
)����� �	�
��:��/��/����
��� ���� :�/��/��(

÷

��������� �	
�	� �
�)
H�����
�������� �
����(�� ���� �� !� "#$ !��	%�& 

'(�)��� ")����%� ���	*+ 	,� ��∗��) "�-� ��#.�/��+ �����% �0

���� ! "#$%��&'( �()* "�+,�(� �( ���-* .$/ ���-* .$/ 01(# 
2($ 
3��� ! "04,�(�)(� "�+,�(� �5�"�,���$6 ($
( �2

7��8�0� � -$9 "�+,�(� �.:;< "04,�(� ��� ! "#$%2($�92($
( �

/1�"#:��=/�'>�)>H���3�> �$95?#)* �>�(
@(@A	)��=/�'I(
6$9 B $9 C59��#�* ?#)*  � DA6(# )( �6 �'( B5�$	  @
E )(�0
�* (��F # G � ?&1 �� @A	 :A5=� �* .$	 @ 0��($! 
H-��$%��9 0! �.�'�A!
�6$9  J#� )( "��K='( �- $L� ��:� C�E5
M NA' O�P$'#$	)FT-IR(�0,9
0M�AQ�  ���=�E )NMR(RN9 �
�5$SA< 5( :9$F J($F #
0! .�N�( �:;- B9 T4# �

�:;- U�<&M('�A!�($- 5(
6$9 G �� CK3VW�#* X�Y 50!0�.(
6$9 G ' �� C �:;- Z=�5�[	 "#$% ��!:% �'(� �
pbca �- #
�:;\9 01(# ?:;' �� ?:4�:� �,E
�E$=�(��F # �=	�5U��\< 2* 01(# ?:;' )( 0�(Å)�](V7^7/�_ =a�Å)�_(>]7V/^=b#

Å)7(]7_/�W=c.��� �(0���
R1#wR2($- 5�73W9$9 �- @�=�� D-�9)�-  C)( 0A9��\< _aW3/_#�7a�/_.( ��=/�' ��
G
6$9 ZE$- b(:�( CDA6�E5:�$-( �:4��F 0A���  �E0�:5E �c#�0�+=!�\�( #��E5π�π�
� "0�0�:! .(
ZE$- GDA6��� D�� �E�

�:/ ��=!�\�( �0d- �' �4\! J$=�% # ��=/�' 5' ��  �:;- Z=�5��(� .

"3��	-��4�#�:$95@A	 ?#)* e�!:% �'(� e( :9$F J($F 
�:;- B9 T4eZE$- DA6�E5�:4�:�$-( �.

!%#5% 
F �E0�:5! � ��
ZE$- �='� #� �- DA6)�( ZE #)�( ZE �� 
)�:4�:�$-(�(��9 � Z�0�:! .U0!:f5$9
ZE$- GDA6

�:4�:�$-(�dg )( C9($� �-  O$9
ZE$- GDA6)�( ZEdg $9 O
�'( .ZE$-DA6�E5�:4�:�$-( �9$9 �-  F U�0f C 0�:�@��! 
ZE$-DA6�E5
2:�
�2:
2:�\hf #��#� �\hf ��\hf#���

E �c#�0��0�(# �)�(5+=!�\�( �20�i ���E5π�π�E$j( #5
='#� ?&1��'( ]>��[.� �� ZE$- 2�DA6�E5ZE��)�( �

F �E0�:5E �c#�0��� �-  # i�- �\�� �- U�0f 2�:- (�(� @
��Y� # 2�:- �(� R+=!�\�(��E5π�π;k( D�� ����!�\�( -

�E5�:4�:� �(
� �K�AA6 0]][.( )(
�E��=/�' �#� G5�:4�:� �
ZE$- )( 2* �� �6DA6�E5�:4�:�$-( �($- 5J$=�% ��=/�' 

� "��K='( 0d- �' ���-(lY )( �0AA6 i�- ��
0��(��:/$- .��

(
�DE#mF G
�* ?:4�:� B�(�(� 5��;1 �E5$95@A	 # ?#)* 
'�$-����:! .(
ZE$- �- ?:4�:� GDA6�E5)�( ZE ����0�(:9


�- 0d- �' �� "�$=�% ��=/�' B�:Y#��#*.
$95?#)* 6$9 �E Z�� U�\F 0An 0�:5o:[< 5U)( 

�- �6 0��(�H'(# 01 �#�(� 2(:A<�E5R=A' 5! �(:� ��  � ��

)�#�,65"0AA6 p($- ��E5�:� 5#
�- �"0��(� )�- 2(:A<�E5
%��:/�"�$=�% �$-��6 (5
�=	�0�(.

\ 6$9 G
("�$=�% 5�E�$-��6 U� ��Y��� X
�Ak �� 5(
 $+
� �
� � ! X
�Ak $
�' # �
#�(�]a[0��(� .?#)* 5$9 �- �E

 �='� #���3�7 �?#)* 5$9 # �E>�3�� �?#)* 5$9 Z �K9 �E
��0�:! .?�' �� ��- G �#(�WW]��;1 �- ?#)* 5$9 .�� 5�E 

∗GK;9 �?:q�� "0A�
:� :__VWW77>3^^>a>$-��� �:__W77>3^^>a>4 �#$=4�( ��F ��:ar.abbasi@razi.ac.ir 

# �� - ?�'.���n r���! �.:' �R 
�F �ostKk )( �]W��9ou� 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
24

-0
3-

20
 ]

 

                               1 / 6

http://ijcm.ir/article-1-90-fa.html


�;'$� �0�:4
�� ��'�\< ���-�()* 2($
( �'�A! ���6 # �'�A!�:;- �;N� ou�

G-$6�U)( C2N3H3� �=K% �! ��=/�' �n$% �0! � ��
��
($- "0! �=	$% $L�5An ��;1 G(5! $L� )(  � ��
(�(� 5

9i�4!(��:- .��=/�'>�)>H���3�> �$95?#)* �>�(
@(@A	

B6$9  $9 C59��#�* ?#)*  ��=� ��) v�� �- B
N���� �- @�

�'( .�F
�(05�E��=/�' 5>�3���$95�- ?#)* �� @�!$'
2�:- $hd�2*�'�E .Aw�E �� �- G 2#$=4�( �:Y# @�E5x $

4,9 2�4�( ���=/�' �� $�=�� D! @0,9 b:�
0��(� �:Y# 
]^[.

��6� 7(��
( �� �=	� ��6 �- �(:�
DE#mF G$/ y$� �6$! )(
�(05#

z��/ 2#0-)�'5�	� ��6 �- .M P$'#$	 O)FT-IR ( �-
 )( "��K='(Perkin-Elmer RXI"$=�% �� 5cm-1>___�

>__ #{$f )( "��K='( �-KBr")(0�( % $50!.�:;- ��=/�'5
)( "��K='( �-J($F |A' ( :9$F 
?0� T4Bruker APEX II 

)D-�9Mo Kα	($% � �.�	 B9 ��-�.�	 B9 }:� ?:MÅ

^�_^7/_=λ��� #5K3VW (d9  0! G."�(� )( "��K='( �- �E
����$-�E5APEX2 #SAINT0! J)(�$F 0�]W[.U�1&k(

����$- )( "��K='( �- ~lY5SADABS0! .�N�( ]W[.��=/�'
����$- )( "��K='( �- "0�* �'� �- ?:St�5SHELXTL-97 

d9  0! G]V[.M O�E5NMR �- "$9#� .$	#$;6 ?&1 ��
'# �;5"�+='� FT-NMR AC-400)MHz>__ ('�$-�
0!.

���!
�)
H�����
�������� �
����(���)I(
6$9 CI� DA6(# )( 5�$	  E @ )(�0
�* (��F # G �- @A	 :A

�:� �\����:W� ?&1 �� 5=� ���$	 @ J#� �- 0-��$%�
�9 0! �.(
Z6 J#� G($- $95�9 �E�:;- B9 �5��:�� �E5�*�

� ��6 �-��#� .J#�-��$%�
�- J#� B $' �"��' ��
# X
($- 2()�(5�9 ��:�� ��E5� ~��1 �- $L� ��:� �*
0.( )(
G

( )( "��K='( �#�
� J#� G�RE 0�(:9
�9 �A $L� ��:� ?:St� �
�- (� �F �� 
��#* G]�_ ��3[.�#( �(:� �� i�- �\�� �- �W

� ;�� � $=5=� ���$	 @ 0�0! @1 0]^[.2#�� T�'
 #&6:9#(3]� ;�� $=5�
0! �=��U0� �- #>W�� �<�' 

���5��_=��' �Y�� ��	$% �($f �($% .�$L� ��:� 2��) )( TF
�(�* �- #&6:9#(���� �9 5t� 0! �$' H.�E�:;-5$L� ��:� 3

�97�- ��- DMF :,=�! "�(�z��/�� �9 0!�E5th' �
!����#( �(:� )(  0�:! (0Y �.�:;-�E5B,/ )( TF v�� ��) 

��� �� 20!5t� ($- �H5'�$- �J($F �- |A'( :9$F
T4
�:;- B9 ��:� "��K='(0A=	$% �($f .( �� ?:St� "�)�-
G
DA6(#>]%"�:-�'( .

� 89�'$�)�� 
�����")�) 	-�:�6�� ;�
6$9 CIJ#� �- �E5M ONA'�'#$	P$)FT-IR ( #0,9
0

M�AQ� ���=�E )NMR ('�$- ��:���	$% �($f .M �� O
FT-IR(
6$9 G F .��9 C B�E5�#$g 5�E "#$% �- �:-$� 5

;��<�� ��=/�' �� �:Y:� 
"00�0! .�;f�E5"0! "�(� 2�,� 
M �� OFT-IR @��! )w(7�__ �)w(7_W] �)w(3V�] �

)w(3^V_ �)w(3aa_ �)s(�]V_ �)s(�]�^ �)s(�>^� �
)m(�7V3 �)s(�3^_ �)s(�3]V �)s(�_V3 �)m(�_�3 #

cm-1)s(�3]V 0��:- .�;f�E5�� "0! $E�� - ~�A 
1H NMR)MHz>__ (8�'( $-ppmU��\< 0��:-)(

uo/�(s, 1H) ���/u)H3�s(�)Hz ^/WJ=�H3�d(#
)Hz WJ=�H3�d(δ:.�;f�
8�'( $- "0! "0ppm�M � O

13C NMR U��\< "$9#� .$	#$;6 ?&1 �� �:- )( 
��/��� )CH(��>/�37)CH(�^_/�3])C(�a�/�>�)CH (
 #3]/�]^)C(δ:.RN9 )( 
$SA< �5� ($- R5'�$- �?:St� 
�-0! "��K='( "0�* �'� .�E0k��5-$N9 �RN9 
$SA< �5
($-56$9  CI)C8H7N3O(@��!a�/]V)C(�7_/>)H(#
Va/3])N(0��:- .(
($- �E0k�� G5"0! �\'�t� ?:St� 

U��\< )( 0�(a]/]V)C(�7>/>)H(#_^/3a)N.(��An �4
�=�
RN9 |
$SA< �52�,� �(� ��(:��E�-:/ �- "�(� G�E5

-$N9���(� �:Y# "0! �\'�t� #.

�����")�) 	-��	<.���� �
�E�:;-5�-?:St� )( "0�* �'�I:9$F J($F �- X!�'�A�


0!0�?:�$	 #C8H7N3O($- 5�- 2* 0�* �'� .:S9
�9�#( $�

�-��� "($�E
F D �E0�:5E �c#�0�- G?:4�:� �E5
>�)>H���3�> �$95?#)* �>�(
@(@4! �� @A	�)~ # O�( (

���
�'( "0! "�(� D.:S9
� 2�,� �9�#( $�#() �6 0E�
�5
F %��:/ ���- ;A	 ��;1 G�)�C��N�7C�>C#�C��N�
7C�WC($9 ��;1 #5� $Kk $-($- ?#)*  ( )( # ��
( �#� G
G

� �tKk ZE ��;1 #� 0A=� .

1- ORTEP diagram 
2- Torsion angle 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
24

-0
3-

20
 ]

 

                               2 / 6

http://ijcm.ir/article-1-90-fa.html


0;Y��"���! ���R 
�F ���o 5�:;- ��=/�' �'�$-��)�H�������?#)* 5$9���@
( (@A	. . .ou�

�/$�O�( (�9�#( @4! ?:4�:�>�)>H���3�>�$95?#)* �>�(
@(@A	 .~(���
F D �E0�:5E �c#�0�- G?:4�:� �E5>�)>H���3�>�$�95
?#)*�>�(
@(@A	.

"�(��E5�:;- 5(
9 G6$ �;k�	 �C) # �E(#
��E5F 0�:5#
� RF �E0�:5E �c#�0�9$9 �-  ?#0Y �� C�E5��97"��#* 

"0!0�( .6$9 ' �� "0! �=/�' C �:;- Z=�5�- �!:% �'(� 
�[	 "#$%�
pbca �� ?:4�:� �,E �- #
�=/�
�4�:;\9 
�=	�

�'( .�E$=�(��F5
�=/�
�4U��\< 2*)( 0�( 
Å)�](V7^7/�_=a�Å)�_(>]7V/^=b#
Å)7(]7_/�W =c.��� �(0���
R1#wR2($- 5�73W 

D-�9)�-�E59$9 �- @�=��  $-($- C_aW3/_#�7a�/_"�:-0�( .
+=!�\�( �(�:�� ���@4! �� �6 3)O�((�'( "0! "��#*�

F �E0�:5E �c#�0�CY:�4,9  i ��=/�' @
�(5�'( "0! .
(
ZE$- GDA64,9 �<�- �E �E��=/�' @5�:4�:�$-( ��6 "0! 
(
�:/ �� G=!�\�(��F #
�(05��� D�� ��=/�' �)�- 5��-

0A6 .( ��
F $- 2#R	( ��=/�' G �E0�:5E �c#�0�+=!�\�( ��-
�E5π�π�(� �:Y# �0.+=!�\�( �;k�	��E5π�π- R6($� G

��;1�E5$hd� Åa>�/>�'( )@4!3~.(F �E0�:5
E �c#�0�- GN-H…ON�)  �E$5;F�$�5)
%(R+�
B

0d-5�- (� � �:Y#���#*)@4!3O�( .(Z9( .��9�E5E )( 2c#�0
df:� '0AE ���LA� ���=� # 0��(��:/$- 
?:4�:� �- @

�#�N���9
0��(� @."#$% �- �Y:9 �-�E5;��< �OH ��;1$hd� 
#U)(�E5��;1 �� �:Y:� 5$95( �?#)* 
�(:9 ��=/�' G��


��ER;	 �- ?�S9(
2:�E5R;	 5'( # �E05:� 
(� 2:%��:% T
�'(�(�]�7[.( )(
( �#� G
�- ?:4�:� G2(:A<
� B �� 0��+

DA6(# b(:�(�E5! � ��
�'( "��K='( @-�f .�E$=�(��F5
F �E0�:5E �c#�0�?#0Y �� 7"0! "��#* 0�( .@4! �-�h�
3ZE$- �~DA6�E5π�π- ��;1 G�E5!:��  $9 "05?#)* )Å

W_W/7(]�>[E # 2c#�0�E5���E ?:4�:� �� @A	 �;�1 
�
�
� "0��:!)ZE$- DA6C-H…πeÅ)�(��u/�.(

ب

الف

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
24

-0
3-

20
 ]

 

                               3 / 6

http://ijcm.ir/article-1-90-fa.html


�;'$� �0�:4
�� ��'�\< ���-�()* 2($
( �'�A! ���6 # �'�A!�:;- �;N� ou�

 ��#=>"�(��E5'�A!�:;- �?:4�:� >�)>H���3�>�$95?#)* �>�(
@(@A	.
-$N9 ?:�$	�C8H7N3O

�:�$	 2)#���/��� 

��� K)3(3VW 

}:� ?:M Å�����/�

' �:;- Z=�5�!:% �'(� 

�[	 "#$%�
Pbca 

Å)�](V7^7/�_ =a

Å)�_(>]7V/^=b 01(# ?:;' ��d-( 

Å)7(]7_/�W =c

ZN1 Å3�/�o�� 

��+n�"0! �\'�t� mg/m3>�^/�
Zu

$g
~lY C)Mo Kα(mm-1 _VV/_
F(000) ��� 

�:;- ��d-(5)mm(��/�×��/�×��/�

"$=�%#() G4'(
�θ��/��9��/�o�Y�� 

����
$hkl -�� ≤ h ≤ ��, -� ≤ k ≤ u, -�� ≤ l ≤ �� 

~�9)�-�E5�#* X�Y 5"0! ���� / ���u [R(int) = ����/� ]

2�:- X��Y�=9 �/���%

- , �6 # �A ?��=�( �A �u��/�#���o/�

i�F J#�
D$9��
TX-$� @f(01 ��F2

"�(��E/�#0t�
�/$=�(��F ���u/�/���  

6 K J)(�$F �F2���/�

z/�! R��� �
($- 5�V_7 �- ~�9)�- 

I<σ3)I(

R1 �_aW3/_= wR2 �7a�/_=

z/�!R($- 5"�(� .��9 �ER1 �_^]a/_= wR2 �7WV/_=

��R-$9
G- �&=/(  , �6 # �A �Ae. Å-3���/��#���/�
(∆/σ)max ���/�

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
24

-0
3-

20
 ]

 

                               4 / 6

http://ijcm.ir/article-1-90-fa.html


0;Y��"���! ���R 
�F ���o 5�:;- ��=/�' �'�$-��)�H�������?#)* 5$9���@
( (@A	. . .ouo

��#=@Z9( �E5��:�:6 
'�A �:�)���×(�E$=�(��F #5��4� �)���×Å2(($-5?:4�:� >�)>H���3�>�$95?#)* �>�(
@(@A	.
x y z U(eq) 

)�(O )�(oo�� )�(��� )�(���� )�(��

)�(N )�(�u�u )�(���� )�(���u )�(��

)�(N )�(���u )�(���� )�(����� )�(��

)0(N )�(���� )�(�u�� )�(����u )�(o�

)�(C )�(u��� )�(���� )�(���� )�(��

)�(C )�(���� )�(���� )�(���� )�(��

)0(C )�(�ooo )�(���� )�(u��o )�(�u

)
(C )�(���� )�(���� )�(�u�� )�(��

)A(C )�(���� )�(���� )�(���� )�(��

)B(C )�(o��� )�(��� )�(���u )�(��

)C(O )�(o�o� )�(��� )�(�ou� )�(��

��#=D#() # ?:M
F � �E0�:5E �c#�0�)8�'( $-Å�Y�� #(?:4�:� ��=/�' ��>�)>H���3�> �$95?#)* �>�(
@(@A	.
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

O(1)-H(1)...N(2)#1 u�/� ��/� )�(���/� �/���  
#1 x,-y+1/2,z-1/2 

�/$�O�( (�!�\�( �(�:��
�=/�
4�6$9 C>�)>H���3�>�$95?#)* �>�(
@(��� # @A	
D
0d- B5N�) "$�E54,9  )( "��K=�'( ��- "0! @
F �E0�:5E �c#�0�.~(ZE$-DA6�E5π�π- ��;1 #� G$hd� @-��� 
� B
$-($- $+Åa>�/>�'( .

ب

الف

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
24

-0
3-

20
 ]

 

                               5 / 6

http://ijcm.ir/article-1-90-fa.html


�;'$� �0�:4
�� ��'�\< ���-�()* 2($
( �'�A! ���6 # �'�A!�:;- �;N� ou�

( )( 
F @��< #� �#� G E 0�: �c#�0��!�\�( #π�π��� D�� �
�:/ ��=!�\�(�% #�4\! J$=�50d- �' 5' ��  Z=�

�:;-5(
� �K�0A6.

EF
% 
��+� �:;- @��6 U�<&M(5��+��:;- U�<&M( R6$� �� 5$\�6 
|

)CCDC ( �0< �-^�a�>^'� �\j �-  '# �- # "0 8��* �;
)www.ccdc.cam.ac.uk/conts/retrieving.html ( @-�f

��
�'( �	�.

G=��% 
[1] Thomas R., Kulkarni G.U., "Hydrogen bonding 
in proton-transfer complexes of cytosine 
withtrimesic and pyromellitic acids", J. Mol. 
Struct. 873 (2008) 160-167. 
[2] Zerkowski J. A., Seto C. T., Whitesides G. M., 
"Solid-state structures of rosette and crinkled 
tapemotifs derived from the cyanuric acid 
melamine lattice", J. Am. Chem. Soc. 114 (1992) 
5473-5475. 
[3] Eppel S., Bernstein J., "Statistical survey of 
hydrogen-bond motifs in crystallographic 
specialsymmetry positions, and the influence of 
chirality of molecules in the crystal on the 
formation ofhydrogen-bond ring motifs",
ActaCrystallogr. B64 (2008) 50-56. 
[4] Derikvand Z., Dorosti N., Hassanzadeh F., 
Shokrollahi A.,Mohammadpour Z., 
AzadbakhtA.,"Three new supramolecular 
compounds of copper(II), cobalt(II) and 
zirconium(IV) withpyridine-2,6-dicarboxylate and 
3,4-diaminopyridine: solid and solution states 
studies",Polyhedron 43 (2012) 140–152.
[5] Steed J. W., Atwood J. L., "Supramolecular 
chemistry", J. Wiley andsons, (2000). 
[6] Liu B., Chen Y-H., Zhang X-C.,"Synthesis, 
structure and fluorescence of a new 1,2,4-triazole-
bridging manganese(II) 2D layered framework",
Inorg. Chem. Comm. 11 (2008)965–968.

[7] Liu B., Guo G-C., Huang J-S.,"Four triazole-
bridging coordination polymers containing (m-
phenol)-1,2,4-triazole: syntheses, structures and 
properties of fluorescence and magnetism", Solid 
State Chem. 179 (2006) 3136–3144. 
[8] Bruker (2007) APEX2, SAINT and SADABS 
Bruker AXS Inc., Madison, Wisconsin, USA. 
[9] Sheldrick G. M., “A short history of SHELX”,
Acta Crystallogr. A64 (2008) 112-122. 
[10] Noviyanti A. R., Eddy D. R., Anshari 
A.,“Synthesis of the Bi-doped apatite-type phases 
La10-xBixSi6O27 (x= 0.5, and 1) by hydrothermal 
method”, Procedia Chemistry. 17 (2015) 16-20. 
[11] Carrino T. A., Crósta A. P., Toledo C. L. B., 
Silva A. M., “Unveiling the hydrothermal 
mineralogy of the Chapi Chiara gold prospect, 
Peru, through reflectance spectroscopy, 
geochemical and petrograpv hic data”, Ore. Geol. 
Rev. 64 (2015) 299-315. 
[12] Manfroi D. C., Anjos A., Cavalheiro 
Cavalheiro A. A.,, Perazolli, L. A., Varela J. A., 
Zaghete M. A., “Titanate nanotubes produced 
from microwave-assisted hydrothermal synthesis: 
photocatalytic and structural properties”, Ceram 
Int. 40 (2014) 14483-14491. 
[13] Haasnoot, J. G. "Mononuclear, oligonuclear 
and polynuclear metal coordination compounds 
with 1,2,4-triazole derivatives as ligands", Coord. 
Chem. Rev. 200 (2000) 131-185. 
[14] Collings J. C., Roscoe K. P., Robins E. G., 
Batsanov A. S., Stimson L. M., Howard J. A. K., 
Clark S. J., Marder T. B., "Arene–perfluoroarene 
interactions in crystal engineering 8: structures of 
1:1 complexes of hexafluorobenzene with fused-
ring polyaromatic hydrocarbons", New J. 
Chem.26 (2002) 1740-1746.  

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
24

-0
3-

20
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://ijcm.ir/article-1-90-fa.html
http://www.tcpdf.org

