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����&�V( 
O.!"PO!�&�3Q&��!3!�:.-.�&�!��"��0����!RO-P2S ��)!!��� � ��T& U&V��W.+�X$$"��Y2�$Z.2#2+ U&

�$.%!89$$" #$�U&�� ���&-� 12 O.!"PO!�&�3Q&��!3!�:.- �+W&�2U'[T #$��������3Q&.�%!�� �: X/0+�,�U'S
O.!"PO!�&����-( �O���\U&:�!&,�P33!��4: "U�SP2SU&+�&'$��2S�& +�&��1(�&�]1/+P2S�/:\�:�!�(+��!��'" 
tetraphenylporphyrin (TPP),  p-methyltetraphenylporphyrin (TTP), p-methoxylporphyrin (TMP) #$� tetrakis 
(3-chlorophenyl) porphyrin (TCP) X/0+�(+��!��'"P2S%2�:�!&,���! (]+ S&PO%!$��U'S����!S.&:(-.($2�PV2"U&
:!2O.!"O�%.&�: :�!�/:\���1(�&�]�&U1�3$�0�&�&�2.($2�PV2" T�+ e 3!�:.-2S�� benzaldehyde, p-anisaldehyde,  
tolubenzadehyde #$� 3-chlorobenzadehyde �OZ0.� !���.&4O(&)"��0# : T�+:(& O-�T�U'S!S.�$�W.+g$g$�  0,� 0.96, 
0.81, 0.56 #$� 0.53 % �,�'!(- TPP, TTP, TMP #$� TCP  ��$,�2(- 1�:&(]&&,� TPP #$�.&4O(&)"���,�3m�:�!���
:(- ZnCl2, NiCl2 #$� CoCl2 �OZ0.� ��%$'��'$T�&�]�WS�P3U&%�!+�!S�+:$�+�+W.+O.!"PO!�&��0� !���U&�����
:�!U'S����!S.&U&P2��)�$8.!"��P�2" (DMF) P2Sg$g$� .�*TU&�T�+ 50-90 %  TPP #$�.&4O(&)" !���(]+ 
���($%$O.!"PO!�&P2SR*:&,�P3�/:\�%�!+�!S�+��+����%2����&�� 1H-NMR #$��2�.-��-( �:�!2*2:$Z&#�+
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%2����&�� UV ��3:%�!�%:3q O-�T���!��0�(+��!��'"P2S ��%�!+�!S�+�3Q&O.!"PO!�&%2�U'S�T�:�!2*2:$Z&#�+
U&�T�+��������$Z0& 420-430 nm #$���Z0.�/:\���-( �:�!���#�+ (fluorescence) W.+O.!"PO!�&��0�(+��!��'"P2S 
RS�:!� 4S&2S��#�+��������$Z0& 420 nm 1�U'S�T�:�!���#�+ 3!���� 650 nm 
 

�X��X���E : O.!"PO!�&, �  !�8q&�$O.!"PO!�&, %$'�O.!"PO!�& 
 

Abstract 
Porphyrin is a group of organic compounds which occurs in many natural sources. The best-known 

porphyrins are heme, chlorophyll and vitamin B12, based on a heterocyclic compound. It has characteristic of 
aromaticity that can be applied in many applications. This research focuses on the synthesis of porphyrins, 
including tetraphenylporphyrin (TPP), p-methyltetraphenylporphyrin (TTP), p-methoxylporphyrin (TMP) and 
tetrakis(3-chlorophenyl)porphyrin (TCP). The compounds were prepared by the reaction between pyrrole and 
aldehyde in propionic acid at reflux condition. Aldehydes were varied from benzaldehyde, p-anisaldehyde, 
tolubenzadehyde to 3-chlorobenzadehyde. The products yield 0.96, 0.81, 0.56 and 0.53 % for TPP, TTP, TMP 
and TCP, respectively. TPP and their derivatives were reacted with ZnCl2, NiCl2 and CoCl2 in dimethylforma-
mide (DMF) by heating. The percentage yields are in range 50-90 %. The chemical structure of TPP and 
metalloporphyrin were confirmed by 1H-NMR spectroscopy. The absorptions were studied by UV spectroscopy, 
showing the absorption in range 420-430 nm. The fluorescence spectroscopy emitted 650 nm light when it was 
excited at 420 nm. 
 

Key words: porphyrins, tetraphenylporphyrin, metalloporphyrin 
 

1. ���X� 
O.!"PO!�& (porphyrin) �3Q&��!3!�:.-

%��$:4$U'[TX/0+��1�:�,��T� pupple �3Q&��\�:!�: 
#3$�T����T�+ O.!"PO!�&��%�!+�!S�+3!�:.-2S��
�+PO%!$ (pyrrole) 1,�&�& 4 '&T�� # T$�'&T��
��Z0.� T.:(&2S�� methane bridge (=CH-) 2(+!*3��0 1 
���(]+'�2 22π .��$Y: !.& # T���O��+ 18π .��$Y: 
 !.&��T�&(]&��0�:�2:�!��$Z0.&��0P2S �� Hückely s 
rule (4n + 2π .��$� !.&) 1/+�,�U'S%��$:4$������
�3Q&.�%!�� �:%�!+�!S�+#�2+�$W!�-4 ,�#'&T+
W.+��!"-.&U&�+ [1] 

 
 

 
 

�$���� 1 %�!+�!S�+W.+O.!"PO!�& (:,�'&2 (��$W
 �� ,�#'&T+�OZ0.�!��:U&:�!�O�0�'�*T#�&��0) 
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O.!"PO!�&O-P2S��: ��)!!��� ��(]+U&OZ�
#$��( �" �������,��([ T.!�--�X$$"W.+��0+������  
:$T��� Z.O.!"PO!�&�3 Q&%�!+�!S�+'$(:W.+V�� 
(heme)  U&V�%�%:$-�&  (hemoglobin)  W.+�( �"
�(]&�*+ #$�U&P�%.%:$-�& (myoglobin) W.+�( �"
�(]& 0,� X/0+��-�-���,��([U&:�!W&�T+..:X��1&U&
�� 0+����� �  O.!"PO!�&�(+ �3Q&%�!+�!S�+'$(:W.+
�� ���&-� 12 ��0�� ��.�(��� T�+ e W.+��0+������  T�+ 
e ��T& U& (-'!Z.$,�P�SU'[T #$��(+�3Q&%�!+�!S�+
W.+�.&PX�"�� 0� �'&S��� 0U&:�!�$��:!2PW�(& 
V.!"%�& #$��T��U&:�!:,�1(2��!O�\..:1�:
!T�+:�� ��T& �.&PX�" cytochrome P450 monooxy-
genase �T�&U&OZ�1��3Q&O�:��0����Y2�� %2��}O����0��
���W��� ��T& �$.%!89$$" (chlorophyll) #$� �$.!�& 

(chlorin) ��0U�SU&:�!�(+��!��'"#�+ &.:1�:&�]O.!"
PO!�&�( + �3Q&%�!+�!S � +'$(:W.+PX% %�!� 
(cytochrome) ��0U�SU&:�!W&�T+.��$Y: !.&U&
:!�-�&:�!'��U1W.+#-����!�� ��� " OZ� #$��( �" 
�3Q& S& [1-11] 

:�!�(+��!��'"O.!"PO!�& Rothemund [12] P2S
�(+��!��'" meso-tetraphynylporphyrin ��0��'�*T#�&��0
U& ,�#'&T+ meso W/]&�!(]+#!:U&3q �.�. 1936 %2�U�S
PO%!$#$��-&X($2�PV2" (benzaldehyde) �3Q&��! (]+
 S& X/0+�:�2���U S!�--392��0.4�'�*�� 150 ºC �3Q&��$� 
24 �(0�%�+ # T!S.�$�W.+g$g$� ��0P2S��3!���� 0,�#$�
�:�2��0�����!4&#!+ %2�:!�-�&:�!�(+��!��'"
�:�2W/]&2(+!*3��0 2 

 

 
 

�$���� 2  :�!�(+��!��'" meso-tetraphenylporphyrin %2���)� Rothemund [12]
 

 
 

�$���� 3  :�!�(+��!��'" meso-tetraphenylporphyrin %2���)� Adler #$����
 

 T.��.�:3!���� 31 3q Adler #$���� [13] 
P2S�(+��!��'" meso-tetraphynylporphyrin W/]& U&3q 

�.�. 1967 %2�U�S��! (]+ S&�&�2�2���:(&#$��,�
3m�:�!���:(&U&:!2O.!"O�%.&�: (propionic acid) # T
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U'S����!S.& �O� �+  30 &���  1� �:� 2  5,10,15,20-
tetraphenylporphyrin X/0+P2S!S.�$�W.+g$g$� 
��::�T� 20 % 3m�:�!���#�2+2(+!*3 3 

:�!�(+��!��'" tetraphenylporphyrin (TPP) 
2S����)�&�]��:�!U�S:(&.�T�+:�S�+W��+ �&Z0.+1�:U'S   
!S.�$�W.+g$� �(��"�*+#$�U&3!������0�*+:�T���)�
#!: :�!�3$�0�&#3$+'�*T �:����0 ,�#'&T+ meso- 
����!R�,�P2S%2�U�S.($2�PV2"#$�PO%!$��0��'�*T
#�&��0 T�+:(& WS.����W.+��)�&�]�Z.:�!U�S:!2%O!O�%.-
&�: X/0+�,�U'S!S.�$�g$g$�  0,�#$�g$� �(��"��0P2S�:�2
:�!3&�3��.&'!Z.�:�2g$� �(��"WS�+����+P2S+T�� 
.�T�+P!:Y �� 3!����g$� �(��"��0P2SW/]&:(-�&�2#$�
)!!��� �W.+��! (]+ S& 

+�&��1(�&�]�&U1�/:\��(+��!��'"��!#$�
�/:\���-( �W.+ TPP #$�.&4O(&)" #$����($%$O.!"
PO!�& %2����&�� UV #$� fluorescence spectro-
scopy �OZ0.&,�P3U�S3!�%��&"U&:�!�,��3Q&���S.��X$
#�+.��� �" 

 

2. ��I�D����K�� 
:�!�(+��!��'" TPP #$�.&4O(&)" (TTP, TMP 

#$� TCP) �,�P2S%2�U�S3m�:�!���!�'�T�+�-&X($2�PV2" 
(3 %�$) #$�PO%!$ (0.5 %�$)  ����)�W.+ Adler 
[13] %2�U'S����!S.&���U S (��,�$�$���&�2:!2 
%O!O�%.&�:��0.4�'�*�� 141 ºC �3Q&��$� 45 &��� 
'$(+1�:&(]& (]+��]+P�SU'S��Y&��0.4�'�*��'S.+#$�U'S :
g$/:U&.T�+&],�#WY+ $S�+g$/:��0P2S2S��&],�:$(0&#$��,�U'S
#'S+%2�U�S��)�&.$ g$/:��0P2S1�R*:�,�U'S-!��4�)��.�:
�!(]+%2�:�!:!.+gT�&�.$(�&" (silica gel, dichloro-
methane : hexane, 50 : 50) '$(+1�:&(]&1/+�:Y-g$/:��0
P2SP3�,�:�! !�1����!��'"#$�� ��%$'�U&$,�2(-
 T.P3 U&:�!�/:\�P2S�,�:�!�2$.+�3$�0�&'�*T       

.($2� PV2" 1 �: �-&X($2�PV2" �3Q&  p-anisaldehyde,  
tolubenzadehyde #$� 3-chlorobenzadehyde :�!
�( + � � ! ��'" � ��( $%$O.!" PO!�&�, � %2� � !� �� 
��!3!�:.-W.+%$'� ��T& ZnCl2, NiCl2, CoCl2 #$� 
FeCl2 (0.3 %�$) $�$��U& (��,�$�$�� dimethyl-
formamide DMF #$�� ��O.!"PO!�&'!Z..&4O(&)"��0
� !���P2SWS�+ S& (TPP, TTP, TMP #$� TCP) 
�(2�T�&O.!"PO!�& T.P...&W.+%$'��3Q& 1 %�$ 
 T. 3 %�$ U&�������0U'S����!S.&U& (��,�$�$�� 
DMF ��0.4�'�*�� 155 ºC %2��,�3m�:�!����3Q&��$� 30 
&��� '$(+1�:&(]&�,�U'S��Y&��0.4�'�*��'S.+ #$��,�U'S
-!��4�)��.�:�!(]+ ����)�WS�+ S& ��T&�2���:(-:�!� !���
O.!"PO!�&:T.&&,�P3����!��'"2S�����&�� UV-visible 
spectroscopy (Perkin Elmer FT spectrometer) 
fluorscence spectroscopy (Perkin Elmer FT 
spectrometer) #$� 1H-NMR spectroscopy (Bruker 
400 MHz FT-NMR spectrometer U& (��,�$�$�� 
CDCl3 ��0�� tetramethylsilane, TMS �3Q&��!
�� !��&) 
 

3. #�D����K������K��H
  
O.!"PO!�& .&4O(&)" #$����($%$O.!"PO!�&��0

� !���P2S#�2+U& �!�+��0 1 #$� 2 U&:�! !�1�.-
�.:$(:\�"2S�����&�� 1H-NMR spectroscopy U'Sg$
��1(��.2�$S.+:(-+�&��1(�:T.&'&S� [10,14] �Z&�(&
%�!+�!S�+��0�$S���$/+:(&#$�%3! .& ,�#'&T+ T�+ e 
P2SR*:#�2+U& �!�+��0 1 #$� 2 g$:�! !�1�.-
#�2+ ,�#'&T+W.+%3! .&��:�!�3$�0�&#3$+.�T�+
�(2�1&��Z0.� ��P...&W.+%$'�&�:�:�$�,�'!(-�4:
:!��%2�#�2+�T� chemical shift $2$+U&�4: ,�#'&T+
O��W.+%3! .& �(]+&�].�1�&Z0.+��1�::�!RT����
.��$Y: !.&��0�3Q&P3P2S.�T�+��-*!�"��Z0.P...&W.+
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%$'�����!R�WS�.�*TU&�+P2SO.�'��� #$�:�!
1(2�!��+ (�W.+&�:�:�$����!R�3Q&��0�'$�0��#-&!�-
P2S+T�� 2(+O-U&%�!+�!S�+W.+��!3!�:.-�'
%��$:4$W.+&��:�$�&�2 T�+ e [15]  1/+.�11�����!R
�WS�.�*TU&�+P2S2�#$��:�2:�!RT����.��$Y: !.&U&  

..!"-��($ d !�'�T�+P...&W.+%$'�:(-�+O.!"
PO!�&P2SU&:!����!3!�:.-%�-.$ "1�#�2+
��-( �O�!�#�:�& �: X/0+P�T����!R !�1�(2P2S2S��
���&�� 1H-NMR ��3:%�!�%:3q  

 
	���+��� 1 WS.�*$W.+ 1H-NMR spectroscopy W.+ TPP #$�.&4O(&)" 

 

 

Porphyrin 
(yield %) 

Chemical shift/ppm 
Proton Group 

β-position in pyrrole Ortho Meta Para Jo-m (Hz) -OCH3 -CH3 
TPP (0.96) 8.85 8.28 7.75 7.77 7 - - 
TTP (0.81) 8.85 8.09 7.54 - 8 - 2.70 
TMP (0.56) 8.85 8.11 7.28 - 9 4.09 - 
TCP (0.53) 8.84 8.20 7.80 8.08 6 - - 
 (��,�$�$�� CDCl3, Jo-m �3Q&�T� coupling constant !�'�T�+%3! .& ,�#'&T+ orhto #$� meta 

 
	���+��� 2 WS.�*$W.+ 1H-NMR spectroscopy W.+���($%$O.!"PO!�&-�+�&�2 (Zn #$� Ni)  

 

 

Porphyrin 
(yield %) 

Chemical shift/ppm 
Proton Group 

β-position in pyrrole Ortho Meta Para Jo-m (Hz) -OCH3 -CH3 
ZnTPP (87.28) 8.94 8.20 7.74 7.78 6 - - 
ZnTTP (75.90) 8.95 8.09 7.52 - 7 - 2.62 
ZnTMP (90.56) 8.99 8.12 7.29 - 7 4.50 - 
NiTTP (60.83) 8.50 7.89 7.45 - 7 - 2.70 
NiTPP (54.37) 8.74 8.00 7.67 7.69 6 - - 
NiTMP (76.64) 8.79 7.70 7.25 - 7 4.10 - 
 (��,�$�$�� CDCl3, Jo-m �3Q&�T� coupling constant !�'�T�+%3! .& ,�#'&T+ orhto #$� meta 

 
:�!�(+��!��U'Sg$g$�  CoTPP 54.37 %, 

CoTTP 58.10 % #$� CoTMP 50.67 %  ��$,�2(- 
�(]+&�]O-�T���!3!�:.-%�-.$ "WS�+ S&P�T����!R

 !�1�.-2S�� 1H NMR spectroscopy �&Z0.+1�: Co2+ 
����-( ��3Q&O�!�#�:�& �: X/0+ S.+�,�:�!����!��'"
2S�����&����0�'����� T.P3 ��T& :�!����!��'"2S��
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���&�� ESR ��3:%�!�%:3q �,�'!(-:!�� TCP 1���
 ,�#'&T+%3! .&-&�+W.+%�!+�!S�+ 2(+#�2+U&
!*3��0 4 #$�WS.�*$ 1H-NMR W.+ TCP #$� ��! 
3!�:.-���($%$O.!"PO!�& MTCP (M = Zn, Ni, Co) 
#�2+U& �!�+��0 3 
 

 
 

�$���� 4  #�2+ ,�#'&T+%3! !.&W.+ TCP 
 

	���+��� 3 WS.�*$W.+ 1H-NMR spectroscopy W.+ TCP #$� MTCP (M = Zn, Ni, Co #$�
 �� ,�#'&T+W.+%3 .&��0#�2+U&!*3��0 4) 

 

Porphyrin 
(yield %) 

Chemical shift/ppm 
Ha Hb Hc Ht Hd 

TCP (0.53) 8.84 8.20 7.80 (J = 6 Hz) 7.80 (2H,J = 6 Hz) 8.08 (J = 6 Hz) 
ZnTCP (88.14) 8.95 8.22 7.80 (J = 6 Hz) 7.51 (2H,J = 6 Hz) 8.12 (J = 6 Hz) 
NiTCP (66.32) 8.72 8.02 7.73 (J = 6 Hz) 7.54 (2H,J = 6 Hz) 7.91 (J = 6 Hz) 
CoTCP (61.28) * 
 (��,�$�$�� CDCl3, *P�T����!R !�1�.-2S�� 

1H NMR spectroscopy �&Z0.+1�: Co2+ ��
��-( ��3Q&O�!�#�:�& �: 

 
O.!"PO!�&�3Q&��!��0�� %�!+�!S�+��0 �3Q& 

conjugate ���U&�+ :�!�/:\���-( �:�!2*2:$Z&#�+
1�O-:�!2*2:$Z&#�+U&�T�+ UV (370-430 nm) �3Q&
�T�+��0�!��:�T� soret band (S-band) X/0+���T� extinction 
coefficient 3!���� 1x105 M-1cm-1 X/0+:�! !�1O-
O��&�]1��3Q&�.:$(:\�"W.+O.!"PO!�&��0��$(:\��W.+ 
18-π electrons system [16] U&:�!�2$.+P2S �2 ��
.��)�O$W.+:�!�3$�0�&#3$+W.+�T�2(+:$T���3!��- 
����-:(-'�*T#�&��0U& ,�#'&T+O�!�W.+�+�-&X�& 
:$4T�O��.�::$4T��(:1�R*: !�1O-U&�T�+ visible light 
(500-700 nm)  (��$W2(+:$T��&�]�!��:�T� Q-bands X/0+��
�T� extinction coefficient 3!���� 1x104 M-1cm-1  0,�
:�T�U&:!��#!: U&:�!�/:\�O-�T�:$4T�O��2(+:$T��&�]
�(�O(&)":(-!�2(-O$(++�&W.+ weak transition W.+ 

first excitation state, S0→S2 [16] g$:�!�2$.+��0P2S
#�2+U& �!�+��0 4 

 �!�+��0 4 #�2+g$:�!�2$.+O-�T�.&4O(&)"
W.+ TPP 1���:�!�3$�0�&#3$+�T�:�!2*2:$Z&#�+�T�+ 
S-band .�T�+�(2�1&#$���#&�%&S��3Q&:�!��$Z0.&
��+ red shift �(]+'�2��Z0.�3!��-����-:(- TPP �(]+&�] 
�&Z0.+1�:!�2(-O$(++�& HOMO-LUMO #$�:�! 
#�&��0%3! .&U&�+�-&X�&U&%�!+�!S�+X/0+&T�1�
�T+g$U'S����'&�#&T&W.+.��$Y: !.&��:�! �3$�0�& 
#3$+#$��T+g$ T.:�!��$Z0.&��0W.+.��$Y: !.&gT�&
O(&)��*T��0��.�*TU&%�!+�!S�+ (π-conjugate system) X/0+
1�O-�T�:�!2*2:$Z&#�+U&!�2(- S0→S2 �:�2:�!
�3$�0�&#3$+ X/0+g$:�!�2$.+��0P2S�.2�$S.+:(-
+�&��1(�:T.&'&S� [17] %2�1��'Y&P2S�(2�1&U&:!�� 
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TMP :$4T� 4-methoxy 1��T+g$U'S.��$Y: !.&���U& 
�+����:W/]& #$��T��$2!�2(-g$ T�+O$(++�&W.+ 

S0→S1 2(+��0O-�T�:�!2*2:$Z&#�+��0�*+W/]&�,�'!(-  
S-band 

 
	���+��� 4 �T�:�!2*2:$Z& UV-vis spectroscopy #$�:�!���#�+ fluorescence spectroscopy W.+ 

TPP#$�.&4O(&)"U& (��,�$�$�� DMF 
 

 

��!3!�:.- 
��������$Z0&W.+:�!2*2:$Z&#�+ (nm) ��������$Z0&W.+:�!���#�+ (nm) 

Emission (excitation) S-band Q-bands 
TPP 417 514  547  591 649 (417) 
TTP 419 516  550  594 650 (419) 
TMP 421 514  553  594 654 (421) 
TCP 418 514  548  591 649 (418) 

 
:�! �2 ����-( �:�!���#�+W.+ TPP #$�

.&4O(&)"P2S�,�:�!�/:\�U&�T�+��������$Z0& 400-
700 nm '$(+1�::�!:!� 4S&2S��#�+��0���������
�$Z0&W.+ S-band (W.+# T$��&�2��!) O-�T�:�!���
#�+��0��������$Z0&�T�+3!���� 650 nm 2(+#�2+
U& �!�+��0 5 U&:�!�2$.+P2S�/:\���������$Z0&
#�+��0# : T�+U&:�!:!� 4S&%2�.��(��T�:�!2*2:$Z&

#�+�(]+U&�T�+ S-band #$� Q-bands O-�T��T�����
����$Z0&W.+:�!���#�+�(+ !�1O-��0 ,�#'&T+�2�� 
# T�T������WS���0���#�+1�������# : T�+ %2��T���0
�'�������0�42 (%2�U'S�T�:�!�3$T+#�+��:��0�42) �Z.
��������$Z0& ,�#'&T+��0�:�2 S-band 2(+#�2+U&!*3��0 
5 

 
	���+��� 5 �T�:�!2*2:$Z&#$�:�!���#�+W.+ TPP #$�.&4O(&)" !���(]+���($%$O.!"PO!�&-�+

�&�2U& (��,�$�$�� DMF 
 

 

��!3!�:.- 
��������$Z0&W.+:�!2*2:$Z&#�+ (nm) ��������$Z0&W.+:�!���#�+ (nm) 

Emission (Excitation) S-band Q-bands 
     ZnTMP 551 590 650 760 648 (551) 
     CoTMP 530 612 729 759 653 (530) 
     NiTMP 529 614 649 791 654 (529) 
      FeTPP 548 589 645 688 647 (548) 
     FeTTP 516 552 592 648  651 (516) 
     FeTMP 554 592 651 698 654 (554) 
     FeTCP 548  588 644 719 648 (548) 
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�$���� 5 :�!���#�+W.+ TPP #$�.&4O(&)"U& (��,�$�$�� DMF (EX = excitation wavelength, ��������$Z0&
#�+��0U�S:!� 4S&) 

 
.��)�O$W.+%$'�P...&��0# : T�+U& TMP 

 T.:�!���#�+W.+��!3!�:.- P2S�,�:�!�2�.-
%2� � ��P...&W.+%$'��!�&X��(&-�+�&�2 (Zn2+, 
Ni2+ #$� Co2+) �(]+&�]P2S�2�.- Fe2+ %2��,�:�!

�(+��!��'"��T&�2���:(-:!��%$'�P...&�&�2.Z0& e 
$+P3U&�+O.!"PO!�& O-�T�1�U'S�T�:�!2*2:$Z&#�+
#$�:�!�3$T+#�+��0# : T�+:(&2(+#�2+U& �!�+��0 5 
#$�!*3��0 6 #$� 7 

 

 
 

�$���� 6  :�!���#�+W.+���($%$O.!"PO!�&U& (��,�$�$�� DM 
 

!*3��0 7 #�2+g$:�!�2$.+��Z0.��-�4��&�2
W.+$�#:&2"U'S�+��0�3Q& TMP O-�T�.��)�O$W.+
%$'��!�&X��(0&P...&��g$ T.��������$Z0&W.+

:�!���#�+W.+��!3!�:.- %2��'$Y:#$�&�:�:�$��
#&�%&S��$Z0.&P3��+ red shift �(]+&�].�11��3Q&g$��
1�:W&�.W.+P...&��0# : T�+:(& .�T�+P!:Y �� :�!
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 �2 ��.��)�O$W.+$�#:&2"��0��g$ T.:�!���#�+W.+
��!3!�:.-:$4T� TPP #$�.&4O(&)" P2S�/:\�%2�
��-�4��&�2%$'��!�&X��(0&P...&�3Q& Fe2+ %2�g$
:�!�2$.+#�2+:�!��$Z0.&P3��+ red shift �,�'!(-

$�#:&2"�&�2 TMP #$� TTP �(]+&�].�11��3Q&g$
�&Z0.+��1�::�!U'S.��$Y: !.&W.+'�*T CH3- �,�'!(- 
TTP #$�W.+'�*T CH3O- �,�'!(- TMP 

 

 
 

�$���� 7  :�!���#�+W.+�'$Y:P...& T.O.!"PO!�&�&�2 T�+ e U& (��,�$�$�� DMF 
 

4. ��B� 
:�!�(+��!��'" TPP,  TTP, TMP #$� TCP 

X/0+�(+��!��'"P2S1�::�!&,�PO%!$��U'S����!S.&
:(-.($2�PV2"U&:!2%O!O�%.&�: #$��3!��-����-:�!
�3$�0�&'�*TW.+.($2�PV2" (benzaldehyde, p-anisalde-
hyde, tolubenzadehyde #$� 3-chlorobenzadehyde) 
�OZ0.� !���.&4O(&)" T�+ e %2�U'S!S.�$�W.+g$g$� 
O.!"PO!�&U&�T�+ 0.96, 0.81,  0.56 #$� 0.53 % 
�,�'!(- TPP, TTP, TMP #$� TCP  ��$,�2(- 

:�!�(+��!��'"���($%$O.!"PO!�&�,�P2S%2�
&,� TPP #$�.&4O(&)"���,�3m�:�!���:(-�:$Z.W.+%$'�
��T& ZnCl2, NiCl2, CoCl2 #$� FeCl2 ��Z0.� ���:$Z.W.+
%$'��'$T�&�]�WS�P3U&%�!+�!S�+W.+O.!"PO!�& %2�
� !���U&�����:�!U'S����!S.&U& DMF P2S!S.�$�

W.+g$g$� .�*TU&�T�+ 50-90 % #$�O-�T�P...&W.+
%$'���0U'S!S.�$�g$g$� �*+��0�42 �Z. Zn2+, Ni2+ #$� 
Co2+  ��$,�2(- 

:�!�/:\���-( ���+#�+W.+ TPP .&4O(&)" 
#$����($%$O.!"PO!�&%2����&�� UV-vis spectro-
scopy #$���-( �:�!���#�+ ( fluorescence 
spectroscopy) ��0��������$Z0& 300-700 nm O-�T� 
�T���0�(2P2SW.+��!��0� !���P2S&(]&���T�U:$S����+:(& �Z. 
absorption spectra ���T�3!���� 420 nm #$� 
emission spectra ���T�3!���� 650 nm #�2+�T�:�!
�3$�0�&'�*T�:�� ,�#'&T+O�!�W.+.($2�PV2"��g$�O��+
�$Y:&S.� T.�(]&!�2(-O$(++�&W.+ TPP #$�.&4O(&)" 
3!�:.-:(-�(+�+!(:\����O%�!+�!S�+W.+O.!"
PO!�&U'S�3Q&�+.�*TP2S 
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5. D�		�D��)��D��  
W.W.-�4� g*S�&(-�&4&�4&��1(�1�:�,�&(:+�&

:.+�4&�&(-�&4&:�!��1(� (�:�.) �4&�&(-�&4&:�!
��1(� �). #$������������ ����������� !"#$�
���%&%$�� �'������$(�)!!���� !" ��0U'S����
�T���'$Z.�OZ0.U'S+�&��1(�&�]��!Y1��-*!�" 
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