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Despite cadmium being a toxic element for environmental and human health, it is widely used in industries for fabrication of nickel-

cadmium batteries, as anticorrosive agent, color pigment, etc. The most common and effective techniques for Cd removal from 

wastewater include filtration, chemical precipitation, bio-remediation and ion exchange [1]. Because of their microporous structure 

and extremely efficient cation exchange capacity, natural zeolites are good candidates for use as ionic filters. Moreover, heavy-metal 

exchanged zeolites show improved catalytic properties that can be exploited in post remediation processes [2,3]. Therefore, the 

chemical reactivity and stability of heavy-metal enriched zeolite is of paramount importance. Additionally, the nature of the metal 

species and their interaction with the zeolite framework play a fundamental role. Nevertheless, the correct determination of the 

aforementioned aspects can be compromised by the high disorder of the extraframework species, making difficult an unequivocal 

interpretation of the coordination chemistry of the metal cations. In this respect, the combination of X-ray diffraction (XRD) based 

techniques together with X-ray absorption spectroscopy (XAS) represents a valid tool to probe the long and short-range order of the 

species of interest. 

In this contribution, we used a complementary experimental and theoretical approach to investigate in detail the structure of two Cd2+ -

exchanged zeolites, levyne (LEV) and erionite (ERI). These two minerals are classified as small-pore zeolites (pore size between 0.35 

and 40 nm) and, due to their structural similarity, they are often found as intergrown phase in nature [4]. In this study, experimental 

data from single crystal XRD and XAFS were coupled with Molecular Dynamics (MD) simulations to determine the distribution and 

coordination chemistry of Cd2+ in the two framework types (LEV and ERI). Our results showed that in Cd-LEV, Cd2+ ions have a 

fairly ordered distribution, resembling that characteristic of the pristine material [5]. In contrast, a strong disorder of the 

extraframework species (Cd2+ and H2O) is detected in Cd-ERI pores, where the occupancy of the EF sites is lower than 20%. Such 

disorder was attributed to the presence of Cd+2(H2O)6 complexes, which are only partially coordinated to framework oxygen and, 

therefore, more mobile. To discriminate between the effect of thermal and structural disorder in the measured and theoretically 

calculated EXAFS spectra, we propose a theoretical approach based on a set of geometry optimizations performed starting from the 

uncorrelated atomic configuration of MD simulations [6]. Moreover, based on EXAFS analysis, the formation of metallic Cd within 

the pores of both zeolites could be ruled out.   

Finally, we present the effect of Cd2+ incorporation on the thermal stability of Cd-LEV. The structural changes were monitored in situ 

from 25 to 400°C by single crystal X-ray diffraction. Our results demonstrated that, even if Cd had little influence on the room 

temperature structure, the dehydration behaviour drastically changes compared to that of the pristine material (natural levyne-Ca). The 

most relevant differences can be summarized by: i) a stronger volume contraction of the unit-cell volume (8% and 5% for Cd-LEV 

and levyne-Ca [5], respectively) in the investigated temperature range, and ii) the lack, at high temperatures, of the phase 

transformation to levyne B’ topology, characteristic of natural levyne-Ca.  
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