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Report: Experiment CH-3025  
 
The focus of the this experiment was the in situ monitoring of either gas sorption by porous materials or 
reactions of non-porous materials with gases. 
 
The latter involves reactions two families of metal-organic coordination compounds with either HCl or HBr 
gas. These studies represent a continuation and extension of previous work[1-3] conducted at beamline ID31 
and complements ongoing spectroscopic studies in Sheffield. The reactions themselves are quite unusual 
involving insertion of the HCl or HBr molecules into the Cu−N bonds of coordination compound of the form 
trans-[CuX2(n-Xpy)2] (X = Cl or Br and n = 3 or 4). The reactions are in fact reversible and represent a solid-
gas equilibrium in which crystallinity of the non-porous solid is maintained. Current studies are aimed at 
addressing mechanistic questions, by exploiting small differences in behaviour between chloro and bromo 
compounds, between different isomers of the halopyridine ligands (n = 3 or 4) and between reactions with 
HCl and those with HBr gas. 
 
A gas-handling apparatus designed and built at ESRF was used to connect a lecture bottle of HCl or HBr gas 
to a capillary containing the sample in each study, provding a sealed system. The apparatus allows for a 
limited (ca. 90 °) rotation of the capillary to minimise the effects of preferred orientation upon the pattern. 
This apparatus has undergone a number of design modifications during a series of visits we have made to 
ID31 to conduct experiments of this type.  
 
Six separate reactions were studied in full, two involving reaction with HCl gas and four involving reaction 
with HBr gas. Reactions with HCl focussed on two aspects, firstly reaction with [CuCl2(4-Clpy)2], which 
enabled studies of the recation of HCl and it subsequent role in promoting a phase transition of the product to 
a new polymorph. The work has since been published in a special issue of the RSC journal CrystEngComm 
on solid-state reactions.[4] The second study involved reaction of [CuBr2(4-Clpy)2] with HCl gas leading to a 
product with mixed halides (Cl/Br) at the metal. Data quality was sufficient to establish that a non-random 
distribution of the halides was present at the four sites. The distribution could be rationalise do the basis of 
the strength of intermoelcular interactions involving these halide liagnds (hydrogen bonds and halogen 



bonds). The reaction is accompanied by a colour change and a subsequent phase transition as illustrated in 
Figure 1. 
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Figure 1. Summary of in situ XRPD study of gas-solid reaction between [CuBr2(4-Clpy)2] with HCl gas 
 
The four studies involving HBr gas focussed on recations with both chloride and bromide-containing 
coordination compounds and revealed that recativity of HBr with metal chloride differs significantly from 
reaction of HCl with metal bromides.  
 
Collectively, the studies are enabling us to build up a detailed understanding of these unusual gas-solid 
reactions, which is important in itself. More importantly, for the future, it allows us to apply this 
understanding to designing new reactions in other classes of materials and to take advantage of the 
experimental techniques and protocols developed in order to more effectively study a wider range of 
reactions. We hope in future to study such reactions in situ using the gas handling apparatus at ID31 and 
thereby further explore solid-state materials synthesis. 
 
A number of in situ and ex situ studies of ligand addition and ligand replacement recation in metal-organic 
frameworks were also undertaken. These resulted in a number of cases in data of sufficient quality to allow 
ab initio structure determination, which is very challenging for these periodic porous materials. Extensive 
model building has been required in order to establish the structures of a number of these materials. The 
work provides a significant portion of a PhD thesis chapter for Paul Smart and is currently being written up 
for publication. 
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