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!��8  �Q[ 3jQ8, ��'�8)R -,"
, �8�M0 ���9 ! �8�M0�&'> �'a� � ts�

2� D0&$ =!��]tt[#)��� -��5 ��]te[��� �3��$5�> 
]tl[8, ��)
S� �6�:8 z]tm[9"B �O�� ��K]tp[! �!�3

	 J,&7�1'�23�B 45�� �:8 =!� �>  )0 �–�8, "I&� @A .
, ��
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�!38,�."6�> -�"> ��9 �>
0 g�,">  &3�B�	 ���2 1'�KO8 

9 -�">r�>�H���F� ����&0 .Q2 �>��&~M� g, �� 
g�SB�|�
I�B�0 "��+7  &5�83">J,&7 N'6��	�1'�2345�� 

�9,�� )�8�"> :*��8,  )0 .5�8 �+73"G	 ��)OV(�
5�8 �+73�SB E"8!"	 D>�B )IR (�+7 !5�83�>

8!��'��
*!""G	)MW(0 �'Qb 5, � &�23�(&M6��> �9 �8, 
� -F�-,&B 	��2 1'3 )0 �6+�� �>M*B��! �;&< �3:8–
@A,"	 �� ,�
5�8 �+7 )M3�,� �,"R .,">3�+�� 	�1',)6>,

 :8�B�)0 �.� q�68, ��&$ -�"9 :[ �> "~� ��&� :8�:*l
�>F(Ni(CH3COO)2.4H2O)�> $ -,&M(� ��� D)&B��)
0�9"Aldrich(@&��B, �� �)C2H5OH (�>&�&� ! @.[ -,&M(

�F @&��B,�g(NH2CH2OH)�$ -,&M( �> 
5�8 �,))!�"2�&B�)
�9"0 Merck (�B�)0 �., �>
B"B g��> "~� ��&� :8 �9 K

-�"9 :[)grsp/l(� q�68, ��� :*ml ls�B @&��B, �)0 �.
q)� �> @&'S�
��� �� ! �(�8 �3oCms2 �> -5 1

;�Mo����)0  �5 12 .�u8)ml��Z/�(�F @&��B, &�&� �g
�&; �> �)0 �	�k, @&'S� �>3:8 �~'< �9 Ml/s�O�� !

MEA �>Ni(Ac)2">,">
��&> .q)� �> @&'S�tl�(�8 
,"0 ��
S� z�T��,)�/�  )0 @"6M9 3)0.�2"6�> 5,3

0��+,3r,�&8 �Mb 5, 
,"> 13	 �+�� ��9, 45�� 1'�)
��)0  ��H68, :*.	�1'> �2��,)jB m�("8 �> ! ��> mm/min 

�m!�3�2"6�>3 )0 �6�0 �6+��)�)0 .��> "2 5, )j>
D0&$ �	�1'�20 �>� &�23�SB N'6�� �+7 5�8 3�,"R 
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��+� ��q)� �> ts
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��+� ���>
q)�
R� ��! ��ts��I ��� �� �
!"*"G	)�)0 �+7 .��

���
	 ��1'�23=!� �>  )0 �+7 �23��� �� N'6�� 3
oClms)�)0 ��$5�> .
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,">38�"> �6$, J,&7 �*�	�1'�23�9, �� )�; �:*�N

�#,"B� 5�> �� �&Q( �&; �> :tss �B nm�ss 5,  ��H68, �> 
;�LM8 NUV-VIS @)� CARY 100#  5,)�, �"3)0.�>

; 5,  ��H68,��#,"B N�2� ! :�Q9 �	��5�8 �M3<���"�)
�T�� ,"#)PUMA("k �
"k ���*0 K
0&��7 K�!

	 ����k�B 1'j��)�)0 g.8�">���67�8 3	�5,  ��H68, �> 1'
���F��XRD  �/68� �Q9 �> Philips PW-3710)0 %�a�, .

M�Q2���,�  5,)�, g�>� @&�"	 5,  ��H68, �> �23–�O8�S� �"0 
)0 . !"# ! ��F q�O��"B �
�8�M0 3,"> 5, ��&Q� �� �'��( 3�2
;�NaM8�)OB 
�&	 :
E"8!"	 �)FTIR(H68, �> 5,  ��

  �/68�Shimadzu @)� ����)0  ��H68, ."6*�, J,&7
*�
	��2 1'3�9, �� )�!�$ �� -,! =!� �> :*� �/68� 5,  ��H68, �> 

 5,)�,#�"3@�2 "I, )RH2010 Van der Pauw and Hall 

effect  ()0 %�a�, .A&�&	�&�3� ! �T8 �">5 -,�3ST8 �
	�1'�23�9, �� )�B"B �> :*��H68, �> K� 5,  ��P&*8!"*

�!"6*�,�+>!� �)SEM ( @)�LEO 1430VP� !�P&*8!"*
+>!�  !�9�)SPM ( @)�CP�7�8 PARK 

SCIENTIFIC INSTRUMENTSjB ��)�)0 g.

��� " 78�29
:*0�&B"$ =,"$ D��X)XRD (	�1'�23�9, �� )�:*

5�8 �+73 )0 ��"G	 �"
5 D>�BIR�� !
!"*"G	 �� �9 ,� 
���3oCYX� q)� �> 
 )0 ��$5�> �(�8 �� -�+� �)�,�-
)2� .���F��XRDoB ����67�8 q,"3	�1'�23�9, �� )�,� :*
oB �>���+7 =!� �� "5�83� -�+� �)2� . 5,)�,3��,� �> �2

�>� @&�"	 5,  ��H68,3–)0 �O8�S� �"0 :
0.9D
cos
λ

β θ
= )�(

, ��
�T>,� gD 5,)�, ��,� �β�"( �'R� �� �1>�+���Mλ@&; 
&B"$ �&�X�9 �8,nm�XY/��8, !θ!,5 
�&>"� v,"> �

�>�'R0�� ��8, =,"$ 5, .

1- Van Der Pauw 
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!��;&B"$ =,"$ D�� X,"> 3	�1'�23�9, 45�� �� )��9 :*��"G	)OV(���
"*"G	!)MW(!D>�B "
5 E"8!"	)IR ( )0 �+7)�,.

&B"$ =,"$ �";X	�1'�23E"8!"	 D>�B �>  )0 �+7 
)IRD0&$ ��  ��H68, ��&�  �/68� �2���! �;&< 3��a� �9 

D>�B �>IR�8,  �&> (2 ���&'> ��67�8 �3�,)� -�+� ,� .�";
 &B"$ =,"$X	�1'�23�>  )0 �+7 "G	��67�8 �Oj*� ��9"� 

ST8��9, �� )�,"> ,� :*3�'R �23)���(!)tss(>&7 �> �
�! �,� -�+���'R 3)tts ()+�  )2�+� �&k! �> .��� ��
�

&B"$ =,"$ �";X	�1'�23�� �>  )0 �+7 
!"*"G	 )MW(�
�Q�
Oj*� ��67�8 "/���ST8 �9"� ��9, �� )��'R �> :*�23

)���(�)tss (!)tts (�&> .M�Q2��,�&Q� gXRD	 &��� �1'-
�23�9, �� )��� �> �9 :*
!"*"G	 )0 �+7 �'R �)�,3)tss (

)0 ,�
�'R !� 5, "B)3�
� -�+� "/�9�[ �9 )2����b 5, 
#�"3b"B ��6O�� �S��8, .�6�
 5,)�, �9 )��,� -�+� L3

4�&'>�23	�1'�23�>  )0 �+7 "G	)nme�(5, "6*_&9 �
 5,)�,34�&'> �23	��2 1'3�� �>  )0 �+7 
!"*"G	)nmls(

�68,� �� 3)tss ()��&> .�> %5r
�!F��3 "6�# �� ��9 �8, -
�238�"> ��&� �0�,�# �	"# %�a�, �8� ��&� �� ��> -)

�&'> ��67�83	�1'�23�9, 45�� �� )�:8 =!� �> �9 :*–
!� ! @A30 "6�> ��+,3r,�&8 
�B 1��&b! �)M0�>  )0 �

60,)��8, �.,
	 g��2 1'
 �&> U�&�F �]th [ !
��,&� �3�9
;�NXRD	�:8 =!� �> �2 1'–Oj*� ��67�8 �@A ��9, �)
��� -�+� ,� :*�!� �+�� �)2�3�2"6�> 3ITO ]t�[�!

Al2O3]t�[! �
r �
��+� ��=!� �> �23�
< "/�:8 5, "–
�8,  )0 %�a�, @A .

:*0 ��t�#,"B �,�&Q� �:FTIR	�1'�23�9, 45�� �)
��!� �9 :*30 "6�> ��+,3r,�&8 
=!� �> !  )0 �6+�� 1-

�23 )0 �+7 N'6�� )0  �,� -�+� �)�, .�'R�23��0F�� �
��  )0  )2�+�tlms �B cm-1 tmms=�jB�, �> ��23++9 �

 !"#O–H�8, �6�>,! .�'R3jk�H� "6�# �� 3t�ss �B 
cm-1esss �9 ��,� �&b! =�jB�, �>�23++9 � !"# C–H 

�8, �6�>,! .	"; 5,�=�jB�, �23++9 � !"# N–H)�F�g(
 "6�# �� ]^b3emss �B cm-1 ehss� -�+� ,� �)M2� .5,

�B �� �9 �a�F��3,">  ��H68, ��&� :83, �+�� 
	 g�1'5, �2
�F @&��B,&�&���! �)0  ��H68, g�=5"� �23++9 � !"# 

N–H)�F�g(� "6�# �3)+�  )2�+�  )0 �6H# .%5r ��,
 �> %5r
�!F��3$ �9 ��2)�&3 !"# N–Ni  !"# !

O–Ni�>�b KO8 �b�
�2)���> 3 !"# �> �&>"�  )0 ]^b -
�23N–H !O–HA"�, �Q8 �> 3�23>�"6+)�&� @&;-
�23 �B&9 "B(���&0 .Q2 �>��� g�� :�6� -,&B��9 �	"# �a
�'R3����0F���  )0  )2�+�cm-1 ehel=�jB�, �> �23

++9�$�)�&H?N?Ni�'R !3��0F�� ���cm-1 e�lm �> 
=�jB�,�23++9 �$�)�&H?O?Ni�8, �6�>,! . )2�+� �'R

 ��  )0cm-1 t�ht=�jB�, �> �6�>,! �23++9 � !"# C–H 
�8, .�'R�23��0F�� ���  )0  )2�+� emet �e��p !
cm-1 e��p�, �> =�jB�23++9 � !"# O–H�8, �6�>,! .
�6*�,3, �� �9 
�> �aM
, �"9  ��0, )
q)0 D2�9 ��9 �8, g
�'R�23��0,�� �=�jB�, �> �&>"� �23++9 �$��2)�&3
H?N?Ni !H?O?Ni )M2� -�+� 3> �!"7 � !"# "6+
2��9!�)�'��F  !"# ! @&��B, �M��F @&��B,&�&� �, �9 �8, g
g

2� -�+� �&7 )M3> �!"7 �@.[ "6+�F �,&� ! �2��T8 5, 
	�6� �� ! 1'�r -)0 �+7 "6�> �a
��> �2"G	 �> �O�� IR 
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!��8  �Q[ 3jQ8, ��'�8)R -,"
, �8�M0 ���9 ! �8�M0�&'> �'a� � t�s

�8, .	 ��&� ���1'�23�� �>  )0 �+7 
!"*"G	��$ ���2)�&3
 !"#N–Ni !O–Ni�>�b KO8 �b�
�2)���> 3 )0 ]^b 

 !"# �> �&>"��23N–H!O–HA"�, �Q8 �> 3�23>�"6+
)�&� @&;�23"6*_&9 (���&0 .6� �����0F�� �'R �a��>���

jk�H��� �9 cm-1 ehes=�jB�, �> �&>"� � )0  )2�+� -
�23++9 �$�)�&H?N?Ni�'R !3>^b �jk� )2�+� N

��  )0cm-1 e�lp=�jB�, �> �6�>,! �23++9 �$�)�&H?
O?Ni�8, .��� �>
��3,
�  )2�+� ��,�&Q� �8 g��&0 �9

�'R q)0�23��0,�� �=�jB�, �> �&>"� �23++9 �$�)�&
�23H?N?Ni !H?O?Ni	 �� �1'�23�>  )0 �+7 
��
!"*"G	7 D2�9 �'�5
��3	 !� �> �O�� �� 1'
! ��,� "/
,
 )M2� -�+� g3> �!"7 �2  !"# "6+��9!�)�'�! @&��B, 

�F  !"#�M��F @&��B,&�&� �, �9 �8, g
�� �&7 g��!"7 :
>�@.[ "6+�F �,&� ! �2�	 �T8 5, ��8, 1' .�[ �����

�'R q)0 D2�9�23
 )M2� -�+�  )0 ��3,
	 �9 �8, g�1'
�B�5�8 �+7 =!� �>  )0 �3>�� �
!"*"G	 !"# ��23�F�M�!

'*�,�"6Q9 36� �� ! ��,� �&7 ��67�8 �� �� �a��� �H# -,&B
,
0 g�	  &��9, 1'�� )�r�> J&'7 �> :*�B "B��8,  )0 �.

,">3�>B�(.;, -��!F �8��6$, J,&7 ��&� �� �*�
)"k
��*0 K)n("k �
0&��7 K�)k(	 ����k ��1')d(
!(...��&Q��23�B�8�"> !  )0 ��I�B �0 "� &3-�"9 �+7 

!�3,
��&Q� g; �2��#,"B N���&Q� :#  5,)�, �2�"3)0.�>
; 5,  ��H68,��#,"B N�2� �> ! :�Q9 �	��5�8 �M3���� �)
"k �,"# �T��
0&��7 �>�I ���*0 K�	 ����k !�1'�23

45��NiOjB ��)�)0 g.}�8, �'� g
, "> =!� g
, �
�$ 
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