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ObjectivesObjectivesObjectivesObjectives

Design and synthesis of ligands for combinatorialDesign and synthesis of ligands for combinatorial
screening

MOF th i h t i ti i bi t i lMOF synthesis, characterization using combinatorial
approach

Hydrogen storage measurement and screening
potential candidate



Six new ligandsSix new ligands
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Process of combinatorial approach Process of combinatorial approach 
i th th i f MOFi th th i f MOFin the synthesis of MOFs in the synthesis of MOFs 

Robot working station for 
combinatorial chemistry 

Obtained products in reaction rack 



New MOFs synthesizedNew MOFs synthesizedNew MOFs synthesizedNew MOFs synthesized

• BTTP + M(II) → decomposeBTTP  +  M(II)  →   decompose
• MTABT +  Cu(II)  → Cu-MOF (unstable)

BETC C (II) C MOF ( t bl )• BETC  +  Cu(II)  → Cu-MOF (unstable)
• ADB  +  Cu(II)  →  PCN-25
• BTTC  +  Cu(II)  →  PCN-50
• BTTC + Cd(II) → PCN-51BTTC  +  Cd(II)  →  PCN 51
• BYP +  Cu(II)  →  PCN-61



Crystal structure of PCNCrystal structure of PCN--2525Crystal structure of PCNCrystal structure of PCN 2525

PCN-25 possesses a 
two-fold interpenetrated p
(4,4) topology structure. 

ki d lpacking model 



Gas Adsorption Properties of PCNGas Adsorption Properties of PCN--2525Gas Adsorption Properties of PCNGas Adsorption Properties of PCN 2525
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Crystal structure of PCNCrystal structure of PCN--5151Crystal structure of PCNCrystal structure of PCN 5151

PCN-51 is a stable meso-MOF. Every 12 
tritopic ligands connect 6 tetranuclear SBUs to 
form a twisted truncated octahedral  cage. 
Every cage connects 6 other cages throughEvery cage connects 6 other cages through 
sharing tetranuclear SBU vertexes, forming a 
large icosahedron leading to a MOF with 3D 
channels.



Nitrogen Adsorption of PCNNitrogen Adsorption of PCN--5151
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Hydrogen Adsorption of PCNHydrogen Adsorption of PCN--5151Hydrogen Adsorption of PCNHydrogen Adsorption of PCN 5151

At 760 Torr and 77 K, PCN-51
adsorbs 0.98 wt % hydrogen
(9 88 g/L)(9.88 g/L)



Crystal structure of PCNCrystal structure of PCN--5050Crystal structure of PCNCrystal structure of PCN 5050



Nitrogen Adsorption of PCNNitrogen Adsorption of PCN--5050Nitrogen Adsorption of PCNNitrogen Adsorption of PCN 5050
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Hydrogen Adsorption of PCNHydrogen Adsorption of PCN--5050Hydrogen Adsorption of PCNHydrogen Adsorption of PCN 5050

At 760 Torr and 77 K, PCN-50
d b 2 23 t % h dadsorbs 2.23 wt % hydrogen

(11.7 g/L)
Enthalpy ~6 kJ/mol
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Crystal structure of PCNCrystal structure of PCN--6161Crystal structure of PCNCrystal structure of PCN 6161



Nitrogen Adsorption of PCNNitrogen Adsorption of PCN--6161

Langmuir surface area: 3509 m2 g-1

BET surface area: 2936 m2 g-1g

Total pore volume: 1.36 mL g-1



Hydrogen Adsorption of PCNHydrogen Adsorption of PCN--6161Hydrogen Adsorption of PCNHydrogen Adsorption of PCN 6161

2.11 wt% at 77 K, 760 Torr

4 28 wt% at 77 K 16 bar4.28 wt% at 77 K, 16 bar

0.65 wt% at 298 K, 109 bar

Isosteric heat of sorption: 
4.5-9.3 kJ mol-1

Hydrogen uptake and isosteric heat of sorption in PCN-61 (a: low pressure hydrogen sorption isotherms y g p p ( p y g p
at 77 K; b: high pressure hydrogen adsorption isotherms at 77 and 87 K; c: isosteric heat of sorption 

based on data in b; d: high pressure hydrogen sorption isotherms at 298 K)









Peak Raman intensity for H2 Q(1) 
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(LEFT) HKUST 1 R f H2 Q(1) k f(LEFT) HKUST-1 Raman spectra of H2 Q(1) peak for 
increasing hydrogen pressures at ~300 K. (inset) Peak 

Raman intensity for H2 Q(1) peak as function of pressure. 
(RIGHT) Same as LEFT taken at 90 K(RIGHT) Same as LEFT, taken at ~90 K.



Summery TableSummery Table
Comparison of Hydrogen Uptakes of PCN-25,50,51,61

Material ΔHads

H2 Adsorption
Gravimetric H2 Volumetric H2

(kJ/mol) uptake (wt %) uptake (g/L) T (K) P (bar)
PCN-25 - 0.72 5.9 77 1.0

PCN-51 - 0.98 9.9 77 1

PCN-50 ~6.0
2.23
3.6

11.7
18.8

77
77

1
2

5.56
0.1

0.53

29.1
0.5
2.7

77
298
298

50
2

50
2 11 11 8 77 1

PCN-61 ~4.5-9.3
2.11
4.28
0.65

11.8 
23.9
3.6

77
77

298

1
16.1
108.9



Results for Combinatorial SynthesisResults for Combinatorial SynthesisResults for Combinatorial Synthesis Results for Combinatorial Synthesis 

• Six new ligands have been synthesized• Six new ligands have been synthesized
• Four stable new MOFs based on those ligands

have been synthesized through combinatorial y g
method

• The hydrogen uptake capacity of four MOFs 
l h b dsamples have been measured  

• A spectroscopic method for fast 
recognition/screening of potential hydrogenrecognition/screening of potential hydrogen 
storage materials is under investigation in 
NREL
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