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1.2 Abbreviations and Acronyms 

FR Final review 
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NSTP National Space Technology Programme 
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OU Open University 
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PH Phobos (simulant) 

SP4PS Spectroscopy for Planetary Sciences 

TN Technical Note 

UKSA UK Space Agency 

WP Work Package 
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Technical Note (TN) 1: Selection and Preparation of Materials for Analysis 

2 Introduction 

Technical Note 1 reports the outcomes of Work Package 1 (Selection and Preparation of 
Materials for Analysis). There were three Tasks within the WP (Literature Survey, Sample 
Selection and Sample Preparation); in the original timeline (Figure 1a) WP 1 was designed to 
take 3 weeks. Modification of the timeline (Figure 1b) compressed this to two weeks which 
included the start of the Tasks associated with WP2 – hence the combination of TN1 and TN2. 
The first week was a literature survey and preliminary selection of samples to be analysed; the 
second week saw the start of preparation of materials that were already present in our 
collections plus initial steps to acquire additional materials. The three Tasks were complete by 
mid-February, in parallel with the Tasks that comprised WP 2 (Raman Spectroscopic Analysis of 
Selected Materials). 

(a)

 
(b)

 
Figure 1: Gantt charts showing (a) the original proposed timeline and dependencies for WP 1 
and 2 and (b) the modified timeline given the postponed start date and compressed duration 
of the project 

3 Task 1.1: Literature Survey 

Prior to selection of suitable materials for analysis, a survey of current literature was 
undertaken. Documents consulted were mainly from peer-reviewed publications in scientific 
journals covering a range of sectors. The most relevant documents for the project are listed 
above, although many more were consulted. 

The purpose of the survey was to determine what materials had already been analysed 
and the preparation procedures that had been applied. Modification of the scale of the project 
led to a focus on literature concerning Raman spectroscopic analysis of organic compounds 
and silicate minerals, rather than including literature on UV-Vis-IR spectroscopy. A series of 
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papers covering the composition of Mars (especially Oxia Planum, the proposed landing site for 
ExoMars 2022) and Phobos were also included in the literature survey. Knowledge resulting 
from the survey enabled selection of specific classes of compounds that would (a) be relevant 
for the surfaces of Mars and Phobos and (b) generate useful Raman spectra uncomplicated by 
analytical artefacts, such as fluorescence.  

The Raman system at the OU has three lasers: red (633 nm), green (514 nm) and blue 
(473 nm). A further result of the survey was the decision to undertake the analyses using 514 
nm radiation, as this generated the best results by reducing the potential for fluorescence. 

4 Task 1.2: Sample Selection 

Two types of material were selected for analysis: silicates and organic compounds. The 
silicates were natural materials drawn from the School of Physical Sciences research 
collections. The organic compounds were synthetic and purchased from Sigma-Aldrich Ltd. 
They were selected on the basis of the different functional groups that they contained, their 
structure (aliphatic or aromatic) and solubility. The selected samples are listed in Table 1. 

The silicates included species representative of the three main groups of rock-forming 
minerals (olivine, pyroxene and plagioclase), as well as two clay minerals characteristic of the 
surface of Mars. The four meteorites selected from the collection were: Shergotty and Zagami 
(martian basalts), Murchison (a carbonaceous chondrite analogue for a C-Class asteroid) and 
Tagish Lake (a carbonaceous chondrite analogue for a D-Class asteroid). Two terrestrial 
analogues were included in the array of materials for analysis: Theo’s flow (a basaltic flow from 
Ontario, Canada, analogous to the subgroup of hydrously-altered martian rocks, the nakhlites) 
and a basalt from Svalbard (also an analogue for the martian surface). The final set of silicates 
were two planetary simulants, mixtures of different materials selected to be representative of 
the surface of Mars and Phobos. Their composition is given in Table 2. 

Table 1: Samples selected for spectroscopic analysis 
Sample Type Name Form 
Mineral Olivine (Fo100) Individual crystals 
 Olivine (Fo50) Individual crystals 
 Olivine (Fo0) Individual crystals 
 Pyroxene (enstatite) Individual crystals 
 Plagioclase (AbxAnx) Individual crystals 
 Nontronite Individual crystals 
 Vermiculite Individual crystals 
   
Terrestrial Analogues Theo’s Flow Powdered chip 
 Svalbard Polished mount 
   
Meteorite Murchison Powder 
 Tagish Lake Powder 
 Shergotty Powder 
 Zagami Powder 
   
Planetary Simulants OP: Mars (Oxia Planum) Powder 
 PH: Phobos Powder 
   
Organic Compounds Nucleic Acid (Thymine) Individual crystals 
 Nucleic Acid (Uracil) Individual crystals 
 Carboxylic Acid (2 AIB) Individual crystals 
 PAH (Xanthine) Individual crystals 
 PAH (Buckminsterfullerene) Individual crystals 
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Table 2: Composition of Planetary Simulants OP and PH 

Simulant Description (wt. %) Reference 

OP vermiculite, saponite, olivine, pyroxene, 
plagioclase, iron oxide [RD4] 

PH vesicular glass (46 %), antigorite (35 %), 
pseudo-agglutinate (15 %), gilsonite (4 %) [RD7] 

We are very grateful to Ms A. Dugdale (OP) and Ms Z. Morland (PH) for their generous 
provision of the simulants and information regarding their composition 

5 Task 1.3: Sample Preparation 

Two sets of samples were produced for analysis: (i) the individual species listed in Table 1 
and (ii) the same species dosed with different organic compounds (thymine, xanthine, 2-AIB 
and C60). To ensure that the organic material was thoroughly mixed with the silicates, a 
solution of each compound was produced by dissolution in doubly-distilled water, from which 
0.5 ml (0.1 mmol) was pipetted into vials containing the silicates. The material was then dried 
under a fume hood for 48 hours at room temperature. The PAH buckminsterfullerene (C60) was 
insoluble in water, so in this case two grains of the compound were added to the silicates along 
with 3 drops of distilled water. 

6 Next Stage 

Raman spectroscopic analysis of the unadulterated samples started in early February and 
continued in parallel with preparation of the dosed materials. A description of the technique of 
Raman spectroscopy and results from analysis of the selected materials make up WP2 and are 
the subject of TN 2 which follows on directly from this TN 1. 
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Technical Note 2: Raman Spectroscopic Analysis of Selected Materials 

7 Introduction 

Technical Note 2 reports the outcomes of Work Package 2 (Raman Spectroscopic Analysis 
of Selected Materials). There were four Tasks within the WP (Analysis of Minerals, Planetary 
Simulants, Organic Compounds and Mixtures); in the original timeline (Figure 2a) WP2 was 
designed to take 8 weeks, following on directly from completion of WP1. Modification of the 
timeline (Figure 2b) compressed the analytical time to 5 weeks, which started prior to 
completion of WP1 – hence the combination of TN1 and TN2. The tasks were re-organised into 
a single continuous flow of sample analyses, first of unadulterated samples followed by 
samples that had been dosed with different organic compounds. Raman spectroscopy was 
completed by mid-March, following which Task 3.1 of WP3 commenced – building a library of 
the spectral data. Unfortunately, staff absence precluded a formal mid-term review. 

 
Figure 2: Gantt charts showing (a) the original proposed timeline and dependencies for WP 1 
and 2 and (b) the modified timeline given the postponed start date and compressed duration 
of the project 

8 Raman Spectroscopy 

Raman Spectroscopy is a technique used to determine the presence of a particular 
molecule or mineral in a sample. It can also identify the composition of a component. Laser 
radiation is aimed at a sample (solid, liquid or gas) through a microscope causing molecules in 
the sample to vibrate; most vibrational transitions lie at energies in the infrared region of the 
spectrum. When radiation travels through matter, it can be absorbed, transmitted or 
scattered. Most of the laser radiation interacting with a sample is scattered at the same 
frequency as the original beam (Rayleigh or elastic scattering) and no energy is absorbed or 
emitted. However, some scattered light does undergo a change in frequency (Raman or 
inelastic scattering). Energy can be absorbed (Stokes scattering) or emitted (Anti-Stokes 
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scattering). Scattering depends on the polarizability of a molecule - the ease with which 
electrons can be moved by the radiation, i.e., the “squashiness” of the electron cloud that 
forms a bond. As a bond vibrates, its polarisability may change, leading to changes in the 
intensity of the scattered light which vary with the frequency of the vibration. Figure 3 is the 
Raman microscope at the OU. It is coupled to three separate lasers of wavelengths 633 nm 
(red), 514 nm (green) and 473 nm (blue). The green laser was used for this project. 

 
Figure 3: The Raman microscope at the Open University. The arrow shows the stage on which 
the sample is placed. 

Identification of molecules depends on comparison of the sample spectrum with spectra 
from known materials. The frequency of each peak in a spectrum can be related to specific 
functional groups or atomic bonds (e.g., an aldehyde group or an Si-O bond), but it is the 
combination of peaks from different bonds that lead to final identification. For example, 
forsterite is the Mg-rich end-member of the olivine family, with the formula Mg2SiO4; its 
spectrum is given in Figure 4, showing the characteristic doublet with peaks at Raman shifts of 
around 820 cm-1 and 860 cm-1. The doublet is from the stretching vibrational modes of the Si-O 
bonds within the SiO4 tetrahedra that comprise the crystal lattice of forsterite. 

 
Figure 4: Raman spectrum of a sample of synthetic forsteritic olivine (Fo100) from the OU 
Spectroscopy Group mineral collection 
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9 Analysis of individual and mixed species 

The Horiba Labram HR800 Raman system is calibrated using a silica chip with a 
characteristic signal at 520.7 cm-1. A x 100 long working distance objective is used to focus on 
the sample and the calibration procedure itself is handled automatically by the Horiba Jobin-
Yvon LabSpec 6 software. Analyses were taken using the following parameters: 

Laser 
(nm) 

Range 
(cm-1) 

Acquisition 
time (s) 

Number of 
Accumulations 

Objective Filter (%) Area 
(microns) 

No of spectra 
per map 

514 150 - 3500 10 5 x 20 10 50 x 50 9 

A total of 80 analyses were completed; the spectra were saved in the proprietary 
software format of the spectrometer, then exported as .txt files for subsequent compilation in 
a series of Excel spreadsheets. The data (all three formats) are stored (currently) on a secure 
database accessible only to OU staff. On completion of the project, the database will be made 
publicly available as a library on the Spectroscopy for Planetary Sciences website 
(www.open.ac.uk\SP4PS – not yet public). 

10 Next Stage 

Two separate workstreams were initiated in parallel with the analysis programme using 
the .txt data of the unadulterated silicate species: evaluation of software packages for data 
reduction and production of a Data Library. These activities form the basis of WP3 and are 
described in TN3. 

http://www.open.ac.uk/SP4PS
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