��,�- .� ��,� .RD���(, �5

3#� M�=:, ",)%/$� "��"�#K� )*+$  T+F�: �.5 �(� 9�
�(, "��)? B1�#D T  1��C+� .0,3�+	 �B1�#D T "��1��C+�

�1+(, "� �+*�, 9+$+�5#%)5 �$ 1��,� "��+�% �	 �14�,#:
 �*�	 H�� T+F�: ���2av1445 �r�, "/$� "�� ."��1+(,

M#$>	 �� 9+$+�5#%)5 �$  0, 3#:�)  14G �� 9� �%- "��
3#� � B�,� �(�9� I�#Z �% IA+�5#%)5 "����,1�� ����-

14G �� �� R+% B1D T+F�: 3#+�- u#� �% �&�% � ��,1�� /$� 3#�
�	 T 1�#D ]�8�.[3�+	 0, "��1+(,9+$+�5#%)5 �$ �

3/4% 8��6����T+F�: �� �*�	 H�� 1+(, 9+$+�5#%)5,)&:
 ��,� "12%14G "��)*+$ ]��8�6.[1+(, 0, �H���  R�, �� 

3/4% 8��6����9+$+�5#%)5,)&:)bata(T 1��C+� 3,#4b �%
3#+:�5 0, � B1�#D��5 � .�/+4	 "/$� "��1D B��r&(, .+	 .

3/4% 1+(, 0, ��,�0 3#:�) 8��6���78�% 9+$+�5#%)5,)&:

∗Rr$: �M#_�	 B14��#� :WwVwxUyxXyY)%�*� �:WwVUxXXwwUw�F+��)&F�, ��  �:Ma.Tabatabaee@iau.ac.ir 

M�(�(z,{��*D �z�� �3�&�%�:����|>rZ 0, �wwy �:��6
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��} �;�#	 ����;<�;< �"1*>	 3,)�, �(�4D ���5 � �(�4D�#$% �$\	 

1+�5��1+� .�1( z�\�,3#� �5 1D ��&'�( �� .�1( "��
&�	 /$� u#� �( �% NF$O*5 � B1���	 j+5): �% [$�M#	)

{[Cd(bta)Na(H2O)4Mg0.5].2H2O}n1D T+F�: .

��5 �%)\: 
�5)D 0, H���  R�, �� �&�� ��5 �% �,#	 � "�,1�)' ~)	

���' 3�1%&�� ��5 �% "0�(14.
�,1���	g7�}/�)mmol 6(1+��(, 3/��4%��6���78

�� 9+$+�5#%)5,)&:mL �7�#�( �% � 1D T@ )a�	 L-M�
B)av B)av 3- ��: 1D B��/�,pH��% M#�$>	�1+�(�.0, N� 

�F4�, 	>1�D B�0 .�% B�C���	0- t+>	 �� �b�( 9� M#$���%
3- g���/�)mmol 6(I,)��&+� .+	����5�� ���%-g���/�

)mmol 6(.�/+4	 )$5)MgCl2(1D B��/�, .H4�5,� �#�$�	
",)% ��b�()+a�: 1��)E .L#(� ��&�)E TFDm��Z 1�D �

���Z )�0 M#$>	 "��	� �� �#�$% ��+�: ",)�% �°C �"�,1��C�
1��)E .1D T+F�: �&r� ���G 0, N  ��� .5 ��0 "���#$%1�.
[+< �)(�)�)IR ([+< ��#*� �% M1	 S4(Shimadzu 470 

B)&�E �� "cm-1����8��� �)v 0, B��r&(, �% �KBr �;�
1D .Q,)  ��(,)% "�#$% ��&'�( NF�, "#:)  �\4()XRD (

�C&(� �%BM1	IPDSI stoe 1D R++2: .

s>% � S��&� 
0, H45,� I,)&+� � �%-�� .+	��5 1�)$5 �% .�/+4	 1+(,3/4% 8
��6����8�#J@ �� 9+$+�5#%)5,)&:NaOH )*+$ ",�- .� 

1�1K"��#F�#	 M#	)� �% [$&�	 /$� �( 0,
{[Cd(bta)Na(H2O)4Mg5].2H2O}nT+F�:1D.

NF$O*5 "�#$% ��&'�( 
,� )� )*+$  �� )	#�#	 1@",�- .� 

{[Cd(bta)Na(H2O)4Mg5].2H2O}n3#+:�5 �( T	�D
�;�� �% .�/+4	 � .�1( �.+	��5 "��6:6:�M#F�#	 �� �

�4���#_5)+i L-�(, .R�,R+&��� )*+$ ,�- .� 3/4% 0, 8
��6����8� I��r&	 "/$� �&�� �( T	�D IA+�5#%)5,)&:

 "���1b �%��,�- .� (, [$&�	 �)TFD�.(�(�)% ��&'�(
"��C��#$% 3-�	 3��� �5 1�� ",�,� "�#$% .&�+(T+	 9: �
�J� B�)E��P21/C �(, .B1+FGB�,� 0, ",�(�4D�#$% "�� 

M�1K �� j+5):��� ��1�#+  ���,0 � ��1�#+  M#< 0, �')% �
M�1K6B���- �(, B1D .�� IA+�5#%)5 B�)E ���G )�
j+5): �� I,/$� �%14&�� )+E .IA+�5#%)5 B�)E)%R%)5�

.:, T	�D 3�+�5, "��O1 �O2 .:, 9� �% ��,1���� I�#Z �%
 .+	��5 IA+�5#%)5 B�)E �)%R%)5�3�+�5, T	�D "��O5 

�O6 T=&	 )C�� .+	��5 .:, 9� �% ��,1���� I�#Z �% /+�
4&��1.IA+�5#%)5 B�)E�3�/�, ��,1���� I�#Z �% �F4�, )%

B1D �4���#_5 .+	��5 �%��a(,� �% O1 0, � .�1( .:, 9� �%
 ��)<O2 �(, B1D T .�1( )C�� .:, 9� �% /+� .

IA+�5#%)5)%R%)563�+�5, T	�D "��O3 �O4 �)%
R%)57T	�DO7 �O8 �% ��,1�� )( �� "��1��C+� I�#Z �%

 "/$� 3#� ��)O3 �.+	��5 �%O4 .�1( �%�O7.+	��5 �% �
O8 .�/+4	 �% (1��C+� )� j+:): R�, �% � �(, B1D �4���#_5

3/4% 8U�X�Y�V8.:, �� �.+	��5 .:, ���G IA+�5#%)5,)&:
�	 T=&	 .� �% ,� .�/+4	 .:, �� � .�1(145 .T "��

B1D 12% �( �� )*+$  �E�)&�E sb�% IA+�5#%)5 1�,)TFD
X.(

TFD��#F�#	 ��&'�( 0, ����*� ",�- .� )*+$  �{[Cd(bta)Na(H2O)4Mg5].2H2O}n.
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1$K��B��*D �63�&�%�: ����� "�#$% ��&'�( 0, "12% �( "/$� �( ",�- .� )*+$ . . .��� 

M�1K�B�,�B1D �+�: j+5): �(�4D�#$% "��.

C10H14CdMg0.50NaO14 M#	)� 
��/7�7 ��#	)� 30�)M#	 )% z)E(

�}/�×��/�×6}/� �#$% B0,1�,)j2F	 )&	 �$+	(
T+	 9: "�#$% .&�+( 
P21/c ���J� B�)E 

)6(����/� a( Å)
)7(�}�6/�� b ( Å)
)7(����/�� c (Å)

��/�� α )°(
)��(����/�� β )°(

��/�� γ )°(
��/�76� �F� �&'�� .\@)j2F	 )&	#F+ (

� �F� �&'�� �� M#F$	 �,12: 
���/6 ���CG)j2F	)&	 )% z)E �$+	(

)6(��� �	�)R�#$5(
�<h<�8,�7<k<�78,6��<l<6� 8 h, k, l 

���6/� R

���6/� WR2

VWWY T5 "�� L�:0�% �,12: 
6}� T�&�	 "��)&	,��  �,12: 

M�1K6���,0 � ��1�#+  M#< 0, �')%"1�#+  "B1D �+�: j+5): ��.

1�#+  1�#+  M#<( Å)1�#+  1�#+  ���,0)�K��(

Cd1-O3 )�(��7/6O3- Cd1- O7 )��(�6/�7�  

Cd1- O7 )�(��}/6O3 -Cd1- O6 )��(��/}�  

Cd1- O6 )�(�6}/6O7- Cd1- O6 )�(��/���  

Cd1- O9  )�(���/6O3- Cd1- O9 )��(�7/��}  

Cd1- O1 )�(�}�/6O7 -Cd1- O9 )��(��/��  

Cd1- O2 )�(���/6O6 -Cd1- O9 )�(��/�}  

Cd1- O5 )�(7��/6O3- Cd1- O1 )��(��/��  

Na1- O1 )�(�}}/6O7 -Cd1- O1 )�(�7/}�  

Na1- O2 )�(�}}/6O6- Cd1- O1 )�(7�/���  

Na1- O10 )�(��7/6O9- Cd1-O1 )�(��/���  

Na1- O13 )�(��}/6O1- Na1 -O2 )�6(��/��6  

Na1- O4 )�(��7/6O4- Na1- O13 )��(�6/���  

Mg1- O8 )�(676/6O10 -Na1- O11 )��(��/��6  

Mg1- O6 )�(��6/6O8 -Mg1- O8 )6(��/�}�  

O6 -Mg1- O6 )��(��/�}�  

O9 -Mg1- O9 )�(��/�}�  
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��� �;�#	 ����;<�;< �"1*>	 3,)�, �(�4D ���5 � �(�4D�#$% �$\	 

TFD6�( )*+$  "12%{[Cd(bta)Na(H2O)4Mg5].2H2O}n.

�1b��,�- .� HD j+5): R�, �� .�1(��(, �F��#a%
 3#� )�Na+3�+�5, �� t(#:(O2, O4) 0,��B�)E

 1��C+� 9� 0, IA+�5#%)5bta �3�+�5, 9�O1 9� 0, B�)E
 1��C+� 9� 0, IA+�5#%)5bta � )C�� 3�+�5, .:, �(O13 �

O11 �O10 M#F�#	 0,B1D �4���#_5 L- "�� �(, H�,�- �
�����,� ��K� .O4 �O13 ��B�C��K"�� .:, � "�#>	 "��

O1 �O2 �O11 �O10 ��"�� B�C��K �,)v ��,#&(,�,� 1�
)TFD�.(�1b��,�- .� j+5): R�, �� .�/+4	HD�(, .)�

3#�Mg2+�%��	 3�+�5, �� t(#:O6 0,��B�)E
 �%��	 3�+�5, �� � ,/\	 1��C+� �� 0, IA+�5#%)5O8 �� 0,
M#F�#	 ��(, B1D �4���#_5 )C�� [$&�	 1��C+� L- "��

.:, ��)< 0, /+� .+	��5 �% �4���#_5 3�+�5, "��O9 .:, R+% -
"��Mg B1D T 1�,."��,�0 �F��#a%O6-Mg1-O6 �O8-

Mg1-O8 �O9-Mg1-O9 )%,)% �%�}� �K��14&�� 
)M�1K6.(TFD�"�J� 3#	,)+  ��,�- .� 3��� ,� .+	��5

�	1��.��,�- .� �1b � �(, �r� .+	��5��B�)E
 1��C+� �� 0, IA+�5#%)5bta 0, ��,1���� I�#Z �% I��r&	

.:, 3�+�5, "��O1�O2 �O6 �O5 T=&	 z#+	��5 �%
14&�� .O3 �O7 0, /+� B�)E "��1��C+� IA+�5#%)5 "��
 )C��bta "�J� ����,�- .� .&r� "�J� � B�#*� M�hD, ,�

 L- M#F�#	 t(#:(O9) .+	��5 � �(, B1D M�hD, ��&'�(
��,� �2$? S4  B1b�v �% B1+q+ ,� �	)��� �(14�.

TFD�3#	,)+  ��,�- .� "�J� 0, ����*�Na+.

TFD�� "�J� 0, ����*�3#	,)+  ��,�- .3#�Cd2+.
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1$K��B��*D �63�&�%�: ����� "�#$% ��&'�( 0, "12% �( "/$� �( ",�- .� )*+$ . . .��� 

3�4G �� �5 TFD�B1�� �	�#D�.:, 3�+�5, "���O�
�O���,0 �%��/�7� �,)v .� �% �;�� �K���,�1�.�>rZ �� -

�>rZ )% �#*b �;�)�: ",.:, )��( B1�)+E)%�� "3�+�5, "��
 "�J� ����,�- .� .+	��5)II(�v,�14&��.�� R�, 0,��� �%

R&�)E )n� .:, 3�+�5, "���O��O�z)� �#�� 3,#4b �%
�	 �% B1+q+ ,� �	)��� ,� �b#*\	 R�, �(14� ��&'�( 3,#:

��)E )n� �� �2$? S4  B1b�v.TFDV[+<XRD ,� )*+$ 
�	 3���1��.�$v "��/+: j+5): "���#$% �#$' B14�� 3���

14&�� ."���#$% R�, ��� �% )*+$ �)�: � L- �� M#$>	 .5 �;�
 �� M#$>	��)&�+% MA@0, )+i �% ��- "�� )DMSO(14&�� .

�#$;: L- M#F�#	 �� T	�D )*+$  3���: �% M#F�#	 )��(, .
3��� ��]��1+� "��1�#+ 3�)% � ��#F�#	 R+% ��#$F�#	

M#F�#	3�+�5, � �#$;: L- ��4���#_5 L- "��B�)E "�� "��
>&(, sb�% IA+�5#%)5FD �#$% ��&'�( z��(, B1)M�1Kw.(

"���J� �% [$&�	 /$� �( �#J@��,�- .� �)*+$  �� I��r&	 

)*+$ ",�- .� )*+$  9� �% "��&'�( )n� 0, ,� B1D �+�: �%
14��	 �(, B�)5 T�1;: .3�4G u#� �1D �&rE �	1�	 �� �5

 �� B1445 R++2: H�� H45,� t�,)D � 1��C+� �"/$� 3#+:�5
 "��)*+$  T+F�:,�- .� ��,�.1+(, 3/4%��6���78,)&:

 9+$+�5#%)5 �� �5 "1+(, B�)E ���G �%pH[$&�	 "��
 � B�,� �(� 0, ,� "1+(, 3#:�)  ���G �� � �( ��� �9� 1�,#&+	

�#D T�1;: IA+�5#%)5 �% .H�,/�,NaOH sb�% M#$>	 ��
3#:�)  ��,0 � "1+(, B�)E ���G )� T+F�: IA+�5#;5,)&:
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M�1K�0, �')%B1D �+�: j+5): �� ��]��1+� "��1�#+  M#< � "1�#+  "��,�0.

D-H…A D-H/Å H…A/Å D…A/Å <(D-H…A)/°
O10-H10A…O8   )11(8200/0 )9(946/1 )4(756/2 )4(170 
O13-H13A… O3   )11(8200/0 )8(078/2 )4(885/2 )3(168 
O9-H9A… O10   )11(8200/0 )15(003/2 )4(788/2 )4(160 
O9-H9B… O13   )11(8200/0 )11(945/1 )4(717/2 )4(156 
O11-H11B… O14 )11(8200/0 )16(052/2 )10(847/2 )4(163 
O12-H12A… O14   )11(8202/0 )4(74/1 )10(404/2 )4(136 
O12-H12B …O11 )11(8202/0 )9(42/1 )5(234/2 )4(149 
O13-H13B… O4 )11(8202/0 )13(035/2 )4(830/2 )4(163 

S�);*5 "��C��#$% I�bA<, /5)	 �� �#$% T	�5 I�bA<,)CCDC(15 �%6������)html.retrieving/conts/uk.ac.cam.ccdc.www(
�(, B1D �;�.
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