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“And so, progressively, the veil behind which Nature
has so carefully concealed her secrets is being lifted
where the carbohydrates are concerned…However, it is
increasingly obvious that the one-sided study of carbon
compounds cannot suffice to elucidate the nature of
chemical processes in all its aspects.”

Nobel Lecture, December 12, 1902 E.FISCHER

Emil Fischer
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Ken Wade and Robert Williams used the 

number of bonding electrons, cluster 

vertices and geometry to classify borane 

clusters.
closo-boranes 2n+2 

electrons
nido-boranes 2n+4 

electrons
arachno-boranes 2n+6 electrons
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2-Dimensional Chains and Sheets...

3-Dimensional POLYHEDRAL CLUSTERS...
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anti-B18H22

Tt= 175,55+/-0,23°C 



The 

isomers of 

B18H22

anti-B18H22

syn-B18H22



Figure taken from: 

M.G.S Londesborough, K. Lang, J. Oliva, et al., “Distinct Photophysics of the Isomers of B18H22 Explained.” 

Inorg. Chem. 2012, 51, 1471-1479. 



Figures taken from: 

M.G.S Londesborough, K. Lang, J. Oliva, et al., “Distinct Photophysics of the Isomers of B18H22 Explained.” 

Inorg. Chem. 2012, 51, 1471-1479. 





A new cowboy has come to town

Laserville
Population: 27 organic dyes and 2 Quantum dots



Organic Dyes Organic Semiconductors

Colloidal Quantum Dots Rare Earth Complexes, Organic-Inorganic 
Hybrid Perovskites, …



Laser wavelength: λ=406 nm

Experiment details:
Cyclohexane solution 50 mM Pump: Nitrogen laser, λpump=337 nm

Laser spot

,*



anti-B18H22

DISCOVERY: A quantum yield of
fluorescence 0.97

“Distinct Photophysics of the 

Isomers of B18H22 Explained.” 
Inorg. Chem. 2012, 51, 1471. 

DISCOVERY: The first borane 
laser

“A Borane Laser.” 
Nature Communications. 2015,  6, 5958. 

DISCOVERY: Theoretical analysis 
of B18H22 and B26H30 isomers

DISCOVERY: Excited-state 
photochemistry of B18H22

“Unveiling the role of upper excited 
electronic states in the photochemistry 

and laser performance of anti-B18H22” 
J. Mater. Chem. C. 2020, 8, 12806. 

“A theoretical analysis of the 
structure and properties of 

B26H30 isomers. Consequences to the 
laser and semiconductor doping 

capabilities of large borane 

clusters” Phys. Chem. Chem. 
Phys. 2019, 21, 12916. 

PHASE 1: Comprehensive understanding 
of the photophysics/chemistry of B18H22

DISCOVERY: Luminescent 
properties of B18H22 in 

polymer matrices
“The Photostability of Novel Boron 
Hydride Emitters in Solutions and 

Polystyrene Matrix.” 
Materials, 2021, 14(3), 589. 



anti-B18H22

PHASE 2: Understanding of the effects of 
chemical substitution on the photophysics of 

B18H22
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DISCOVERY: 
Alkylation of B18H22

gives a series of 
100% efficient blue 
luminophores and a 

2nd borane laser
“Swollen Polyhedral Volume of the anti-B18H22 cluster via 

extensive methylation.” Inorg. Chem. 2020, 59, 5, 2651.
“Ultra-Efficient Blue Fluorophores from the Alkylation of 

anti-B18H22” Inorg. Chem. 2020, 59, 23, 17058

DISCOVERY: Pyridination of B18H22

gives thermochromic luminosity 

“Thermochromic Fluoresence from 

B18H20(NC5H5)2.” Adv. Opt. Mater. 2017, 5, 
6, 1600694.

“Substitution of laser borane anti-B18H22

with pyridine” Dalton Trans., 2018, 47, 
1709.

DISCOVERY: Iodination and 
thiolation of B18H22 gives highly 

efficient singlet-oxygen 
generators

“Tuning the Photophysical Properties of anti-B18H22: 
Quantum Hopping between Excited Singlet and Triplet States 

in new 4,4’-(HS)2-anti-B18H20” Inorg. Chem. 2013, 52, 
9266.

“Effect of Iodination on the 
Photophysics of the Laser Borane anti-

B18H22: Generation of Efficient 

Photosensitizers of Oxygen” Inorg. 
Chem. 2019, 58, 15, 10248.



anti-B18H22

PHASE 3: The FUTURE - A Step-change in the Search for Photoactive 

Macropolyhedral Borane Clusters: new thia-, selena-, and azaboranes

NB17H20

nitrogen

SeB18H20

[Se2B18H19]
-

[S2B17H18]
-

S2B17H17

i-S2B16H16

sulphur

n-S2B16H16

• New synthetic methods

• New cluster architectures

• New luminescent boranes






