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1. ABSTRACT

Raman spectroscopy is widely used in the field of geosciences because it is very fast, non-
destructive, noninvasive and does not require sample preparation. The Raman spectra often
provide unique fingerprint of the sample that can be used to identify any unknown minerals.

Raman Data Search and Storage (RDSS) software was developed as an analytical tool
for a fast and accurate identification of unknown minerals by comparison of their spectra with
the indexed library of data. RDSS is a freeware, user-friendly software, written in Java, not OS
dependent, available for use by anyone who has an Internet connection and can be accessed at
the following link: Asp:/ /rdss.sfnet. A search function was implemented to enable users to find a
specific peak value. Using the asterisk character (*) as a placeholder for one or more unknown
peak value(s), the software will return the best match(es). Besides the search utility by the Raman
band positions, which was proven to be priceless in the interpretation of Raman spectra, the
RDSS software gives the user the ability to display and inspect the Raman spectra quickly and
very efficiently. Users can zoom into the Raman spectrum, shift in any direction the wavenumber
and the intensity axes, and if any part of the spectral display is clicked, that region will be
highlighted and the specific wavenumber returned. A photo for every sample entry stored in the
database is also available. For the raw Raman spectra, the RDSS software can open any .txt file
format with XY data format, delimited by different delimiters: tab, space, comma, semicolon, and
it can also ignore rows with ##comments.

The RDSS software allows users to easily find the Raman peaks of a raw spectrum
obtained from a single crystal or from a mixture where multiple peaks are expected to arise. The
only disadvantage encountered in most applications which use a spectral matching system is
usually the insufficient number of spectra in the database. However, even with a limited number
of records in the database, the user can obtain a first impression of the mineral class of the

unknown compound.
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2. GENERAL DESCRIPTION

2.1. Description

Raman Data Search and Storage (RDSS) software was developed as an analytical tool
for a fast and accurate identification of unknown minerals by comparison of their spectra with
the indexed library of data. This application derives from an online database entitled Romanian
Database of Raman Spectroscopy (RDRS). RDSS is freeware, enjoy!

2.2. System Requirements & Installation

2.2.1 Terms of Use / before start (takes 10 seconds)

Please, read END-USER LICENSE AGREEMENT (EUL.A) carefully before copying,
installing or using the RDSS software. By using all or any portion of the Software you accept all
the terms and conditions of this Agreement. If you do not agree, do not use this Software.
You can read the EULLA online, at this URL A#p:/ / rdss.sf.net/ license.html; ot, you can read the full
EUILA which is in the root directory of the application (LICENSE.txt).

2.2.2. Download
You can download it from application website (h#p:/ /rdss.sf-net/ download.html), ot from
the sourceforge website (bzp:/ / sourceforge.net/ projects/ rdss/ ).

2.2.3. Installation

This is written in Java, so you don't need to install it, just take care if you have JAVA
Runtime Environment. You can find Sun's Java here (b#1p:/ / java.com/ download/). By the nature of
what it does and for what it’s used, it is not portable at all, and only runs on Windows (tested on
XP, Vista 32/64, Windows 7 32/64). It works on Linux OS, but not fully functional! Minimum
hardware requirements: RAM 512 MB (1GB recommended).

2.3. Scientific citation

If you use RDSS in your scientific work, please reference to the software as:

"RDSS - A Raman spectra library software using peaks position for fast and accurate
identification =~ of  unknown  inorganic = compounds”,  Version = 201x.XX.XX,
http:/ /| rdss.sonrceforge.net.

Important! Please insert the current version number which is presented as date format
yyyy.mm.dd.
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3. THE GUI (GRAPHICAL USER INTERFACE)

3.1. Menus
General functions are accessed via the Menus.

Main Window //Menu New Spectrum //Menu
Function Shortcut Action event Function Shortcut Action event
. . Clear the
File > Login F5 Disabled at *thls File > Clear Spectrum Ctrl + R spectrum from
moment .
the ChartView
File > Open Spectrum ~ Ctrl + N Openanewfile | by o g Cul + Closethe
spectrum window
File > Save Spectrum Cttl + S Save the current Spectra > Properties Ctrl + E Properties of the
spectrum spectrum
. Open ‘baseline
File > Refresh Etrl Al Eesfiir;titgz fg.sesligg Ctrl + B adjusted’ tab for
pp Spectra > e RIA
o RIA . Open ‘high
File > Exit gtrl + Ale+ rQruI;lt ;V;;hout If—lhg}rl Ctrl + H  fluorescence’ tab
prompt message uorescence for RIA
Window > Reset F3 Reset all panels
Layout
Help > Help F1 Open this file
Hel'p > Quick Start Cerdl + G Open a cluick start
Guide guide
Open the Forum
Help > Support Forum  F11 webpage
Help > License Alt+ L Open License file
Help > Change Log F12 Open Change log
Help > Roadmap Open Roadmap
page
Help > Check for Cerl + U It checks for any
update updates
Help > Donate Open donation
page
Help > About F2 Ope.n About
window

* - Login function is disabled at this moment because administrator panel require some technical adjustments.

3.2. Main window
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Figure 1 - Main window of the Raman Data Search and Storage application: a) — ChartV1eW. panel; b) —

data entries panel; and c) — panel with the details of the selected entry from panel 2
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3.2.1 Data entties, ChartView and tentative assignment of the Raman peaks

The core of the RDSS application GUI is the bottom, where two tabbed panels contain
two tables. First tab named Primary Table contain a table designed to have commons columns like:
sample no., mineral name, chemical formulae, main peaks, other peaks, reference, external link
and comments. The second tab named Secondary Table, contain a table designed to have a more
specific columns for specific domain search: mineral name, 200 - 600 cm™, 600 - 900 cm™', 900 -
1200 ecm™, 1200 - 1500 cm™, 1500 - 2000 cm™, 2000 - 3000 cm™, 3000 - 4000 cm, external link,
comments and reference (see figure 1). The first and the last three columns are linked with those
from Primary table for structure reasons.

In the left-upper part of the main window of RDSS application, a Raman spectrum
shows when a specific row is clicked in the Primary and Secondary Table. In other words, each

mineral row is linked with its own Raman spectrum.

3.3. New Spectrum window

r q
File Spectra
Analyze —
Main peak: |1087 | Mouse dickon: |285 | outof lmit ] e LA aNnE
- @ Manual () Automatic
Raman spectrum of Calcite.txt T
Location path: C:\Users\Raman\Documents)Calcite txt
Get Peaks Select All
yre———r—— Eleeipea
8,000
7,000
~
} 6,000
g
£ 4,000 Automatic Peaks
5 2o Threshold: [ ]
E 3 |- 285 . 5
T Gap: iz
2,000
Find Select Al
000
o J J\ e, A L N A L A e e il
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Wavenumber (cm-")
Remave Al Remove
0 [ e o

Figure 2 — New Spectrum window of the Raman Data Search and Storage application: a) — ChartView
panel; and b) — a panel which contain tabs with specific functions

3.3.1. Analyze
In this tab user can manually extract the interested peaks or automatically which is a great
function for Raman spectra with multiple peaks. See bellow discussions for both options.

3.3.11 Manual

When “Manual” radio button is pressed, a panel with manual search function of the
Raman peaks becomes active (figure 3).

After the "Get Peaks" checkbox is checked, on the Raman spectra chart panel appear a
crosshair which moves with the mouse crosshair. In other words it's like a real-time mouse
tracing which help the user to get the exact peak position. Furthermore, the user can zoom in
before get the desired peak. All peaks appear in a list with different options: delete a single peak,

multiple or even all peaks from the list.
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To compare selected peak(s), after selection, press “Go” button from the bottom of the
entire panel.

.
7 RDSS - Raman Data Search and Storage - New Spectrum o= e
File Spectra
4 analyze | R1a | Appe
Main peak: | 1087 | Mouse dickon: |715 | x = 411;y = 2981 W aNnE
- @ Manual (7) Automatic
Raman spectrum of Calcite.txt ———
Location path: C:\Users\Raman\Documents)Calcite txt
V| Get Peaks Select All
i e at 1067 o [sdeciat ]
8,000 55
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Figure 3 — Manual search function of the Raman peaks

3.3.12 Automatic
When “Automatic” radio button is pressed, a panel with automatic search function of the
Raman peaks becomes active (figure 4).
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Figure 4 — Automatic search function of the Raman peaks while set the value of the “Threshold”

To use the automatic search function, the user needs to fill two variables before obtaining
peak values.

First variable is the “threshold”. Specify the 'threshold' heigh, 'findpeaks' only returns
peaks that exceed at least the Y-value of "Threshold' (figure 4).

Second variable is the “Gap”. Specify the 'gap' width. This function affects number of
peaks. Density of the peaks is directly correlated with this variable. Most recommended values are

RDSS Application | Help file



between 50 and 300. In this example (figures 4 and 5), was used a value of 200. Don’t forget to
press “Find” button after you filled the second variable.

All peaks appear in a list with different options: delete a single peak, multiple or even all
peaks from the list. To compare selected peak(s), after selection, press “Go” button from the
bottom of the entire panel.

,

File Spectra

4 Analyze | p1a | Appearance
Main peak: | 1087 | Mouse dickon: |711 | x=573;y =29 W

) Manual @ Automatic

Raman spectrum of Calcite.txt

Location path: C:\Userst\Raman\Documents\Caleite txt

Manual Peaks

1 GetPeaks | Select Al
—» Main peak &t 1087 em-
8,000

7,000 v 4 A

6,000

5,000

4,000 E Automatic Peaks

Threshold: |573 O]
3,000

Raman intensity ——>

Gap: 200 [62]

1,000 t

285
715
1087

A O Y T ot ) v ]
0 250 500 750 1,000 1,250 1,500 1,750 2,000 2,250 2,500 2,750 3,000 3,250 3,500
Wavenumber (cm-")

0

I C e o

Figure 5 — Automatic search function of the Raman peaks after was set the value of the “Gap” and “Find”
button was pressed

3.3.2. Relative Intensity Assignment (RIA)
This function is performed for both the Baseline Adjusted Raman spectra and for Raman

spectra with High fluorescence. For both functions is used a 5 steps of intensity assignment and
are divided as follow:

Intensity Assignment
between 0 — 10% very weak (vw)
between 10 — 30% weak (w)
between 30 — 60% medium (m)
between 60 — 90% strong (s)
between 90 — 100% very strong (vs)

The Baseline adjusted Raman spectra (figures 6 and 7) works very well with baseline-
removed spectra. After the checkbox "On/Off | Intensity Assignment" is checked, the user must
extract the strongest peak by moving the crosshair and press first mouse-button on that peak
(figure 6). Afterwards, the lowest peaks (in terms of intensity) can be assignet based on the
strongest peak.

The High fluorescence Raman spectra (figures 8 and 9) works very well with the Raman
spectta which has no baseline-removed spectra. After checkbox "On/Off | Intensity
Assignment” is checked, the user must extract the strongest peak in two steps:

@) tirst identify the highest peak from the Raman spectrum and check the
“Min” (which stands from “minimum”) radiobutton, afterwards the
user must extract the minimum of the strongest peak by moving the
crosshair and press first mouse-button on that minimum of the peak

(figure 8);
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(i) the second step is similar to the first, the difference being that the user
must to check the “Max” (which stands from “maximum?”)
radiobuutton, afterwards the user must extract the maximum of the
strongest peak by moving the crosshairr and press first mouse-button
on the maximum of the peak.

For the Peak 1 assignment, the procedure is similar to that of the extraction intensity
value for the “Strongest peak” (discussed above).

~
{7 RDSS - Raman Data Search and Storage - New Spectrum o= e
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Figure 6 — Relative Intensity Assignment (RIA) in action for a Baseline adjusted Raman spectrum.
Obtaining the “Strongest peak” intensity value
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Figure 7 — Relative Intensity Assignment (RIA) in action for a Baseline adjusted Raman spectrum.
Obtaining the “Peak 17 Intensity Assignment based on the “Strongest peak” intensity
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Figure 8 — Relative Intensity Assignment (RIA) in action for a High fluorescence Raman spectrum.
Obtaining the minimum intensity value of the “Strongest peak”
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Figure 9 — Relative Intensity Assignment (RIA) in action for a High fluorescence Raman spectrum.
Obtaining the maximum intensity value of the “Strongest peak”

3.3.3. Appearance

The Appearance panel (figure 10) contains a lot of tools to manipulate the Raman spectrum in
terms of appearance. These tools are described in the following table:

Tool Action
Tick i Fill the textbox with the desired space between
cx spacing ticks for both axes (Wavenumber and Intensity)
- Check or uncheck the checkboxes for the desired
Gridlines . . s
axis to show or hide the gridlines
Fill the textboxes from x (start number) to y (end
Range number). Don’t confuse y with Y axis. This range

can be used just for the Wavenumber axis.

Spectrum color

User can choose a color from 7 available colors
(black, red, green, blue, orange, yellow and cyan).
Default is black.
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Spectrum width

Width of the Spectrum line

Spectrum points/lines

Convert the Raman spectrum line in points linked
by a thin line and default Raman spectrum line

Reverse axes

File Spectra

Checkbox to reverse X-axis (Wavenumber) and
checkbox to reverse Y-axis (Intensity)

, ,

Main peak: 1087

4] analyze | R1a | Appearance |

Mouse dick on: |0 out of limit
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Logation path: C:\Userst\Raman\Documentsicaloite csv
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Figure 10 — Functions from the Appearance panel tab in action

3.4. Spectra menu and properties

The Chart Panel where is shown the Raman spectrum has some functionalities and
properties which can be archieved by mouse actions.

Right mouse click activates a popup menu with the following items:

Item Action
Copy Copy the. Raman spectrum (you can paste it in
photo editors)
Save as... Save the Raman spectrum in .png format
Print... Print it

Z.oom in > Both Axes

Zoom in perserving the ratio of both axes

> Domain Axis

Zooom in perserving just the Intensity ratio

> Range Axis

Zoom in perserving just the Wavenumber ratio

Z.oom out > Both Axes

Zoom out perserving the ratio of both axes

> Domain Axis

Zoom out perserving just the Intensity ratio

> Range Axis

Zoom out perserving just the Wavenumber
ratio

Auto Range > Both Axes

Auto Range both axes

> Domain Axis

Auto Range Wavenumber axis

> Range Axis

Auto Range Intensity axis

Reverse X-axis

Reverse Wavenumber axis

Help/Shortcuts

Opens a window with explainations of how to
use mouse for a fast and easy controlls of the
Raman spectrum
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Figure 11 — Spectra menu and properties
. .
Action How to do it

Z.oom in/out

Use the scroollwheel-up/down of the mouse

Zoom in on a desired region

Use the left mouse button to drag a selection
rectangle

Restore X-axis / Y-axis

Press right mouse button and drag the mouse

up/down

Translate X-axis / Y-axis

Ctrl + left mouse button and drag the mouse
to move the whole Raman spectrum

Get X value

4. FUTURE DEVELOPMENT

press left mouse button on the Raman
spectrum and hover the mouse to see the
specific value of the X axis

- to populate the application with new Raman spectra;

- integrate 3D crystal structure for every entry;
- save spectra in .csv / xls format

- drag and drop spectrum file;

- add clear button for RIA panel;

- mineral classes description;

- Raman introduction/tutorial/short presentation;
- google maps api, for GIS coordinates of the samples.
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