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Abstract: In this paper, the high pressure Raman scattering spectroscopy of Cd2(HATr)4(NO3)4·H2O (Cd) was measured by diamond 
anvil cells (DACs) up to 10GPa. The Raman spectra of Cd at 0GPa was assigned completely. With pressure increased to 6GPa, a new 
Raman peak appeared and the original C-NH2 bending vibration mode and N-NH2 bending vibration mode disappeared, indicating that Cd 
underwent a phase transition.
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1. Introduction
With the rapid development of science and technology, the design and synthesis of new materials and the exploration of new properties 

and functions of substances have gradually become the most important frontier scientifi c issues. High pressure science refers to exploring 
the structure and properties of materials under the conditions of high pressure or ultra-high pressure[1]. Under high pressure, the atomic 
distance is shortened, the intermolecular or intramolecular interaction is changed, and the density of matter is increased, which leads to the 
occurrence of phase transition and the structure and physical properties of materials are changed[2-4].

Energetic materials are usually made up of strong oxidation and explosive groups, which contain high nitrogen content. Such 
compounds are easy to decompose or explode when the external stimulation energy exceeds a certain threshold. Energetic materials are often 
used in the fi elds of detonators, high energy explosives, rocket propellants, etc. The study of energetic materials have important research 
value and broad application prospects in national defense and military[5].

Figure 1. The crystal structure of Cd (red, gray, beige, white and blue represent O, C, Cd, H and N, respectively)
3-hydrazine-4-amino-1,2,4-triazole (HATr) is a class of nitrogen-rich heterocyclic ligands with high enthalpy of formation and dense 

structure. Cd2(HATr)4(NO3)4·H2O (Cd) is a three-dimensional network coordination compound, which is formed by the coordination of 
nitrate and water molecules accompanied with the metal Cd as the central cation and HATr as the ligand. The crystal structure of Cd is 
triclinic P-1 space group. and its crystal structure is shown in Figure[6,7]. In this paper, the change of the vibration modes of Cd and the 
relationship between the molecular structure and the pressure are analyzed by in situ Raman scattering spectroscopy in the pressure range of 
0 ～ 10GPa.

2. Experimental method
High pressure experiments are performed in a set of diamond anvil cells (DACs) with a diameter of 500μm. The gasket is a T301 

stainless steel sheet. The gasket was drilled a hole with 120μm in diameter and 60μm in thickness, which is served as the  high pressure 
sample chambers. The pressure transmitting medium is a mixture of methanol and ethanol with a volume ratio of 4:1. The Raman spectra 
were measured by Horiba iHR550 spectrometer with Smart Raman Microconfocal module (developed by Institute of Semiconductors, 
Chinese Academy of Sciences). The wavelength of the excitation light is 532nm. The resolution of the Raman system is about 1cm-1. The 
acquisition time of each spectrum is 10s.

3. Results and discussions
In diff erent chemical environments, the vibration mode of the same group have similar characteristic frequencies. The vibration modes 

of Cd can be analyzed in terms of the corresponding vibrations of HATr and nitrate ions. The Raman spectra of Cd under ambient pressure 
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are shown in Figure 2.

Figure 2. Raman spectra of Cd under ambient pressure.
According to the vibration modes of 1,2,4-triazole and HATr in the literature, the bending vibration of N-NH2 (βN-NH2) in Cd appears 

at 408cm-1, the bending vibration of C-NH2 (βC-NH2) appears at 486 cm-1, and the out of plane bending vibration of 1,2 ,4-triazole (δring) 
appears at 638 cm-1 and 720 cm-1. The stretching vibration modes of 1,2,4-triazole (νRing) were located at 1000 cm-1 and 1052 cm-1. The 
twisting vibration of  NH2(τNH2) appears at 1218 cm-1. The bending vibration of N-H (βN-H) appears at 1558 cm-1. The Raman peak at 1631 
cm-1 is the bending vibration of the NH2 (βNH2) group, which is consistent with the vibration peak at 1600 ～ 1700 cm-1 in the literature[8]. 
The bending vibration of N-H (νN-H) appears at 2800 ～ 3200 cm-1, and the N-H stretching vibration of Cd is 2833 cm-1, 2961 cm-1 and 
3163 cm-1, respectively.

In situ Raman spectra of Cd were performed under high pressure up to 10GPa. The Raman spectra were shown in Figure 3(a-d). The 
diamond ( ◆ ) and asterisk (*) represent the appearance and disappearance of Raman peaks, respectively. Raman peaks below 400cm-1 are 
associated with external vibration modes, and those above 400cm-1 are identifi ed as internal vibration modes. In Figure 3(c), the intensity 
of 1,2,4-triazole stretching vibration mode at 1488 cm-1 increased at 0.5GPa as marked by upward arrows, indicating that the molecular 
structure of the 1,2,4-triazole changes from non-planar to planar, which is similar to the phenomenon in Ni3[(C2H5N5)6(HO2)6]6(NO3) 
6·1.5H2O

[9]. At 1GPa, the H2O bending vibration mode at 1588 cm-1 disappeared, meaning the change of C-H…O hydrogen bond. In Figure 
3(d), the N-H stretching vibration mode exhibits redshift below 5GPa, indicating that Cd has weak or moderate strength hydrogen bonds. 
As the pressure increased to 5GPa, the N-H stretching vibration mode disappeared, suggesting that the original hydrogen bond is broken. 
When the pressure increased to 6GPa, a new external mode appeared at 242 cm-1 accompanied with the disappearance of the C-NH2

bending vibration mode and N-NH2 bending vibration mode, indicating the occurrence of a phase transition. The phase transition may be 
caused by the distortion of HATr ligand. With increasing pressure, all the Raman peaks move towards high frequencies, indicating that the 
intermolecular distance decreases under high pressure.

Figure 3. Raman spectra of Cd under high pressure.
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4. Conclusion
To sum up, in this paper, the Raman vibration modes of Cd under ambient pressure were assigned. The molecular structure of 

1,2,4-triazole in Cd changes from non-plane to plane at 0.5GPa. With the pressure increased to 1GPa, the C-H…O hydrogen bond of Cd 
has changed, and broke until to 5GPa. When compressed to 6 GPa, the C-NH2 bending vibration mode and N-NH2 bending vibration mode 
disappeared, indicating the phase transition of Cd. The study of Cd under high pressure is helpful to study the infl uence of pressure on the 
complex and the change of hydrogen bond, which may be benefi cial to the subsequent development of the coordination compounds.
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