JOES User Manual

https: : joes-software

Note: Chromaticity (CIE) calculations are no longer available as they will be moved to a specific
colorimetric application. DOI will be available here soon.

By using this application, you are obliged to cite:

A. Ciri¢, S. Stojadinovi¢, M. Sekuli¢, M.D. Dramicanin, JOES: An application software for
Judd-Ofelt analysis from Eu®* emission spectra, J. Lumin. 205 (2019) 351-356.
https://doi.org/10.1016/}.jlumin.2018.09.048.

The algorithm and equations the app applies are given in this research paper.

The software is published with a GPLv3 License. It is free to use and share. It can be modified,
under this license’s terms.

Software Requirements: Java, which can be freely downloaded here:
https://www.java.com/en/download/

Chances are that it is already installed on your PC/MAC.
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@ JOES - Judd-Ofelt from Emission Spectra
File Help
Input Input Data Preview
-Spectrum Units: ) |

(J W ® Counts (default)
Refractive Index | User defined =

Overall Quantum Yield || Observable Lifetime

|_J Remove Background (Minimum)

Nanoparticles

|| Is particle diameter much smaller

than emission wavelength?

Filling Factor

Surrouning Media Refractive Index = K—)_' "
T INPUT .
min [nm] | max [nm] | Area | Qcmfx 1E20 | Tr. Prob. [1/s] B 'n | v [1icm] | Alnm]
5Dy = 'Fy
"Dy — Fy
5Dy = 'F,
Dy = 'Fy

Wavelength range °Dy — "Fy: 570 — 585, 7Fy: 585 — 600, [ERGI0EEE0,

| NF,: 680 — 71007 F;: 740 — 77007F,: 810 — 840

CIE calculations are moved to a new Project, doi will be soon given here

By using this software cite following article:
doi: 10.1016/.jlumin.2018.09.048

Symmetry - Europium as a spectroscopic probe
Mumber of emission bands for terminal state:

e (o lw| 'Fy [0 = ) [0 Tl “F3 [0 = =N (o [¥| PointGroup Symmetry: Ay Asymmetric Ratio, R =

This is the JOES default screen. The application is very simple to use, just please follow this user
manual.

Requirements for use are:

1. Emission spectrum, given with comma-separated values, or tab-separated values. Both
txt and dat files work. The input file cannot have a header that contains some text, only
the spectrum data is allowed.

2. Values of refractive index for °Do—'F1,4 transitions. Alternately, the user can choose the
host matrix from the drop-down list. Note that some materials, like the pure metals, in
the list have n < 1, and they cannot be used for Judd-Ofelt analysis (they exist there as
the refractive index values are obtained from the refractive index database).

3. For the small nanoparticles, the effective refractive index values should be used instead
of the bulk refractive index. Then the filling factor and the surrounding media refractive
index should be provided.
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Import spectrum file

First click on File > Import spectrum

@ JOES - Judd-Ofelt from Emission Spec

Import (&) spectrum

Cpen
Save “ounts (default
Create Report defined
Cwrit
File open dialog will appear.
Bl E7a F Ea2 2922
@ File Open Dialeg x
| Lookin: [[ﬁ Documents ."] | G| | &= || &) E ] &
(55 2ds Max 2022 [E5 MetBeansProjects (5 vibe
(55 2dsMax (&5 OriginLab (& wal
[ﬁ‘p\dobe [ﬁ‘ PersonalDocuments [ﬁ‘war
Iﬁ‘ Custom Office Templates [ﬁ‘ Python Scripts [ﬁ‘ Wal
[E5 My Scans (5 toxik [ scq
ELN J LD
~{ FileName: tab.dat —
| Files of Type: | Al Files v
COpen Cancel

The default file extension is txt. If your file is in .dat or some other format, choose “All Files".
Select the file. The file must be formatted in the form:
wavelength, intensity
or
wavelength intensity
i.e. comma-separated or tab-separated. Unit of intensity is not important at this step.

If the file is correct, you will see the data and the spectrum in the Input Data Preview panel:
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Input Data Preview

570 50333334 | 14

5705 745.555;') 1

571 £36.6564 ]

5715 570 ]

572 §13.3333 1

5725 562.3333 ]

573 §03.3333 |

5735 £66.6565 ]

574 813.3333 ]

5745 710 b

575 §53.3333 |

5755 566.6565 1

576 746.6565 ] L, .
5765 710 LA I 4
577 530 k| 480 500 &S50 BOD  A50 FOO 7AD 800 850 A
- L3

If you wish for the background to be removed, JOES can automatically subtract the baseline, but
only by subtracting the minimum of the spectrum. For that option, before clicking on Calculate
button, select the Remove Background checkbox:

|| Remove Background (Minimurm)

Units

Select units in which the spectrum intensity is recorded:

Input
Spectrum Units:
(L) W (® Counts (default)

The default value is in counts as the most spectrofluorometers record in that manner. Some
spectrometers do record irradiance, thus the spectrum is proportional to W — select that option
in that particular case.

Refractive Index

Judd-Ofelt parameters’ calculation strongly depends on the correct values of the refractive
index. Firstly, the choice must be made if the user wants to provide for the values of refractive
index for each of the emission peaks, or select the material from our drop-down list:
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Input
' Spectrum LUnits:
(W ® Counts (default)
Refractive Index | User defined v|

Cwerall Quantum Yield | Observable Lifetime

l:l Remove Background (Minimum)

If the "User defined” is selected, please provide the refractive index values in the table, for each
of the emissions *Do—F12.46.

T INPUT !
min [nm] | max [nm] | Area | Qemx1E20 | Tr. Prob. [1/s] B n | i
*Dy = TFy
*Dy = "F;
5DO — ?Fq,
SDD — '.-'Fa

If the user selects the host matrix from the drop-down list, the refractive index values will be
automatically filled out.

mput
| Spectrum Units:
() W (® Counts (default)
Refractive Index (User defined P
A

User defined

Ag - Silver

[ | Remove Bad AgCl - Silver Chlaride
Al - Aluminium

Overall Quantun

Al203 - Amorphous, thin film

JManogarticles 1<, - Aluminium Animonidd

[ ] Is particle ¢ Au - Gold
=
than emisg B4C - Boron Carbide v

If the particle size is much smaller than the wavelength of light, the effective refractive index

should be used instead. JOES can apply this correction if that option is selected and given values
provided:
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Nanoparticles

|| Is particle diameter much smaller

than emission wavelength?

Filling Factor

Surrouning Media Refractive Index

This checkbox must be selected before clicking on the Calculate button. The filling factor is the
fraction of the space occupied by the particle, for example, if particles contain 70% of space, and
30% is air, the filling factor is 0.7. The surrounding media is most commonly air, and in that case,
the surrounding media refractive index is equal to 1. Make sure to click only once on Calculate
button after selecting the “Is particle diameter much smaller” checkbox, as the correction is
applied each time the Calculate button is clicked.

Wavelength ranges

A necessary input is the wavelength range for each of the transitions:

I INPUT |
min [nm] | max [nm] |
EDu — ?Fl 585 600
5Dy = 'F, 610 630
5Dy — 7F, 680 710

sp, - 7r, I

If the user does not enter the values manually, the default values will be provided. After the
default values are entered, the user must check them and click on Calculate button again.

Optional inputs

Optionally, the observable lifetime or quantum yield values can be input, which allows for the
calculation of the PL quantum efficiency and the Sensitization efficiency.

Cwerall Quantum Yield | Observable Lifetime
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Calculation

After clicking on Calculate button, the Judd-Ofelt parameters, Transition probabilities,
branching ratios, barycenter energies, centroids, and areas appear in the table. Note that the
values for Judd-Ofelt parameters should be multiplied by 10°° for the correct value.

In the bottom right corner is displayed the Asymmetric Ratio.

@ JOES - Judd-Ofelt from Emission Spectra — *
File Help
Input Input Data Preview
Spectrum Units: | i
: _ i
()W (@ Counts (default) 370,603.33333
" - " y 570.5,746.66667
Refractive Index | Np205 - Niobium pentoxi... | ¥ 571.636.66667
571.5,570
Overall Quantum Yield = Observable Lifetime 572 513.33333
] Remave Background (Minimum) 572.5,563.33333

573,603.33333
573.5,666.66667

Nanoparticles 574,813.33333

. 5745710
[_] Is particle diameter much smaller 575,653.33333
575.5,566.66667
than emission wavelength? 576.716.66667 AV
5765710 L L L B L T L L B DL
Filling Factor 577630 L | 450 500 550 GO0 GBS0 700 750 8O0 850 S
' v
577 5800 |
Surrouning Media Refractive Index — = —
; INPUT .
min [nm] | max [nmj | Area | Qem]x1E20 | Tr. Prob. [1/s] |B In | v[1em] | Alnm]
SDD — 7F1 585 600 371,580,933 181.909 0.154 233 16,861.633 593.062
SDD - 7F2 600 640 1,885,623.117 B6.48 923.116 0.784 2329 16,280.885 614.217
5p. — 7F, 680 715 148,757.483 1117 72.825 0.062 230 14,229.648 702758
(] +
5Dy — 7F 0 00 0 0 1] u}

Wavelength range 5Dg — 7Fy: 570 — 585, 'Fy: 585 = 600, _' By using this software cite following article:

TE.. — T . — TE .21 _
L %680 7100 5740 _ 7708 Fe- 810 _ 840 doi: 10,1016/} jlumin.2018.09.048
CIE calculations are moved to a new Project, doi will be soon given here

Symmetry - Europium as a spectroscopic probe
Number of emission bands for terminal state:

"Fy (o 1wl "Fy [0 l=| "F2 (o =] "Fs [0 || "Fs [g |w| PointGroup Symmetry: Ay Asymmetric Ratio, R = 5103

These are not all of the calculations the program performs. For that, the report must be
generated. Click on File > Create Report:

@ JOES - Judd-Ofelt from Emission Spect
=1:¥ Help

Import I{A) spectrum
Open
Save Founts (default)

Create Report 5 - Wiobium per
Exit B

Cwerall Quanfum Yield = Observable
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Choose the location and name for your report file:

@ Save x
| Lookln: lﬁ Documents |'] (&&= &
(5 2ds max 2022 (B MetBeansProjects (& vip
(5 3dsMax (& originLab (& wal
(&5 Adobe (&5 PersonalDocuments (&5 war
(B custom Office Templates (&5 Python Scripts (& wol
ﬁ My Scans ﬁ toxik E] 5CH
ELS = Y
1 File name: | Nb20SEUJOESoutpu] |
| Files ofType: | AllFiles =

Cancel

And it will be saved as an HTML file, which the user can open with an internet browser:

H Nb205SEuOESoutput

htrnl

A part of the report is displayed in the image

Judd-Ofelt from Emission Spectra of Eu** incorporated in Nb205 - Niobium pentoxide

Peaks:

» *Dy—"F): Integrated from 585.0 nm to 600.0 nm, Area [arb. units] = 371580.93333499993
« *Dy—7Fy: Integrated from 600.0 am to 640.0 nm, Area [arb. units] = 1885623.1166750006
» *Dy—7Fy: Integrated from 680.0 nm to 715.0 nm, Area [arb. units] = 148757.48334499993
* iDy—Fy;: Integrated from null nm to mull am, Area [arb. wnits] = 0.0

Refractive indexes

« n(*Dp—TF)) = 13304

» o(°Dp—F1) = 2.3287763623981874
« n(*Dp—Fy) = 2.3006828949307043
» o(*Dp—Fg) =Nal

Judd-Ofelt Parameters:

. O =643x 100 e
*» Q=11Tx 100 em®
. Q=00x 100 cma®

== Derived Quantities =—
Radiative Transition Probabilities

« ACDg—"Fp)=181.909 51
» ACDy—"F)=923.116 57
« ACDy—"Fg=72825 ¢!
» ACDy—"Fg)=0.05T

Experimental Branching Ratios and Theoretical Branching Ratios

» B'Dp— ) = 0.1544417598467785; 0.1544418432264851
+ BDg—TF) = 0.7837293362098278; 0.7837294389269919
&) T 7. 74

below:
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The report displays the Judd-Ofelt parameters, relevant data, and the derived quantities, as
explained in the above-mentioned research article.

Symmetry

This part has nothing to do with the Judd-Ofelt analysis. The program can be additionally used
to calculate the symmetry around the Eu?* ion, given that the spectrum is well resolved and that
the Stark peaks are observable for each relevant transition. The user needs to enter the number
of Stark peaks for each transition >Do—'F:

Symmetry - Europium as a spectroscopic probe
Mumber of emission bands for terminal state:

F, 0 TJ F 0 TJ F, (o 7J TEy (o 7| E, 0 'w| PointGroup Symmetry: Ay
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