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����&�Q( 

�� 2 �9-,�%�1%���9�#7-�7:%�'9;)9%+���<�=�2>%�'�� ?*2@�9� ����%�1 cross-coupling reaction -�?�*
"F ?&#�� <%*�%��0'�%�GH1=�.9I�9� �'*�� ��&!�� 2 �9-, [NiX2(PPh3)2] (X = Cl, Br, I and SCN) ���� ;
�� ���H1=0�92@�9� ��� �&�?�* NiX2 "#� PPh3 Y./*<&= =-�#�Z#Z#��-�)?<%�?�* 62-81% "#� [NiCl2(PPh3)2] <&=
Z#Z#���)*��/�31 0�99� � �0�'1$1� uv-vis spectroscopy <% toluene F����/H1=��#'9I��� ��, "�1* charge 
transfer ��/�'1�0% "#�9 �� [NiI2(PPh3)2] ��/����;�/�a#�/� 20000 "#� 25000 cm

-1 ���� ;-(�,�� d-d transition H1=
�2>% 3A2 → 3T1(F) "#� 

3T1(P) → 3T1(F) ���#+�1', 
1H NMR spectroscopy i-* �� 2 �9-, [NiCl2(PPh3)2] 

"�1*9� &�3%i-*$2 � -%<%9#3?�7:%�#-�?�*-�� �"#���"%�$%=�&�31&�3%��j/-�2#�/�%&�)?�9���2>% Br "#� I 
���#+�1', �'G*%�G-�0�%j/-*��0�9-��(�F#��/"�9�?�*9'%i-*9#3?��kH#1!��/H1=�+�9� �.9I� 2@�9� ��� �&�?�*  
[Ni(PPh3)2X2] "#�$Y�1���H%H� �!�+�<&=�9�19� "�%��/ halide $1� NO H1= [NiX(NO)(PPh3)2] (X = Br, I or 
SCN)  =-�#�Z#Z#��-�)?<%�?�* 36-56% 1H NMR spectroscopy "�1*9� &�31&�3%-�?�*��,) �!i-*$2 � -%
<%9#3?�7:%�# %-90�9%�GZ#���� ��&!��* IR spectroscopy i-* [NiBr(NO)(PPh3)2] [NiI(NO)(PPh3)2] "�1* νNO 

�+�"&%?* 1638 "#� 1745 cm-1 ���#+�1', 
 

�R��R���O : �'�" ?*2@�9� ���%���9�# 
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Abstract 
Nickel phosphine catalyst complexes have been widly used as a catalyst in Cross-coupling reaction. 

Reflux reaction between NiX2(X= Cl, Br, I) and PPh3 yield 62-88 % of [NiX2(PPh3)2], whereas [NiCl2(PPh3)2] 
gave the highest yield. The uv-visible spectroscopy in toluene for [NiI2(PPh3)2] showed clear charge transfer at 
20,000 and 25,000 cm-1, assigned for 3A2 → 3T1(F) and 

3T1(P) → 3T1(F), respectively. The phenyl rotation was 
observed in [NiCl2(PPh3)2], by using

1H NMR Spectroscopy in which the phenyl oscillation and static were 
found in [NiBr2(PPh3)2] and [NiI2(PPh3)2], suggesting the different halide influence phenyl rotation. Further 
reaction between [NiX2(PPh3)2] and sodium nitrite, lead to the substitution of halide by NO and gave only 36-
56% yield of [NiX(NO)(PPh3)2] (X = Br, I or SCN). The

 1H NMR spectra showed phenyl static for all samples. 
The IR spectroscopy showed the NO peaks (νNO) at 1638 and 1745 cm

-1, for [NiBr(NO)(PPh3)2] and 
[NiI(NO)(PPh3)2] respectively. This results exhibit that Br is the better donor ligand than I as lower νNO. 
 

Keywords: nickel catalyst 
 

1. ���R� 
�� 2 �9-,�%�1%���9�#7-�7:%;)9%+���<�=

�2>%�'�� ?*2@�9� ���<%&#��r 2@�9� ��� [1-4] 1'*
�'�-�?�*��/H1=��%-$1�%'9��������� !���0�%<%2: 
2005 ��%-$1� Chen Chen "#� Lian-Ming Yang [5] 
%�G�2>%9� <�= [NiCl2(PPh3)2] �2>%�'�� ?*2@�9� ���"�1*
<%��9� "�1*2@�9 �����/ 1 
 

 
��*����&+�Z�*�������� 1 

"�1*9� <�= [NiCl2(PPh3)2] �2>%�'�� ?*2@�9� ��� 
 

9� �?-��j/-�F'%(� �&�?�*H%$� �0%"#� 
�� !,-%$1��aF���� !,-%<%�*�,%Y�%�'9�9�1i.G%
H1=��9 "�?0�99� <�= [NiCl2(PPh3)2] �2>%�'�� ?*
2@�9� ��� �+�<&=9� ��j/-� �&�?�*F'%(�1'*9#?��
�9�1i.G%H1=*?�� �'�-�?�*2@�9� ��� cross-coupling i-* 

aryl fluorides "#� grinard reagent$1�<�= nickel 
catalysts [6] H1="�1*<%��9� "�1*2@�9� �����/ 2  
 

 
��*����&+�Z�*�������� 2 

"�1*9� <�= Ni-catalyst �2>%�'�� ?*2@�9� ��� 
cross-coupling 

 
2@�9� ���1'*9#?��0�<&=2 ����Z#���'�u!

"�9�?�*9'%����%�1i-* nickel phosphine catalyst 
$1�<%*�%��0'�1'*9#?��H1="�1*<&=�&v%�?�9� �2#�/�% 
�%�1i-*�'�� ?*2@�9� ���0�9 [Ni(PMe3)4] �2>% 
[NiCl2(PCy3)2] "#� [NiCl2(PPh3)2] 0�<&=2 ���� 
Z#���'�u!�2>% 38, 28 "#� 14 % ���#+�1', 0��&v%H1=
�?�-��(�F#i-*#�"9%1!0��?*Z#<&=2 ����(���F9� 
�9�12@�9� ���"�9�?�*9'% %-90�9%�G9� ���#- �%<%
$��#93#1'*9#?��0��+�<&=2@�9� ���1'*9#?���9�1H1=H�?
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��9%' 9�+ �& ' ,9 ��  [NiCl2(PCy3)2] "#� 
[NiCl2(PPh3)2] Y./*�?�*0�92@�9� �����/"�1*<% )2��/ 1 

*�%��0'�%�G0.*�%<0�.9I�-��(�F#"#���,'��
i-*��  ��j/-�2#�/�%&�)?#�"9%1!9#3?��kH#1!0�9 Cl �2>% 
Br, I "#� SCN ���#+�1', $1�Z#0�99� 
�2#�/�%"2#*1'*9#?��%�G 0����=-%;.*��,'��9� <&=
-� �#v9� -%��/�?�*9'%i-*(��39#3?��kH#1! $1�0�
���� ;-(�,��Z#��/ H�? �2>%H2������3��w�% 
�3���,'��  electronegativity 1'*<% ��*�%i-* 
Connelly [7] "#� Tilset [8] <%2: 1999 "#� 1998 
���#+�1', %-90�9%�G*�%��0'��'*�2 ��,����,-��(�F#
9� "�%��/9#3?� halide 1=�� NO "#��.9I���,'����*
����i-*�� ��/�� ���H1= 
 

2. ( �*�I
��
��K�*�� 
9� �'*�� ��&!H1= � �/�0�9@�9� ���i-*�� 

 �&�?�*�� 2 �9-, NiX2 (X = Cl, Br, I "#� SCN) 
"#� triphenyl phosphine (PPh3) ���<�=���������
 =-%�)*<% �,,��/,����%-#�2>%�'��+�#�#�� Z#
9� �.9I�H1=Z#.9i-* [NiX2(PPh3)2] ��j/-#1-3�&�)��
<&=��v% �9Z#.9YG+��Fj/-<&=H1=�� , ��3�(�y "#=�0.*%+�H2

&�2 ���� =-�#�Z#Z#����/H1=  %-90�9%'G%��  
[NiX2(PPh3)2] 0�;)9%+�H2�+�2@�9� ����?-9', sodium 
nitrite Y./ *0��9�19� "�%i-*&�)? �kH#1!  $1�&�)?      
H%$� Y�# (NO) H1=�� 2 �9-, [NiX(NO)(PPh3)2] 
Y./*�� 2 �9-,�'G*&�10�;)9�+�<&=, ��3�(�y9?-%��/0�
%+ ���� �0�-,��,'�� �? � *r  �2 � �, ��� �,9', 
[NiX2(PPh3)2] $1����%�� uv-visible spectroscopy 
(Perkin Elmer FT spectrometer) IR spectroscopy 
(Perkin Elmer FT spectrometer) "#� 1H NMR 
spectroscopy (Bruker 400 MHz FT-NMR spectro-
meter <%�'��+�#�#�� CDCl3 ��/��  tetramethylsilane, 
TMS �2>%�� ��� w�%) 
 

3. #�*���&�(+��
��\��I
 
��9� "�1*2@�9� �����/ 3 "�1*��(�9� �� ���

�� 2 �9-, [NiX2(PPh3)2] "#��� �* 1 "�1*
�� 2 �9-,��/ �� ���H1=  ��,'����*����H1=;)9
� �0�-,$1����%�� uv-vis spectroscopy "#� 1H 
NMR spectroscopy i-* [NiX2(PPh3)2] (X= Cl 1, Br 
2, I 3 "#� SCN 4) H1="�1*<% )2��/ 1, 2 "#� 3 
���#+�1', 

	���+��� 1  =-�#�Z#Z#��i-*�� 2 �9-,��/�� ���H1= NO stretching frequency "#�#'9I��Z#���'�u!��/H1=   

�� 2 �9-,  =-�#�Z#Z#�� (% yield) IR (cm-1/νNO) #'9I��i-*Z#���'�u!��/H1= 

[NiCl2(PPh3)2] 1 81 - Z#.9#'9I���#v9���i����i=� 
[NiBr2(PPh3)2] 2 62 - Z#.9#'9I���#v9���i���-?-% 
[NiI2(PPh3)2] 3 63 - Z#.9#'9I���#v9���?�* 
[Ni(SCN)2(PPh3)2] 4 75 - Z#.9#'9I���#v9���=�-?-% 
[NiBr(NO)(PPh3)2] 5 47 1638 Z#.9#'9I���#v9���?�* 
[NiI(NO)(PPh3)2] 6 36 1745 Z#.9#'9I���#v9���?�* 
[Ni(SCN)(NO)(PPh3)2] 7 56 1633 Z#.9#'9I���#v9���=�-?-% 
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��*����&+�Z�*�������� 3 

"�1*9� �� ��� [NiX2(PPh3)2] "#� 
[NiX(NO)(PPh3)2] (X = Cl 1, Br 2, I 3 "#� SCN 4) 
 

 
�$���� 1 "�1* uv-vis spectra i-* 1, 2 "#� 3 <%

�� #�#�� (a) toluene (b) dichloromethane 
"#� (c) �� 2 �9-, 2 "#� 5 <% toluene 

 
Z#Z#����/H1=0�-�)?<%�?�* 60-80% $1�

�� 2 �9-,H%$� 0�<&=Z#Z#���/+�9�?� "#�1=��
9#3?� NO ��/���� ;� �0�-,�+�"&%?*F��i-* NO 

stretching frequency Y./*<&=�?�����;�/2 ���� 1630 
cm-1 "#�0�9Z#9� �1#-*F,�?��?�i-*�+�"&%?*
1'*9#?��"�9�?�*9'%i.G%9',�%�1i-*�kH#1!��/�9��-�)?
1=�� $1���"%�$%=��F�/���9i.G%��j/-�2#�/�%#�"9%1!0�9 
SCN Br "#� I ���#+�1', Z#9� �1#-*1'*9#?��%�G
�-1�#=-*9',*�%��0'�9?-%&%=� [7,8] ��/H1=9#?��;.*
��,'�� inverse halide order $1��������� ;<%9� 
<&=-��#v9� -%i-*(��39#3?��kH#1!��/H�?�2>%H2���
���3��w�%��/<�=�3���,'�� electronegativity, EN "#�
�'90�<&=Z#<%��*9#',9'%��j/-�9�1F'%(�9',$#&� 
-�?�*H 9v���i=-�)#��/"�1*%�G9v �2>%�F��*i=-�)#
�,jG-*�=% Y./*��,'��1'*9#?��%�G0��'*���� ;� �0F,
H1=<%Z#9� �1#-*�-%�?-r H2 

uv-vis spectroscopy i-* [NiX2(PPh3)2] (X = 
Cl 1, Br 2, I 3 "�1*<% )2��/ 1 (a) "#� 1 (b) �+�& ',
9 ����/� �0�-,<%�'��+�#�#�� toluene "#� 
dichloromethane ���#+�1', 0�9i=-�)#<% )2��/ 1 
"�1*<&= �&v%�?��'��+�#�#����Z#�?-��F uv-vis 
spectra $1��� #�#����/�.9I�<% toluene 0�<&=Z#��/
�'1�0%9�?�9 ����/�.9I�<% dichloromethane 0�9 )2��/ 
1 (a) "#� 1 (b) ��  [NiCl2(PPh3)2] 1 ���� ;� �0
F,"�?�F��* charge transfer peak "�?�+�& ',9 �� 
[NiI2(PPh3)2] 3 F,F��i-* d-d transition $1���/
����;�/ 20000 "#� 25000 cm-1 %?�0��2>% transition 
 �&�?�* 3A2 → 3T1(F) "#� 3T1(P) → 3T1(F) 
���#+�1', Y./*�-1�#=-*9',9�  ��*�%i-* Pinkas 
"#���� [9] Y./*�.9I� energy diagram �%�1 tanabe 
sugano diagram 0�9��F uv-vis spectra F,�?���j/-
"�%��/�kH#1!1=�� NO &%./*&�)? �+�"&%?*F��"�9--9
0�99'%�'1�0%i.G%1'*"�1*<% )2��/ 1 (c) �'G*%�G-�0�2>%
Z#i-*-��#�� -%i-* NO 2 �9-,9',-��(�F#i-*
�'��+�#�� %-90�9%�G uv-vis spectra i-*�� 2 �9-, 
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[Ni(SCN)2(PPh3)2] 4 "#�[Ni(SCN)(NO)(PPh3)2] 7 
"�1*<% )2��/ 2 
 

 
�$���� 2 uv-vis spectra i-* [Ni(SCN)2(PPh3)2] 4 "#�  

[Ni(SCN)(NO)(PPh3)2] 7 <% toluene 
 

0�9i=-�)#��Fi-* uv-vis spectra F,�?� 
�� 2 �9-,��/ 2 "�1* charge transfer peak ��/�)*
"#����?�9� 1)19#j%"�*��/����;�/2 ���� 34x103 
cm-1 Y./*"�1*�?���99�?�i-*�� 2 �9-,-j/% 
2 �9-,9', d-d transition i-*�� 1'*9#?�� 9v"�99'%
-�?�*�'1�0%i.G% "�?9� -(�,��<%���* molecular 
orbital -�0�+�H1=��9 "�?0�"�1*�2>%9� ��#j/-%��/
i-*-��#�� -% �&�?�* �1',�'G% dx2-y2 ← dz2 "#� 
dx2-y2 ← dxy i-*$#&���/����;�/2 ���� 23000 "#� 
31000 cm-1 ���#+�1', [10] 

�+ �& ',9�  ��*�%$� *� =�*Z#.9i-* 
[NiCl2(PPh3)2] 1 %'G% Rogez "#���� [10] ��%-�?� 
��  1-3 ��$� *� =�*�2>% tetrahedral <%i����/�'*H�?��
9 �   � � * � % $ �  * �  = � * ��/ " %? % - % i - * 
[Ni(SCN)2(PPh3)2] 4 "�?�+�& ',-%3F'%(!i-* �� 
1'*9#?�� [Ni(SCN)2(Hdpf-κP)2] ��/��$� *� =�*
��/�&#�/��",% �,��%-$1� Pinkas "#���� [9]  

0�99� �2 ��,����,$� *� =�*i-*�� �'G*
�-*9#3?�������"�9�?�*9'%-�?�*�'1�0% (tetrahedral 
"#� square planar) �'G*%�G�%j/-*0�9��,'��9� <&="#�

 ',-��#�� -%i-*&�)?�9����/"�9�?�* "�?;=�F�0� ��
�� 2 �9-, [Ni(SCN)2(PPh3)2] 4 $1���/&�)?�9��  
SCN 0�������&%�"%?%i-*-��#�� -%��9 
2 �9-,9',-��-�i-*&�)?1'*9#?����i%�1<&�?0.*
-�0<&=Z#�2>%$� *� =�*�2>%��/�&#�/��",% �,H1= 
 

 
�$���� 3 1H- NMR spectra i-* [NiX2(PPh3)2] 
 

Y./*����"�9�?�*1'*9#?���-1�#=-*9',Z# uv-
vis spectrometry %-90�9%�G<%*�%��0'��'*H1=�.9I� 1H 
NMR spectroscopy i-*��  1-3 1'*"�1*<% )2��/ 3 
$1��+�"&%?*F��i-*&�)? phenyl Y./*-�)?<%�?�* 7-8 
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ppm �+�& ',�� 2 �9-, Cl 1, Br 2 "#� I 3 $1�
�� 2 �9-, 1 �9�1 phenyl rotation & j-9� &�3%
i-*&�)?�9��9#3?� phenyl 0.*F,�F��*&%./*F����/�9�10�9
�?��a#�/�i-*9� &�3%i-*&�)?1'*9#?�� "#�9� &�3%0�
�2#�/�%�2>%9� �'/%"#�&�31%�/*<%9 ����/�2#�/�% ligand 
�2>% Br "#� I ���#+�1', 1'*��/F,9� "�9i-*F��<%
�� 2 �9-,�'G*�-* -'%�2>%Z#0�9-��(�F#i-*9� 
<&=-��#�� -%i-* Cl ��/����99�?�2 �9-,9',i%�1��/

"�9�?�*9'%i-*&�)? halide Y./*�+�<&=9� <&="#� ', 
-��#�� -%�2>%",, inverse halide order �-1�#=-*
9',*�%��0'�9?-%&%=� [7] %-90�9%�G9� "�%��/�kH#1! 
1=�� NO �'*0��?*Z#<&= 1H NMR spectra ��/H1=�2>%
",,&�31%�/*��9i.G% 1'*"�1*<% )2��/ 4 �+�& ',<%
9 ��i-*�� 2 �9-, [Ni(SCN)2(PPh3)2] 4 "#� 
[Ni(SCN)(NO)(PPh3)2] 7 "�1* phenyl static <% )2��/ 
4 $1��'G*�-*�?�*<&=F����/��#'9I���#=��9'% 

 

 
�$���� 4 "�1* 1H NMR spectra i-* (a) [NiX2(PPh3)2] (X= Br 2, I 3, SCN 4) "#� (b) [NiX(NO)(PPh3)2] (X =  

Br 5, I 6, SCN 7 
 

4. �� �#� 
�'��+�#�#����/"�9�?�*9'%��Z#<&=  uv-vis 

spectra ��/H1="�9�?�*9'% $1�<% toluene 0�<&=F����/
�'1�0%9�?� �� 2 �9-, [NiX2(PPh3)2] (X= Cl 1, Br 

2, I 3) "�1* charge transfer ��/�'1�0% "#�9 �� 
�� 2 �9-, 3 ���� ;-(�,�� d-d transition H1=�2>%   
3A2 → 3T1(F) "#� 

3T1(P) → 3T1(F) ��/����;�/�a#�/� 
20000 "#� 25000 cm-1 ���#+�1', "#�0�9*�%��0'�
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9?-%&%=�H1="�1*<&=�&v%�?��� 2 �9-, 1-3 ��
$� *� =�*�2>% tetrahedral (� *�&#�/����/&%=�) [10] 

Y./*�?�*0�9-%3F'%(!�� 2 �9-, 4 ��/���)� 
$� *� =�*�2>% square planar (��/�&#�/��",% �,) [9]  
0�99� � �0�-,��* IR spectroscopy F,�?�
�+�"&%?*F��i-* NO stretching frequency ��"%�$%=�
�F�/�i.G%��j/-�2#�/�%#�"9%1!0�9 SCN Br "#� I 
���#+�1', $1��2>%H2<%�����*�1���9'%9',9� 
-(�,��i-* inverse halide order [7] Y./*<&=Z#<%
�����*�1���9'%9',Z#9� �1#-*��* 1H NMR 
spectroscopy 9 ���� 2 �9-, 1-3 $1�9� &�3%
i-*9#3?� phenyl 0����?�#1#*��j/-�2#�/�%#�"9%1!�2>% 
Br "#� I "�1*�?�9� <&= -��#�� -%i-* Cl �2>%H1=
1�9�?� %-90�9%�G9� "�%��/ halide 1=�� NO �'*�+�<&=
�9�1  phenyl static 
 

5. *�		�*�����
*��  
 i - i -,�3 � Z)= �%' , �%3 % �3 % �� 0' � 0 � 9 
�+�%'9*�%9-*�3%�%',�%3%9� ��0'� (�9�.) "#� 
�����������  ������������ !"#����$%$#�� 
�&������#'�(  ����� ! ��/<&=�����?���&#j-�Fj/-<&=
*�%��0'�%�G�� v0��,) �! 
 

6. �(*���(%�+(�+ 
[1] Hisashi, O., Morikazu, M., Kimihiko, K. and 

HIsashi, T., 1980, Cross-coupling of Alkenyl, 
Aryl or Alylic Selenides and Grignard 
Reagents Catalyzed by Nickel-phosphine 
Complexes. Tetrahedron Lett. 21 (1):  87-90. 

[2] You-Mng, Z., Qi, L., Tai-Bao, W., Dong-
Heng, Z. and Su-Yun, J., 2005, Synthesis, 
Structure and Ethylene Oligomerization 

Behavior of Non-symmetric Bidentate Neutral 
Arylnickel(II) Phosphine Complexes, Inor. 
Chim. Acta 358 (15): 4423-4430. 

[3] Nicholas, E. and Sarah, M.S., 1999, Suzuki 
Aryl Couplings Mediated by Phosphine-free 
Nickel Complexes. Tetrahedron 55 (40): 
11889-11894. 

[4] Hossein, G. and James, E.M., 1997, Synthesis 
of Poly(arylene phosphine oxide) by Nickel-
catalysed Coupling Polymerization. Polymer 
38 (12): 3139-3143. 

[5] Chen C. and Lian-Ming Y., 2007, Nickel(II)-aryl 
complexes as catalysts for Suzuki cross-
coupling reaction of chloroarenes and 
arylboronic acids. Tetrahedron Letters. 48 
(13): 2427-2430. 

[6] Makwena, J.M., Simphiwe, M.N., Richard, 
M.M., Ilia, A.G. and James, D., 2004, 
Cyclopentadienylnickel Thiolate Complexes: 
Synthesis, Molecular Structures and 
Eelectrochemical Detection of Sulfur Dioxide 
Adducts, J. Organomet. Chem. 689 (2): 387-
394. 

[7] Bartlett, M., Carfon, S., Collelly, N.G., 
Harding, D.J., Hayward, D., Orpen, A.G., Ray, 
C.D. and Rieger, P.H., 1999, Structure and 
Bonding in the d4/d3 Alkyne Redox Pairs 
[WX(CO)(MeC CMe)Tp '](z) (X = F, Cl, Br 
and I; z = 0 and 1): Halide Stabilisation of 
Electron Deficient Metal Alkyne Complexes, 
Chem. Commun. 23: 2403-2404. 



��������������	�
��
���������                                                                                        ����� 20 ������� 2 ������ - ��� ���� 2555 

 166

[8] Mats, T., Jean-Rene, H. and Paul, H., 1998, 
Relative M-X Bond Dissociation Energies in 
16-, 17- and 18- Electron Organotransition-
metal Complexes (x = halide, H), Chem. 
Commun. 7: 765-766. 

[9] Jiří, P., Zdeněk, B., Miroslav, Š., Jaroslav, P. 
and Petr, Š., 2001, Preparation and Solid-state 
Characterization of Nickel(II) Complexes with 
1′-(Diphenylphosphino)Ferrocenecarboxylic 
Acid, New J. Chem. 9(25): 1215-1220. 

[10] Guillaume, R., Jean-Noël, R., Anne-Laure, B., 
Lorenzo, S., Geneviève, B., Nadeschda, K., 
Marc, D., Joris, van S., Simon, P., Louis, R., 
Arnaud, M. and Talal, M., 2005, Very Large 
Ising-Type Magnetic Anisotropy in a 
Mononuclear NiII Complex, Angew. Chem. 
Int. Ed. 44 (12): 1876-1879. 

 

 


