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Introduction:  The CheMin X-ray diffractometer 

instrument aboard the Mars Science Laboratory Curi-

osity mission has detected a significant (15-50 wt%) 

amount of X-ray amorphous material in rocks and soils 

in Gale crater [1-5]. The amorphous component is en-

riched in iron and contains nearly the entire bulk soil 

budget of sulfur and H2O [1,3,6,7]. Chemical con-

straints provided by the APXS instrument on Curiosity 

combined with X-ray diffraction data indicate that the 

X-ray amorphous fraction is likely a combination of 

amorphous and nanocrystalline phases. These phases 

could include silicate glass, allophane, nanophase iron 

oxides, amorphous salts, and other poorly crystalline 

weathering products. 

A potential way to distinguish between these vi-

able candidate phases is via Raman spectroscopy. The 

Mars 2020 SuperCam instrument will contain a remote 

Raman spectrometer with a 532 nm laser [8] and the 

SHERLOC instrument contains a micro-imaging Ra-

man spectrometer utilizing a 248 nm laser [9]. The 

ExoMars rover will include a Raman spectrometer uti-

lizing a 532 nm laser [10]. In this work, we present 

Raman spectra of amorphous ferric sulfate, allophane, 

ferrihydrite, and allophane and ferrihydrite with ad-

sorbed sulfate and phosphate, as proposed in [11]. 

Sample Synthesis:  Anhydrous Fe2(SO4)3 was del-

iquesced in a 99% RH environment buffered by deion-

ized water to form a concentrated solution of 

Fe2(SO4)3. This solution was dehydrated via vacuum 

for seven days to form an amorphous solid as per [12]. 

The sample was weighed before and after to measure 

water content. 

Synthesis of allophane was adapted from [13]. 0.1 

M solutions of AlCl3 and Na4SiO4 were combined at a 

ratio of Si/Al = 0.75 and separated via centrifuge to 

separate the allophane precursor gel from the saline 

supernatant. The precursor was then placed in an auto-

clave at 100 °C for 48 hours. The solids were washed 

three times with deionized water and then dried at 40 

°C overnight. 

Synthesis of two-line ferrihydrite was adapted from 

[14]. Fe(NO3)*9H2O was dissolved in deionized water 

and then brought to a pH of 7.15 using 1 M KOH. The 

mixture was stirred and centrifuged to separate the sol-

ids. Solids were washed three times and then dried at 

40 °C overnight. 

Sulfate and phosphate adsorption onto the surface 

of allophane and ferrihydrite were adapted from [11]. 

For allophane, 0.015 M solutions of K2SO4 and 

K2HPO4 were prepared and adjusted to a pH of 5.84 

and 5.53, respectively using HCl and KOH. Synthetic 

allophane was added to these sulfate and phosphate 

solutions. For ferrihydrite, 0.015 M solutions of K2SO4 

and Na2HPO4 were prepared and adjusted to a pH of 

4.18 and 4.11, respectively using HCl and NaOH. Syn-

thetic ferrihydrite was added to these sulfate and phos-

phate solutions. Each of these four samples was stirred 

before being centrifuged to separate the solids. Solids 

were washed three times and  dried at 40 °C overnight. 

We confirmed the chemistry of adsorbed samples 

using inductively coupled plasma optical emission 

spectrometry (ICP-OES). Water contents of allophane 

and ferrihydrite were confirmed using thermogravimet-

ric analysis (TGA). Table 1 shows sample chemical 

compositions. 

Table 1. Samples and their compositions. 

Sample Water Content Adsorbent 

Amorphous Ferric 

Sulfate 

22.3 wt%  

Allophane 26.7 wt%  

Allophane + SO4  4.202 wt% SO4 

Allophane + PO4  8.725 wt % PO4 

Ferrihydrite 22.0 wt%  

Ferrihydrite + SO4  2.893 wt% SO4 

Ferrihydrite + PO4  8.275 wt% PO4 

Raman Spectroscopy:  All samples were exam-

ined and characterized using Raman spectroscopy. The 

Raman setup for which all samples in this work are 

compared is a WiTEC alpha300R confocal Raman 

microscope system equipped with a 532 nm Nd:YAG 

excitation laser. Spectra were acquired at 7 mW power 

with 120 accumulations of 10 second exposures. 

Results:  The Raman spectra of all samples from 

this work are shown in Fig. 1. For amorphous ferric 

sulfate, large sulfate peaks are observed at 1034 cm-1 

and other peaks at 282, 474, and 599 cm-1. Allophane 

shows peaks at 377, 520, and 873 cm-1. There is also a 

large broad feature centered at about 1666 cm-1 that 

spans from ~1200 to ~2600 cm-1. Some of these fea-

tures are consistent with previously reported peaks [15] 

including those near 858 and 1638 cm-1. The 1638 cm-1 

peak corresponds to OH bending and indicates the 

presence of water [15]. This peak is not seen in the 

other samples, despite all being hydrous, suggesting it 

may be due to adsorbed water. We also identify an 

additional peak in each sample with adsorbed anions. 

Allophane with adsorbed sulfate  shows a sharp sulfate 
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peak at 990 cm-1, consistent with sulfate [16] and allo-

phane with adsorbed phosphate shows a somewhat 

broad phosphate peak at 1025 cm-1, consistent with 

phosphate (Fig. 2) [16]. The spectra of ferrihydrite 

taken with the 532 nm laser show peaks at Raman Shift 

values of 220, 282, 398, and 595 cm-1 (Fig. 3), indicat-

ing it has been transformed to hematite by the Raman 

laser; ferrihydrite is primarily characterized by a broad 

peak at 707 cm-1  [17]. Additional peaks from adsorbed 

sulfate and phosphate are not seen in hematite spectra. 

Discussion:  Our preliminary work suggests that, 

using Raman spectroscopy: (1) amorphous ferric sul-

fate and allophane can be distinguished from one an-

other and that (2) absorbed sulfate and phosphate spe-

cies are detectable when adsorbed to allophane. To-

gether, this suggests that the 2020 rovers will be able to 

test existing hypotheses regarding the amorphous com-

ponents in Martian soils and rocks. The possibility that 

some Martian materials (e.g. ferrihydrite) could poten-

tially undergo thermal transformation in the process of 

Raman data acquisition should be considered. Future 

efforts will (1) present Raman spectra acquired with 

UV and red excitation wavelengths, (2) evaluate de-

tectability of amorphous species when mixed with bas-

alt, and (3) examine different laser power strengths to 

detect ferrihydrite with a 532 nm wavelength laser 

without converting it to hematite.  
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Figures 1-3. Figure 1 (above) shows the Raman spectra of all samples from this work acquired with a 532 nm laser. Figure 

2 (bottom-left) shows only allophane and allophane with adsorbents and Figure 3 (bottom-right) shows ferrihydrite and 

ferrihydrite with adsorbents plotted against hematite from the RRUFF Database [18]. 
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