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Synthesis and structure of (C6H5CH2NH3)2CuCl4 and
(NH3C6H4C2H4C6H4NH3)CuCl4
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Abstract The layered organic-inorganic hybrid compounds (C6H5CH2NH3)2CuCl4 and (NH3C6H4C2H4C6H4NH3)CuCl4 have
been directly synthesized. From the X-ray diffraction data and the organic guest size, the orientation of the intercalated
organic amine was determined. The inorganic sheets consist of CuCl4

2− layers of corner-sharing octahedra copper chloride.
The protonated organic amine was intercalated into the CuCl4

2− layers with bilayer structure for (C6H5CH2NH3)2CuCl4 and
monolayer structure for (NH3C6H4C2H4C6H4NH3)CuCl4. 

Key words Layered compounds, Inorganic-organic hybrid compound, Monolayer-bilayer structure
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� � �� ��� ��-�� �� ���� (C6H5CH2NH3)2CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4� �� �����.
X-� �� ���� ����� ����� �� ��� ������ ��� ��� �����. ����� �� �	�
� ��� ���� 
� ����� CuCl4

2− ��� ���� 
�. (C6H5CH2NH3)2CuCl4� ��� ���� � �����
��� CuCl4

2− � �� �� � ��� ���� 
�, (NH3C6H4C2H4C6H4NH3)CuCl4� ��� �� � ��� ����

�.

1. � �

�� ��� ��� �� �� ���� 2��� ��

� �� ��� ��� ��� �� ��. �� ���

��� �� ���� �� ��� ��-�� ��

(organic-inorganic hybrid) ���� �� ��� ��

�����[1-4]. ������ ����� �� ���

�� ��� �� ��-�� �� ���� �����

� � 	�� ���� � ��� �� ������ �

���. ��� ������ �� ���� ��� �

�� ������ ��� ��� ��� ��� ��

����� �� �
� ���� ��. �� ��-��

�� ���� ������ �� �� ��� ����

�� ��� ���� �� �	�
� ���� ��,

��� ������ �� ��� ���(polarizability)

� ��� ��� ���� �� � � �� 
�� �

�. ��� ��-�� �� ���� �� ��� ��

�� ��� �� ���� ��� �� ������

��� �� �� ���� ��� 	�� ��� ��

�� ��� � ��.

IBM� Mitzi �� ��-�� �� ���� ��-��

�	��(organic-inorganic electronics) ��� ����

��. ����� ��� ��� ��-�� �� ��


�(organic-inorganic light emitting diodes; OILED)�

�����[5-7]. �� ��-�� �� ��
�� ��

� ���� ����� ��� �
 ��� �� � �
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� ���� �� ��� ��� ������ �� �

�� �� 	���. ��� � ����� CuCl4
2− ��

� ���� ����� �� ��� ��� ������

��� ��-�� �� ���� �����. ��� ��

���� ��� X-� �� �� ���� �����.

2. �� ��

CuCl4
2− �� C6H5CH2NH3

+ ���� ��� (C6H5-

CH2NH3)2CuCl4 ���� 0.025 M CuCl2�2H2O ���

�	 20 ml� 0.05 M C6H5CH2NH2�HCl ��� �	

20 ml� ���
 ��� ���. 2�� �� ����

�� � � ����� ��� �����. 
 4� �

� �� ��� 	�� ���. ��� ��� ���

� ����� 
��� �� � ���� 
����.

CuCl4
2− �� NH3C6H4C2H4C6H4NH3

2+ ���� ���

(NH3C6H4C2H4C6H4NH3)CuCl4 ���� 0.11 M CuCl2�

2H2O ��� �	 35 ml� 0.11 M NH2C6H4C2H4C6H4NH2

��� �	 35 ml� �� � �� �� ��� � �

� ����� ��� ���. ��� ��� �� ��

�� ��� ���. ��� ��� ���� ����

� 
��� �� � ���� 
����.

X-� �� ��� SIMENS Diffractometer D5000�

�����. ��� ���� Cu Kα��, �� 	��

2θ = 3~30o
� ���. ���� 
���� scanning

electron microscope, SEM(FEI, XL30 ESEM-FEG)�

�����. ���� �� ���� � ��(TGA

Instruments TGA 2050)� ���
 �����. ���

� ���� �� ��(CHNS, CE Instrument EA 1112

series)� ���
 ���. ��� (C6H5CH2NH3)2CuCl4

���� �� �� �	�� ���� ��� ��. C

(�	): 39.7%, C(��): 39.9%, H(�	): 4.8%, H(��):

4.8%, N(�	): 6.6%, N(��): 6.6%, S(�	): 0.0%, S

(��): 0.0%��. ��� (NH3C6H4C2H4C6H4NH3)CuCl4

���� �� �� �	�� ���� ��� ��. C

(�	): 40.6%, C(��): 40.1%, H(�	): 4.6%, H(��):

4.3%, N(�	): 6.7%, N(��): 6.6%, S(�	): 0.0%,

S(��): 0.0%��. ��� (C6H5CH2NH3)2CuCl4�

(NH3C6H4C2H4C6H4NH3)CuCl4 ���� 	�� ���

��� �����.

3. �� � ��

(C6H5CH2NH3)2CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4

���� CuCl2�2H2O� 
� �	� C6H5CH2NH2�HCl

� HCl� ��� NH2C6H4C2H4C6H4NH2 
� �	� �

� ���
 ��� ���. Fig. 1� (C6H5CH2NH3)2CuCl4
� (NH3C6H4C2H4C6H4NH3)CuCl4 ���� SEM ��

��. (C6H5CH2NH3)2CuCl4� ���� �� ��� �


��. ��� ��� �� ��� ��� �����

10 µm�30 µm� ����� ��� �
��. �� �

�
 (NH3C6H4C2H4C6H4NH3)CuCl4 ���� 0.7 µm�

1 µm� ��� �� �
�� ��� ��� ����

���� ���. ��� (C6H5CH2NH3)2CuCl4 ���

� (NH3C6H4C2H4C6H4NH3)CuCl4 ����� ����

	�� ������ �����.

TGA� � ��� 	� (C6H5CH2NH3)2CuCl4 ����

������ �
�� ��� 250oC�� C6H5CH2NH2�

HCl� � �
 �� 250oC� ����. C6H5CH2NH2�

���� 185oC��. ��� (C6H5CH2NH3)2CuCl4 ��

�� �� ��� ������ ��	�� ��� ��


 ��� ���� �����. �� (NH3C6H4C2H4-

C6H4NH3)CuCl4 ���� ������ �
�� ��

� 350��� NH2C6H4C2H4C6H4NH2� � �
 ��

250� �� 100� �� ��. ��� �	�� �� �

� ���� NH2C6H4C2H4C6H4NH2�2HCl� � �


Fig. 1. SEM micrographs of (A) (C6H5CH2NH3)2CuCl4 and (B)
(NH3C6H4C2H4C6H4NH3)CuCl4.
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��� ����� ����. ��� (C6H5CH2NH3)2-

CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4 ����� �

�� ������ ��	�� ����� 

�� �

�� ��� �� ���� ���� ���� ���

��.

Fig. 2� (C6H5CH2NH3)2CuCl4� (NH3C6H4C2H4C6H4-

NH3)CuCl4 ���� �� X-� �� ��� � �	�

� ����(Miller index)� �
��. Fig. 2(A)��


 � ���, ��� �
� ��� (00l) ���� �

��� �� ���� ���� �� ��� ��� �

�� �
��. (NH3C6H4C2H4C6H4NH3)CuCl4 ����

X-� ����� ���� �� ��� �
�� ���,

(C6H5CH2NH3)2CuCl4 ���� X-� �� ���� �

� �	�� ��� ��, ���� �� ��� (00l)

��� �	� �� �� �	�� ���� ��. ���

(C6H5CH2NH3)2CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4 �

�� �� �� ��� �� ���, (C6H5CH2NH3)2-

CuCl4 ���� (NH3C6H4C2H4C6H4NH3)CuCl4 ���

�� � ��� �� ��� ��� �
��. X-� �

� ������ ��� (C6H5CH2NH3)2CuCl4� (NH3-

C6H4C2H4C6H4NH3)CuCl4 ���� � ��� ��

16.0�� 16.7���.

(C6H5CH2NH3)2CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4

����� CuCl4
2− �� ��� C6H5CH2NH3

+ ���

NH3C6H4C2H4C6H4NH3
2+ ��� ��� ��� ���

������ ��� X-� �� ������ �� �

��� ���� �� ��� � ��. Alchemy ����

�� �� C6H5CH2NH3
+ ��� NH3C6H4C2H4C6H4NH3

2+

��� ��� �� 7.1�� 13. 9���. �	� ��

� �� 
 � ��� NH3C6H4C2H4C6H4NH3
2+ ���

��� C6H5CH2NH3
+ ��� ��� 
 2�� � ��

�. �� ��� ��� �� ��� �� 6�� Cl− �

�� 	���� ��� ��� �� ���� ��

CuCl4
2− �� �	� �� Cu-Cl ��� � �� � �

�� ���� ���� 4.6�� ��.[8] (C6H5CH2-

NH3)2CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4 ����

� CuCl4
2− �� ��� C6H5CH2NH3

+ ��� NH3C6-

H4C2H4C6H4NH3
2+ ��� ��� 
 6.8� ��� �

��� ���� X-� �� ������ ���

(C6H5CH2NH3)2CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4

���� � ��� 16.0�� 16.7�� �� ����

��� �� � �� ��� ������ �� ���

�� ���� �� �
��.

�
� � �� ��� ������ �� � ��

(monolayer structure)� �� ��� CuCl4
2− � �� �

����� ��� ��� �� ��� CuCl4
2− �� �

	� ������ ��� ��� � ���. �� ��

���� (C6H5CH2NH3)2CuCl4� (NH3C6H4C2H4C6H4-

NH3)CuCl4 ���� �� ��� �� 11.7�(7.1 +

4.6)� 18.5�(13.9 + 4.6)��. ��, � �� ��� �

����� �� � ��(bilayer structure)� �� ��

� CuCl4
2− � �� ������ ��� ��� ��

��� CuCl4
2− �� �	� ������ ��� 2��

�� ��� � ���. �� �� ���� (C6H5CH2-

NH3)2CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4 ����

�� ��� �� 18.8�(7.1�2 + 4.6)� 32.4�(13.9

�2 + 4.6)��.

Fig. 2� X-� �� ������ ��� (C6H5CH2-

NH3)2CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4 ����

� ��� �� 16.0�� 16.7���. ��� (C6H5-

CH2NH3)2CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4 ��

�� CuCl4
2− � �� C6H5CH2NH3

+ ��� NH3C6H4C2-

H4C6H4NH3
2+ ��� �� �� � ��� �� � ��

� ���� �� ���. �� �� (C6H5CH2NH3)2-

CuCl4 ���� �� � ��� ���� ���� �

� ��� 11.7��� �	�� ��� �� �� 16.0

���. ��� 16.0�� �� ��� 	��� �
�

� ��� ������ �� � ��� ��� ��.

���� ��� ��� ����(18.8�)� �	 	�

(16.0�)�� 
� � �� ��� CuCl4
2− � �� �

�� C6H5CH2NH3
+ ��� ���� ��� CuCl4

2−
�

�� �� ���� CuCl4
2− ��� C6H5CH2NH3

+ ��

� 
� ��� ���� ����� ����. ���

��� (C6H5C2H4NH3)2PbI4 ���� �	� X-� �

� ������ ��� � ��.[9] ��� (C6H5CH2-

NH3)2CuCl4 ���� ����� ��� ��� ���

���� 18.8��� 
� �� ���� �	 	�

16.0�� �	 � ���� 
 � ��. �� �����

Fig. 2. X-ray diffraction patterns and Miller indices of (A)
(C6H5CH2NH3)2CuCl4 and (B) (NH3C6H4C2H4C6H4NH3)CuCl4.
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(NH3C6H4C2H4C6H4NH3)CuCl4 ���� ��� � ��

16.7�� CuCl4
2− �� ��� NH3C6H4C2H4C6H4NH3

2+

��� �� ��� �� ��� ��� 18.5�� ��

��. ��� ���� ��� CuCl4
2−
� �� �� ��

�� CuCl4
2− ��� NH3C6H4C2H4C6H4NH3

2+ ��� 


� ��� ����� 18.5��� 
� ��� ���

� 16.7�� ���� � ���.

(C6H5CH2NH3)2CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4

���� CuCl4
2− � ��� ��� C6H5CH2NH3

+
�

NH3C6H4C2H4C6H4NH3
2+
� �� ��� ��� ����

�� ��� ��� 
��� ����. C6H5CH2NH3
+

����� � ��� ���� ���� � ��

CuCl4
2− �� �� �� CuCl4

2− � �� ����� 	

�� ����. �� ��
 NH3C6H4C2H4C6H4NH3
2+ �

���� �� �� 2�� ���� ���� � ��

CuCl4
2−
� �� �� CuCl4

2−
� ���� ��� 	��

����. ��� (C6H5CH2NH3)2CuCl4� (NH3C6H4C2-

H4C6H4NH3)CuCl4 ���� CuCl4
2− � ��� ���

C6H5CH2NH3
+
� NH3C6H4C2H4C6H4NH3

2+
� �� ���

�� �� �(bilayer)� �� �(monolayer)�� ��

�� ���. ��� (C6H5CH2NH3)2CuCl4� �� ��

��� ��� ��� � �� CuCl4
2−
� �� ��

CuCl4
2−
� 
�� �
� ��� C6H5CH2NH3

+ ����

��� ��� ����� � �� CuCl4
2−
� �� ��

CuCl4
2−
� 	�� �� � ���. ��� CuCl4

2− ��

����� ABABAB� ��� � ���. (NH3C6H4-

C2H4C6H4NH3)CuCl4 ���� �	� � �� CuCl4
2−
�

�� �� CuCl4
2−
� �� ���� ��� ���

NH3C6H4C2H4C6H4NH3
2+ ���� ���� ��� ��

�. ��� Fig 1(A)��� ����� (002), (004),

(006) ��� ��� ��� Fig. 1(B)��� (001),

(002), (003) ��� �����. (C6H5CH2NH3)2CuCl4

� (NH3C6H4C2H4C6H4NH3)CuCl4 ���� ��� �

�� Fig. 3� �� ���.

(C6H5CH2NH3)2CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4

���� �� ��� ����� 	�� �	� ��

������ ��� ��� �� ��� �� 6��

Cl− ��� 	���� ��� ��� �� ���� �

� CuCl4
2− �� ��� ��� �� ��� �� � �

�� ��� ������� �� �� ������ �

�� �� �	��(van der Waals interaction)� ��

�� ����. (C6H5CH2NH3)2CuCl4 ����(NH3C6-

H4C2H4C6H4NH3)CuCl4 ����� � �� �� ���

�
 �� �� �� ��� CuCl4
2− ����� � �

� ���� ��� ������ ��� �� �	��

� (C6H5CH2NH3)2CuCl4 ����� � �� ����

��� ���. � ����� (C6H5CH2NH3)2CuCl4�

(NH3C6H4C2H4C6H4NH3)CuCl4 ���� �	�(single

crystal) X-� �� 	�� ���� ���� CuCl4
2− �

� ��� ������ ��� ��� ������ �

	� ��� X-� �� ������ �� � ���

���
 �����.

4. � �

(C6H5CH2NH3)2CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4

��� �� �� ��� �� ��� �����. ��

(C6H5CH2NH3)2CuCl4� ����� 10 µm�30 µm�

����� ��� �� ��� �
��. (C6H5CH2-

NH3)2CuCl4� (NH3C6H4C2H4C6H4NH3)CuCl4 ����

� CuCl4
2− �� ��� C6H5CH2NH3

+ ��� NH3C6H4-

C2H4C6H4NH3
2+ ��� ��� ��� ��� ����

�� ��� X-� �� ������ �� � ���

���
 �����. (C6H5CH2NH3)2CuCl4 �����

C6H5CH2NH3
+ ����� � ��� ���� ���

Fig. 3. Schematic illustration for the orientation of (A)
(C6H5CH2NH3)2CuCl4 and (B) (NH3C6H4C2H4C6H4NH3)CuCl4.
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� �� ��� CuCl4
2− � �� ��� 	�� ���

�� �� ��� CuCl4
2− �� �� 	���� Fig.

3(A)� �� ��� ������ ��� ��� ��

�. ��� (NH3C6H4C2H4C6H4NH3)CuCl4 ������

NH3C6H4C2H4C6H4NH3
2+
� �� �� ���� ����

� �� CuCl4
2−
� �� �� CuCl4

2−
� ��� 	��

����. ��� Fig. 3(B)� �� ��� �����

� ��� ��� ���.

��� �

� ��� ��	 ��	 ����(M102KS010001-

02K1901-01810)� ���� �����.

� � � �
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