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A study on the identification of turquoise by FT-IR
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Abstract Inorganic materials, including gemstones, also have characteristic vibrational energies in the infrared that can be
used for identification. For infrared spectroscopy, absorptions associated with the vibrations of the crystal structure (lattice
vibrations) are characteristic of the given combination of atoms constituting the gemstone. Natural turquoise-CuAl6(PO4)4·
(OH)8·5H2O-can be distinguished easily from its common substitutes in the infrared range 2000~450 cm−1 by features in the
mid-infrared. Gilson turquoise, which is a synthetic, exhibits a significantly smoother pattern when compared with natural
turquoise, because of a different state of aggregation. Also, because the natural turquoise and gibbsite are so different
chemically, their patterns are very different. The technique, which is infrared spectroscopy, is nondestructive and, with
Fourier transform instrumentation, extremely rapid.
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� � ��� ��� ����� ��� ���� ���� �� ���� ��� ��� �� ���� ��� ��
��� ��. ����	 ��� ��� �� ��� ���	 �� ���� ��	 ����	 ��� ��� ����.
�� ���[CuAl6(PO4)4�(OH)8�5H2O]� ��� ���	 �
� ��� 	� 2000~450 cm−1

	 ���� ���� �� �
�� ��� ���� �� ���, �� ������� �� � � ���. �� Gilson ���	 ����� �� ��
�� ����� � �� ���	 ����� ����� �� ���	 ��� �� ���� ��� �����. ��
�� ���� ��� �
 
�� gibbsite� �� ����� ��� ���� �� ��� ���� �� �
 ���
�� ���. ��� ���� ��� ���� �� ��� �����.

1. � �

���� ��(Cu), ����(Al), �(P), �(H2O) �

� ��� ��� [CuAl6(PO4)4�(OH)8�5H2O]�� ��

���� ���� ���� �� ��� ��� ���

[1]. �� ��� �� ����� ���� ��� ��

��� 5000� ��� ���� ������ � � �

� ��. �	��� ���� �� ���� ��� �

���� 12�� ���� �� 11��� ����� �

��� ���� ��[2]. ��� ���� ���� �

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

��� 
��� ���. �� ���� ����� hot

point 	��� �� �� � ��	 �
� � � �

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

� � �� ����� ��� ��. ��� hot point

	�� �� �� ����� 	� �� �
, ��, 	

�, �� ���� 	� ��� �� ���� �� ��

�� ��� �
 ���� ��� ���, 	� ���,

�� ���� ��� �� �� ���[5, 6].

��� � 
���� ���	�[7]� ���� ��

� ���� ���	 ���� ���� ��� ���

�� ���� �� ��� �
 ���� ��� ��

�, 	� ���, �� ���� ����� ���.

2. �� ��

���� 	�� �� 	� ��� �� �� ���

���	 ���, ��� 	�� ����, �� ���

�� �� ED-XRF(Energy dispersive X-ray fluorescence)

�, ���� ��� �� FT-IR(Fourier transform in-

frared spectroscopy)� �����.

���� Duplex II refractometer� ���	 spot �

��� ������, ��� ����� ���	 ��

�� ����� �����. �� ��� �� 
 ��

� �� ���� �� ���� ���� ���� 

�� matrix ��� �� ��� �� � �� ���

��� ��� �	��� ��	 ����� � ��

��� ��� �����. � 	� �� ��, ���

�
 �� ���	 	����.

���� �	� ����� ��, �� ��� ��

�� Rhodium-target X-ray tube� ��� Spectrace

Quan X� ED-XRF� ��� ����, ���� ���

�� ����� �� ��	 Perkin-Elmer� Spectrum

One� ���	 2000-450 cm−1 ��� �����.

3. �� � ��

3.1. ���� ��

Table 1� � 
��� ��� ��� ���� ���

� ��� �� ���. �
 ���� ���(refractive

index)� 1.61(spot), ��(specific gravity)� ��� 2.40~

2.90 �� ����. ��� ���� ���� �
 �

��� ������ ��� �� ��� ��� �

��� � � ���. ��� �
 ���� ����

�� ��� ���� ���� �� ��� ��� �

� �	�. 	� ���� �
 ���� ���, ��,

�� �� ����� ��� �
 ����� ��

� ��� ���. ���� ����� �� ����

gibbsite� �
 ���, ��� ���, 	� ����

���� ����� �� ��� 
��� �� ��

��� ��	� �����. ��� � 	�� ��

�� �� 	���� � 	�� 
���� �
 ��

�� ��� ���, 	� �������� �� ��

�� �	�. � �� �� ���� �
 ���� �

�� ����� ���� ��� �	�� ��� ��

��.

3.2. �� 	�� ��

Fig. 1� � 
��� ��� �
 ���� 	� �

��, ��� ���, �� ���� ��� ����.

Fig. 1(a)� �
 ������ �� �� ����� �

��� 	����� ��(Matrix)�� �� �� ��

(undercut)� 	����. �� ��� ���� � �

�� �� ��� ��� �	 ��. �
 ���� �

������ (b)� 	� ����� ��� ��� �

���� ����� �� ��� ����� ����

��. Fig. 1(b)� 	� ���� ���� ���	 	

�� ���� ��� �� �� �� ��(cream of

wheat)	�� ����. �� �
� ��� ��� �

�� ��(matrix)� ��� �
� �� �� ��

(undercut)� 	��� �	�. Fig. 1(c)� ��� ��

�� ���	 	�� ���� � ��� ��� �

� ���� �� �� ����� ��� ��� �

�
 � ��. Fig. 1(d)� �� ���� ���	 	�

� ���� �
� ���� ��� �� �
� ��

� ��� ����� �� ��(undercut)� �� �


�� ���� ��� ����� � �� �
���

Table 1
Gemological properties of natural and treated turquoise, of gilson synthetic turquoise, and of various imitation turquoise

Natural turquoise Treated turquoise Gilson synthetic
turquoise

Imitation turquoise
(gibbsite)

Various imitation
turquoise

Refractive indices 1.60 or 1.61 (spot) 1.60 or 1.61 (spot) 1.60 or 1.61 (spot) 1.57 (spot) from 1.53 to 1.62
Specific gravity 2.40~2.90 2.30~2.50 2.40~2.90 2.30~2.40 2.18~2.63
Hardness (Mohs) 5~5.5 same or lower than

natural turquoise
5~5.5 2.5~3 lower than natural

turquoise
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��� � � ��. ��� ��� ���	 	�� �

	� ����� ��� ��� �� ����� �	�

��� �� ��� �� �� ��� ��� ��

��.

3.3. �� ��

���� ��(Cu), �	
�(Al), �(P), �(H2O) ��

��� ���[CuAl6(PO4)4�(OH)8�5H2O]�� ����

�� ����. [CuAl6(PO4)4�(OH)8�5H2O]� ����

�� ���� blue color� ����� �� Copper�

���� �� ����. Table 2� �
 ���� ��

��� �
 �� ��� ��� ���. Table 2��

� � ��� CuO� ��� �	
�� ��� Fe2O3

� ��� 	�
�� ���� color� blue�� green

�� �� � � ��. ��� ���� �
 ���

� ���	 �
 ��� ��
 � 
��� ����

����� �� ���� gibbsite[8]� Al2O3� 65.4 %,

H2O� 34.6 %�� �� ��� �� ��� ���.

3.4. ���� ��

Fig. 2�� Fig. 6� �
 ���� �
�� ���

���, 	� ���� ���� ��� ���� ��

� ������. � 
��� ��� �
 �����

� OH� [PO4] tetrahedron� �� curving vibration,

stretching vibration� 		[9-11]� �� peak� �	�

��. 1195, 1155, 1116, 1050, 1005 cm−1
�� P-O� 	

	� stretching vibration� �	 ����, 833, 779 cm−1

��� OH� 		� curving vibration�, 649, 607, 570,

535, 479 cm−1
��� P-O� 		� curving vibration�

�	�� �	 ���. Fig. 3� 	� ���� ���

����� �
 ���� ��� ��� ��� ���

Fig. 1. Microscopic image of natural and treated turquoise, of gilson synthetic turquoise, and of imitation turquoise.

Table 2
Chemical composition of natural turquoise from light blue to
green color

CuO Al2O3 P2O5 Fe2O3 H2O

Light blue color 9.78 35.60 34.90 19.72
Blue-green color 7.21 35.65 34.32 2.87 19.95
Green color 6.88 34.51 34.82 4.04 19.75
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� sharp� �
 ���� peak�� �� 1131, 1060,

1005 cm−1
�� P-O� 		� stretching vibration� �

�� band ��� �	�� ���. �� �
 ����

� ���� 1195, 1155 cm−1 peak� �	�� �	�.

��� 	� ���� �
 ���� ��	 ����

��� ��
� � � ���. Fig. 4� �
 ����

����� ��� ���� 1194, 1155, 1115, 1050,

1005 cm−1
� 831, 777, 647, 606, 570, 535, 479 cm−1

�

� �
 ���� peak� �� ���� ��	���

��� ��� ���� �	�� 1720 cm−1
�� ���

�� 		� peak� ��� �	��� �� ��� �

������ �
 ���� ��� 
 � �� ���

�� � ���. Fig. 5� � 
��� ��� r-Al(OH)3

� ���� �� gibbsite� ������. 1720, 1018,

963, 873, 834, 795, 730, 666, 581, 558 cm−1
�� ��Fig. 2. Infrared spectrum of natural turquoise.

Fig. 3. Infrared spectrum of synthetic turquoise.

Fig. 4. Infrared spectrum of treated turquoise.

Fig. 5. Infrared spectrum of imitation turquoise (gibbsite).

Fig. 6. Infrared spectrum of imitation turquoise (calcite).
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peak� �	���� �
 ����� �
 ��� ��

���. Gibbsite� peak � 1720 cm−1 peak� ���

�� gibbsite ��� ���� ���� ��� ��

blue color� ��� �� ����� ���� ��

�� �
��. Fig. 6� calcite� ���� �� ���

� ��� ���� �� 1413, 872 cm−1
�� peak�

������ �
 ���� �� ��� �����.

4. � �

���� ���� 	�� ��� ���� �
, �

�, 	�, �� ���� ��� �� ��� ����

�	��� �, �� ��� �	� 
	�� �� ��

� �	�� ���� ��� ���� ���� ���

��� ��� �� ��� �����.

1) �
 ������ �	�� �	�� 1720 cm−1
�

����� 		� peak� ��� ����� ����

�. ��� ��� �� ��� ��� ���� ��

�� �� ��� � �� 	��� ��� ���� �

��� ���� 
�� �
 ���.

2) ��� ��� ������ ����� �
 ��

�� ��� � ��� ���� ��� 	� Gilson �

��� �� ���� ��� ���� ��� ���

��
 � ���.

3) �� ����� �� ���� blue color� ��

� gibbsite� calcite �� �
, ��, 	� ���� �

���� ��� ��� ��� ���� ��� ��

��� ��	�� �� �
, ��, 	� ���� ��

��� �����.
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