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Autoinducer  in 
cell-cell 
signaling 

Three broad fields in Boron Chemistry 

1- (In)organic Chemistry with 
one ore few boron atoms as 
constitutent of molecules 

2 - Polyhedral Boron Chemistry 

3 - Solid-State Boron Chemistry 

ScB12 

ScB12 

MgB2 

Common Motif 

1D, 2D and 3D structural 
patterns of boron atoms 

Triphenyl
borane 
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Context of the Scientific Problem 

- Polyhedral Boron chemistry has provided very rich molecular 
architectural constructs since the second half of XXth century and 
beginning of the XXIst century 

-This talk focusses mainly on electronic structure of polyhedral 
heteroboranes in combination with: themselves (nD), metals and 
biomolecules 

- Scarce knowledge on electronic structure of Polyhedral Boron 
Chemistry and Solid-State Boron Chemistry 

- Biological role for Boron unknown 



Electronic Structure in Spin  0  one-, two- and 
three-Dimensional Architectural Constructs 
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Endohedral and Transition-Metal Complexes 

Excited States 

Electronic Structure as Function of Charge (q), Spin (S), 
Vertex/Cage Subtituents (R) and Wave-Function Nature ( ) 

POLYHEDRAL HETEROBORANE QUANTUM CHEMISTRY 

Experiments on Ion-Molecule Reactions 

Valence-Bond Theoretic Approach  Composite-System 
Models 
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Electronic Structure/Geometry as Function of Substituent R 

Neutral Icosahedral ortho-carboranes 
1,2-(R)2-1,2-C2B10H10 

C···C distance as function of 
substituent R 

R R 

Dianions: C···C distance as function of 
substituent R 
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B3LYP/6-31G* optimized 
geometries 
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Dianions 
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MO analysis 

Topological 
Analysis 

 Ring Critical Point 

 Bond Critical Point 



Biradicals derived from Monomers and Dimers of 
r - C2B10H12 , r = {ortho, meta, para} 
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 = { -C≡C-, -CH=CH- } 

X 2 



“Broken-Symmetry” – “Spin-Projected” Method 

with 

Singlet-Triplet Energy Gap 

Calibration for Singlet Diradicals: CASPT2  “Broken-Symmetry” Model 
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Quantum-Chemical Computations of 
Singlet-Triplet Energy Gaps 

Broken-Symmetry Solutions Calibrated 
with CASPT2 computations 

Singlet States lower 
than Triplet States  for 

any Double Hydrogen 
Removal  
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Dimers: Unit structure CB11H12  → Non-Metal Free (Poly)Radicals 

C

Me

Me

Me Me

MeMe
Me

Me

MeMe

MeMe

 = { -C≡C-, -CH=CH- } 

ESR Experiments 
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Energy as Function of q and S → E = E(q, S)  

-ΔEST ~ 0.005 eV < kBT (0.025 eV) 

Every vertex → BH 

 = {  , – } 

0.004 
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Neutral Biradical with -HC=CH- bridge 

ET   =   -713.817812 au 

Eunr,S = -713.819606 au 

<Ŝ2>unr,S = 0.7818 

UB3LYP/6-31+G(d) Computations 

  

=  -0.003 eV 
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EDQ (eV) 

0.054 

far-IR 

0.011 

0.015 

+0.02 



18 

Cyclic Polyradical Systems 

(I) (II) 
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1D Heteroborane Chains with Transition Metals 
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Tetrahedron Supercluster: [{(H9B11C)C C}]4 

 

 

 

 

E(q = -4, S = 0) = -1725.452994 au 

q = -3, S = ½ 

q = -2, S = 1 

q = -1, S = 3/2 

q = 0, S = 2  

Map onto model Hamiltonian (Heisenberg – Dirac - Van Vleck): 
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Origin Chemical Bond                     Quantum Effect 

H2 Molecule 

Energy 

H-H Distance 
Re 

H H 

H H 

Triplet Curve 

Singlet Curve 

Paralel Spin 

Antiparalel Spin 

Re 
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Dissociation: H2 → H + H  
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Model System: Hn clusters → Map onto 1D, 2D and 3D  
Boron Cluster Architectures  
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(ii) Endohedral Complexes 

(Thermal) Energy Landscapes in Li2B12H12 
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(Photochemical) Energy Landscapes in LiCB11H12 
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Energy Landscapes from Solid State Chemistry 
[Sc@B24H24]

+ 

The crystal structure of 
ScB12 consists of fused large 
B24 and small B12 truncated 

octahedra and cubes 
respectively  

[Sc@B24H24]
+ 

[B24H24]
2– 

Energy Minima 

Sc3+ 

O sym O sym 
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(Excited State) Energy Landscapes of B18H22 isomers 
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anti - B18H22 syn - B18H22  

fluorescence no fluorescence 

Pitochelli, Hawthorne, JACS (1962) 
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anti-B18H22 (Ci) 

 = 11 ns   = 75 ps  

syn-B18H22 (C2) 
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anti-B18H22 (Ci) syn-B18H22 (C2) 
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Ion-Molecule Experiments with Heteroboranes 

Triple quadrupole MS/MS 
with Electrospray Ionization 

Source (ESI) 

7-Tesla Fourier Transform Ion 
Cyclotron  Resonance (7T FT-ICR) 
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Boron Neutron Capture Therapy (BNCT) 

Natural Isotopes     
10B = 20%, I = 3              11B = 80%, I = 3/2 
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Two metallaboranes are joined by a linker chain with a central quaternary amine 

X-Ray structure of the inhibitor bound to the enzime 

Metalaboranes inhibit HIV protease 

Rezácová et al, J. Med. Chem. (2009) 
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|Φ> = 1(1)
 

 2(2)
 

...
 

 N (N) 
 

<X> = <Φ|X|Φ> 
 

Want H  P JP∙P  equivalent to Schrödinger H on 
space of  { P | Φ > : P = permutation } 

Solution:  Find  JP  so that  < P·H > = Q JQ· < P·Q >,    P  SN 

unique!  (invert for JP ‘s) 

JP  = JP-1  real ( for standard H ) 
 

JP  reflect point-group & space-group symmetries 
 

JI ~ N1 & otherwise JP ~ N0 (or less) 

Valence-Bond-
theoretic model 
Hamiltonian 
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Conclusions and Future Directions 

- We have explored properties on groundstate and excited state 
in polyhedral heteroboranes and endohedral derived systems 

 

- Polyradical heteroborane superclusters as model systems for 
magnetism in 1D, 2D and 3D needs a mapping on Spin 
Hamiltonians or developing a VB-based Composite-System 
model (with Doug Klein) 

P = P ( R , q , S ,  ) 
 

- Large stability of polyhedral closed (closo) cages  ideal 
candidates for experimental and computational studies of soft 
interactions with biomolecules – role of boron in biology? 
(recently started research line with experimentalists) 

Electronegativities: (C) > (H) > (B) 
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