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Band lists: Aims

* Provide a data base containing the list of electronic, vibration and phonon bands
of various solids of astrophysical interest.

* |ces
* Simple organics
* Minerals

=>» To help identify absorption or emission bands from solids observed in
various astrophysical environments or in laboratory simulations ...

=>» To help determine the environment of the molecule or mineral
(composition, isotopes, mixing, phase, T, P, ...)

-)Tognellp select the best spectra to compare with observation, or to use in
models

=» Provide the tools to Import / Search / Visualize / Export
 Bandlist & Bands

* Developed in the frame of the Europlanet-2024 Rl program (EU H2020-RI N° 871149)



Band list of solids: definition

e Bandlist:
List of band parameters and vibration modes of:

 amolecule in a simple molecular constituent (2-3 species maxi)
* a mineral or a ionic/covalent solid

with a defined phase and composition (fixed or small range)

v includes bands of all isot opes (sub-bandlists)
v’ for different environments (T, P, ...)

Exemples : ‘
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* solid H,S — phase Il
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* H,Sin crystalline solid SO,
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* H,S clathrate hydrate
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Band list of solids: parameters

e Bands:

- Specie(s) assignment
 molecule, atom, ion, isotopic species, ...

- Transition assignment(s)
e Electronic, vibration or phonon mode(s), resonances, ...
e (but no quantum number: not the practice for solids)

- Band parameters
e position (energy),
* width, shape, ...
* intensities (peak and integrated)
* accuracies / quality / evaluation
* in different environments (T, P)



Band list of solids: band parameters

parameters

Bands parameters TP EE—
* Position (energy)
e Width
* Shape Solid SO,
* Peak intensity phasel | [
* Integrated intensity valiju';
|+ Vibration mode .
* Phase : \/\m’/\
| * Environment cond. ('D \:
* Accuracies — . ——
_. Quallty/ evaluation 2350 2400 im Wgéesl?umber (cm-l) 2500 2550

Quality Constituent



Band lists and Bands

e Crystalline a-CO
@ Spectrum ¥ | Write your keywords here ¢ Q E Help ~ [ Data ~ @ Bernard Schmitt ~

o Bands

[« Lt Bandlist @ Constituent

Show| 25 £ |entries Search:
VUV-NIR-MIR-FIR absorption band list of
CO in pure solid alpha-CO
Position Width Relative Mode
(cm-1) | (cm-1) intensity Strength Transition mode Isotope Bond type Degeneracy

@ sub-Bandlist Electronic transitions
d?A — X1E* system

51870+  512£10 0.33 a’ll, « X'B+(2,0) “c%0o  BCe- =0 intervalence double site
25 charge
@ Sub-Bandlist Electronic transitions trans%er
1 Lyt eye
AMI + X 'ET system stretching
Q‘ 5ut»BandIist| Ele_ctro'fc transitions 50150 + 504 + 10 0.5 a’ll, + X'§t (1,0) 12716 ) 12— —16 )+ intervalence double site
a’Il, + X ‘37 system 35 charge
transfer
@ sub-Bandiist Vibration modes stretching
@ subBandiist Phonon modes 48400 + 563 £ 10 1 a I, «+ X'E%(0,0) Rosg intervalence double site
25 charge
transfer
6390 =+ 1 42+2 5.5e-07 w 3, + v 2ibg 2= =16 07 stretching
other
6337.8+  3.7+02 3.1e-05 Wi 3 26 120- =16 0 stretching
0.8
6258+ 0.5 37+0.2 1.26-08 o 31, 2olig 120- =17 0" stretching
6199+ 0.6 3.6+0.2 3e-07 o 31, Bowg  Bo- =190 stretching
6188.4+ 3.7 +0.3 6.56-08 o 31, 2ol 20— =18 0 stretching

0.5



Band lists and Bands

Crystalline B-CH3CN
@ Spectrum

1] Lt Bandlist #8 constituent

dp

Write your keywords here ¢ Q E Help ~ M Data ~ & Bernard Schmitt -
e Bands

Show sp % | entries Search:
NIR-MIR-FIR absorpticn band list of
CH3CN in solid beta CH3CM
Position Width Relative Transition Mode
S | Suls Baradiine Vet T R LT 1 {cm-1) (cm-1) intensity Strength mode Isotope Bond type Degeneracy
u ndlis -0, )
vibration modes
1036 £ 0.5 ; ; vy (E) CHy;CN C < Hy bending
@ SsubBandiist Fundamental vibration anFlsym.
modes |n—!3
(rocking)
& subBandlist Phonon modes 13 - 13 : i
1032 £ 0.5 ; ; vy (E) SCH3CN 20 < Hy bending
antisym.
in-p
(rocking)
918 + 0.5 - - vy (A1) CHyCN =C-C< stretching
915 + 0.5 ; ; vy (AT) CH; BCN =B c-cCc< stretching
1634+ 1 ; ; vy, (E) CHy;CN libration
141 +15 ; ; vy, (E) CHy;CN libration
129.5 4+ 2 - - v (E) CH;CN libration
129.5 +2 - - v CH;CN unknown
3935+ 0.5 - - s (E) CH;CN >C-C=N bending



Development of the ‘band list database of solids’

Europlanet-2024 RI (2020-2024)

» Development of bandlist datamodel (Done) B. Schmitt
» Development of bandlist database (Done) M. Furrer

» Development of:

« |mport / validation tool (Done) M.F.
 Seach tool (Done) M.F.
« Visualization tool (data + metadata) (Done) D. Albert

» Export tool
DOl generation
» VO interoperability (VESPA, VAMDC, ...) (To be done) D.A.

» Filling of the database
= Review the available data for molecular solids and minerals ...

'Finalized’ version = end 2022



Band lists data model: SSDM-BL

SSDM-BL: Solid Spectroscopy Data Model for Band List

» Description of the ‘solid constituent’
* same as SSDM, but simplified

* Description of the ‘Bandlist’

* type (absorption, Raman, fluo, ...)

e constituent and primary species (for molec. solids)
e spectral units...

 version, history, ...

 link to ‘parent spectra’

« analysis, quality flag, ...

* preview



Band lists data model: SSDM-BL

SSDM-BL: Solid Spectroscopy Data Model for Band List

» Description of the ‘Bands’

« Assignments (multiple)

« Multiplicity, degeneracy, resonances
« Transition

 label, type
* Species, crystal site and symmetry
* bond (for molec. solids)

« Evaluation

 Characteristics (multiple)
e environnement: T, P
position peak / center + error
width, shape + error
Peak intensity (absolute / relative) + error
 Integrated intensity (absolute / relative) + error

 Publications (in the SSHADE publi database)



Band lists: import tool

 Solid constituent,

Blrew 1 0 B bandist_ABS_CH3CN_beta CHICN_v081cxml E1 l

Data type : Bandlist

CH3CN in solid beta CH3CN

<import type="bandlist" s=zdm version="0.5.1"
X, ="http://sshade.en/schema/import"
xm. ixsi="http://www.w3.orqg/2001/XMl.Schema—-instance"
x=i:schemalocation="http://sshade.eun/schema/import http://sshade.en/schema/i

<bandlist>< multiple
<!-— BAND LIST IMPCRET MCDE AND INDEXES -->
<import_modercorrection</import_mode> <!-- 5 MAWNDATORY** Mode of importc
<Jid}BANDLIST_ﬁBS_CHSCN_peta—CHBCN{fuid} <1—— #**RKBS MANDATORY to CREATE** Un

<!-— BARND LIST DESCRIFTION
<typerabsorption</type> - - ®®*RBRS MANDATORY** Type of band list. Enum: {abs
<title>NIR-MIR-FIR absorption band list of CH3CN in solid beta CH3CN</title:

<description><! [CL ion }§ list of SCH

<!-— BANDLIST: SFECTRAL RANGES
<parameters spectral: BS MANDATORY*® —-
<unitrem-1</units ! *BABS MANDATCRY** Unit of the position and width
<standard>vacnum</standard> <!-- **ABE5 MANDATORY** Medium in which the w
<range_types> <!-— **AB5 MANDATCORY at least one** -->
<type>NIR</type><!-- multiple —--> <!-- **LBS5 MANDATORY** Typical spe
<type>MIR</type>
<type>FIR</type>
</range_types>
<!-- **AB5 MANDATCRY at least one** -->

<ranges:

<range><!'-- multiple —->
<min>90</min> <! BBS MBNDATCRY** Start of the spectral range
<max>4450</max> <!-- **RAB5 MANDATORY** End of the spectral ranges
</range>

</ranges>
<COommEnRtS>-
</parameters_spectral:

]><fcomments> <!-- Additional information on spectra

<!-— BANDLIST: INTENSITY MCDES AND UNITS -->
<reference_position>
<electronicr</electronic> < #*MBNDATORY for electronic bands when barn
<infrared»</infrared> <!-- **MANDATCRY for infrared and Raman bands when
</reference_ position>

<!-— BAND LIST: CONSTITUENT AND SPECIE —->
<constituent>

<ZJid3>CONST_sc1id_beta_CH3CN<:f‘.1id:> <!-— **LBS MANDATCRY*#

<primarv specis uid>MOLEC CH3CN</primarv specie uid:>

¥ to the exi
**LBS MANDRZ ¥
>

xml version="1.0" encoding="UTF-8"?2> -

Bandlist & bands:

Spectrum

0 & & &

E Documentation

_‘L Import

Q, Search V]
4" Tools o

Data validation ]

XML files

¥ | Write your keywords here c Q

Import

bandlist_ABS_CH3CN_beta-CH3CM_w091 coxoml

Options

Simulation mode

H lzgnore missing resources

oDel::ug options

0l Iznore fixed OpenEnumn values
[ Skip faulty files instead of stopping on first error

O Bypass Elasticsearch indexation

Browse



Band lists: user search tool + results

* Bandlists of specific solids with various criteria

@ Band list

Band lists search

absorption

& Fitters

By Bandlist
Type

Spectral range type
Spectral range min
Spectral range max

Category

= Nrite y ke: E Help ~
in ® absorption
in = UV, Vis, NIR, MIR, FIR
== e 200 cm-1
<= * 30000 cm-1
in = fundamental vibration, overtone vibration, combination vibration

By Molecule (for molecular solids and liquids)

Name

Formula

InChi + key

Options

With bond

With chemical function

contzins all word: ¥ acetonitrile

is ¢ [12]CH3CN

For isoropes, put atomic mass between [ | before the atom - ex: [32]5[T6]JO[TE]O. [13]C2HD,

is * WEVYAHXRMPXWCK-UHFFFADYSA-N

contsins any ¢ N €C

@ Reset all filters

Far isotapes put atomic mass between [ ] before the atom - ex: [32]S[16]0, [13]CD.... ar [32]5[T16]0[18]0 for whole molecule vibration

* CH3

4

By Constituent

Name . " -
contains all word: acetonitrile

Liquid compound type in &

Solid (synthetic) in s nitrile

compound type

Mineral compound in s
type
CAS number i -

By Environment

Temperature

>= & 20 K
Temperature = & 150 "
Pressure a= $ bar
Pressure 2= L 5 bar

o Results

MIR-MIR-FIR abserption band list of CH3CN in solid beta CH3CN [42 bands]

MIR-MIR-FIR abserption band list of CH3CMN in solid amorphous CH3CN [20 bands]

2 band lists

EI*...
EI*...



Bands: user search tool

* Bands with various spectral and composition criteria

@ Spectrum

Bands search

absorption

Q':ilca’z

By Band

Type
Band position min

Band position max

Options

Band width min
Band width max
Band strength min
Band strength max
Transition category

Transition mode

ar

A

ar

absorption

2500

fundamental vibration, combination vibration

() Rzzet
nusersie :

& Reset all filtars

o — 1
e — 1
w
~

By Molecule

Name

Formula

InChl + key

Options

With bond

By Constituent

Name
Liquid compound type

Solid {synthetic)
compound type

Mineral compound

type

CAS number

Options

Temperature
Temperature
Pressure

Pressure

contains all weord:

acetonitrile

CH3CN

For isotopes, put atomic mass between [ | before the atom - ex: [32]S{T6]0[18]0. [13]C2HD....

-

WEVYAHXRMPXWCK-UHFFFAOYSA-N

For isotopes put atomic mass between [ | before the atom - ex: (F2]5(16]0. [13]C0.... or [32]S[16]0[18]0 for whole molecule vibration

contains all word:

in

ar

a

A

nitrile -

150 K -



Bands: results

* Main band parameters + assignment + molecule, isotope, constituent + T, P

e Results 60 bands
Show| 25 % |entries Search:
Position (cm-1) 1 Width (em-1) Strength Assignment Type Isotope Molecule/Atom Constituent Temperature (K) Pressure (bar)
| @| 51870 25 5124 10 - all, «— X'E7(2,0) absorption el o] alpha-CO 20
| @| 50150 = 25 5044 10 - a I, « X'E7(1,0) absorption loiile) co alpha-CO 20
| @| 48400 1 25 563 4 10 - a®ll, «— X'E'(0,0) absorption Boo co alpha-CO 20
| @ | 6390 4 1 4342 ww 3y +rpr absorption roo co alpha-CO 21
| @ | 6337.21L 0.8 37402 v & 170 absorption 12o6g co alpha-CO 20
| ey | 6258 1+ 0.5 37402 W 3 absorption el o alpha-CO 21
| ey | 6100 4 0.6 3.6 0.2 ww 3y absorption ele co alpha-CO 21

| @ | 6188.44 0.5 37403 Ve 3y absorption el oo alpha-CO 2



Band list & bands: display tools

Data
* Individual bands
* Individual isotope
e Sum of bands per isotope
e Sum of bands of whole bandlist

Intensity
* Absorption coefficient
* Relative intensity

Representation
* Line (position + intensity)
* Triangle (position + width + intensity)
* Gaussian

v’ Manage missing data on width and/or intensity



Band list & bands: display tools

@ Spectrum =

E |L'|Bandlisl:

g Constituent

NIR-MIR-FIR absorption band list of 502 in pure solid
502-|

@ subBandist Combination-overtone vibration modes

@ SubBandist Fundamental vibration mades

Write your keywords here ¢ IE]

NIR-MIR-FIR absorption band list of SO2 in pure solid S02-1

Absorption coefficient {cm-1)

5000 4500 4000 3500 3000 2500 2000

Wavenumber {cm-1)

Position BAND_ABS_SO2 SO2-
387457 1_.3883.V1

BAND_ABS_S02_S02-
1.3800.V1

[EE] eanp_aes so2 so2-
1.3012.v1

Title
MIR-MIR-FIR absorption band list of 502 in pure solid 302-

Data
@ Individual bands
Zumn all bands
O Sum bands by isotopes

O Sum bands for an individual isotope: | MOLEC_3251602 o

Intensity
Intensity type: | Absorption coefficient -

Representation

O Simple

O Gaussian

@ Peaks

Data

Unit: |cm-l w | Range: | valid . |Valid spectral range(s) 5100 - 500 cm-1
X Axis

Scale: Inverted:

Y Axis

Legend

Position: [right | Visibility: [ show

1500 1000

BAND_ABS_S02 SO2-
1.3036.V1

500

BAMD_ABS_S02_S02-1_2976.V1
——— BAND_ABS_S02_502-1_3333.V1
—— BAND_ABS_S02_502-1_3410.V1
—— BAND_ABS_S02_502-1_3421V1
—— BAND_ABS_S02_502-1_3513.v1

BAMD_ABS_S02_502-1_3554.V1
——— BAND_AES_S02_502-1_3558.V1
—— BAND_ABS_S02_S02-1_3584.V1
—— BAND_ABS_S02_S02-_3755.V1
—— BAND_ABS_S02_S02-1_3883.V1
—— BAND_ABS_S02_S02-1_3890.V1
—— BAND_ABS_S02_502-_3312V1
—— BAND_ABS_S02_502-1_3936.V1
—— BAND_ABS_S02_502-1_4101.V1
—— BAND_ABS_S02_502-1_4547.V1
—— BAND_ABS_S02_502-1_ 47041
—— BAND_ABS_S02_502-1_4933.V1

Draw options

Draw line: Fill area:

Line width: ' 1.8p=
Fill opacity: 30%
Calors: Invert: D
Saturation: ' 1.0x

| 1.0%

Lightness:



display tools

3
1 05 BAMD_AES_SO2_SO2-1_11423 1 ({-ifhw)
[ ) H H z BAMD_AES SO2_S02-1_ 13021 {-ifw)
Nnaiviaua 103
=
z
band b
andas -
z
1

=
=]
[

Absarption coefficient (om 1)

JJ
e @
W oWH W NK W N R

Secss BAND_ABS_SO2_SOZ-1_13000 1 i)
BAND_ABS_SOZ_SOZ-1_Z2I3w1
BAND_ABS_SOZ_SOZ-1_Z2F3W1
BAMND_ABS_SO2_SO2Z-1_2281.w1
BAMND_ABS_SO2_SOZ-1_2287W1
BAMND_ABS_SO2_SO2Z-1_2412 W1
BAMD_ABES_S0O2_S02-1_Z2a4Z3aW1
BAMD_AES SO02Z_SO2-1_ZJ445%1
BAMND_AES_SO0OZ_SOI-1_ZASEW1
BAND_AES_S0OZ_SOI-1_ZE46W1
BAND_AES_SOZ_SOZ-0_ZF4301
BAND_ABS_SOZ_SOZ-1_Z7I00w1
BAMND_ABS_SO2Z_SOZ-1_27I9.w1
BAMND_ABS_SOZ_SOZ-1_ZB0BW1
BAMND_ABS_SO2_SOZ-1_2949.%1
BAMD_ABS_S0O2_SO2-1_Z9S2 W1

=300 2250

Wawvenumber {(cm-1)

* Sum of bands - —fee
of each isotope 5 l ‘

* Sum of bands _
of whole .
bandlist 5o l

Wi avenumber (crm-1)



Band lis

* Constituent

e Electronic bands

e Vibration modes
* By isotope

* Phonon modes

t & bands: organisation of the bands

Write your ke

h

IR VUV-NIR-MIR-FIR absorption band list of CO in
pure solid alpha-CO

@ Spectrum s

M L Bandlist @ Constituent

b-Bandlist Electronic transitions

Sul
d*A — X1E! system

@ subBandiist Electronic transitions
A'll + X

system

@ SubBandiist Electronic transitions
a’ll, +— X1T system

© Ssub-Bandiist Vibration modes
@ SsubBandist - OO0
@ SsubBandist 20

Band g 6258.0 cm s 31y of 20 Oin alpha-
co

Band b 41983 cm ' 2uy of 2CVT O in alpha-
o

Band {3 2112.2cm "0y of POV Qi alpha-
o

@ SsubBandist 2100
@ subBandiist OO0
@ SsubBandist OO0
@ SsubBandist C(1F0

@ subBandlist Phonon modes

vords here ¢ @

VUV-NIR-MIR-FIR absorption band list of CO in pure solid alpha-CO

104
10°
10°

10

Absorption coeffident (cm-1)

107"
107
1073
107
6000 5000 4000 3000
Wavenumber (cm-1)
Position
2577.00

Title
VUV-NIR-MIR-FIR absorption band list of CO in pure solid alpha-CO

Data

O Individual bands

O Sum all bands

® Sumn bands by isotopes

O Sum bands for an individual isotope: | MOLEC_12C160  ~

Intensity
Intensity type: | Absorption coefficient .

Representation
O Simple

® Gaussian

O Peaks

Data
Unit: | cm-1

v| Range: | valid | Valid spectral range(s): 82000 - 35 cm-1

X Axis

Scale: M Inverted:

E Help - M Dats ~ 9 Bernard Schmitt ~

2000

Draw options

= MOLEC_12C160

MOLEC_12C170
MOLEC_12C180
MOLEC_13C160
MOLEC_13C1 70 (-ifw)

= MOLEC_13C180

Draw line: I Fill area: 4]

Line width:

' 1.2px

Fill opacity: 30%
Colors: [ SSHADE | 1nvert: (1

Saturation:

Lightness:

| 1.0
| 1.0x



@ Spectrum z

) M Bandlist ﬁ Constituent

Bandlist VUV-MIR-MIR-FIR abscrption band list of

CO in pure solid alpha-CO

& Ssub-Bandiist Electronic transitions

d*A — X'E' system

& Ssub-Bandiist Electronic transitions

Al «— X'EY system

& Ssub-Bandiist Electronic transitions

a’ll, +— X'E" system

O T Vibration modes
® Sub-Bandist -0

© EmEmm ¥ 010

) S 6258.0 o 3y of POV O n
1

alpha-CO

241983 em ! 21y of 20T Qin

alpha-CO

alpha-CO

@ SubBandist (0
@ subBandist 0

@ subBandist OO

Band list & bands: Metadata

Q]

Write your keywords here c
Band

Title
21122 em ™1 1y of OV Qin alpha-CO

e Band type

Type
absorption

Assignments summary

21122em Ly of POV Oin

Assignment Mode Isotope
1 stretching @00

Characteristics summary

Peak Center

position  position  Width

(em-1) (em-1) (em-1) Shape

2112.2 1.2  gaussian

+0.3 0.2
o Band assignment #1

a Assignment

Label

L1

Meolecule/Atom

@0
Peak
Asymmetry  intensity
factor (em-1)
5545

Bond

@0

Peak
intensity
relative

0.00084

E Help ~ [ Data - 9 Bernard Schmirt ~
Multiplicity Degeneracy Contribution Resonance
o no
Integrated  Integrated
Peak intensity intensity Integrated  Temperature  Pressure
strength (em-2) relative strength (K) (bar)
m 644 6.5 0.00026 W 23



Band list & bands: export tools

e Export tool :

» Export full bandlist with all bands data (table) and metadata
* |n several formats (ascii, VOTable, FITS ...)

* Tool to customize export
* Export units
* Spectral range, ...
* Data and file format



Band lists: DOI

* DOI
* One DOI per bandlist

=» generate a data reference

 The SSHADE bandlist commitee (2021): NIR-MIR-FIR absorption band list of CH3CN in
solid beta CH3CN. Version 1. SSHADE (OSUG Data Center). Dataset/Band list Data.
doi: 10.21362/SSHADE/BANDLIST ABS CH3CN beta-CH3CN

* DOI generation:

* Mapping of SSDM-BL with DataCite schema
* To be upgraded

* Tool for automatic DOI submission request:
 already developed for spectra
* Activated when data pushed to ‘public’


https://doi.org/10.21362/SSHADE/EXPERIMENT_AG_20130923_000

Band lists: data compilation

Review the available data for molecular solids and the minerals

« SSHADE consortium partner’s data

 Publications

« Many many papers scattered in the literature (> 10 000 ...)

« Physics, chemistry, astrophysics, optics, material science, geophysics, geology,
mineralogy, ...

« EX: spectrum of pure solid a-CO : > 30 papers! (1961-2020...)

* First selection :
~ 50 simple and pure molecular solids (H20, CO, SO2, CH4, ... C6H6, CH3CN, ...)
~ 50 simple ‘unique’ minerals (fayalite, forsterite, hematite, salts ...)

=> critical review of all parameters =>» selection (= 2020-...)
=> selection committee ?



Bandlist: V.O.

>

Interoperability layer for VESPA

* already exist for spectra

Mapping SSDM-BL with EPN-TAP
* Partly done

Definition of the search KeyWords
* Subset of user search KW

Implementation

=»To be online in 2022

=» See you at next ASOV meeting !!!

VESPA

.pean Solar #ind Plapetary Accéss .

Main

Target Class
Dataproduct
Type

Instrument

Time

Back To Services Results

Results in service SSHADE

https://wiki.sshade.eu/

Credits:

Publisher: OSUG Data Center

SSHADE - SSHADE spectra library
SSHADE is an infrastructure for Solid Spectroscopy hosting a set of specialized databases
provided by several research groups. SSHADE distributes spectral and photometric data
(transmission, reflectance, optical constants. Raman, etc) obtained by various spectroscopic
techniques over the whole electromagnetic spectrum but mostly covering the X, UV, Vis,
Near/Mid/Far-IR, and sub-mm ranges. The measured samples include ices. minerals, rocks.
organic, carbonaceous materials, and liquids — including field samples, synthesized and
extraterrestrial materials. A dedicated search/visualization/export interface is available at
https://iwww.sshade.eu. Information on SSHADE and its databases can be found at

Creators: Damien Albert, Philippe Bollard
Contributors: IPAG/CNRS, SSHADE partners, Bernard Schmitt
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