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!"#$ #$)@AW�5#+ �� !'AA7 �7#  �9��O F�5 *��W
 �5
'�.) 'A��� 'A �+�<��, �
 '�.) �<��,�!'  ��M
) *82A�.8�5 

'�.) 'A��� 'A �+ R"�K2� #$) "�U�W13 *82A�."#25 <��,
���8  ]����[.[�� 6�7#3 "� �8T"45 yO�+ #0
'W
 ��A7-

45 6�7#3 #21�+ �1�+ #n) " �
)L	) ���  �� !l
" �+ �89+
�� �
"�)��8  .�� )� *, ���5) U��O <
)�.�#+ �.'A�� 

�� ��W , L�� �89+'A7 .J-3 ��2.)� <��5 �� F�5!�#2�$F)
6�7#3 �
�.�A  " ���3 F)#+ " �89+ 45 F�5 �&�A  #2�+

W�8� <�+ F�5"#�� ��5�� <
) F�)'
�= " U�W13 �� #n8� ��8
42��.�.) !'  %�M�) �5 ]����[.[?
 �15"l= ��7 <
) ��

45 6�7#3 /) �89+>�" '�.) ?���2	"#2��:�':��+���3 <
'
#�=
@AW�5#+ \)8�) " !'  ��8� *, ��2&�. �� ��8W�8� <�+ F�5
�.) �2	#$ �)#_ �.�#+.

���8� 91� 
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) /) F)
�7# {��& |�5 *"'+ " !'  F�)'
#& �789	 " }#� F�5 -

2	#$ �)#_ !��K2.) ��8� F/�.'A.P�Q IR /) !��K2.) �+ 
P�Q <�+)IR ( C'�Perkin-Elmer RXI!#2�$ �� F

)cm–1:YYY�:YY (z#_ /) !��K2.) �+KBr �Bn ' .
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) 83#= 
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�8�Å[�Y[>/YF��� "K��� (' <��]3 .�+ ��2&�.
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��8��:�:�' ���3 .���3 F)#+F6�7#3 <
) mg ��Y 
)mmol �/Y(�� '�.) /)mL�' U( C8��2� .�+ ij.

 /) ��89G� �+ !#�_ !#�_ " ��)�,mg [�)mmol �/Y(:�':�
�+ <
'
#�= ��mL�" Ua�( �	�K  C89G� �'  �	�^) C8��2� 

R'� �+>Y�
��� �� " '  !�/ 45 ���_� mg �:4��97 
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 " !�)�i=/):Y'�'  U��13 �0�� �+ " ��K  F�5�89+ /"� .

?�AW3 /) !��K2.) �+ " !�#7 ?1& " ��a )� �5�89+ F�5
 �.�#+ P92�� ''�.�� �89+ 45 6�7#3 <
) L2A. !8G� UW 

�' !��", .

;,� +�89+ 45 6�7#3 ���3 �0�80X(4,4'-bpy) (3-nphH2).
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F��� �� !'  ���3 �89+ 45 6�7#3 C°���' E"� .!�)� F�5
 ��+#M3 C8�#	 m�.)#+ F#NAO �
LM3C18O6N3H13 ��

C"'T ��.) !'  !��", .P�Q ��IR %��3 6�7#3 J�]3�) -
F�5 " <��, �+ �2�+)" F�"#^ �� !'
� '�.) ?�9��78+#7 -
'�8  .�)8� F�5 ��(�� �� <�= cm-1��[��3cm-1>Y�� 

�+ D8+#� �117 R� �]3�)v(OH) !"#$ �.) F'�.) F�5 .
R� �]3�)ν(CH) �2�+)" �+ (4,4'-bpy) "(3-nphH2)�� 

cm−1��[��� #5�� '�8 �)8� F�5 !#2�$ �� R�'_#= Fcm-

1�����3cm-1��:� �117 R� �]3�) /) � �� C=C "C=N 
��9( ��8+ /�+ " '�.) �� ?�3��"�, F�5'.!'  #5�� R� �]3�)

!#2�$ �� Fcm-1�[�:!"#$ �+ U��78+#7 F�5C=O �� 
C8W�8� F�5�7 F'�.)*83"#= !'1� �
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�.�A  �5C18O6N3H13*, F)#+ �+ �5
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 '�.)(3-nphH2)":�':��+<
'
#�=(4,4'-bpy)'  !��K2.) .
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?
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'
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) F�89+ F�5 / " '�8�= C8Q")�
F�5
�� " F'�8�=L�� 6�3#3 �+ ��`"�'�5 F�5'�8�= C"'T F�5��3

:!'  !��", '�) .' L2A. 6�7#3 U�� ?3 F�89+ 42��. �� !

)?�A�978�8� (�
�V	 !"#$ �+ P21/n C89. �� C8W�8� ���X "
�.) !'  �89�2� '()" .F�5'�8�= �F�89+ ��2&�. <
) ��

 <
) �)#W3 " !'  F']+ ?
 F�5#�M�/ U�W13 yO�+ ��`"�'�5
C8W�8� <�+ �580�) /�+ " '�.) F�56T8��WB  ?
 U�W13 F
�8W�8�#b+c) F']+ �.�� �@AW�5#+ <
) ��8  @�� �5����+ 

�� �K
) 6�7#3 F�)'
�= �� ���� 'AA7)UW >.(#+�A+ UW >
@AW�5#+ ��`"�'�5 '�8�= F�5N–H···O \8� ?
 H�	 '�8�= 

<�+)C8�#	 �+ �"�M� F�5'�.) " <�� (32) �� U�W13 -
'A5� .@AW�5#+ �7 ���( �� F�5C–H···O �WB  \8� "� 

�=C8�#	 �+ ��`"�'�5 '�8 F�5(10) "(18) U�W13
��'A5� .*l��7) *8X F'�.) !"#$ F�5O4 "O6 F)�)� 

'�8�= C8Q 'A2�5 �3"�K2� ��`"�'�5 F�5'�8�=*, F�5 �+ �5
�.) R"�K2� #0
'W
 .43) �7 <
) �9O �+O4 F�5'�8�= 

43) �+ F#21�+ ��`"�'�5�� U�W13 �
���5 F�5 C8Q �'5�
 '�8�=O4–H4A �+ �B�� O6–H6A �.) #21�+ )C"'T >

'�A�B+ )� .(!#2�$ �
")/ FFF�5'�8�= X–H···A C8Q "
F�5'�8�= H···A "X···A ) ��!'A5� *�1� 6�7#3 <
 F

�5#+@AW ��`"�'�5 F�5'
' .) 6�7#3 <
) �� P�]^ "�.
'�8�= C8QX···A!#2�$ �� FÅ)�(���/��3Å)�(:[�/>
�� #���3 'A7)C"'T :(./) !��K2.) �+ <��, C8W�8� #5

 ��`"�'�5 F�5'�8�=N−H···O"C–H···O C8W�8� ���X �+ 
�� UN2� '�.)�8  .

0�$-�� 
C8�#	 �+ '
'T �89+ 45 6�7#3 ?
 @5"l= <
) �� 

C8H5NO6·C10H8N2C89G� J"� �+ ' �
�.�A  " ���3 .
<
) �7 �)� *�1� *, �89+ ?3 iW
) 83#= J)#= /) Ua�( ~
�2�

 ?�A�97 ?3 F�89+ 42��. �� 6�7#3)U�� ?3 (!'  �89B2�
�.) ." F8_ ��`"�'�5 F�5'�8�= \)8�) �F�89+ ��2&�. <
) ��

 <
) �)#W3 " !'  F']+ ?
 F�5#�M�/ U�W13 yO�+ P�]^
C8W�8� <�+ �580�).) F�5�WB  ?
 /�+ " '� F']+ �. F

�� U�W13 )� ��8W�8�#b+c)'5�.

@
!A+!�)� �2�+ C8�#	 �+ �89+ 45 6�7#3 F)#+ F#NAO �
LM3 F�5C8H5NO6 C10H8N2.
NHC��/" 'a�� 
:>/��%�:/>%��/��%!'  �B.�G� �)'�� 
:�/��%��/>%[�/��%�+#M3 �)'�� 
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J�38� ���+�)/, �'�8W
�� �����) *)#
) �.�A  ���7 " �.�A �89+ �9M� ��Y

;,�46�7#3 ��8W�8� ��2&�.�89+ 45 .(4,4'-bpy) (3-nphH2)

@
!A4!�)� 6�7#3 �.�A �89+ F�5(4,4'-bpy) (3-nphH2).
�
����  C8�#	 C8H5NO6·C10H8N2

��8�#	 */")C8� #+ %#$(>�/>�[  

�89+ !/)'�))6]W� #2� �9��(�Y/Y×�Y/Y×�Y/Y
F�89+ 42��. U�� ?3)?�A�978�8�(
�
�V	 !"#$ P21/n

a (Å) )>([��/�> 
b (Å) )�(�Y:/�
c (Å) ):(���/�� 
β (°) )>(��/�Y� 

'()" C89. 4M((Å3))�(�/��>>  
C8W�8� �)']3'()" C89. �� �5 :
���0X (g/cm3):�>/�
���)<
897()�(��� 

#
����h, k, l -16<=h<=15, -7<=k<=8, -21<=l<=22 

R1Y���/Y
WR2Y�::/Y
Rint Y��/Y

�5#2�)��= �)']3 �:Y 

E�3/�+ �)']3U7 F�5 [��� 

E�3/�+ �)']3U�2�� #�k F�5 ���[ 

!#2�$θF�", S�T F)#+ ��/��3��
µ (mm−1)��/Y
∆ρmin

 �:/Y-
∆ρmax[�/Y
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'9T��!���  �����+ ��>�� �89+ 45 6�7#3 F�89+ ��2&�. �0�80X " �
�.�A  ����3. . .���

@
!A#'�8�= C8Q �5(Å)'�8�= �
")/ "F�5(°)  6�7#3 �� 4�� (4,4'-bpy) (3-nphH2).
!��
" 	�
$/ (º) !��
" @�? (Å) 

)�(�Y�  C13—O4—H4A )[(���/�O1—N3 
)[(�Y� C15—O6—H6A )[(�Y[/�O2—N3 
)�(�/��� C3—N1—C2 )[(�YY/�O3—C13 
)[(>/���  C8—N2—C9 )�(>Y�/�O4—C13 
)�([/���  O2—N3—O1 )�(�Y/YO4—H4A 
)�([/���  O2—N3—C11 )[(���/�O5—C15 
)�(�/���  O1—N3—C11 )[(>Y�/�O6—C15 
)�([/���  C5—C1—C2 )�(��/YO6—H6A 

)�(��:  N1—C2—C1 )�(>��/�N1—C3 
)�(�/��:  N1—C3—C4 )�(>��/�N1—C2 

 )�(��Y/�N2—C8 
 )�(:[>/�N2—C9 

@
!A�45 6�7#3 �� ��`"�'�5 F�5'�8�= �89+(4,4'-bpy) (3-nphH2))Å"°(

X–H···A X–H H···A X···A X–H···A 
O4—H4A···N2i )[(��/Y )�(�[/� )�(���/� )�(��Y  

O6—H6A···N1ii )�(��/Y )�(�:/� )�(���/� )�Y(��[  

C1—H1A···O3iii �>/Y :�/� )[(>�Y/> �[[ 

C7—H7···O3iii �>/Y �>/� )�(:�>/> ��� 

C9—H9···O5i �>/Y >Y/� )��(��:/> �[� 

C18—H18···O1iv �>/Y ��/� )�(:[>/> �[� 

(i) x, -1+ y, 1+z; (ii) 1-x, -y, 1-z; (iii) 3/2-x, 1/2+y, 3/2-z; 2-x, 2- y, 2-z

;B� #*82A�. "#25" 8�5 U�W13�89+ 45 6�7#3 �� ��`"�'�5 '�8�= F�5.(4,4'-bpy) (3-nphH2)

;,���WB  @
��� ��`"�'�5 F�5'�8�= /) !��K2.) �+ �7 F']+ "� U�9�2� F�5N–H···O "C–H···O!'  U�W13 '�).
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