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Hydroxyapatite (Ca, 0 (P04MOH) 2 : HA) is one of the most interesting materials with biomaterials, 

adsorbent, electrical devices and so on. It has been already suggested that the stability of OH ion is closely 

related to the ability for bone formation and the ionic conductivity. Thus, it is of vital importance to have 

reliable methods for measuring quantity of OH ion at wide range of temperature. However, the information 

can not be easily obtained by XRD, IR, NMR and TEM. In this study, Raman spectra of HA have been 

successfully obtained at temperatures up to 1200'C for the first time by using a new system of ultraviolet 

(UV) Raman spectroscopy. With increasing temperature the intensity of a band ascribed to the stretching 

vibration of the OH ion continuously decreased, moreover additional bands appeared in the vicinity of the 

original band. The total intensity of these bands did not change significantly up to about SOOt:, whereas 

they decreased at temperatures higher than about SOOt:. The total intensity at room temperature after 

cooling did not recovered to that of starting material. These results indicate that oxyhydroxyapatite is 

produced by dehydration of hydroxyapatite over SOOt: in air and the dehydration is irreversible. This study 

can provide important information for designing new advanced materials in the near future. 
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I. INTRODUCTION 

Hydroxyapatite (Ca 10 (P04 ) 6 (0H) 2 : HA) is 

one of the most interesting materials such as 

biomaterials, column materials for chromatography, 

electrical devices and so on. Their physical and chemical 

properties relating to such utility strongly depend on the 

crystal structure. Especially, it has been suggested that 

the stability of OH ion in the structure of HA is closely 

related to the temperature of decomposition, the solubility 

and the ionic conductivity. In a lower partial pressure 

of water at high temperature, oxyhydroxyapatite 

(Ca10 (P04 )6 (0Hh.x0xDx , D=vacancies : OHA), 

tricalcium phosphate (Ca3(P0 4h) and tetracalcium 

phosphate (Ca4P20 9) can be produced by dehydration 
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and decomposition of HA'>·3 >. It has been reported 

that OHA has higher solubility than HA 4>. 5> and that the 

OH lattice sites are the conduction path of HA 6>· 7>. Thus, 

it is of vital importance to have reliable methods for 

measuring quantity of OH ion at wide range of 

temperature. The information with the characteristic 

spectral features of the OH group leads to the 

identification of important structural characteristics that 

can not be made by XRD. Degree of dehydration has 

been measured by FT -IR8>· 9
l, NMR 10> and TG ">. 

However, the weight losses by TG contains the 

evaporation of different components such as P20 5 and 

adsorbed water. FT -IR and NMR are also not appropriate 

for measurements at high temperatures. Ultraviolet (UV) 
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Raman srectroscopy, however, is more suitable for 

measurements at high temperatures, because the UV 

excitation shifts the wavelengths of Raman scattering 

away from the peak intensity of the thermal emission to 

lower wavelength positions 121
• Therefore, in this study, 

Raman measurements for HA at various high 

temperatures have been performed by using a new CW 

(continuous-wave) UV Raman spcclroscopic system 

designed to measure the Raman scattering from materials 

at high temperatures. 

2. EXPERIMENTS 

The crystalline pure HA employed for Raman 

measurements was prepared by hydrothermally 

treatment from a low crystalline HA (hy Mitsubishi 

Material Co. Ltd., .Japan) at 200'C for !Oh. In situ 

Raman measurements for HA compacted specimen at 

various temperatures have been performed by using a 

system (Atago-Jobin Yvon, Japan-France) that is based 

on a UV argon-ion laser (363.8nm), a spatial filler, a 

single monochromator coupled lo a double-grating 

rejection filler and a two-dimensional charge-coupled 

device (CCD) detector. The system was described in the 

past paper 121 in detail. The sample was mounted in a 

furnace with Pt-Rh heater where the sample was 

placed and then fixed on a PR-13 thermocouple with 

alumina cement. The specimen was heated with a rate 

of I 0 't · mi n 1
, and then temperature was kept constant 

during the measurements (within ±I 'C). Each 

measurement was done in air after a constant temperature 

was maintained for I Omin. The laser power at the tube 

level was ~et at IOOmW. 

3. RESULTS and DISCUSSION 

In this study, particular attention was given to bands 

around 3570cm·1
; this band is attributed to hydroxyl 

groups in structure of HA. Al room temperature, a typical 

Raman spectrum of HA was observed in the wavenumber 

range of 3300-3800cm 1 (Fig. I). The intensity and 

frequency of a band ascribed to the stretching vibration 

of the OH ion around l570cm·' decrcased continuously 

with increasing temperature. Moreover, additional bands 

appeared in the vicinity of the original band as indicated 

by+ (around 3540cm- 1
) and .A (around 3650cm. 1

) 
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Fig. I Temperature dependence of Raman 
bands assigned to OH stretching vibration 
with increasing temperature. 
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Fig. 2 Variation of the total intensity in the 
-t 

wavenumber range of 3300-3800cm with 
increasing temperature(.). The symbol (0) 

represents the total intensity after cooling. 

in Fig.!. The intensity of additional band indicated by 

• increased up to soot, and then decreased over 

800't. On the other hand, the intensity of additional 

band indicated by A (around 3650cm _,) decreased with 

increasing temperature. A simi Jar behavior has been found 

in the temperature dependence of IR spectra up lo 

500't for a band indicated by + in Fig. I 91 • Another 

additional band indicated by T became belter resolved 

at temperatures in the range of 700° to I 050 't .. In this 

study, it was assumed that these additional bands are 

attributed to a disordering of OH ion in the hydroxy 

columns of the apatite and total intensity of these bands 

is proportional to the total number of OH ion. The total 
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Fig. 3 XRD patterns of HA heated at (a)800" 
(b) 1000' and (c) 1200"C for 15h. 

All measurement has been done at room 
temperature. 

intensity of these bands scarcely changed up to about 

800'C. whereas the intensity decreased at temperatures 

higher than about 800'C (Fig.2). This result indicates 

that oxyhydroxyapatite was produced due to the 

dehydration of HA over 800'C without decomposition. 

Actually, XRD patterns did not change during 

dehydration up to 1200'C. That is, XRD could not 

determine the decomposition products fanned during the 

heat treatment (Fig. 3). The total intensity of the Raman 

peak after cooling was smaller than that of the starting 

sample and the hysteresis was observed (0 in Fig.2). 

Therefore there is an irreversible eliminative reaction of 

OH ion from HA in air. This consideration was supported 

by the results of thennogravimetry ,~~_ The weight loss 

due to elimination of OH ion from HA was observed 

over about 800'C. By cooling from these temperatures, 

the weighLof sample scarcely recovered and the hysteresis 

was shown in TG curves. 

4.CONCLUSION 

We have proposed that UV Raman system is 

available to observe the structural changes in hydroxy· 

apatite at high temperatures. In this study, Raman spectra 

of hydroxyapatite have been successfully obtained at 

temperatures up to 1200'C for the first time by using a 

new system of UV Raman spectroscopy. It has been 

clearly shown that the loss of OH on by dehydration 

arise at higher temperatures than about soot without 

destruction of the HA structure. These facts imply that 

changes in the composition during heat treatment should 

bring about the variation of the structure, the physical 

properties and chemical properties. This study will be 

able to provide important information for designing new 

advanced materials in the future. 
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