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1 -Ground state 
2
 - Lowest unoccupied molecular orbital 

3
- Highest occupied molecular orbital 
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1- Counter Electrode 
2
- Reference Electrode 

3
- Working electrode 
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 ���� ���'HOMO � LUMO>��!�   2#! :�� �E"
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:��' ��!"�
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 � ��E ���6 �9dG�" ��E
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1
- Dipole moment  

 2�C �(�7 �0���IR  

 (�! �!�
:�'�C X�6  ��� *�!�� �
 $���� 3 � 3"�'C

2#!.  

١- 3 ��!"��
 V�4@��� �! ���9\ ��J.  

٢-  8 ' $
 $� ;�. cd# �! �#����! ��J24 2\�# 

' �" e��(ppm)10  �#! 3�<�
 3 ��!"��
 

 )�� ����5/02#! 3"�
 �-�' . 

٣-          8 ' $
 $� ;�. cd# �! �#����! ��J24  2\�# 

 e����' �"(ppm)2    ���#! 3�<���
 3 ����!"��
 

 )�� ����5/02#! 3"�
 �-�' . 

٤-  �#����! ��J        8 ' $
 $� ;�. cd# �! 24  2\�# 

 )�� ����  �#! e��' �"5/02#! 3"�
 �-�' . 

٥- ��J,�5 ;�. cd# �! �#����! . 

�-   w��:�'�C 2
ATR $4.�� ���
 3�D4#" V ' � 

 3 �Tensor 27 2��� 25�# Bruker 

�'  ��
. 

 

6�!(+4-� D�4#!(4�� (�!�>8 

$���� 3��� $# �6��#����' ����R? 3 E�B' �!�
 �
 

 ��� *�!��2#! 3 � 3"�'C.  

1- $��J�` $������ �"  )�� ������  ���#! �" 3 ��� ��

5/0 ' $
 �-�' 8122\�# .  

2- $��J�` $������ �"  )�� ������  ���#! �" 3 ��� ��

5/0   3�<�
 �-�'(ppm)400     8 �' $
 3 ��!"��
 

122\�# . 

3-        $��" �? 3 � 3"�9�# $���� �"800     8��� $�
 

,�5 [<'��. 

 3��� �"2@h�$J�` :�'� 8 ' :���6 �! �6   �! O���

 �? 2#! 3 � $4@� [<'�� �d&' fC �
 � ���5 V��+'

���5 V��+'��M H5!" �! 3  "�� ���5 �E . H�%! �
 ��#

2#! 3 � )B5  ��# . ����� ��;
 �" ����R?X2000 

2#! 3 'C 2# 
 .3 � $4.�� ���
 3�D4#" V '       

Leo 435vp ���D�! ��B� 25�# �'  ��
. 

  

 

                                                             
2
-Attenuated total reflectance  
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-�� � ./���  

 E�;��+�-&��0  

 H��2�' :�'� �@M �
 H�@��46 �!"���   $�  ��


>�6 �! :�'�C E ��F��
 � 2#! 3 'C 2# 
 ��! �'! ��

����6 2%�M :�'� (���?1 2#! 3 � 3"!" :�B� $���� .

�' :�B� �!"���  :�'� 8 ' �! �6 $�  E"23 O$&�G" 

�' � 2#! 3 � 2
�A H�@��46  :�'� (�! �! �6 :!�?

:�'�C "!" ,�I�! !� ��! �'! � :��#!;��<6 ��E.  

  

&��#����G� 

 H��3��+�'   2# 
 ��E �!�
 :��#!;��<6 3 'C

 �" ,�� "-�.5/0 �-�' HCl2F�` ��lM � f��` �"   ��E

:�������' :�B� !� 3 ��!"��
   E" . V� � �"3 

 H�@��46  ���' ��"��5 ���������4�%! ��E�4'!��6

��� O��"��5  :���� $4�@�!" � � ?�� � � �C ��E

 H�� �!"��� ��d5 �
�� :��
 $��#� $
 ��"��53 

#�+'! 3 � $9 �.  

 �!"��� �
�����
 �! ��"��5 :���� $4�@�!"

 $%"��' �! �� ��!"��
 :�' �!� � :��#!;��<6)1 ( 2# 


2#! 3 'C .��� k��' H.�? ��d5 ���  � �C ��Eβa � 

 H.�? � ?��βc�'   ��
 . O3 ��!"��
 2F�` >�!;.! �


 �'!�C $
 ��"��5 H�@��46 � $4.�� >E�� :���� $4�@�!"

�# $
 $4.�� >�!;.! :�' �!� � 3"�� H�' 29]' ��"�&' 2

2#! .��� �" ����?  :�B� � ?�� � � �C ��d5 ��E

�'  3 ��!"��
 $�  E"-�
�9���? w�� �! 22#!  . �� �����6

2#! $4.�� >�!;.! 3 �!"��
 2F�` >�!;.! �
 ;�� �+d#.  

  

	>HI� JK# 61��  

=�� FTIR "���' ��'�\ 3��� s�hB? ��F��
 

 ���KE � �%�\ �!;�! (��NO fg� 3 ��!"��
  ���6 w�� 

�' ���
 ;�. cd# ��� 3 � "�� . (�!=��:��
   (�! ��

 �!�G � "-�. : � �+d# fg� �
 3 ��!"��
 $� 2#!

 :!��\ $
 3 ���5 V��+' � "-�. ��4B' HR. �" (4.��

 2#! 3"�� H�\ ��"��5 3 ��!"��
.  

                                                             
1
- Staty state 

2
- Mixed type 

 ��E�!"���5 :�'�C2F�` �
 � :� 
  E ��:������ 

 H�� �" 3 ��!"��
42#! 3 � 3"!" :�B�  .  

:��E 2#! shB' $� $���O$J�` $����    �#! �" ��

$���� �
 $@��&' �"  3"�� �� �! ����? 3 ��!"��
 ���M ��E

 $� 2#! 3 '��� 2# 
 �R5�� )�6 � 2#!�' :�B� E" 

 3 ��!"��
-�
 �+d# fg� �%!�� �!� ���u ��E ���6 �
 

 3 � ;�.2#! .3"!"  ��E-�
 fg� $� 2#! :C �
 � ��P? 

2#! 3"!" x� ����u ���;�. �+d#. 

�
 �b��! ��#! �
 KE  3"!" � >��  ��E Ob��� �! ����

:�� $�  �"!" =�!;� >�!����E � ��DB%  ���' ��E-
Cl 

��� fg� 8 � $
 *&.  !� ���;
 ���' ��E��
 $��
  ���

K?! $
 3"��5 ;�. ��E �&%! 3 � �' ���  ]17[ . *�+' �"

2���?��6 � 3"!" 2#" �! !� "�5 :���C 3 ��!"��
 � �#!3 

�' "�� .:��?�� (�! fg� :���C )�� �
 �E  fg� ��E

3 � -
Cl�' x�  ��!����� KE ��AP? :C $
 $�  E"4 

�'  ���� .  

V��%�' O3 ��!"��
 2F�` >�!;.! �
 >�
 ��E �! ��?

$+� fg� �
 3 ��!"��
 V��%�' �!  $��#� $
 O�]�5 ��E

(�
 ���;�. fg�  

1-  �	�? :��4�%! 2��  

2- :��4�%!  ��� ��E K?!N � O 

3- :��4�%!  )�?�'��C $&�M ��E 

�' fg� ���  ]18[ .(�!�
��
O $��#� $
 cd# 

V��%�'  $
 3 ��!"��
 ��E$����' 3 ����6 H'��  "��. 

 ����R?SEM �#��
 �" !��� ���@
 =�� )� 

 ��"��5 2#!]19[.H��  5- �%! :�B� !� ,�� "-�. $����

�'  E" . H��5 - ���R? f 5
SEM $���� cd# �! 

$J�` �! �6 �"-�.  )�� ����  �#! �" ���5/0 $
 �-�' 

 8 '24�' :�B� !� 2\�#   E" .�' :�B� ����R?  $�  E"

 cd# $
 �82#! 3 �" ��#C 3 ��!"��
 f��` �"  . :��E

$��� �! $�  H��5- shB' � H�� �
 $@��&' �" O2#! 

5- 3 ��!"��
 f��` �" f �! &'8��@5  K�cd# $
 ��? 

2#! 3 � "�!�. 

  

                                                             
3
- Protonate 

4- Synergistic Effect 
5
 - Scanning electron microscope 
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L�+���� 6��� <�/#�%� 

(�! $
 $��? �
 O"-�. cd# ��� �F� "��' ������ $�

 �A! �#��
 �!�
 O2#! 3 � fg� ���;�. 8�� $


 :�' �!� � �� ��!"��
 K@����' �
 V��%�' ��45�#

�� ��!"��
�'   �'�4�!�� ���� 8�9#�+' X��4� $
 :!�?

 $��!�'"�� ��45�# O���;�. fg�  ��!�. �J !��� 

 ����? V��%�':������� �	��?  �' |�M �  �� "�� .

 �� ��!"��
 :�' �!� � �� ��!"��
 ,;����' $@��&' �!�


��"�&' 3 ��!"��
 1
HOMO�  2

LUMO ������ �!�
 

 "��'2.�� �!�G >E�}6 ��D�% �  2# 
 :C �
 �L��4' 

 'C. ��"�&' HOMO � LUMO V� � �" 3 'C 2# 
 

42#! 3 'C .  

 H! ��� :���G3
HSAB $� 2#! 2&�&M (�! �D���
 

 ,�� ��
 $
 ,��  �#! � 2h# ��
 $
 2h#  �#! H���?

�' �
  �]21�20[ . $
:��
�D�" OK?!   :!��\ $
 �;�. ��E

�' $45��� ,��  �#! V��%�' �  ��� # ��E �!�!" 2h

 $��.HOMO  �LUMO V��%�' � "���  ��E ,��

 $��. �!�!"HOMO � LUMO�' K�   ���
 . �
��


 V� � �" �� �' �'�4�!�� 8�9#�+' X��4�4 8���? O

 �b��!HOMO � LUMO K� ������ �!�
 �! �?

 ��D�%  ((2-2aminoethylamino)ethanol)-2- 

Hydroxy-5-methoxybenzaldehyde �" O2#! 

$I�4�O,�� ��
 ������  �'  ��D�% $
 29@� ��?  ��
 .

(�!�
��
O ��?-�
 � ���6 8<���? ������ V��%�' 

)>�
 �� ��!"��
 3"��
 � fg��? ( (EC �;�. K?! k�J $


�' �I�' $� "�!"  ��D�% V��%�' $
 29@�  �! �4	
 "��

 fg� (EC cd# ���  ��D�% "��.  

O(�! �
 :�;.! �! &':��4�%!   $4.�� V�&4�! ��E)N∆ ( �


�' 2# 
 �'�4�!�� 8�9#�+' ��#!  �C[22]. 

)3( 

 
 $� ���� �  $4���?�D���4�%! ��d' �! &' 

 3 ��!"��
 V��%�' � (EC2#! � �  �4h#

�' :�B� !� 3 ��!"��
 V��%�' � (EC ��d'  E" . ��"�&' (�!

                                                             
1 - Highest Occupied Molecular Orbital  
2
  -Lowest Unoccupied Molecular Orbital 

3
 - Hard and Soft acids and bases 

�E!�5 :��4�%! $
 4
(A):��#!;���� H�@��46 �  5

(I) 

��E  ��-�
"�!" �D4@
 . 

)4( χ=(I+A)/2  ;  η=(I-A)/2 

 $�IP � EA $
 ��?�? $
 EHOMO � ELUMO 

�!" �D4@
�  ]19[ . 

)5( I=-EHOMO  ;  A=-ELUMO 

 ���U? ��"�&' (EC K?! �!�
χ �
!�
  (eV mol
-1

)7  

 �η �
!�
  (0 eV mol
-1

)2#! 3 � $4.�� ���
 ]23[  �?

:��4�%! ��"�&' :!�4
  ��E $4.�� V�&4�!(∆N) 3 ��!"��
 �! 

K?! $
 "�� $9#�+' !� (EC ��E .:��4�%! ��"�&'  V�&4�! ��E

 O$4.�� $
 �8 ���
 �'�4�!�� 8�9#�+' =�� $
 �D4@
 

"�!" 3 � $4.�� .(�!�
��
O ~<d! ":��4�%! "! �?   ��E

3 � H&4�'" �! 8��9\ ":��4�%! ! E! ����!�?"�'   O ��


 $� �"pG!�O $
 (∆N) "! �? $��
 $4�! � 3���! 

:��4�%!  "�!� � 3"�� ��? !� :��4�%! 3 ��� ! E! $� ���E

! 3 � :��4�%! 3 ���g6 V��%�' ��' :�B� !�   E". 

 $%"��' )�� �
)3 ( :��4�%! ! E! ����!�? ��"�&'(∆N) 

 V� � �" � 3 � $9#�+'52#! 3 'C  . ��!6/3 ∆N< 

.! �
 �� ��!"��
 :�' �!� O ��
 ��"�&' >�!;∆N >�!;.! 

�'  ��! $� �%�M �" O 
��6/3 ∆N>�' >E�� O ��
   
�� 

]24�22[.  

  ��D�% �! ������ O2#! shB' $� $��� :��E

 �" � �?-�
 :��4�%! ! E! ����!�? ��"�&' �! "�5 �L��4'

>�
 �� ��!"��
 :�' �!� $I�4�2#! �!"��5�
 ��?  $�

 (�B�6 X��4� �
 � ��P?2#!.  

  

���#
�! %& 

1-  �� �������6 � :�' ���!� O3 ����!"��
 2��F�` >�!;��.! ���


�' >�!;.! �+d#  
��.  

2-  3 ��!"��
-�
 �9���? w�� �! 2#!. 

3-            ������ =�� �" ��E �! 3 � ,�I�! �'�4�!�� 8�9#�+'

           "�5 �
 �L��4'  ��D�% �! ��
 ��� ������ $� 2#! (�!

 ��"��5 �� ��!"��
 _�+% �! ��?-�
 :�' �!�"�!". 

4- 3"!"    ��J ��EFTIR          $�� 2�#! 2�&�&M (��! �����

                                                             
4
- EA: Electron Affinity 

5
 - IP : Ionization Potential 
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:��?��      KE �A! �
 3 ��!"��
 ��E          ;��. �+d�# fg�� ���!;.!

�' 3"!" >�!;.! !� �+d# �� �����6 $I�4� �" �  ��� �!. 

5-        �-�
 :�' �!� �
 � ��P? ����4�%! Q��#����' ����R?

:��?�� ��lM �" 3 ��!"��
  3 ��!"��
 �;�. ��E2#!. 
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�$0�,�1  

 N!�1 -����� ��+?�# �L�� ! 6 ��. 

,�� ������� ��45�# 

  

Bis(N-(2-2aminoethylamino)ethanol)-2-

Hydroxy-5-methoxybenzaldehyde)cobalt(III) 

chloride  
  

[Co(C12H18N2O3)2]Cl  
 

  

((2-2aminoethylamino)ethanol)-2-Hydroxy-5-

methoxybenzaldehyde 

OH

N N
H

OHMeO

 
 

  

  
 E4�1-�PQ E4� ��(
� .-�/� 3�1 2�� 34
5�� 6. 

  

 N!�2 - 6����� R��(8 )6�0! =�� (-� &��*S 	1 	+Q� ��41 �T�Q 0��!(+4.  

������� ����? ���\  ������� ����? ���\ 

131/0 Cr - 97/98 Fe 

0406/0 Mo - 099/0 C 

185/0 Cu - 166/0 SI 

0132/0 Al - 346/0 Mn 

0065/0 V - 008/0> P 

0062/0 Ti - 0071/0 S 

  - 025/0> Ni 
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 E4�2 -&��0 R;V (1 E�;��+� 6*%*� . 

 
 E4�3- &��#����G� 6*%*�  W���(
� �#� �� �8�� ! ��'5/0.X
Y �� �����0�1 ��PV ! Z��Y �� �T��  ���       

 2-� :ppm 0– Z  :ppm 10 – [ :ppm 100 – �  : ppm200 – �  : ppm400 

 

N!�3 -R�� \67���? E�;��+� *��� 67���? 6������!(+4-� ���(+�����   &��(� 	+�;��� ! �8�� ! ��' ���

67���?. 

IE(%) θ 
Icorr  

(mA cm
-2

) 

βa  
(mV 

decade
-1

) 

-βc  
(mV 

decade
-1

) 

Ecorr vs -

Ag/AgCl  
(mV) 

3 ��!"��
 2F�`  

)PPM( 

- -  5-E96 002/97 99/128 539 0 

80/69 69/0  5-E29 361/93 24/117 533 10 

55/81 81/0  5-E17 49/103 53/112 511 100 

81/82 82/0  5-E16 928/97 12/115 510 200 

18/84 84/0  5-E15 897/95 14/121 502 400 
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N!�4 - &' ()�*+� ��,�- ! 34
5�� ��(1 �� 	/#�%� 6��+���� 6��� ���(+����� 6?(1.  

Method Parameters values 

Complex :   

B3LYP/6-31g HF-energy (HF) 09438/81246- 

 EHOMO (eV) 71360148/7- 

 ELUMO (eV) 50175388/4- 

 ∆E (eV) 21535536/12 

 µ (D) 8315/2 

   

B3LYP/6-311g HF-energy(HF) 65948/81259- 

 EHOMO (eV) 90234172/7- 

 ELUMO (eV) 68532688/4- 

 ∆E (eV) 5876686/12 

 µ (D) 8984/2 

   

B3LYP/6-311g** HF-energy(HF) 63463/81272- 

 EHOMO (eV) 83489564/7- 

 ELUMO (eV) 60455476/4- 

 ∆E (eV) 4394504/12 

 µ (D) 7641/2 

   

B3LYP/6-311++g** HF-energy(HF) 61515/81273- 

 EHOMO (eV) 94694316/7- 

 ELUMO (eV) 70871544/4- 

 ∆E (eV) 6556586/12 

 µ (D) 5767/2 

 ------------------------- ------------------------- 

Ligand :   

B3LYP/6-311++g HF-energy(HF) 2586911788/21838- 

(α)  3839798/9-  
EHOMO (eV) 

(β) 37799668/9- 

(α)  36359204/6-  
ELUMO (eV) 

(β)  85502068/7- 

(α)  47646776/2  
∆E (eV) 

(β)  522976/1 

 µ (D) 7371/4 

 ------------------------- ------------------------- 

Fe : EHOMO (eV) 20182/0- 

 ELUMO (eV) 12376/0- 

Ligand Complex  

2602198/9 (α): 

25423668/9  (β):  
82318316/7 

 

LUMO Fe - HOMO base 
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N!�5 -34
5�� ���� ��(1 �� 	/#�%� 6-�4-�� ���(+����� 6?(1. 

N∆ η χ EA IP   

425176303/0 3278293/6 61911386/1 70871544/4- 94694316/7+  Complex 

348612864/0 87378592/7 51019388/1 36359204/6- 3839798/9+ (α) 

362009268/0 61650868/8 761488/0 85502068/7- 37799668/9+ (β) 
Ligand 

- 0 7 - -  Iron 

 

  
 E4�4 - 6�*# 2�C ������ FTIR2-� ��� 	���� 0� :ppm0 -Z :ppm10 -[ :ppm2 -� :N�+;�(�-� : ? 	����L� 
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 E4�5 -6�!(+4-� D�4#!(4�� (�!�>8 - 2-�  : .H- �T�Q 6�!(+4-� D�4#!(4�� (��>8–Z  : D�4#!(4�� (��>8

	C�Y 0� 3� �T�Q 6�!(+4-� ��! . W���(
� �#� ��5/0 <� 	1 �T�� 24 �����0�1 &!1 .S�# –[ : D�4#!(4�� (��>8

	C�Y 0� 3� �T�Q 6�!(+4-� �#� �� ��! W���(
� 5/0 <� 	1 �T�� 24�����0�1 ��PV �� .S�# . 
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