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Report: Experiment CH-2700  
Two visits of 6 shifts each was requested to address the orginal project. This was extended to two visits, each 
of 12 shifts, through allocation of personal research time by principal scientist Prof Andy Fitch in 
conjunction with an EPSRC funded collaboration that supports a 4-year PhD studentship. Studies of 
reactions of molecular crystalline solids with HCl gas were conducted together with reactions of a silver(I) 
carboxylate coordination polymer. These studies occupied over half of the total time and represent the core 
experiments originally proposed. The remaining time was devoted to experiments that further extend the 
methodology used in these two model systems to a family of porous materials known as metal-organic 
frameworks (MOFs), which are highly actively studied worldwide for their potential applications in gas 
storage, chemical separations and catalysis. 

In our earlier successes at ID31 where we were able to show that the molecular cordination 
compound trans-[CuCl2(3-halopyridine)2] on mild heating loses two equivalents HCl (g), requiring cleavage 
of Cu−Cl and N−H bonds, as well as N−H⋅⋅⋅Cl(Cu) hydrogen bonds, and formation of new Cu−N 
coordination bonds.1 

In experiment CH-2700 we tried to extend this approach to a range of simple organic compounds, and 
in particular made use of the gas handling apparatus at ID31 to expose samples to HCl gas and monitor 
changes in the powder pattern. However, none of the samples examined, although known to readily react 
with HCl in solution, showed changes associated with gas-solid reactions. Given the range of coordination 
compounds that we and others have now established as undergoing such gas-solid reactions, the lack of 
reaction was surprising and warrants further investigation. Our prior work involving coordination compounds 
will still result in a number of publications as we complete other (spectroscopic) studies that complement the 
powder diffraction work.2 These results have specifically led to a number of invitations to speak at 
international conferences (in the USA, UK and South Africa in 2009) and recently resulted in the award of 
the Royal Society of Chemistry Dalton Young Invetsigator Award for Dr. Guillermo Mínguez Espallargas 
for his PhD work on these studies,3 which follows two other international awards he has received based upon 
this work.  
 



The second family of compounds studied were a family of coordination polymers in which silver 
perfluorocarboxylate units are linked via tetramethylpyrazine (TMP) ligands. We reported that these 
materials were able to reversibly take up or extrude ethanol involving a change in coordination environment 
at silver centres, in part based upon powder diffraction studies at ID31.4 (Fig. 1). We have since been able to 
extend these studies to include analogous reactions involving different alcohols. Our studies during CH-2700 
focussed on further developing this work and trying to understand the scope of these reactions, through a 
series of co-grinding reactions (mechanochemistry) in the presence or absence of vapours of different 
alcohols.  

Similar co-grinding studies in the presence of other ligands. Formation of a mixture of products, some 
of which could be identified from the diffraction data provided useful information on the solid-state 
behaviour of these materials.  
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Fig. 1. Reversible insertion/deinsetion of ethanol into/from the Ag−O bond of a non-porous crystalline coordiation polymer. 

The final family of compounds studied were metal-organic frameworks based upon layers comprising 
Zn2+ ions linked via dicarboxylate ligands. In particular we investigated a series of reactions that enable new 
ligands to be inserted into MOFs and show promise for future synthesis of more complex and diverse MOFs. 
These studies follow up on laboratory powder diffraction and spectroscopic studies we have conducted. A 
highlight of these studies was that we were able to demostrate clearly by powder diffraction that such 
reactions take place. We were also able to index the pattern of the product and with the aid of computational 
modelling were able to solve its structure and conduct a sucessful Rietveld refinement (Fig. 2). 
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Fig. 2. Rietveld fit for solid-state MOF reaction product. 
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