
Design of materials for storing hydrogen 
in quasi-molecular form

Qiang Sun1,2,  Qian Wang2, and Puru Jena2

1 Department of Advanced Materials and Nanotechnology,    
College of Engineering, Peking University, Beijing 100871, China

2 Physics Department, Virginia Commonwealth University,  
Richmond, VA 23284



• Atomic form (covalent or ionic) 

• Molecular form (van der Walls)

Quasi-molecular 

form Bonding 

•Modulating 
substrate structure

•Catalyst

Nanomaterials



The most studied systems

1. B-N nano structures

2. Carbon nano structures

3. Nano porous structures (MOFs)



Experimental synthesis of 
B36

 

N36

 

cage

How many H2 can be inserted inside the cage ?

4% wt

T=0K

T=300K
thermal stability?

0.4 ps.
4H2 escaped out of the cage18H2 @B36N36

13H2 @B36N36
1.3 ps.

3H2 escaped out of the cage



The problems for nano
 

carbon

Transition metal doping is needed for 
improving the absorption- strong d-d interations

clustering problem

Nano carbon –H2
 

interation
 

too weak

e.g.  Ti12C60

Li12C60



R1

S1= 4 pi R1
2

R2

S2= 4 pi R2
2  x 3/4

S2

S1                       

R1=6.7 R2=4.8

¾ (R2/R1)2 =  38%

H2 storage = 38% x8% = 3 wt %



Li12 C60 60H2 -Li12 C60

Weight percent: 15% 

Interaction energy: 4.50eV  0.075eV/H2 





Key Question:
Can we find a system 

• Avoid clustering of transition metal atoms

• Keep the binding in Kubas type



Hydrogen storage                  
using silsesquioxanes (SQ)

[RSiO3/2 ]n

functional 
group



1.64

1.475

109.5

Oh symmetry

H8 Si8 O12



Since their discovery and isolation in 1946, many stoichiometrically well-defined
POSS™ frameworks have been reported with synthetically useful functional 
groups.

Metallasilsesquioxanes







Hydrogen storage in SQ
-- electronic structure analysis



HOMO LUMO Fukui

H8 Si12 O8

C5 H4 - 
H7 Si12 O8

ScC5 H4 - 
H7 Si12 O8

4H2 - 
ScC5 H4 - 
H7 Si12 O8



Assembling Cp-M units by grafting on SQ for 
hydrogen storage



(a) (b)

(c) (d)

wt  = 1.50%        
E  =0.68 eV/H2 
r1 = 0.848 Å 
r2  =1.995Å

wt  = 3.70%         
E  =0.67 eV/H2 
r1 = 0.850 Å 
r2  =1.996Å

wt  = 4.50%      
E  =0.66 eV/H2 
r1 = 0.851 Å 
r2  =1.998 Å

wt  = 5.0%       
E  =0.64 eV/H2 
r1 = 0.850 Å 
r2  =2.001 Å
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1. Pure BN system is not good for H storage
2. Transition metal atoms prefer to  clustering
3. Li coating can avoid clustering, but the absorption is weak
4. Grafting metal complex on SQ is very promising
• It is easy to manipulate and synthesize
• The  Kubas interaction can be kept ( the absorption energy ~ 

0.62 eV/ H2 )
• The weight percentage is 5 %

Summary
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