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ABSTRACT

The ability of Ag-exchanged mordenite (Ag-MOR) to capture iodine species such as I» and CHzsl as
released for instance during a nuclear accident can be severely limited by the presence of volatile
organic compounds (VOCs) that can disrupt their adsorption in the zeolite. Here, using density
functional theory (DFT), we investigate in detail the adsorption process of several hydrocarbons
(methane, cyclohexane, benzene, and 1,3-dimethylbenzene) and oxygenated compounds (methanol,
ethanol, propan-2-ol and propanone) and compare it with the adsorption of I» and CHzlI for different
values of the Si/Al ratio of the Ag-exchanged mordenite. It is found that the adsorption process of the
iodine species becomes favorable as the Si/Al ratio is decreased. Indeed at high Si/Al ratio, some
VOCs such as benzene, 1, 3-dimethylbenzene and propan-2-ol exhibit strong inhibiting effects, while
at low Si/Al ratio, only the adsorption of CHzsl is limited by the presence of aromatic hydrocarbons.
Also, in addition to the elongation of the I-I bond upon the adsorption of the iodine molecule in Ag-
MOR with a high silver content, we found that there is a significant electron transfer between the Ag
and I atoms. Thus, our results indicate that the I-I bond becomes weaker during the adsorption and
therefore the formation of Agl precipitates is favored.
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1. Introduction

During a core meltdown accident in a nuclear power plant, the iodine species CHsl and I, may be
released to the atmosphere, resulting in negative health effects directly related to radiation[1] due to
their relatively easy assimilation by thyroid. Many efforts have been made to confine these species and
limit their spread in the environment. In other words, the effective capture of iodine compounds is of
great importance in terms of public safety. Nowadays, a common strategy to trap gaseous iodine-
containing compounds involves the iodine precipitation by using porous solids [2,3] such as polymers
[4], nanocomposites [5], metal-containing systems [6], and zeolites [7-11]. The latter exhibit appealing

features such as a high removal efficiency, simple equipment design, and a low maintenance cost.

Among the most efficient porous sorbent materials, silver-exchanged zeolites present the unique ability
to strongly capture iodine species by the formation of Agl precipitates [12,13]. Indeed, Chapman and
coworkers [14] employed a differential approach for the analysis of the pair distribution function
(PDF) of an L-treated Ag-MOR, and they reported the structure and distribution of Agl correlated to
the iodine trapping. To explore deep this phenomenon, Azambre and Chebbi [15] studied different
silver exchange zeolites (Faujasite X and Y, Mordenite, *BEA, MFI, FER) to probe the relationships
between chemical, structural and textural parameters, as well as their iodine trapping efficiencies
(CHzsl). They observed the formation of Agl for all silver zeolites as well as the fact that the amount of
Agl precipitates is directly related to the silver content. Moreover, Chapman et al [14] reported that
Ag-MORs represent an important safe pathway for radioactive iodine capture since they present the
ability of using pore-blockage to further trap the iodine for long-term storage. All these characteristics
make Ag-MORs used for iodine trapping under mild operating conditions in nuclear fuel reprocessing
facilities [14, 16, 17]. However, their disadvantages are the high cost of silver and the possible

inhibiting effect of gaseous species on the adsorption of the iodine species [9,18-20].

Among the potential inhibiting species formed during nuclear severe accidents [21,22], we can find
some VOCs such as aromatics (benzene, 1.3-dimethylbenzene), ketone (2-propanone), alcohols

(ethanol, methanol, 2-propanol), and alkane (methane, cyclohexane) as suggested by Jolley et al [9]
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The possible source of organic molecules are numerous in nuclear power plants such as paints
containing solvents [23], polymers (electric cables) and oils.

However to our knowledge, there is no experimental data concerning the possible inhibiting effect of
these molecules on the trapping of iodine on silver zeolites. Indeed, some theoretical works have been
recently published [18-20], confirming that other contaminants such as CO or H>O can inhibit the
adsorption of the iodine species. In this context, Chebbi and coworkers [20] reported the inhibiting
effect of CO on the I, adsorption on Ag-exchanged faujasite (Ag-FAU), while Chibani evidenced the
inhibiting effects of CO and H>O on I, and CHsl trapping by Ag-MOR [18]. Remarkably, the
inhibiting effect of the former contaminants could be considerably limited when the Si/Al ratio

decreases [19].

The objective of this work is to study if some organic contaminants that exist in nuclear installations
are capable to inhibit the capture of iodine species. To this aim, we have used DFT to assess the
inhibiting effects of the following VOCs: methane (CH4), cyclohexane (CsHi2), benzene (CeHs), 1,3-
dimethylbenzene (CgHio), methanol (CH3OH), ethanol (C,HsOH), propan-2-ol (CsH;OH), and
propanone (C3HgO), on the iodine trapping into Ag-MOR. Three Si/Al ratios for the Ag-MOR have

been considered on the basis of experimental data: Si/Al =5, 11, and 47 [21].

The paper is organized as follows: first, we detail our computational procedure, then, the obtained
results with Ag-MOR for several Si/Al ratios are presented and discussed with a focus on the potential
inhibiting effect of the VOCs on the trapping of iodine species, and finally we outline the main

conclusions of our study.

2. Computational details

2.1. Structural models
The considered mordenite framework displays three different types of cavities: the main channel
(MC), the side channel (SC), and the side pocket (SP). The MC is obtained from 12-membered rings

stacked in a parallel array along the c-axis. The SP is accessible from the MC through 8-membered



rings (more details are available in Ref 19). The MC has a large aperture to accommodate molecules
of aromatic sizes [24,31] as well as the adsorption of iodine molecules is favored in this channel
compared to the SC and SP [18,25].

To obtain Ag-MORs, some silicon atoms are substituted by aluminum atoms to create a negative
charge, allowing to add the silver cation. In the literature, the pure siliceous mordenite conventional
cell contains 144 atoms (48 Si and 96 O) [26], exhibiting an orthorhombic structure (space group:
Cmcm) with lattice parameters: a = 18.094 A, b=120516 A and ¢ = 7.524 A. Here our Ag-MORs
structure are based on the structure optimized by Bucko et al [27] with the primitive monoclinic cell
doubled in the c-direction, its lattice parameters are estimated at a=b=13.805 A, c=15.212 A and

B = 82.81°. Based on previous works [18, 19] which systematically analyzed the distribution of Al

and Ag atoms inside Ag-MOR, we have selected the most energetically stable site of the MC, namely
T1- E according to the Mortier’s [28] classification. This location is the most frequently occupied by

cations [28], and has been also chosen in other theoretical investigations [29, 30, 31].

2.2.  Periodic density functional theory calculations

The adsorption of iodine and organic compounds onto Ag-zeolites is investigated using the Vienna
Ab-initio Simulation Package (VASP) [32]. These calculations employed the PBE functional [33] and
the PAW method developed by Blochl [34] and later adapted by Kresse and Joubert [35]. The plane
wave cutoff energy has been set to 450 eV and a Gaussian smearing ¢ = 0.1 eV is used to help the
convergence. Atomic positions are fully optimized up to all forces are less than 0.02 eV / A per atom.
The Kohn—Sham equations were solved self-consistently until the energy difference between cycles
take a value smaller than 107 eV. The Brillouin-zone sampling was restricted to the T'-point. The
considered dispersion correction scheme in our calculations is the Tkatchenko—Scheffler scheme with
iterative Hirshfeld partitioning [36,37] as implemented in VASP by Bucko et al [37,38] So far, this
method shows promising results to describe adsorption phenomena onto zeolites [18,19,37,38].

The adsorption phenomena can be evaluated using the interaction energy of zeolite-adsorbate, which
can be expressed using the combination of the following three terms:

AEint = Ezeolite-x — Ezeolite — Ex (D
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Where:

- Esoliee: the energy of the clean MOR;
- Ex: the energy of the isolated molecule in gaseous phase;

- Esolie-x: the energy of MOR with adsorbed molecules;

Also, the dispersion energy contribution AEg;s), to the interaction energy is obtained as:

AEdisp = Edisp zeolite—X — Edisp zeolite — Edist (2)

To further improve our understanding of the nature of the bonding interactions, we have determined
the difference in electronic density (Ap) and the difference in Bader charge (AQ). To visualize the
charge density difference (Ap) (using VESTA [39]) upon adsorption of molecules into MOR, we have
calculated the charge densities of the clean MOR (p.oiic), Of the isolated molecule in the gaseous
phase (px), and of the MOR with adsorbed molecules (pseoiie-x.). Then to get (Ap), we have used the

following expression:

Ap= Pzeolite-X = Pzeolite = PX (3)

The Bader approach consists in partionning the electronic density of a system in different volumes
which when integrated over space, can provide the charge of an atom [40-43]. To get the difference in
electronic charge AQ, we have computed the Bader charge for each atom (Z) in the zeolite-X, in the

clean zeolite and in the isolated molecules.

AQ= Q Atom Z in zeolite-X ~ Q Atom Z in zeolite or X (4)

Where:

Q Atom Z in zeolite-x © the Bader charge for all the atoms in the MOR with adsorbed molecules.



Q Atom Z in zeolite or X ¢ the Bader charge for all the atoms in the clean zeolite or in the isolated molecule in

gaseous phase.

3. Results and discussions

Herein, we report the potential impact of certain species of VOCs on the removal of iodine released in

nuclear waste. We have classified the investigated VOCs into two categories as follows:

- Hydrocarbons: benzene (Ce¢Hg), 1,3-dimethylbenzene (CsHig), cyclohexane (C¢Hi2), and
methane (CHy).
- Oxygenated hydrocarbons: methanol (CH3OH), ethanol (C:HsOH), propan-2-ol (CsH;OH),

and propanone (C3HgO).

Our computed interaction energies of the iodine molecules and VOCs with Ag-MORs (Si/Al =5, 11,
and 47) are presented in Table 1. We also verified the dissociative adsorption and then confirmed that
there was no dissociation observed in the studied molecules (see supporting information, the case of

alcohol molecules).

3.1 Iodine species

Regarding the interactions between iodine species and Ag-MOR as a function of Si/Al ratio, we found
that they increase as the Si/Al ratio decreases, especially in the case of I,. Indeed, as indicated in
Table 1, the total interaction energies of Io/CHsl are -132.6/-152.1 kJ/mol for Si/Al =47, -183.8/-151.8
kJ/mol for Si/Al = 11, and -297.6/-188.5 kJ/mol for Si/Al = 5, in line with an increase of the I-I bond
length. Concerning Ag-MOR with Si/Al = 47, each iodine atom of I, or of CHal interacts with an Ag
atom. Here CHsl is more adsorbed than I, by around 30 kJ/mol. However, for Si/Al = 11 and 5, the
molecule of I, is more adsorbed than CH3l by an amount of about 30 kJ/mol and 109 kJ/mol,
respectively. Let us now explain these trends: for the adsorption CHzsl, the atom of I interacts with 2
atoms of Ag located on the same side in the main channel for Si/Al =11 and 5 (see Fig.1), which leads
to similar interaction energy for both Si/Al ratio. The I-CHj3 distance does not evolve upon the

adsorption of CHsI whatever the Si/Al ratio, suggesting that the dissociation of iodomethane would be



more difficult than the one of molecular iodine under these conditions. Indeed, in the case of I, we can
find that its atoms can interact with more silver atoms (4 Ag atoms for Si/Al = 11 and at least 6 Ag
atoms for Si/Al =5 see Fig. 1), which leads to a significant increase in its total interaction energy (50
kJ/mol for Si/Al =11 and 120 kJ/mol for Si/Al =5) compared to its adsorption into Ag-MOR for Si/Al
= 47. Besides, the long-range dispersion contributions of both I, and CHsl in to their total interaction
energies present almost the same values. So, the difference can come from the DFT contributions to
the overall interaction energies: the corresponding values for I, are always higher than those of CHsl

irrespective of the Si/Al ratio.

The increase of the total interaction energy with the decrease of the Si/Al ratio can be understood by
studying the electron density (Ap) and Bader charge (AQ) differences induced by the adsorption. In
this vein, we found that the interactions between I and Ag atoms present a significant electron transfer,
where a high Ag content (Si/Al = 5) results in a large charge transfer between the Ag atoms and the
iodine atoms of I, (See Fig.1). For the ratio 5, our calculated Bader charges (see, Table SI-2), show
that the iodine atoms bear the largest positive charge (+0.15e) and the Ag atoms bonded directly to the
iodine bear a negative charge. In other word, iodine atoms pick up electrons during the adsorption
process. For all the rest of the atoms, the Bader charge are almost unaffected by the adsorption of L.
However, upon adsorption of CHsl, the iodine atoms always carry a negative charge of -0.24e (see,
Table SI-2) and -2.21e for Ag-MOR (Si/Al=5) and Ag-MOR (Si/Al=47), respectively. Overall, these
findings indicate that the I-I bond in I, becomes weak upon adsorption, which could promote the

formation of Agl precipitates as explained by Bucko et al [44].

3.2.Hydrocarbons

3.2.1. Aromatic molecules

We found that the interaction energies of aromatic compounds increase when the Si/Al ratio decreases.
Indeed, the total interaction energies of benzene/1,3-dimethylbenzene are -155.8/-183.3 kJ/mol in the
case of Si/Al = 47, -185.1/-219.9 kJ/mol for Si/Al = 11 and -219.4/-254.3 kJ/mol for Si/Al = 5 (See

Figure 2 and Table 1). The long-range dispersion contributions of benzene/1,3-dimethylbenzene are
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41/51% for Si/Al = 5, 42/51% for Si/Al = 11, and 47/50% for Si/Al = 47. We note that these
molecules have almost the same contribution regardless of the Si/Al ratio (about 50%). These results
show that about half of the interaction between benzene or 1,3-dimethylbenzene and Ag-MORs is due
to dispersion forces. This contribution can be correlated with m-cation interactions, which are
ubiquitous in systems involving aromatic compounds and metallic ions as has been confirmed by
different theoretical [45,46,47] and experimental [48,49] investigations. Generally, aromatic molecule
adsorptions on cations are particularly interesting in view of the participation of m-electrons in the total
interaction. Benzene and its derivatives can form a variety of charge-transfer complexes depending on
their ability to donate electrons or to accept electrons[50].

In this regard, Kozyra et al [51] have studied the n-cation interactions between benzene and Ag sites in
ZSM-5, where a large charge transfer from benzene to Ag occurs. This is in line with our own results
as a significant electron transfer between benzene or 1,3-dimethylbenzene and Ag-MOR is observed
for all the tested Si/Al ratios and especially with the ratio 5, see Fig. 3. For the latter ratio, benzene
and 1,3-dimethylbenzene exhibit for most composed atoms positive Delta Q (Table SI-2), highlighting
their important interaction with the MOR structure.

To discuss the adsorption of both aromatic molecules into Ag-MORs in term of geometric parameters
and with zm-cation interactions [52-54], we have reported in Table 2 the distances between the silver
atoms and the center of the aromatic rings. For Si/Al = 47, a single Ag atom interacts with the
aromatics rings of benzene and 1,3-dimethylbenzene at a distance of 2.66 Aand 2.74 A, respectively.
Here, the 1,3-dimethylbenzene molecule is more adsorbed than benzene by around 27 kJ/mol. For
Si/Al = 11, the adsorption of 1,3-dimethylbenzene into Ag-MOR is achieved through the interaction
between its aromatic ring and one Ag atom at a distance of 2.68 A. In contrast, for the benzene
adsorption into Ag-MOR for Si/Al = 11, there are 2 Ag atoms bonded to the aromatic ring at distances
of 2.89A and 3.17A, which show that the adsorption of 1,3-dimethylbenzene is stronger than with
benzene by around 34 kJ/mol.

In the case of Ag-MOR for Si/Al=5, 1,3-dimethylbenzene and benzene interact with two and three
silver atoms, respectively. The reported distances are 2.73 A and 2.79 A for 1,3-dimethylbenzene and
3.09 A, 3.13 A and 3.27 A for benzene (see Table 2) . In this case, the 1,3-dimethylbenzene is more
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adsorbed than the benzene molecule by around 43 kJ/mol. Fig. 3 is showing the electron transfers

occurring upon adsorption of benzene and 1,3-dimethylbenzene in Ag-MORs (see Fig.3).

3.2.2. Cyclohexane

Regarding the influence of the Si/Al ratio on cyclohexane-Ag interactions, the total interaction energy
of cyclohexane is equal to -173.2 kJ/mol for Si/Al = 5 while it is -153.9 kJ/mol for Si/Al = 11, and -
120.3 kJ/mol for Si/Al = 47. Here, we found that cyclohexane having no m-electrons is mainly
adsorbed by dispersion forces whatever the Si/Al ratio. This result is in a good agreement with
reported by Suda et al [55], who have experimentally investigated the adsorption of benzene,
cyclohexene, and cyclohexane on the surface of titanium dioxide.

As reported by Barthomeuf et al [56], cyclohexane and benzene have the same number of carbon
atoms and similar polarizabilities, but differ in that benzene can give rise to specific interactions
between its aromatic ring and cations in zeolites. In our work, we found that benzene is more adsorbed
than cyclohexane (which have no m-electrons) by around 46 kJ/mol in Ag-MOR (Si/Al=5), 31 kJ/mol
in Ag-MOR (Si/Al=11), and 36 kJ/mol in Ag-MOR (Si/Al=47). So, the benzene n-electrons contribute
to the increase of total interaction energy. While zeolites have localized charges that render their
surface heterogeneous [57], it can be assumed that the cyclohexane-silver interactions are weak

enough to permit the adsorption of cyclohexane on an apparently homogeneous surface.

3.2.3. Methane

The total interaction energy of methane is -46.6 kJ/mol for Ag-MOR (Si/Al = 5), -40.5 kJ/mol for Ag-
MOR (Si/Al = 11), and -45.5 kJ/mol for Ag-MOR (Si/Al = 47). We can remark that the total
interaction energy has almost the same values for all used Si/Al ratios in Ag-MOR. Also, the
dispersion energy increases to -25.1 kJ/mol for Si/Al = 5 against -21.8 kJ / mol for Si/Al = 11, and -
17.0 kJ/mol for Si/Al = 47. Therefore at low Ag content in Ag-MOR, the adsorption of methane is

mainly directed by short range interactions (more than 62% of the total interaction energy). In contrast,



the methane adsorption is mainly achieved through dispersion energy (long-range interaction) when

the silver content of the zeolite is high (54%).

3.3.Oxygenated hydrocarbons

The effect of the Ag content in Ag-MOR on the oxygenated molecules adsorption is also studied. We
choose as case studies the alcohols: methanol, ethanol, propan-2-ol, and propanone. The interaction
energies of methanol/ethanol/propan-2-ol goes from -117.6/-146.4/-164.0 kJ/mol (for Si/Al =5 to -
106.5/-125.3/-147.7 kJ/mol for Si/Al = 47, and it increases with the carbon atoms number (See Fig.5),
suggesting that there exists a linear function relating the interaction energy variation with respect to

the carbon atoms number (nC) of the studied alcohols, which can be expressed as follows:
AEin(nC) - a(nC) + b 3

Where “a” and “b” represents the contribution of dispersion and DFT energies to the total interaction
energy, respectively. To combine the different contribution reported in Table 1 and in Eq.3, we can
identify the different energetic terms contributing to the adsorption of each alcohol. Table 3 shows the
dispersion and DFT contributions of the carbon and oxygen atoms to the adsorption of the investigated
alcohols. Thus, these findings indicate that the high adsorption of alcohols is directly related to the
carbon chain. Indeed, going from one alcohol to another by adding a carbon, one can estimate an

increase of the interaction energy to be ~20 kJ/mol.

The comparison of the C-O distance of alcohols before and after their adsorption enable us to evaluate
the occurrence of C-O bond breaking upon adsorption and therefore the possibility of formation of
undesirable byproducts that can affect the adsorption of iodine species. We found that this distance in
methanol/ethanol/propan-2-ol varies from to 1.44 A (gaseous phase, for all alcohol molecules) to
about1.45 A/1.45 A/1.48A (adsorbed state) for every Si/Al ratio (See Table 3 and Fig. SI-2). Therefore

the propanol is expected to react upon adsorption much more than methanol or ethanol.

The adsorption of propanone in Ag-MOR prefers to be via its oxygen atoms. So, as Si/Al ratio

decreases in Ag-MOR, the total interaction energy raises to -158.4 kJ/mol (for Si/Al = 5) compared to
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-142.7 kJ/mol (for Si/Al = 11) and -146.9 kJ/mol (for Si/Al = 47). On the other hand, we found that
propan-2-ol is slightly more adsorbed than propanone by around 6.1 kJ/mol for Si/Al = 5, 16.8 kJ/mol

for Si/Al = 11, and 0.8 kJ/mol for Si/Al =47.

3.4.Effect of the Si/Al on the selective trapping of iodine species towards VOCs

For Ag-MOR with different Si/Al ratios, we have compared the adsorptions of the iodine species and
the investigated VOCs as reported in Figure 2 and Figure 4. For each ratio, we show the most
adsorbed VOCs and the less adsorbed iodine compound (I> for Si/Al = 47, CHsl for Si/Al =5 and 11)

as follows:

* For Si/Al = 47, the most absorbed VOCs are 1,3-dimethylbenzene/benzene/propan-2-
ol/propane and they present higher total interaction energies than I, by around ~ 50/23/15/14
kJ/mol, respectively.

* For Si/Al=11, 1,3-dimethylbenzene/benzene/cyclohexane/propan-2-ol are more adsorbed than
CHzl by around ~ 68/33/2/7 kJ/mol, respectively.

* For Si/Al = 5, the most strongly adsorbed VOCs are 1,3-dimethylbenzene/benzene, showing a

total interaction energy higher than that of CHsI by around ~ 37/30 kJ/mol.

In general, aromatic molecules potentially present the strongest inhibiting effects on the iodine
removal compared to other VOCs. More precisely, benzene, 1,3-dimethylbenzene and propan-2-ol are

expected to inhibit the adsorption of I, and CH3l.

Moreover, we conclude that in Ag-MOR with a low Si/Al ratio, larger molecules such as I, benzene,
1,3-dimethylbenzene and propan-2-ol have total interaction energies that are 5-35% higher than in Ag-
MOR with a high Si/Al ratio. This increase can be correlated with the increase in the number of
cations interacting with those molecules. This behavior is clearly confirmed by the electronic density
map (see Figs 1 and 3). In the opposite case, small molecules such as methane and CHsl interact with
almost the same number of cations, even though the Si/Al ratio decreases, resulting in the neglected
effects of increasing cations on total interaction energies of these molecules.
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However, decreasing the Si/Al ratio drastically limits the potential inhibiting effect of propan-2-ol on
the adsorption of I, and CHzsl. Finally, the inhibiting effects of 1,3-dimethylbenzene and benzene on I»
trapping are also limited for a low Si/Al ratio, but these effects are still present in the trapping of

CH;L

4. Conclusion

Using periodic DFT calculations, we have investigated the interaction between Ag-MORs and
different type of gaseous molecules which can be present in the atmosphere of a containment
environment generated from a severe nuclear accident, with the aim to determine the influence of the

Si/Al ratio on the adsorption selectivity of iodine compounds towards VOCs.

We have found that the adsorption of iodine species is strongly influenced by the Si/Al ratio variation
in Ag-MOR. Indeed, the interaction energies of I, and CHsl with Ag-MORs strongly increase when
the silver content increases, i.e. the Si/Al ratio decreases. So, both CHsl and I, prefer to be absorbed by
Ag by their iodine I atom with at a distance I-Ag of 2.6 A, which is accompanied by a large electron
transfer between Ag atoms and I atoms. On the other hand, when the iodine molecule is absorbed in
Ag-MOR for Si/Al =5 and 11, the I-I bond is elongated. Thus, these results indicate that the I-I bond

becomes weak upon adsorption and the formation of Agl precipitates could be favored.

Regarding the VOCs, the cyclohexane, benzene, 1,3-dimethylbenzene and propan-2-ol are more
adsorbed than iodine species in Ag-MOR for Si/Al=47, and 11, which can play an inhibiting effect on
the iodine trapping. For the considered aromatic molecules, benzene and 1,3-dimethylbenzene prefer
to be absorbed on Ag* through m-electrons at a distance of Ag-aromatic center ranging from 2.65 Ato
3.16 A. In the case of the alcohols, the investigated molecules are adsorbed via their oxygen atom at a
distance of 2.2A. This issue can be overcome by decreasing of the Si/Al ratio. However, even for a
low Si/Al content in Ag-MOR, the problem of the inhibiting effects of benzene and 1,3-

dimethylbenzene on the trapping of CHsl is still present. Besides, methane exhibits a weaker
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interaction with Ag-MORs than the other studied molecules, which means that methane shows no

inhibiting effect on iodine trapping.

Our findings show that benzene, 1,3-dimethylbenzene and propan-2-ol (in a lesser extent) are the
VOCs present in the containment atmosphere which can mostly affect the capture of iodine species.
We have highlighted that Ag-MORs with a low Si/Al ratio should be used to ensure the trapping of
iodine in presence of VOCs. Remarkably, at low Si/Al ratio, the complete adsorption of I, and CHsl
could be achieved in the presence of alcohols, whereas only the adsorption of CHsl is affected by the

presence of aromatic hydrocarbons.

Associated content

Supporting Information. Contains configurations of alcohols adsorbed in Ag-MOR (Si/Al=5=) and

computed Bader charges for several systems.
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Table 1

Computed total interaction energies AE;,:[kJ/mol] of methane (CH4), cyclohexane (C6H12), benzene
(C6H6), 1,3-dimethylbenzene (C8H10), methanol (CH30H), ethanol (C2H50H), propan-2-ol (C3H70H) and
propanone (C3H60) with Ag-MORs. The contributions of dispersion energies to the interaction energies

AEdis[kJ/mol] are reported in this table in parentheses. We note that the site used to adsorb these

molecules is found to be in the main channel of mordenite structure.

Iodine species

Hydrocarbons

Si/Al ratio

I

CH;sl

CsHio

CsHs

CsHi2

CH4

AEin (AE4is) in kJ/mol
5 11 47
-297.6 (-56.0)  -183.8 (-42.9) -132.6 (-46.5)
-188.5(-50.9) -151.8 (-41.4) -152.1 (-36.2)
-262.1 (-349) -2199(-114.1)  -183.3(-92.2)
-219.4 (-92.1)  -185.1 (-78.9) -155.8 (-67.7)
-173.2(-111.3)  -153.9 (-97.3) -120.3 (-81.8)
-46.6 (-25.1) -40.5 (-21.8) -45.7 (-17.0)
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CH;OH

-117.6 (-32.3)  -111.0 (-29.3) -106.5 (-24.4)

Oxygenated C,HsOH -146.4 (-51.4) -133.7 (-45.8) -125.3 (-39.5)
molecules C;H;OH -164.5 (-74.7) -159.5 (-64.4) -147.7 (-53.6)
C:HsO -158.4 (-66.0) -142.7 (-54.9) -146.9 (45.9)

Table 2

Distances between Ag cations and aromatic centers of benzene and 1,3-dimethylbenzene in Ag-MOR

Molecules Si/Al ratio m-cation bond (A)
5 3.09;3.13;3.27;5.25;5.26;5.42;5.68;5.73
Benzene 11 2.89;3.17;5.13;5.36
47 2.66
5 2.73;2.79;3.79;4.48 ;491,6.00;6.21 ;6.40
1,3-dimethylbenzene 11 2.68 ;3.87;4.227 ;4.84
47 2.74
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Table 3

DFT and dispersion contributions of oxygen and carbon atoms to the alcohol adsorptions into Ag-

MORs.
Si/Al CH;0H C,HsOH C;H,0OH

AEin (kJ/mol) 5 -117.6 -146.4 -164.5
11 -111,0 -133.7 -159.5
47 -106.5 -125.3 -147.7

AE4isp (kJ/mol) 5 -32.3 -51.4 -74.7
11 -29.3 -45.8 -64.4

47 -24.4 -39.5 -53.6

AEprr kJ/mol 5 -85.3 --95.0 -89.8
11 -81.7 -87.9 -95.1

47 -82.1 -85.8 -94.1

AEdisp (CHy) in 5 -23.4 -46.9 -70.3
kJ/mol 11 -24.3 -48.5 -72.8

47 -20.6 -41.2 -61.9

AEgip (OH) in 5 -8.9 -4.5 4.4
kJ/mol 11 -5.0 +2.7 +8.4

47 -3.8 +1.7 +8.3
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Table 4

C-O distance (A) in the gas state and the adsorbed state of methanol, ethanol and propan-2-ol.

Adsorbed state in Ag-MOR (Si/Al ratio)
Gaseous state

Ag-MOR (5) Ag-MOR (11)  Ag-MOR (47)
CH;0OH 1.43 1.45 1.45 1.45
C.HsOH 1.44 1.45 1.46 1.46
C;H,0OH 1.44 1.49 1.48 1.48
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Si/Al:

Fig.1. Difference in electronic density (Ap) induced by adsorption in various Ag-MORs of I, (top) and

CHsl (bottom). The blue (yellow) zones indicate density increase (decrease).
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Fig.2. Interaction energies AE;y (kJ/mol) of the investigated hydrocarbons and iodine species adsorbed

on Ag-MOR with three Si/Al ratios of 5, 11 and 47.

19



benzene

Si/Al:

SI/Al:

Fig.3. Difference in electronic density (Ap) induced by adsorption in various Ag-MORs of benzene

(top) and 1,3-dimethylbenzene (bottom). The blue (yellow) zones indicate density increase (decrease).
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Fig.4. Interaction energies AEi, (kJ/mol) of the investigated oxygenated and iodine species adsorbed

in Ag-MOR with three Si/Al ratios of 5, 11 and 47.
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