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Report: Experiment CH-2894  
 
The main focus of the this experiment was the in situ monitoring of reactions of two related metal-organic 
coordination compounds with HCl gas. The studies represent a continuation and extension of previous 
work1,2  
and complements ongoing spectroscopic studies in Sheffield. A gas-handling apparatus designed and built at 
ESRF was used to connect a lecture bottle of HCl 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. Although 
we were able to collect data satisfactorily, it was concluded following these experiments that a significant 
redesign was needed and that this would be undertaken prior to our next visit (CH-3025), which was indeed 
carried out. 
 
The first uptake experiment in CH-2894 resulted in a two-stage solid-state transformation, the first step being 
the direct result of reaction with HCl gas (Fig. 1) and the second being an unexpected change of structure 
from one polymorphic form to another (Fig. 2). Although we have observed some polymorphism within this 
family of coordination compounds this is the first observation of such a polymorphic transition taking place 
under exposure to HCl gas. 
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Fig. 1. Sequential scans monitoring reaction of HCl gas with coordination compound. 
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Fig. 2. Sequential scans monitoring a polymorphic phase transition that follows reaction of HCl gas shown in 
Fig. 1. 
 
Following HCl uptake/reaction the sample was heated to reverse the reaction. Although we have successfully 
achieved this reversal with related compounds, the reaction in this case was too slow to monitor within the 
available beam time and efforts to speed up the reaction by increasing the temperature ultimately led to 
sample degradation. However, the study provided valuable information on how we might best study the HCl 
loss in the products in future. Analogous experiments were also conducted on a very similar related 
compound. We have found that by studying closely a number of related compounds, here changing a chloro 
substituent for a bromo substituent, has subtle effects on reaction rates and where significant differences in 
structure arise the outcome of the recation can also differ.  
 
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. Indeed a small part of the beam time was used to examine the products of some ex situ reactions 
with HCl gas of other classes of materials. 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. 
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