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Publications as an undergraduate student 

“Crystallographic investigation of  the 

 Co-B-O system”  

J.L.C. Rowsell, N.J. Taylor and L.F. Nazar  

J. Solid State Chem., 174, 189 (2003)  

 

“Structure and ion exchange properties of  a new 

cobalt borate with a tunnel structure 

 “templated” by Na+”  

J.L.C. Rowsell, N.J. Taylor and L.F. Nazar  

J. Am. Chem. Soc., 124, 6522 (2002)  

 

“Layered lithium iron nitride: a promising anode 

material for Li-ion batteries”  

J.L.C. Rowsell, V. Pralong and L.F. Nazar  

J. Am. Chem. Soc., 123, 8598 (2001)  

 

“A new class of  materials for lithium-ion batteries: 

iron(III) borates”  

J.L.C. Rowsell, J. Gaubicher and L.F. Nazar  

J. Am. Chem. Soc., 123, 8598 (2001)  

“Synthesis, structure, and solid-state 

electrochemical properties of  Cr3BO6:… ”  

J.L.C. Rowsell and L.F. Nazar  

J. Mater. Chem., 11, 3228 (2001) 

  

“Speciation and thermal transformation in 

alumina sols: …..” 

J. Rowsell and L.F. Nazar  

J. Am. Chem. Soc., 122, 3777 (2000)  



Early days of MOFs 

J.L.C. Rowsell et al., Science, 2005. 



Binding sites in MOF-5 



DRIFTS instrumentation 

FitzGerald et al., Rev. Sci. Inst., 2006 



H2∙∙∙H2 Interactions in MOF-5 
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Infrared Spectrum of H2 in Mg-MOF-74 

FitzGerald et al., JACS, 2011 



Band intensities plateau as sites fill 

FitzGerald et al., JACS, 2011 

Liu et al., Langmuir, 2008 



Metal-specific band redshifts 



1,3,5-Tris(4-carboxyphenyl)benzene   tcpb 
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A starting model? 



You might have guessed hexagonal 



Single crystals after evaporation of ethanol 



Large unit cells, twinning, poor resolution 



Space Group I 2 
Cell Parameters a = 31.419(6) Å  a = 90° 
 b = 30.116(6) Å  b = 90.412(2)° 
 c = 45.320(9) Å  g = 90° 
Cell Volume 42 880(14) Å3 
Z, Z’ 56, 14             [462 independent non-H atoms] 
 
Radiation Mo Ka, Incoatec ImS microfocus source 
Temperature 100 K 
Structure Solution SHELXD  
Reflections 246 105 total,  49 674 unique,  27 787 (I > 2s[I]) 
Completeness 98.7% to q = 27.53° 
Parameters, Restraints 4201, 1   
 
R1(obs,all) / wR2(obs,all) 0.0875, 0.158 / 0.268, 0.330 
 
Matthias Zeller, Youngstown State University   
Charles Campana, Bruker Madison, WI 

Crystal data 























































































Stacking of hexagonal sheets 



Catenation of non-parallel layers 



38% void volume, could be occupied by 167 ethanol molecules, 
SQUEEZE identifies 1540 e– (45 ethanol)  

Remaining void volume is substantial 



0 

20 

40 

60 

80 

100 

0 100 200 300 400 500 

Temperature ( o C) 

M
a

s
s

 (
%

) 

-1.0 

-0.8 

-0.6 

-0.4 

-0.2 

0.0 

0.2 

0.4 

H
e

a
t 

F
lo

w
 (

W
/g

) 

Crystal structure retained after desolvation 

Phase change 
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Reversible (de)solvation 



Bulk crystallization from THF/H2O 

50/50 Mixture of  water and tetrahydrofuran 



Gas adsorption confirms microporosity 

Initial Isosteric Heat H2 = -5.7 kJ/mol 

Initial Isosteric Heat CO2 = -22 kJ/mol 

BET surface area 1100 m2/g   

Orhan Talu,  

Cleveland State University 



Binding energy trend for H2 
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tcpb derivatives 

R1 R2 R3 R4 
H H H H 

H H CH3 H 

H H OCH3 H 

H CH3 OCH3 H 

H H NH2 H 

H CH3 NH2 H 

H NH2 NH2 H 

H H NO2 H 

CH3 CH3 CH3 H 

H H H CH3 



Derivative synthesis 



Derivative synthesis 



Comparison of local structure 

tcpb 
8-fold catenation 



Comparison of local structure 

tcpb-CH3 
7-fold catenation, 
methyls concealed 



tcpb derivatives 

R1 R2 R3 R4 
H H H H 

H H CH3 H 

H H OCH3 H 

H CH3 OCH3 H 

H H NH2 H 

H CH3 NH2 H 

H NH2 NH2 H 

H H NO2 H 

CH3 CH3 CH3 H 

H H H CH3 



tcpb-NO2 synthesis 



Comparison of local structure 

tcpb-NO2 
7-fold catenation, 
some NO2 exposed 



 

 

Oberlin student coauthors on our papers  
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Student leaders on tcpb paper 

Cassandra Zentner 
Oberlin → ? 

  
Ren Wiscons 
U. Michigan 

Holden Lai 
U.C. Berkeley 



Core functionalization:  pyrylium intermediate 



Core functionalization:  Suzuki coupling 



Smaller IR band redshifts for adsorbed H2 


