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LECTURE EXERCISE 9

1. Photoluminescence s alight conversion process, but is it for up-
or down-conversion? Could it be (in principle) utilized for
enhancing solar cells? Please, elaborate your answer little bit.

Propose an explanation why some Eu-organic materials have
shown to yield intense luminescence emission, while Eu,05 does
not yield.

Your supervisor assigns to you the following research topic:

Select one of the two compounds, LaMgB:0,, or LaSrB;0,,, and
find the optimal lanthanide(s) to be used as chemical substituent(s)
to modify the compound so that it would yield intense white light
luminescence. Which host compound and substituent(s) you would
select? Why? Would you synthesize the substituted material under
oxidizing or reducing conditions? Why?

Why researchers are so eager to investigate Ln-organic materials
as upconversion materials?
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LUMINESCENCE

' 2
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Conventional
luminescence

Material (phosphor) absorbs higher-energy
photon and emits smaller-energy photon
(shorter-to-longer wavelength; UV — Vis)

Energy difference typically lost as heat

Different ways to excite luminescence:

- photoluminescence
- electroluminescence
- thermoluminescence
- chemiluminescence
- triboluminescence

- bioluminescence




LECTURE 9: Luminescence Materials

% PHOTOLUMINESCENCE
- Semiconductors: ZnO
- Lanthanide compounds

- Host lattice, Activator, Sensitizer

- Prototype application: Fluorescence lamp

% UPCONVERSION
- Lanthanide compounds
- Possible application: Solar cell

hv, hub

— L 1

Conventional
luminescence

Upconversion
luminescence


http://www.nature.com/nprot/journal/v8/n10/abs/nprot.2013.114.html
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Photoluminescence spectra for ALD ZnO films (with varied purge times)

Defect peak around 618 nm:

- Due to negatively charged oxygen interstitials which have captured protons
- Increase n-type doping — Increase electrical conductivity
- Scatter phonons — Decrease thermal conductivity
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Electronic configurations and oxidation states of

Z Element Electronic configuration | Oxidation
states

57 Lanthanum (La) 410

58 Cerium (Ce) A4f15d16s? +111, +1V
59 Praseodymium (Pr) 4125d16s2 +111
60 Neodymium (Nd) 4135d16s2 +111
61 Promethium (Pm) 41+5d16s2 +111
62 Samarium (Sm) 41°5d16s2 +111
63 Europium (Eu) 4f7'5d96s2 +11, +111
64 Gadolinium (Gd) A41'5d16s2 +111
65 | Terbium (Th) 47502652 +111, +1V
66 Dysprosium (Dy) 41°5d16s2 +111
67 Holmium (Ho) 41105d16s2 +111
68 Erbium (Er) 4f115d16s2 +111
69 Thulium (Tm) 4f125d16s2 +111
70 | Ytterbium (Yb) 414500652 +11, +111
71 Lutetium (Lu) 4f145d16s2 +111




4f orbitals

SPECTROSCOPIC PROPERTIES

= |n solid: 4f orbital energies splitted due to crystal field effect (ref. d orbitals)
= More complicated splitting scheme compared to the case of d orbitals
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ENERGY TRANSFER: Sensitizer (S) — Activator (A)
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LANTHANIDES in Optoelectronics o}
m Electron transitions within 4f orbitals % -
& between 4f and 5d orbitals =
— lanthanides have unique optical properties %
m 4f orbitals embedded deep within outer orbitals f T —
— energy levels not much affected by surroundings
— emission wavelengths narrow/fixed 10F
m Absorption efficiency low for f-f transitions
— use of sensitizers oF o
m Fluorescent lamps: Y,0O5:Eu3* red o
from UV (254 nm) CeMgAl;;0,4:Th3* green
to visible light (Ce,Gd)MgB:O,,:Th3* green
BaMgAl,,0,,:Eu?* blue
Sr;(PO,);(F,Cl):Eu?* blue
m EL displays: ZnS:Mn?* yellow
from electric energy  SrS:Ce3* bluishgreen
to visible light ZnS:Th** green

m Lasers: Y;AlI;0,,:Nd3* 1064 nm

=

Ermiseion

Eu*


https://www.google.com/url?sa=i&url=https%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2Fpdf%2F10.1002%2Fslct.201702478&psig=AOvVaw0-Q-W7KjBUmQ4FSzptvDli&ust=1638043703773000&source=images&cd=vfe&ved=0CAgQjRxqFwoTCJCsscbqtvQCFQAAAAAdAAAAABAD
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FLUORESCENCE LAMP

Glass tube filled with argon gas and mercury vapour and coated with
luminescence material (particles)

Tungsten electrodes at each end of the tube generate current
Flowing current ionizes Ar gas and excites Hg to emit UV radiation (254 & 185 nm)

This UV radiation excites the luminescence phosphor coating which then emits
visible (white) light



Energy Migration — Concentration Quenching
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http://pubs.rsc.org/is/content/articlehtml/2014/dt/c3dt52600c
http://perso.ens-rennes.fr/~mwerts/lanthanides/ln_shine.html
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https://openi.nlm.nih.gov/detailedresult.php?img=PMC3102841_216_2011_5047_Fig2_HTML&req=4
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http://www.nature.com/nprot/journal/v8/n10/abs/nprot.2013.114.html
https://www.researchgate.net/figure/286491897_fig2_Figure-2-Upconversion-process-of-NdYbErTm-tri-dopants-system-with-800-nm-excitation

ALD/MLD of Ln-Organic Upconversion Materials

/

Wavenumber /1000 cm !

UPCONVERSION:
Near-IR — VIS light

- Metal-Organic COMPLEX: organics absorb strongly in IR
- PROBLEM: energy losses due to strong ligand vibrations
- ALD/MLD Ln-ORGANIC FILMS: organics more tightly bound — losses avoided

Z. Giedraityte, M. Tuomisto, M. Lastusaari & M. Karppinen, Three- and two-photon NIR-to-vis (Yb,Er)
upconversion from ALD/MLD fabricated molecular hybrid thin films, ACS Appl. Mater. Interfaces 10, 8845 (2018).
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Different designs for inorganic-organic UC materials

(A) Core-only NP with organic antenna on the surface
(B) Core-shell NP with organic antenna on the shell surface
(C) Thin film with inorganic and organic interlayers

Organic ligands (blue) could contribute to energy absorption,
transferring their absorbed energy to the sensitizer ions (red).
The sensitizer further transfers the energy to the activator ions
(green) for the desired UC emission.



Photon
Upconversion

>
| T T T | | B | T I T 1

z 151 Fraction available B
= 5 ]
'E 5 for downconversion SOLAR ;
z sk SPECTRUM _
g8 I ’
é L Fraction available
E - [ for upconversion N
2 [
LU

g
g

1000 1400 1800 2200
Wavelength (nm)



Figure 7 from Werleng Y ang et al 2014 Nanotechnology 25 482001

Upconverter



http://nanotechweb.org/cws/article/indepth/59390
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SOLAR CELLS " Contacts

" Solar cell M pPUTF

- Solar spectrum: UV + VIS + IR
- Solar cells utilize mostly VIS light
- Photon Upconverting Thin Film (PUTF)
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A. Ghazy, M. Safdar, M. Lastusaari, A. Aho, A. Tukiainen, H. Savin, M. Guina & M. Karppinen,
Luminescent (Er,Ho),0O; thin films by ALD to enhance the performance of silicon solar cells,
Solar Energy Materials & Solar Cells 219, 110787 (2021).



