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Spectrum of the gypsum precursor material 

 

 

Fig. S1: Spectrum of the gypsum powder used as precursor for burning of anhydrite (Horiba 532 nm measurement 

conditions according to the Experimental section and Table 1 in the main text, i.e. 532 nm laser wavelength, 

30 mW laser power, 50x / N.A. = 0.55 objective lens, 1800 mm-1 grating, 6 x 10 s acquisition time). 

 

The Raman spectrum of the precursor material for the synthesis of anhydrite (Figure S1) agrees well with 

the known signature of gypsum[S1, S2] and does not show any raised or sloped baseline, i.e. no luminescence 

emission. 
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Size and shape of the gypsum precursor material and of burnt anhydrite II 

 

 

Fig. S2: Scanning electron micrographs of the gypsum precursor and burnt anhydrites acquired using backscattered-

electron detection in high-vacuum mode (approx. 10-4 mbar) of a bench-top environmental scanning 

electron microscope. 

 

For morphological characterisation of the precursor material, a few grains of gypsum powder were 

transferred to double-sticky carbon tape placed on an aluminium sample holder and imaged using the 

backscattered electron detector of a bench-top scanning electron microscope. According to Figure S2, the 

material predominantly consists of 20 µm to 30 µm long needles and comprises smaller and larger 

structures as well. The dark background in the images is the carbon tape used for mounting of the sample, 

in the top right image showing its intrinsic surface structure. 

During conversion into anhydrite II, the size and shape of the needles is widely preserved, but surface 

damages are introduced by the burning process, leading to debris and formation of some smaller, not 

necessarily needle-shaped grains. 



S4 

 

Determination and correction of band widths 

 

 

Fig. S3: Most prominent band of anhydrite burnt at 800°C, whose peak shape was fitted with a Gauss, Lorentz, 

Pseudo-Voigt and Voigt function, respectively. 

 

The black traces in Figure S3 show the same Raman band (anhydrite burnt at 800°C, 1017 cm-1, Horiba 

532 nm measurement conditions according to Table 1 in the main text) and the red dotted lines represent 

Gauss, Lorentz, Pseudo-Voigt and Voigt functions fitted to this data in the range of 1004 cm-1 to 1030 cm-1 

(1017 cm-1 is in the centre the fit range). The resulting full widths at half maximum (FWHMs) and 

correlation coefficients (R2) are given in the graphs. 

For peak fitting, the equations listed on the next page were used.  
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Gauss: 

 

𝑦𝐺𝑎𝑢𝑠𝑠 = 𝑦0 + 𝐴 
2√ln 2

√𝜋 𝐹𝑊𝐻𝑀
𝑒𝑥𝑝 (− 2 √ln 2 

 𝑥−𝑥𝑐𝑒𝑛𝑡𝑟𝑒

𝐹𝑊𝐻𝑀
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Lorentz: 

 

𝑦𝐿𝑜𝑟𝑒𝑛𝑡𝑧 = 𝑦0 +
2𝐴

𝜋
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𝐹𝑊𝐻𝑀

4(𝑥−𝑥𝑐𝑒𝑛𝑡𝑟𝑒)2+𝐹𝑊𝐻𝑀2) (S2) 

 

 

Pseudo-Voigt: 

 

𝑦𝑃𝑉 = 𝑦0 + 𝐴 [𝜇
2

𝜋
 

𝐹𝑊𝐻𝑀
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] 

𝑦𝑃𝑉 = 𝑦0 + 𝐴 [𝜇 𝑦𝐿𝑜𝑟𝑒𝑛𝑡𝑧 + (1 − 𝜇) 𝑦𝐺𝑎𝑢𝑠𝑠] (S3) 

 

 

Voigt: 

 

𝑦𝑉𝑜𝑖𝑔𝑡 = 𝑦0 + 𝐴 
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𝐹𝑊𝐻𝑀 ≈ 0.5346 𝑤𝐿 + √0.2166 𝑤𝐿
2 + 𝑤𝐺

2 (S5) 

 

Here, yGauss, yLorentz, yPV, and yVoigt denote Raman intensities, and x are wavenumbers. A is the amplitude, 

xcentre the central wavenumber, and FWHM the full width at half maximum of a peak. The Pseudo-Voigt 

function is a linear combination of a Lorentzian and a Gaussian profile with µ denoting a scalar factor. The 

FWHM of the Voigt function is estimated as a function of the widths of the corresponding Lorentz (wL) 

and Gauss (wG) profiles based on an approximation by Olivero and Longbothum.[S3] 
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Fig. S4: Influence of baseline correction onto the result of peak fitting with a Lorentz function: Most prominent 

band of anhydrite burnt at 500°C without (top) or with baseline correction (bottom) with a fit range of 

980 cm-1 … 1045 cm-1 (left) or 1016 cm-1 … 1030 cm-1 (right). 

Raised and sloped baselines were observed in the spectra of anhydrites burnt in the range of 400°C up to 

650°C due to luminescence emission (see main text for explanation). Lorentzian peak fitting of such signals 

is possible, indeed, but as shown in the top graphs of Figure S4, incorrect fitting of the baseline shape 

makes determination of the peak offset (y0, see Eq. (S2)) dependent on the fit range. While the wide fit 

range shown on the left estimates y0 to be in the middle between the baseline heights on the left and 

right of the peak, the restricted fit range on the right yields a higher y0. The higher the offset, the higher 

is the position along the peak height at which the FWHM is determined, yielding a seemingly narrower 

band. The difference in FWHMs is significant and was more pronounced in a previous study employing 

anhydrite material with stronger luminescence emission (see Supporting Information of Ref.[S4]). The 

bottom graphs of Figure S4 show that baseline correction of the anhydrite spectra prior to peak fitting 

resolves this issue. 

Peak fitting in a restricted range is important to reduce the influence of the neighbouring gypsum band 

on FWHM determination in investigations of mortar samples (see Figure S12). 
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Fig. S5: Emission lines of a mercury argon lamp employed for determination of the instrument profile functions 

(IPFs) and spectrometer bandwidths relating to the different instruments and experimental conditions 

applied in this study. The short names Horiba 532 nm, Horiba 785 nm and Jasco 785 nm relate to the 

instrument settings summarised in Table 1 in the main text. The black lines reveal the experimental data 

with circles marking the individual measurement points (corresponding to CCD detector pixels), while the 

red traces show the results of Gaussian peak fitting (see also Table 2 in the main text). 
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Table S1: Uncorrected and corrected widths of the most prominent anhydrite II band at 1017 cm-1 as 

a function of the burning temperature. 

 Uncorrected data (FWHM/cm-1) Corrected data (FWHM/cm-1) 

 Horiba 

532 nm 

Horiba 

785 nm 

Jasco 

785 nm 

Horiba 

532 nm 

Horiba 

785 nm 

Jasco 

785 nm 

400°C 5.34 
(± 0.090) 

5.1 
(± 0.10) 

5.61 
(± 0.073) 

5.14 
(± 0.093) 

5.1 
(± 0.10) 

5.21 
(± 0.078) 

450°C 5.21 
(± 0.097) 

4.9 
(± 0.10) 

5.37 
(± 0.089) 

5.0 
(± 0.10) 

4.9 
(± 0.11) 

4.95 
(± 0.095) 

500°C 5.0 
(± 0.10) 

4.8 
(± 0.10) 

5.11 
(± 0.078) 

4.8 
(± 0.10) 

4.7 
(± 0.10) 

4.67 
(± 0.085) 

550°C 4.8 
(± 0.10) 

4.6 
(± 0.12) 

4.93 
(± 0.071) 

4.6 
(± 0.10) 

4.5 
(± 0.12) 

4.47 
(± 0.078) 

600°C 4.48 
(± 0.061) 

4.28 
(± 0.075) 

4.64 
(± 0.050) 

4.24 
(± 0.065) 

4.23 
(± 0.076) 

4.15 
(± 0.055) 

650°C 4.13 
(± 0.054) 

3.95 
(± 0.062) 

4.31 
(± 0.062) 

3.87 
(± 0.057) 

3.90 
(± 0.063) 

3.79 
(± 0.069) 

700°C 3.84 
(± 0.041) 

3.62 
(± 0.026) 

4.09 
(± 0.025) 

3.56 
(± 0.044) 

3.57 
(± 0.026) 

3.54 
(± 0.028) 

750°C 3.63 
(± 0.035) 

3.42 
(± 0.026) 

3.95 
(± 0.032) 

3.34 
(± 0.038) 

3.36 
(± 0.027) 

3.38 
(± 0.037) 

800°C 3.47 
(± 0.028) 

3.30 
(± 0.018) 

3.80 
(± 0.027) 

3.16 
(± 0.030) 

3.24 
(± 0.019) 

3.21 
(± 0.031) 

850°C 3.41 
(± 0.021) 

3.15 
(± 0.015) 

3.71 
(± 0.031) 

3.09 
(± 0.023) 

3.09 
(± 0.015) 

3.11 
(± 0.036) 

900°C 3.36 
(± 0.022) 

3.13 
(± 0.017) 

3.67 
(± 0.031) 

3.03 
(± 0.024) 

3.07 
(± 0.018) 

3.06 
(± 0.036) 

1000°C 3.33 
(± 0.022) 

3.11 
(± 0.014) 

3.61 
(± 0.030) 

3.01 
(± 0.024) 

3.05 
(± 0.014) 

2.99 
(± 0.035) 
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Fig. S6: Influence of the ratio between measured Raman band widths and spectrometer bandwidths onto the ratio 

between corrected and uncorrected (measured) Raman band widths (expressed in percent). A percentage 

close to 100 corresponds to little change of band widths upon correction or generally valid measured band 

widths, respectively. Data taken from Table S1. 

According to Ref.[S5], uncorrected and corrected Raman data taken from Table S1 is plotted in Figure S6 as 

follows: The ratio of corrected and uncorrected (measured) band widths (expressed in percent) is shown 

as a function of the ratio of measured Raman band widths and the widths of the instrument profile 

functions wIPF (instruments and conditions Horiba 532 nm, Horiba 785 nm, and Jasco 785 nm are given in 

Table 1 in the main text). 

The ratio wmeasured/wIPF can be understood as generalised measure for Raman band widths. The data set in 

this study comprises both, relatively wide bands exceeding the spectrometer bandwidth by approx. one 

order of magnitude and sharp bands having widths close to the instrument profile function. Precisely, the 

experimental values range from wmeasured = 12.12 wIPF down to wmeasured = 2.49 wIPF. The percentage of the 

ratio wcorrected/wmeasured reveals that the widest bands on the order of 10 wIPF do not need to be corrected, 

because deviation of the uncorrected (measured) band widths from corrected values is only approx. 1% 

(or wcorrected/wmeasured x 100%  99%, respectively). At around 8 wIPF the discrepancy between corrected 

and uncorrected band widths is on the order of the standard deviations of the measurement values (see 

Table S1), and in the range of wmeasured ≤ 5 wIPF, correction is definitively needed to obtain generally valid 

numbers, because the deviation reaches > 5%. 

The curve in Figure S6 is based on experimentally determined data and agrees with a graph in Ref.[S5], 

which was obtained by using calculated Lorentz-Gauss signal profiles. 
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Further influences onto Raman band FWHMs 

 

Fig. S7: Influence of crystal orientation: 

(a) Intensity-normalised Raman spectra of a 

natural anhydrite crystal acquired with different 

orientations of the specimen with respect to the 

laser polarisation direction, and (b) widths of the 

most prominent band at 1017 cm-1. 

 

 

 

Fig. S8: Influences of burning conditions onto 

Raman band widths further than the burning 

temperature: Experimentally determined 

(uncorrected) band widths of anhydrite burnt at 

600°C (Horiba 532 nm, see Table 1 in the main 

text). The heating rate was approx. 30 K min-1 in 

all experiments. For cooling, the samples were 

taken out from the furnace directly after the 

holding interval, except for the sample labelled 

“4 (slow cooling)”, which was allowed to slowly 

cool in the closed furnace, taking approx. 12 h for 

reaching room temperature. The dotted lines 

represent the range spanned by the standard 

deviation of band widths of anhydrite burnt at 

the standard conditions of this study (fast 

heating and cooling, 4 h holding). 
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Locations and evaluation of the Raman maps 

 

 

Fig. S9: Locations of the Raman maps (1), (2), and (3) shown in Figure 4 in the main text overlaid on a scanning 

electron micrograph obtained with backscattered-electron detection: (a) scanning electron micrograph 

overlaid with (b) Raman band intensity and (c) Raman band width maps. 
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Fig. S10: Typical Raman spectrum taken from map (3) shown in Figure 4 in the main text containing the spectroscopic 

signatures of celestine (at 1000 cm-1), gypsum (1008 cm-1), and anhydrite II (1017 cm-1). 

 

 

Fig. S11: Comparison of a scanning electron micrograph (backscattered-electron (BSE) contrast) and Raman maps of 

the same area within map (3) (see Figure 4 in the main text): (a) scanning electron micrograph, (b) Raman 

intensity distribution map of the most prominent anhydrite II band at 1017 cm-1, (c) overlay of the Raman 

intensity distributions of anhydrite (1017 cm-1), gypsum (1008 cm-1), and celestine (1000 cm-1) (compare 

Figure S10), and (d) overlay of scanning electron micrograph and Raman map. 
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Fig. S12: Comparison of double-peak deconvolution (left) and single peak fitting in a restricted range (right) to reduce 

the influence of the neighbouring gypsum peak onto width determination of the anhydrite II band. The 

numbers reveal the result of anhydrite peak fitting. 
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