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ABSTRACT 

Although it is known that the CaSO4/H2O system is formed by at least five different phases, 

this fact is not correctly documented in Raman spectroscopy studies. The main problem 

detected in the literature was the incorrect definition of the anhydrite, which produced the 

assignation of different spectra for a single compound. In this sense, two different spectra 

were clearly identified from the bibliography, which showed different main Raman bands at 

1017 or 1025 cm-1, although anhydrite could be present even as three different polymorphous 

species with different structures. A better knowledge of the whole system obtained from a 

review of the literature allowed new conclusions to be established. Thanks to that revision and 

the development of different thermodynamical experiments by Raman spectroscopy, the 

Raman spectra of each phase were successfully identified for the first time. In this way, the 

main Raman bands of gypsum-bassanite-anhydrite III-anhydrite II-anhydrite I were identified 

at 1008-1015-1025-1017-1017 cm-1 respectively. To conclude this work, the contradictions 

found in literature were critically summarized. 
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INTRODUCTION 

The CaSO4-H2O system contains some of the most important compounds usually used in 

different fields nowadays and it includes three different minerals: gypsum (CaSO4·2H2O), 

bassanite (CaSO4·0.5H2O) and anhydrite (CaSO4). Gypsum is the most abundant sulphate 

mineral in nature and it is widely used in many industry fields, such as construction, or as 

fertilizer. Calcium sulphate hemihydrate appears in nature as bassanite mineral and it is the 

most-produced inorganic compound in the world, being known as “Plaster of Paris”. Lastly, 

anhydrite is frequently found in evaporate deposits together with gypsum and it also has high 

importance in industry1-3. In spite of its relevance, there are many unknown points in the 

hydration-dehydration process of the CaSO4-H2O system because it has demonstrated to be a 

really complex system, which is affected by numerous factors such as impurities, temperature, 

pressure, humidity, etc4, 5. In order to solve these unknowns points, a large number of studies 

about this system carried out by many different techniques as, for example, Raman 

spectroscopy, x-ray diffraction (XRD) or thermo gravimetric analysis (TGA)5-9 can be taken 

into account. However, there still seems to be many unanswered questions about the system2, 

7. 

 

Raman spectroscopy is one of the most used techniques for the study of these kind of systems 

due to its high sensitivity to small structure variations, which allows polymorphic compounds 

to be distinguished10-13. Furthermore, when hydration-dehydration processes are studied, it is 

very useful to carry out the monitoring of the loss of water in order to try to determine the 

transition point between different phases and this technique can also be used to obtain this 

information through the study of the 2900-3700 cm-1 region6, 7, 14, 15. 
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Nevertheless, at the same time, it is remarkable the numerous different Raman spectra 

collected in bibliography for the different phases of CaSO4-H2O, which are reported by 

different authors without a clear consensus, being the main problems related to bassanite and 

anhydrite phases 1, 6, 7, 10, 14, 16-21. These incongruences go beyond the natural evolution of the 

research in this field because they are still present in the latest works which could lead to 

difficulties for new researches. For that reason, this work aims to clarify once and for all, the 

Raman spectra of the different phases of CaSO4-H2O, firstly by a thorough study of the 

bibliography and a subsequent complementation with the required experimental work. 

 

CaSO4-H2O system and problems detected in Raman spectroscopy studies 

Apart from the natural development of the research that could generate the finding of 

incorrect information in older articles, the most important problem encountered in 

bibliography is related to the description of the different phases of CaSO4-H2O. In general, 

only three phases are defined: gypsum (CaSO4·2H2O), bassanite (CaSO4·0.5H2O) and 

anhydrite (CaSO4), which match with the minerals found in nature. However, the complete 

hydration-dehydration system includes more than one type of anhydrite and this fact was the 

key to understand the contradictions found in literature to obtain the correct Raman spectra of 

each phase. 

 

A summary of the studied system formed by at least five different phases is collected in Table 

1. The starting point is gypsum which is the most common phase and it dehydrates to form 

calcium sulphates with lower H2O content, being some of them metastable phases, as 

bassanite and anhydrite III (AIII). The first dehydrated phase formed is known as bassanite or 

hemihydrate and it could be present in different morphologic forms (α, β or β’), depending on 

the dehydration process. Heating gypsum in wet conditions produces α form, whereas heating 
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it under ambient conditions results in the formation of the β type hemihydrate 2, 3, 8. It is 

necessary to mention that although this compound is a well-known intermediate phase of the 

system, sometimes it is not observed, as its formation depends on the heating conditions. 

Continuing with the dehydration process, above temperatures close to 110 °C, the 

hemihydrate forms AIII, also called soluble anhydrite or γ-CaSO4 (analogously to 

hemihydrate, this compound could present α or β modifications)8. At approximately 300 °C it 

is formed the insoluble anhydrite (also called β-CaSO4 or anhydrite II (AII)), corresponding to 

the mineralogical form of anhydrite, whose rehydration is very low or even null depending on 

the temperature reached. Finally, there also exists a high temperature variety of anhydrite 

called anhydrite I (AI) or α-CaSO4, which is stable above 1180°C2-4, 8, 9, 22, 23. 

 

The inner complexity of the system could be the reason for some of the incongruences found 

in literature and, besides, its understanding results also complicated by the variability of 

nomenclatures used for these compounds, which usually depend on the research fields. 

Another difficulty is related to the transition temperature ranges, which are different 

depending on many factors and change among authors4, 5. This fact complicates the 

determination of the phases by the temperature and another control parameter, such as the 

water loss, becomes necessary to differentiate between them. Moreover, the lack of water 

only indicates the presence of an anhydrous compound but this system is formed by at least 

three anhydrous phases. Therefore, the assignment of the obtained spectrum, by monitoring of 

the water loss, could be incorrect if this point is not taken into account. In fact, that is the 

main problem detected in the literature. Then, although Raman spectroscopy is one of the 

most useful techniques to carry out this work, the correct understanding of the whole system 

is crucial. 
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Raman spectra of CaSO4-H2O system in the literature 

The spectrum of gypsum was the most clearly determined and it was collected in many 

articles as well as in renowned databases. The different bands collected in the bibliography 

are summarized in Table 2. Gypsum was the less problematic compound because its stability 

allows the measurement of standards, being the deviation of the main Raman band from 1008 

cm-1 observed in some articles, generally related to the resolution of different equipment, the 

only remarkable point.  

 

In the case of CaSO4·0.5H2O, more discrepancies were found owing to the difficulty of 

isolating the spectrum in thermodynamic studies because it is a metastable compound. 

Besides, it is known that this compound could be not observed in the heating process and it 

could be confusing to determine the phase of the system observed5. Even so, bassanite is also 

found as mineral and it was measured as a standard, identifying the main Raman band of this 

compound centred at 1015 cm-1, as can be seen in Table 3.  

 

Finally, the more difficult and, therefore, more erroneously identified in the literature, was the 

case of the anhydrite spectrum. As it has been previously mentioned, three anhydrite 

polymorphs form the CaSO4-H2O system, however, this fact was not commonly found in the 

bibliography, so the determination of the anhydrite spectrum was extremely confusing. 

Considering the information described in the literature, the main incongruence was the clear 

identification of two spectra related to anhydrite, with the main Raman bands at 1017 and 

1025 cm-1, as can be observed in Table 4.  
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After a thorough study of the data found in the bibliography, it was possible to state that the 

spectrum with the band at 1025 cm-1 was always associated to thermodynamic studies. This 

spectrum was identified at approximately 110ºC as a consequence of gypsum heating and it 

was related to the total absence of water. Knowing the CaSO4-H2O system, the anhydrite form 

present at that temperature was the metastable soluble anhydrite (AIII). This compound is 

very difficult to isolate because it is rather unstable and its rehydration is very fast as it was 

described in the literature 6, 7, 10. On the other hand, the spectrum with the main Raman band at 

1017 cm-1 was always related to the natural anhydrite by the direct measurement of minerals 

or standards (not thermodynamic studies). Regarding that, this spectrum corresponded to the 

insoluble anhydrite or AII14, 16, 18. For that reason, in studies of archaeology, anhydrite is 

usually identified by its main Raman band at 1017 cm-1, which belongs to the natural 

anhydrite and the band at 1025 cm-1 has been referenced as other compounds24-26, which 

sometimes could be erroneous. 

 

Another important difference between these spectra, in addition to the shift of the main 

Raman band, was the appearance of a new band at 608 cm-1 in the case of insoluble anhydrite 

spectrum, which was related to the ν4 (SO4) flexion vibration due to differences of their 

structures (AII rhombic and AIII hexagonal).  

 

In the whole, the hypothesis obtained from the bibliography review concluded that, the two 

spectra collected in the literature belong to two different anhydrites with different structures 

(not the same anhydrite). This hypothesis could mean an important advance in the 

determination of the spectra of the CaSO4-H2O system and, thus, it is necessary to confirm it, 

as well as to complete the system identification with the spectrum of the anhydrite AI, which 

was not found in the literature. 
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EXPERIMENTAL 

Materials and Methods 

In order to confirm the hypothesis obtained from the literature revision, a thermodynamic 

study of the system was carried out. For this purpose, a gypsum standard (Fluka Analytical, 

Sigma Aldrich, USA) was measured by Raman spectroscopy at three different temperature 

programs. 

 

The first one consisted of an increment of 0.5ºC·min-1 up to 350ºC, to obtain the AIII 

compound and followed by the monitoring of the cooling process at the same temperature 

variation to confirm its rehydration capacity. In this process, spectra were collected every 2ºC. 

The second temperature program was based on a faster increment of temperature (25ºC·min-1) 

up to 600ºC and followed by a slower temperature ramp (10ºC·min-1) up to 800ºC to obtain 

the AII compound. In this case, the cooling process was also monitored (at the same 

temperature ramp) to check the null rehydration capacity of this compound. In this way, 

spectra were collected only in the second ramp every 20ºC. 

 

Finally, the temperature of the AI transition is well-known and, therefore, it was possible to 

obtain it from the heating of gypsum at 1300ºC, hence, the last temperature program involved 

a fast heating of the gypsum at 250ºC·min-1up to 1300ºC, collecting the spectrum once this 

temperature was reached.  

 

To confirm the AII spectrum, its synthesis was carried out in an electric oven by heating 

gypsum at 600ºC and then measuring its Raman spectrum. The resulting compound was also 
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measured during 22 days in order to confirm its null rehydration process under room 

conditions and after 6 days mixed with water. 

 

It is necessary to remark that all products were obtained under atmospheric pressure so, only 

β-modifications of bassanite and AIII were studied, which was close to technical conditions 

during cement milling. 

 

Instrumentation 

A Renishaw InVia confocal microRaman spectrometer was used for the thermodynamic 

study. This spectrometer is coupled to a DMLM Leica microscope (UK) focused through a 

50x lens (N PLAN EPI, 0.40 aperture, 1.1 mm working distance) and it uses a 514 nm laser as 

excitation source (the nominal laser power settings at the surface of the samples were 20 mW) 

in order to minimize the black body effect as a result of measuring at high temperatures. The 

used grating was 1800 lines/mm, the spectra were acquired in synchro scan acquisition mode, 

the data were not calibrated in intensity terms but the spectral axis was calibrated with 

elemental silicon measuring its main Raman bands at 520 cm-1.Finally, a CCD detector 

(Peltier cooled) and the Wire 3.3 software (Renishaw, UK) were used for the detection and 

data collections, respectively. The microscope comprises a Prior Scientific motorised XYZ 

stage system with a joystick and it is equipped with a TV microcamera.  The spectrometer 

was coupled to a high temperature stage TS1500 Linkam Scientific Instrument (UK) for the 

automatic control of the measurement temperature. The sample was placed inside a ceramic 

sample cup, homogeneously heated from room temperature up to 1500ºC, if necessary, and 

controlled by the Wire 3.3 software. Spectra were taken at a resolution of 1 cm-1, during 15 s, 

1 accumulation and 100% laser power in two ranges: 100-3800 cm-1 to observe the H2O 

content evolution (only in the first temperature program) and 100-1500 cm-1. 
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In order to confirm the phases, taking into account the complexity of the system, all the 

thermodynamic studies were carried out analogously by powder X-ray diffraction (XRD) 

using a Bruker diffractometer (model D8 Advanced) operating at 20 mA and 30 kV, and 

equipped with a Cu tube, a Vantec-1 PSD detector, and an Anton Parr HTK2000 high-

temperature furnace. The powder standards were recorded in 2θ steps of 0.033º in the 10 ≤ 2θ 

≤ 80 range, counting for 1 s per step, without delay time. 

 

On the other hand, an I-Raman-532S ultramobile Raman spectrometer (B&WTEKINC, 

Newark, USA) was used for the daily measurements and to study the stability of the gypsum 

under the laser power. It was supplied with a probe head that can be coupled with long-range 

lenses, focusing with magnifications of 50x, and connected to a micro camera. The excitation 

wavelength was 532 nm (the nominal laser power settings at the surface of the samples were 

33 mW) and the dispersed Raman signals were measured by a Peltier cooled CCD detector. 

The spectra were collected in the wavenumber range of 62-3750 cm-1 (non changeable) with a 

spectral resolution of 5 cm-1. Data acquisition was carried out by the BWSpec4.02_15 

software package and the analysis of the results was undertaken by the Omnic 7.2 software 

(Nicolet). 

 

Additionally, to study the stability of the samples under the laser power, an innoRaman 

ultramobile Raman spectrometer (B&WTEKINC, Newark, USA) was used. Both ultramobile 

spectrometers have practically the same features, being the main difference between both 

equipments the excitation wavelength. In this case, it was 785 nm (the nominal laser power 

settings at the surface of the samples was 255 mW). The spectra were collected in the 
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wavenumber range of 100-3000 cm-1 (non changeable) with a spectral resolution of 3.5 cm-1. 

Data acquisition was carried out by the BWSpec3.26 software package. 

 

Finally, the different spectra of the literature were compared with our previous results 

collected in the e-visnich, e-visart and e-visarch dispersive Raman, as well as other FT-

Raman spectral databases reported in the literature20, 27-29. 

 

RESULTS AND DISCUSSION 

Raman spectra of the different phases of the CaSO4-H2O system 

The first temperature program carried out allowed detailed information to be collected from 

the heating process. Apart from the gypsum spectrum, in addition, two different spectra were 

distinguished, as can be seen in Figure 1. The first one was observed up to 110ºC with the 

main Raman band centred at 1014 cm-1 and identified as bassanite. In the heating process, this 

compound could not be completely isolated because of the presence of a mixture of phases 

which can be easily observed by a deconvolution of the main Raman band (see Figure 1). 

However, its identification was possible thanks to the shift of the main Raman band, the 

temperature control and the monitoring of the water presence. In this sense, this compound 

has 0.5 molecules of water and therefore, it was identified by the band at 3550 cm-1, which 

was related to the water presence. At 110ºC, the main Raman band was suddenly shifted to 

1025 cm-1 and the formation of the soluble anhydrite (AIII) was confirmed by the complete 

disappearance of water signal. Moreover, apart from the main Raman band, which is the most 

evident change and as can be seen in Table 5, the bands in the range of 400-700 cm-1 and 110-

1200 cm-1 also present shifts in their position.  
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The monitoring of the water bands intensity versus time revealed the graphic collected in 

Figure 2a, in which different dehydration phases could be distinguished thanks to the 

differences among the slopes. The intersection between lines revealed the transition point of 

the dehydrated compounds formed in the process. The first one, at approximately 57ºC, was 

related to the gypsum-bassanite transition when bassanite started to coexist together with 

gypsum. Then, bassanite predominated up to approximately 115ºC. At that point, the 

dehydration processes was complete and soluble anhydrite was the main compound of the 

system. 

This effect is also observed in Figure 2b, in which the evolution of bassanite is associated 

with the disappearing of gypsum whereas the soluble anhydrite formation involves the 

consumption of bassanite. 

 

The cooling process of this temperature program indicated a rehydration of the formed 

soluble anhydrite to form again bassanite. This fact confirmed once more the identification of 

the soluble anhydrite, which could be rehydrated in contrast with the insoluble anhydrite, 

whose rehydration is very low or null. 

 

Owing to the effect of the black body radiation, the increment of temperature generated the 

growth of the baseline and, therefore, it caused more difficulties in the identification of the 

compounds and it could even mask completely the spectra. This effect was increased when 

the heating was slow because of the effect in the whole system (not only the sample) which 

emits also some radiation that can reach the detector. However, when the heating processes 

were carried out faster, this effect could be slightly minimized allowing to study a range of 

temperatures enough for identifying the main Raman bands of the first two anhydrites. Taking 

this into account, for the identification of the remainder anhydrites the heating temperature 

velocity of the programs was increased. Thanks to that, in the second temperature program, 



 

12 
 

the identification of the insoluble anhydrite was possible by the observation of its main 

Raman band at 1017 cm-1. Furthermore, the rehydration of this compound was not observed 

in the cooling process, confirming once again the identification of AII anhydrite. 

 

Finally, the spectrum of the AI anhydrite was obtained for the first time in the bibliography by 

a heating process at 1300ºC. As can be seen in Figure 3, the difference between the spectrum 

of the AII and AI anhydrites was the identification of two new Raman bands at 969 and 170 

cm-1, which are the consequence of the different crystallographic structures, as well as, low 

movements in some of the less intense bands, as can be observed in Table 5. Besides, 

differences between relative intensities of the bands were observed and collected in Table 6. It 

is necessary to mention that these new bands cannot be attributed either to CaO because it is 

inactive in Raman spectroscopy30, or to SO3 or SO4
2-31-33. 

 

Confirmation of the obtained spectra 

Apart from the automatic heating programs through temperature cell, the synthesis of the 

insoluble anhydrite was carried out in an electric oven to obtain the complete spectra of this 

compound as well as to monitoring its rehydration under room conditions. This monitoring 

was carried out not only by the control of the main Raman band, but also, by the control of 

the width of this band by deconvolution analysis in order to discard a mixture of compounds. 

As it was expected, no rehydration was observed. In addition, in order to force the hydration 

of this compound, its mixture with water was monitored too. In this case, it was possible to 

observe a little rehydration according to the possibilities of this anhydrite heated to 600ºC. All 

of these results showed again that the studied compound with the main Raman band at 1017 

cm-1 was the insoluble anhydrite. 
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On the whole, thanks to this study, the Raman spectra of all the CaSO4-H2O system were 

obtained and its main Raman features are summarized in Table 5. 

 

It should be mentioned that small differences between the Raman bands positions for the 

same compound that could be found in bibliography are generally related to equipment 

variables as the instrument resolution. The shifts of the main Raman band could generate the 

wrong identification of compounds. For that reason, it is strongly recommended to reference 

the main Raman bands of these compounds to the gypsum main Raman band, measured at the 

same conditions. Taking into account that, this gypsum band is clearly defined at 1008 cm-1, it 

could act like a standard in order to avoid the mentioned instrumental effect. 

 

In addition, when metastable compounds are present differences between the main Raman 

bands positions could also appear, because of the mixture of phases. For that reason, the 

deconvolution of the main Raman band is also recommended to solve the ambiguity that it 

could generate. 

 

Taking into account the complexity of the system and in order to avoid any doubt in the 

identification of the different phases, apart from the Raman measurements, a XRD analysis 

was carried out. In this way, as can be seen in the Figure 4, four different phases were clearly 

observed, corresponding to gypsum, AIII, AII and AI formed at similar temperature 

transitions to those obtained in the Raman spectroscopy thermodynamical studies. In the case 

of bassanite, due to the similarities in the XRD spectra, the mixture of compounds and the 

small temperature range in which it appears, its presence was not so evident. However, a 

study in depth of the obtained spectra allows its presence to be confirmed. Thus, the same 
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results obtained by Raman spectroscopy were achieved corroborating definitively the 

different measured phases.  

 

Stability of the system under laser radiation 

From our previous studies, the transformation of gypsum into soluble anhydrite was observed 

in mortars rich in iron oxides, probably as a consequence of the laser radiation. To clarify the 

stability of gypsum under laser radiation, different tests were carried out.  

 

In this way, a gypsum standard was exposed to a high laser radiation at 785 nm (33 mW of 

power) during a long exposing time (more than 15 minutes) without obtaining any changes, 

either in the main Raman band position or in the width of the band. Moreover, in order to 

generate an aggressive environment that could absorb heat, gypsum was applied as a thin 

layer on an iron piece. Again, the laser radiation was not enough for the phase transition. For 

that reason, the same test was carried out with a more powerful laser that provided 255 mW of 

power in the surface of the sample. In this case either, the long irradiation time was not 

enough for changing the main Raman band of the gypsum.  

 

Taking into account all these results, as well as the effect observed in real samples, the 

generation of micro-conditions in the sample was supposed. Therefore, it could conclude that 

the stability of gypsum under the laser seemed to be influenced by the matrix and owing to 

this, soluble anhydrite could be erroneously identified. For that reason, the control of the laser 

power is recommended above all in this kind of matrix. 

 

CONCLUSIONS 

The contradictions found in the bibliography can be associated with an incomplete or 

incorrect definition of the system. In the case of gypsum, the spectrum was clearly defined in 
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the literature. However, for bassanite, the differences found were related to its metastable 

character, which generates differences in the main Raman band, due to the transition 

processes, which is easily detectable by the deconvolution of the bands.  

 

Nevertheless, the main problem in the understanding of the system was connected to 

anhydrite, whose main Raman band was defined in the literature at 1017 or 1025 cm-1, 

depending on the authors. This incongruence was consequence of the different polymorphic 

anhydrites of the CaSO4-H2O system (AI, AII and AIII). In this way, the main Raman band at 

1017 cm-1, it was always related to AII or natural anhydrite. In contrast, the Raman band at 

1025 cm-1 was characterised in the thermal studies as it is a metastable compound known as 

AIII or soluble anhydrite. Worth noting that, these first phases were sensitive to phase 

transformation by laser power, depending on the studied matrix. Finally, AI showed the main 

Raman band at 1017 cm-1 and thereby, this work completes the spectra of the whole system 

and could be the starting point to finish with the contradictions found in the bibliography. 
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Figure 1.- The three spectra differentiated in the first heating program of gypsum (up to 350ºC) in which it was 

possible to identify the soluble anhydrite with the main Raman band at 1025 cm-1, as well as the mix of 

compounds thanks to the deconvolution analysis. 
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Figure 2.- Graphical representation of the intensity of the Raman bands of water along the heating process, 

which indicates two dehydration phases related with the bassanite (57ºC) and soluble anhydrite formation 

(115ºC). 
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Figure 3.- Raman spectra of AII and AI in which two new bands at 969 and 170 cm-1 are present (due to the 

differences in the crystallization of AI anhydrite). Differences between relative intensities of the bands are also 

observed. 
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Figure 4.- Evolution of the XRD spectra in which it is possible to observe easily gypsum, AIII, AII and AI 

phases. 
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Table 1.- Summary of the different phases of the hydration-dehydration system of CaSO4-H2O. 

Common name Gypsum Bassanite Anhydrite III Anhydrite II Anhydrite I 

Formula CaSO4·H2O CaSO4·0.5H2O CaSO4 

Structure Monoclinic Monoclinic/Rhombohedric Hexagonal Orthorhombic Cubic 

Relative 
transition 

temperature  
- >45-110 ºC 110-300ºC 300-1180ºC >1180ºC 

Thermodynamic 
stability Stable Metastable Metastable Stable Stable 

Other names  
Hemihydrate, α,β-

CaSO4·0.5H2O, Plaster of 
Paris 

Soluble 
anhydrite, γ-

CaSO4 

Insoluble, 
anhydrite, dead 

gypsum, β-
CaSO4, natural 

anhydrite 

α-CaSO4 
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Table 2.- Raman bands for gypsum CaSO4·2H2O in cm-1. 

References ν2 (SO4) ν4 (SO4) ν1 (SO4) ν3 (SO4) 

[27-29] 414 493 619 670 1008 1135 
[20] 414 492 619 670 1008 1140 
[6] 416 492 622 672 1010 1138 
[14] 415 494 620 671 1008 1136 
[34] 413 492 619 673 1008 1132 
[35] 413 492 620 671 1008 1135 
[36] 413 492 619 673 1008 1132 
[12] 414 493 619 670 1008 1135 
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Table 3.- Raman bands for bassanite CaSO4·0.5H2O in cm-1. 

References ν2 (SO4) ν4 (SO4) ν1 (SO4) ν3 (SO4) 

[27-29] 430 487 628 668 1015 1128 1148 
[18] 427 487 628 668 1015 1128 - 
[37] 428 490 625 667 1015 1130 1170 
[38] 424 487 628 668 1015 - - 
[39] 429 487 627 668 1015 1128 - 
[40] - - - - 1015 - - 
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Table 4.- Raman bands for anhydrite CaSO4 in cm-1 where two different spectra could be distinguished. 

References ν2 (SO4) ν4 (SO4) ν1 (SO4) ν3 (SO4) 

[27-29] 417 499 609 628 676 1017 1112 1129 1160 
[20] 417 499 610 628 676 1017 1111 1129 1159 
[34] 417 500 609 627 675 1017 1112 1130 1160 
[41] 415 498 609 627 676 1017 1111 1128 1159 
[24] 417 500 609 627 675 1017 - 1130 1160 
[42] 417 500 609 627 675 1017 - (1132) (1160) 
[39] 417 500 609 627 675 1017 1112 1130 1160 
[16] 416 498 608 627 675 1017 1110 1128 1159 

[27-29] 422 491 - 630 673 1025 - - 1165 
[6] 423 493 - 630 672 1024 - 1120 1166 
[7] 424 490 608 628 668 1026 1105 1152 1174 
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Table 5.-Suggested Raman spectra of all the compounds in the CaSO4-H2O system obtained in this study. 

Compound * ν2 (SO4) ν4 (SO4) * 

 

ν1(SO4) ν3 (SO4) (H2O) 

Gypsum - 415 495 - 620 673 - 1008 - 1134 - 3401 3491 
Bassanite - 428 489 - 627 669 - 1015 - 1128 - - 3553 

AIII - 420 490 - 630 673 - 1025 - - 1167 - - 
AII - 417 499 609 628 675 - 1017 1111

  

1128 1160 - - 
AI 170 417 497 609 628 676 969

 

1017 1108 1127 1158 - - 
*The vibrational attribution of these new bands must be studied deeply. 
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Table 6.- Relative intensities of the Raman bands at 400-700 cm-1 with respect to the main Raman band at 1017 

cm-1 for anhydrites AI and AII. 

AII AI 
Raman band Relative intensity Raman band Relative intensity 

417 0.21 417 0.12 
499 0.20 497 0.11 
609 0.13 609 0.10 
628 0.12 628 0.12 
675 0.13 676 0.10 
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Figure 5.-“for TOC only” 
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