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���! ��"#�� $��%& � ������' (	�)&
���� 
���*�
N+)-+.������($�&�0���������1 

2���
��!� 3��4�� 5���� ��� �6���7 (���*�%8� ��7 (��� 

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

5��09 :.
� ��/01"2��*+'/&34 �
�'4 056�" 7� �
�8 ��&+!�5
�� 9"� :+4�; "�+���4&<�4 LNPI –N)=>?
�@
�+/(.+;&@)+�"A
� 
�+�B �+�; �, C+D 7� #��EF!� �< "�G5! H�!"�	 �
�&	 ?
�I; (FT-IR) �
AG; �9�J5( 9(CHN) � @<"� �@�"�F)�� K&)!"�)+� �

(SEM) ��&*� L)
� &;�/ M��/ "N; 9�!�5, �&'< �
��- �
 .�4 ��� �� � P
�F� :+6�;[ZnCl2(LNPI)]n9�@Q< N
 �*+'/ ��FR�! �<
 #�+G�7 S�&T �< F!�� 9�&'< UF�+! �� �-�A$
7 9�,&$)�<�
�V	 #"�-Pca21�@!� #�, �&'IF� .U1�@< �@!��< 05@4 .+@< 9�@1-

" ��&)�&�?+'W; �@4 ��� �� @� :+4�; 9�&'< ��FR�! �� �'E,�1 XY! �Z"��@+1 �@�&+/ �Zn-Cl···H-N 9���@
�/ �� 9�[&@� 0@�� 
�F,�I�� ��FR�! �� 9�*+'/ 9�1�+G�7 ���� 9�&'< 9." ��&\�&� ��FR�! �F�< ]�� �&^5� �<�-2
"9�1 �L)'_@*4 " �@��$+� �@�"�F\�� 
���$` �Q<�; �
�^� �
�/ �< S�I!�W� (DFT)�, %�G�� A+� .

5;��
���� 
��:�*+'/&34��&+!�5
��a4&<�4 �+���a�&'< N; a��Z"��+1 ��&+/ a���$` �Q<�; �
�^�.

	���� 
9�1�b�" c�J;� 7� ���Q� " ��B 9�1 :+4�; 9�&'< ��FR�!

U1�< d!&; ��&
 �
 �e5R 9��FR�!054.+< 9�1 �< ��&)�&�
�� �&8"�5
B ." #��7�! 9�1�b�" ����+`�-2
" 9�1 ��FR�!

#"�- f&� �< :+4�;54 U1�< " �'��( 9�1�B .+< 0�� �1
���� �$F�< 9�&'< S����8 .�*+, �< �&'< �!�5��

 �!�5,�&'< ���&)�&���	9&;�/ ���b �*+, " ��&� U'( �L)
� 
���� N
�A� g�I;�� ���8 ]h�i[.�5+�7 .
� 9� 1"2/ �< 

�!��<:+4�; 9�&'< 9�1��FR�! c�F54 #�-�
� �< C'F�� 9�1
0+/ "U1�< �5+<054.+< 9�1��&)�&����7���/ ]j>k[.

��FR�! �5*	�1 �b��D �
���&; �< �&'< �!�5�� #7"���
�-2
" �< �<�+F!� �&^5� �< 9�&'< 9�1���8�19l#�&��� 

0��� N
 �< �9�"A+��;�4 " 9�&� ���+D�5m��<�5��� n�o8 "
�T�( ���!� #�, ?
�I; C'F�� %&'( 9�1 ]p�q[.

9�1�*+'/&34
" f&� ?�'�F� ��&+!�5
��#2��&� 7� 9� 

c�! �� �4 �5F�1 ��&)�&� ���r�"&4��	 �8&; ��&� ��+R� 9�1 
�F	�- ���s ���5* ������ .:+4�; 7� �F!� .
� �� 9�1�b�" ��1
�&
 ?��, �4 #��7�! �< �5F�1 ��B 9�1���$+� " 9A'	 9�1

 9�1��&+/&34 �< ��&+!�5
��U1?JF� �5F�1 .L)'_*4 �< �1
U1�< ��G
�054 �< ���r�"&4�+t 9�1U1�! �
 "� �N
 �� 

n&`��` ��Q<�!�51 �< 9�1�� ?+) ; �&-��&- 9�1 �51�
)?),i.(�$F,�I�� ���Z&��1 ���Z"��+1 9�1��&+/9�1ππ...�

U1�<054A'	 9�1 >A'	 A'	 "...πU�� 7�054 U1�< .
�; 9�1
�+t�5F�1 �1�*+'/ ?+) ; �� ���r�&4]v>ih[.�
�!�5,

054 U1�<#"�- .+< .)*� x9�1�� �&-��&- �'��( 9�1 ���&;
0+/ ���,�< �[&� 9�&'< 9�1��FR�! �5+<]i=�ij[..
� ��

��8 ?+�� �< ��Z"��+1 ��&+/ ��F!�� r�< S��s " ��&< ���
�� �E
� ��&)�&� �$F,�I�� �� �*�� 0���54 .��C
�Q; N
 

U1�< .
� ��'4 N
 �< ?JF� �Z"��+1 U;� y��F,� �G+F� 054
 #�51� ��&5( �< #�&R �"�F)�� U;�(D) U;� N
 �< 

∗.E'; �c&3�� #�5�
&� :zkijvvzkk==�<�*� �:zkijvp{q=iq�)+�"�F)�� ��/ �:salimi-a@um.ac.ir 
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�&/ �Q�� ��*+'! ��&/ U!����&<� " �!�5,�&'< �'G����
� �!�5, ���4 �~��

.0'<#�Eb ��FR�! ?+) ; �$�&$` #��&b�D�*+'/ 9�:+4�; 7� ��&+!�5
��&34 �+�"� 9�1.

#���
o/ ��&5( �< �$
� #�&R �"�F)��(A) S�&T �< " �!� D-
H···A�� #��� �� � �&, .U;�A�"�F)�� �E8 N
 9���� �
�< 

�< �B c��F�� �< �4 �,�< 9��&+/���"c�F+<� 9��&+/��/ D-H �
c��F�� �5Q
&s ��&+/ .
� ?+) ; :8&� ��� 9-

�&, .��8 " S��s:+4�; �� ��Z"��+1 ��&+/ 9�+- 9�1
�-2
" �< C'F���B 9�1���� �[� �1]ik>i{[.

?�'F�� 9�1��FR�! 9�1��<��6 7� �\
 ��$
� 9&! 7�
�!� �Z"��+1 7�- �'*8 7� C'F�� 9�17�- no8 .7� �Z"��+1

y�/?��b .
�;�� �2+�4� �< �4 �!� 9Z��� 9�1 ���< " �7&!
 nB�� �+�&;�54 .�� �Z"��+1 �4 .
� �&8" �< �� � < 7�+� ���&;

�R&! �< ��! d
��, ?+�� �< ��� ��1� 01�4 �'+�	 9�1
#�+R��!� #� � �F	�- ��4 �< 9��JFs� �&D �< 7&51 �97�! .7�

M"� ��+��
�� �4 �Z"��+1 #�+R� 9��< #�*( 9�1 " 97�!
 ��&� 7� #��EF!� " 7�- ��&*� U4��F���8n��!��< �&���+/ 

:+4�;�� �4 �
�1 :8&� ?�'�F� 9�F�< S�&T �< �5��&;
 ���s �8&; ��&� �F +< ��&, �Z"��+1 7�- 97�!�1� " no8

�!� �F	�- .�Z"��+1 97�! #�+R� 9��< n��8 ��&� �'*8 7�
��&�&��� �9A'	 9�1�
��+1�+�&�7 �c�Q	 .<�4 ��5<�4 9�1 " �1

�5F�1 9A'	 ��B 9�1��FR�!.c�! �D �� " �b��D ��+R� 9�1
n&`��` " ��&+!�5
��&34 9�1�*+'/ �+�;A'	 9�1>�< ��B 

9��+�< �8&; r�< �b��� " #�Eb 9r�< UGb ��&< ���� ?+��
#��4 :'8 ����� .�'�'�; ��Q<� �4 ?�'�F� 9�1��FR�! .
�

c&)�&� UGb �< ��
��� ?<�s 7���� U ` ����� �Z"��+1 9�1
�� �< 9�
�8#�+R� 9�+#�& - �Z"��+1 7�- 97�!��� .#�Eb -

?+) ; �[� �� ��&+!�5
��&34 9�1�*+'/ �� #�, ?+) ; 9�1
 ���F	� %�� �< ��)�� ��Z"��+1 " ��&+!�5
��&34 9�1��&+/

c&)�&�#�Eb .
� �� 7�- 9�1�� U1��	 �� �1 �G+F� �� " �54

��EF!� A+� 7�- 97�!��8 9��< S�I+4�; .
� 7� ��&; ��4 #��
]hi�hz[.

�F!� �4 �1�+���4&<�4:+4�; 7� 9� ��FR�! �< ��B 9�1
 �'4RCCONHRN�5F�1)RN
 �Z"��+1 �
 ��B ���F!�
�!� (�+�B #"�- �&Vb ?+�� �<–CONH–�9��+�< �
���&;
9��<#2
" �+*1� 7� " ����� ��Z"��+1 ��&+/ ?+) ; 9�

�5F�1 ����&R�< .:+4�; .
� 9���
�/��1 �B ��&< �e5R A+� " �1
#���
o/ " #�51� #"�- ���7 U1 �&Vb ��Z"��+1 ��&+/ 9

:+4�; .
� �+*1��1�� � 0+/ 7� 0+< �&'< �!�5�� �� �� 
���1� .�-2
" :'t� 054�" " �1 �� �� �1�+���4&<�4 9�1 ��&;
 �<�
���&;#"�- ��Z"��+1 9�1��&+/ ?+) ; �B �'��( 9�1 �1

����� g&<��]hh>h=[.054 U1�< S��s " f&� �R�5, 9�1
.+<�� ��&)�&�0+/ " �b��D �� ��5;:+4�; ��FR�! �5+<�1
�+E���!�U1�< ��&- .
� �+s� �+1�� y�� �)'< 054 �� �1

 �!��<�-2
"9�1:+4�; A+� �1 �+*1� ���� 9��+�< .
M��A- 7� �*4 �+�; ���$+� �< 9�*+'/ 9�1��FR�!

9�+���4&<�4 –N)=>?
�
�+/ (� F5� �+�B .+;&)+�"A
� #�,
�!� ]hk [.01"2/ .
� ���7� L/ 9�+���4&<�4 ���$+� �+�;

 �5+�< " �
�8 M"� N
 �<)?),h(�9��< .+F��� �*+'/ ��< 
&34�
�'4 �< ��&+!�5
��9"� (ZnCl2)�+�; �,�B ��FR�! "

�!��< �&'< �!�5�� #�-�
� 7��
��- .:+4�; .
� �� .+5�*1�
U1�< " �*+'/ .
� 9��FR�! n&`��`054.+< 9�1 ��&\�&�

#�Eb ?+) ; �� �[&� �!��< 9��FR�! 9�1���, .�!��<9�1 
9�^����$` �Q<�; �
�^� ��!��< (DFT) ���$+� ��FR�! 
%�G���,"�*+'/ ��FR�! d!&; �Z"��+1 7�- no8 ��A+�
&34#7���� ?�'�F� ��&+!�5
�� 9�+-�
��-.
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�'8��#��*, �����F��7 ���� ��&+!�5
��&34 �*+'/ 9�&'< ��FR�! .++Q; " �
�!�5, ��+�; . . .�~��

.0'=�+���4&<�4 ?+) ; 054�" LNPI.

>���!�?& 
�� 
5�*"�� � ������

�4�, 7� 01"2/ .
� �� #��EF!� ��&� ��&�9�1 y�� 
(MERCK)�
���B "(Aldrich) �, �+�; #�+1 �"�< "

���R #��EF!� 97�!���, .�*1c�b %7r 9�1?��, 
���&	"��+1��F;(THF) .+�B ?+;� 9�; �(TEA); �?+�&+

 c&��F� " �
�'4�
AG; �&'R �<9�nB �"�< "���&< ��5; "
?+!B 7� �
�'4 ?+5+;&)+�"A
� �+!� ���4 ��� N+5+;&)+�"A
� ��
 �< " ��B �!� �< #�$ 
��7BM"� N R �
�� �Z"�F+� �R ,�.

C+D 9�1H�!"�	 cm-1)hkz >=zzz(�< L)'_*4 " ���$+� 
��s 7� #��EF!�KBr<�C+D P5!	H�!"� c�� 

EQUINOX 55���, �I[ .:+4�; n"� 9����1#�$F!� �< 
Thermo SCIENTIFIC#7���� L+'$�� �& 4 �R�! 9�+-

#��� " �,�
AG; 9�1��&*� 9�J5( 97� #��EF!� �< A+� �1
#�$F!� Heraeus CHN–O Rapid ��B �!� �< .��FR�!

 c�� L)
� &;�/ P5! M��/ �< 9�*+'/ :+4�; 9�&'<Rigaku 
XtaLAB mini �<��r��I+�&� %�	 N; �< A�G� "7�! 

�	�- %�G�� �F+	��- .�< no8 X+WJ; " #��� 9�"B �*8
 7� #��EF!��F�<%�� 9��A	� CrysAlisPro 1.171.39.31c  

]hq[�	�- %�G�� .��A	� %�� �<Olex2 ]hp[���FR�! ?b 
�����< d!&;SHELXS ]hv[#��� 0
r�/ "�����< �< �1 

SHELXL ]h{[�, %�G�� .��&*� �
&J; �< 9��&/ 9
K&)!"�)+� � <"� ��"�F)��(SEM) �4�, 7� LEO)c��

1450 VP ( ��*�B �& 4 �R�!�+�;�,.<�!�� no8 ��A+� 
#�$F!� �< �Z"��+1 7�- �R�!�!"��	 #�$ ��� %&'( #�) ��� 

�, %�G�� .?+'W; ��A	� %�� �< �'E,�1 XY! Crystal 
Explorer17 ]jz[S�I!�W� "9�^� ��A	� %�� �<Gaussian 

09]ji["�
�^� ��!��<Q<�; �c�$` (DFT) �	�- S�&T.

	�)& >�� 
���*�
 	�)& LNPI –N)-+.������(���1 $�&�0������ 

054�" #�7�< ���< r�< " �+��Q	 0
�A	� 9��< 01"2/ .
� ��
��+���4&<�4 �+�;�����+!� ��B :+4�; +�"A
� N+5+;&) �< 

#��EF!� L_! " ?
�I; �+��1 ?+!B�,.�<��&^5� .
�{h/=
�< c��Q� %�-z/=z c&� �'+� �+!� �< �+!� N+5+;&)+�"A
�

z/hz�
�'4 �F+� �'+� ?+�&+; �(�! N
 S�� �< " �, #�"A	� 
9��� ��pz�8�� �F��!���- �+Y�;�
��- �4�	�E, c&'W�

��B �!� �< .�
�'4 L_!?+�&+; �	��� ���R���R ��&*� 7� 
�6 ��� 9�+, ���8 " �, �
�'4 0�< �� ��&< ?+5+;&)+�"A
�

�+�B �+�; 9��< 9�Q<�	� ��4 �< .
�����z/iv �
�'4 %�- ?+5+;&)+�"A
�)i/z�'+� c&� ("

=z/{7� %�- =>.
�
�+/&5+�B)i/z�'+� c&� (��izz �'+� 
N R ���&	"��+1��F; �F+�(THF)�� �� 9�hk�8�� 

9��< �&+�'! hz�, #�7 U1 ��+s� .L_!z/ik �F+� �'+�
.+�B ?+;� 9�; (TEA) �	��� �B �< �
��- .c&'W� �!� �<

 #��B S�� �< �&��< N
 ��q9��� �� �(�! pz�8�� �F��! -
���-#�, �+Y�; #���!� ��;� 9��� �< c&'W� 9��� L_! "
�, .L_!�n&!� �<���#��B �!� �<� �4 ���$+LNPI �&< �
L/ ��T 7� ��,�
��- N R .�+�; #�7�< �< :+4�; .
� 9

��&� %�8g/mol i{{ n"� 9��� "ivi >ip{ �8�� 
�"�b ��&+�'!pv�, �I!�W� �T�� .9�1��&� 7� �R�<

C+D �� :+4�; .
� �<o8 �G5!H�!"�	 ��j={z �h{zv �
hvi= �iqvk �ik{{ �ikh= �i=hi �ijjq �ijz= �ihi= �
izqv �izzh �vqz �vhv �pkk �q{i �kvv �kjp "Cm-1 
kzq ���, �1��)?),jC��.(#��� 9�1 �<�G; " 9�^�
�
AG; �<�G; c&��	 ��!� �< 9�J5( 9LNPI c"�8 �� i

�4 �!� #��B���B n&R ���&�*1�+�; ��� �^���&� ���$+� 9
�� �+
�;�54.
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�&/ �Q�� ��*+'! ��&/ U!����&<� " �!�5,�&'< �'G����
� �!�5, ���4 �~��

C�� n

.0'@C�� H�!"�	 C+D (��$+� 9�+���4&<�4 �LNPI n "(L)'_*4[ZnCl2(LNPI)]n.

A���B�F��
AG; P
 9�J5( 9(CHN) ���$+�LNPI.
�!�?& ������)�C��(
�D� ������)�C��(�E�7 
=k/kq zq/kq C
kp/=hv/=H
h=/iv vj/ip N


� ��� F0�G � 	�)& [ZnCl2(LNPI)]n

���4 ?b �<iz/zc��Q� c&� �'+� {/i{ 7� %�- �'+� N>)=>
?
�
�+/(�� �+�B .+;&)+�"A
�izc&'W� �c&��F� �F+� �'+� 

�, ?+) ; �FR�&5)
.����� L_! iz/zc��Q� c&� �'+� 
q/ij�
�'4 %�- �'+� 9"� �< ���8 �BS�� �< " �, �	��� 
jz 9��� �� ��+s� qz�8�� �&+�'!��&R U1 .��!��<

 ?), �� #�, #��� �� � 054�"��L/n&!� S�� .
� 7� 
9�*+'/ L)'_*4 �4 9�+E![ZnCl2(LNPI)]n��T ��!�

�, #��� & F�, c&��F� �< " #�, .:!�5� ��7&! 9�1�&'< 
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���, ]jp[.9��< .+F�����< �" ��FR�! �-2
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�� �?��O����� 
#��� �!��<C+D 9�1 �G5!H�!"�	 �?), �� �4k�� � 
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