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Abstract
Adsorption of H,S on the Niy(dhtp)(H20), -8H,0 metal-organic framework (known as CPO-

27-Ni or MOF-74-Ni) is characterized by in-situ technique (PXRD, FTIR, Raman and Uv-
visible spectroscopy) and by first principles periodic boundary conditions calculations.
Powder X-ray diffraction results show very high stability of CPO-27-Ni framework in
presence of H,S. Nevertheless, as evidenced by change in color of the sample from pale
yellow to dark green, the adsorption of H,S strongly affects the coordination of Ni sites. FTIR
results show the reversible molecular adsorption of H,S. Experimental and computed energies
of interaction reveal good agreement. Quantitative data considering energetic aspects
(calorimetric measurements) are also included. This work highlights the fundamentals of H,S

adsorption onto the CPO-27-Ni framework.

Introduction
Over the last decade, metal-organic frameworks have received large interest due to their high

porosity with astounding internal surface areas, and framework modularity (both chemical
and morphological).”® These well-defined crystalline networks have suggested several
potential applications such as gas separation, gas storage, catalysis, drug delivery, and sensors.
Currently, the most feasible practical application of MOFs seems to be gas storage and
separation.*® As gas storage is concerned, MOFs’ most appealing properties refer to their
huge surface area (with reported values up to 4500 m? g * for MOF-1777) and to their extreme

low density. This implies that within such large pore spaces a significant amount of gas can be



stored. However, high surface area is not a sufficient requirement to guarantee high
performance in gas separation or purification, where high affinity towards the selected
molecule/s is also necessary. In this regard the capability of the material to selectively operate
with respect to a specific guest molecules, has to be tuned by carefully considering
operational thermodynamic conditions (pressure, temperature) and gas feed components * *°.
Organic ligands that constitute most of the MOF structure do not provide strong electrostatic
and dispersive forces which are required for the retention of small gas molecules. However,
unlike other adsorbents such as activated carbons and polymers, MOFs benefit from a very
well-developed structural chemistry which arises from the presence of metallic sites and
possible facile functionalization of organic ligands."*™** Therefore, each unit in MOFs (metals
or ligands) can be considered as a potential coordination—adsorption site for the target gas.
Moreover, gas adsorption via physisorption, chemisorption and/or reactive adsorption on a
MOF under control condition have been recently studied. A well-documented example is that
of NH3 adsorption on HKUST-1, with and without the presence of H,O or the separation of
0O, from O,/N, mixture, at liquid nitrogen temperature (reversible) or at room temperature
(irreversible).® In both cases it was found that only in specific conditions adsorption was
reversible, allowing multi-cycles use of the materials; on the contrary, in other ranges of
temperature/gas mixtures, a partial or total collapse of the framework was observed.
Framework damage is an easy risk especially in case of interaction with reactive gases like
H.S as was observed in previous studies performed on HKUST-1.1¢8

Recent studies of H,S adsorption on rigid and flexible MILs frameworks were
performed.*®?" In particular, Mil-53(Al) has shown high performance and reversibility
towards H,S adsorption.?? Allan et al. observed good adsorption properties towards H,S, both
in term of stored capacity and framework stability on a MOF with densely exposed metal sites
CPO-27-Ni.?® Their data indicate that the framework structure is retained throughout the
dehydration/gas loading process and only a small loss of deliverable gas capacity over a six
month period was observed. In the present study we report a detailed characterization of H,S
adducts on CPO-27-Ni described by IR, Raman, UV-Visible spectroscopy, microcalorimetry
and PXRD and ab-initio periodic calculations. First, attempts in the evaluation of the

reversibility of the adsorption/desorption processes, effects of aging in H,S are reported.



2 Experimental and computational methods

2.1 Materials and experimental methods

CPO-27-Ni synthesis: Following the procedure reported into the literature®* the CPO-27-Ni
material was prepared from a nickel(ll) acetate and 2,5-dihydroxyterephthalic acid reaction in
a THF-water mixture giving an ochre substance Ni,(dhtp)(H20),-:8 H,O. X-ray powder data
showed the high crystallinity of the sample for which a BET surface area of 1200 m? g™* was
evaluated (Langmuir surface area of 1315 m? g™). The sample was stable to moisture and
aging, maintaining its high crystallinity and porosity.

Powder X-ray diffraction: In situ powder X-ray diffraction patterns were collected with a
PW3050/60 X’Pert PRO MPD diffractometer (PAN analytical) in Debye—Scherrer geometry.
The sample was placed inside 1.0 mm boron-silicate capillaries, exposed to 60 mbar H,S, and
then sealed.

IR spectroscopy: FTIR spectra were collected in transmission mode on self-supporting wafer,
and in controlled atmosphere using a home build IR cell. The spectra were recorded at 2 cm™
resolution on a Bruker IFS 66 FTIR spectrometer equipped with a MCT detector.

Raman spectroscopy Raman spectra were recorded using a Renishaw Raman Microscope
spectrometer. An Ar* laser emitting at 514 nm was used, where the output power was limited
to 1% (100% power = 8.2 mW at the sample). This constraint was necessary in order to avoid
sample damage. The photons scattered by the sample were dispersed by a 1800 lines/mm
grating monochromator and simultaneously collected on a CCD camera; the collection optic
was set at 20X objective. The spectra were obtained by collecting 50 acquisitions (each of 10
seconds) on a self-supporting wafer put in a home-made cell with a suprasil quartz cuvette
that allowed measurements in controlled atmosphere.

Uv-Visible spectroscopy: DR-UV-vis-NIR measurements were performed on a Varian Cary
5000 spectrometer equipped with a reflectance sphere on thick self-supported pellets. In all
experiments, samples were put inside an ad hoc cell that allowed thermal treatments under
high vacuum conditions, dosage of probe molecules, and in situ spectra collection.
Calorimetry: Calorimetric isotherm data were obtained on a Tian-Calvet-type (Setaram), a
calorimeter provided with a calibrated gas-volumetric glass manifold. Pressure was measured
by means of a Barocell (Edwards) transducer gauge (0-100 mbar). Adsorption-desorption
cycles of H,S at CPO-27-Ni were studied at room temperature on 56.4 mg of the CPO-27-Ni

powder sample by following different regeneration methods (by outgassing at RT and at



473K). For all the experiments, prior to the adsorption of H,S, CPO-27-Ni was activated
(outgassed) at 473K for 3 hours in order to reveal coordinatively unsaturated M centers.

2.2 Computational Methods

Theoretical investigation was carried out using periodic density functional theory (DFT)
calculations employing the hybrid B3LYP*#’ functional empirically corrected to include a
long-range dispersion term, as proposed by Grimme?® and modified for crystalline systems.?
Al calculations were performed with the CRYSTALO9 code.® 3!

All-electron Gaussian-type basis sets were used for all of the atoms. A TZVP basis set was
chosen for Ni (Gaussian basis functions’ exponents lower than 0.1 au were removed) while a
TZP basis set was employed for the adsorbed molecules (vide infra Table 3 for details).

For the numerical integration of the exchange—correlation term a (75,974) pruned grid, was
adopted.*'The condition for the SCF convergence was set to 10-8 and 10-10 Hartrees during
geometry optimization and vibration frequencies calculation, respectively. The Pack-
Monkhorst/Gilat shrinking factors for the reciprocal space sampling were set to 2,
corresponding to 4 k-points at which the Hamiltonian matrix was diagonalized. The tolerances
for one- and two-electron integrals calculation was set to 7 7 7 7 18 (see Ref * for details).

A full relaxation of the structures (both lattice parameters and atomic positions) was
performed by keeping the symmetry of the system; that is, one molecule was placed on each
Ni atom of the unit cell (1:1 molecular loading). All the results refer to Ni in high-spin
electronic configuration within a ferromagnetic unit cell. For geometry optimization, the
default convergence criteria were used.** Equilibrium structures were used to compute the

binding energies for the adsorbed molecules (H,O and H,S):

AE=Emor/x-Emor-NEx (1)
where n=6 and X indicates the molecule (i.e. X=H,S, H,0). Basis set superposition error
(BSSE) was taken into account by using the counterpoise correction (CP) method.

The enthalpy of interaction was computed as:

AH(T) = AE® + AZPE + AHt (3)



Where, AZPE and AHt are the contribution from the zero-point energy and the thermal
correction to enthalpy a given temperature, T, respectively. The corresponding value of T was
taken to be T = 298 K.

3. Results and discussion

3.1 Vibrational spectroscopy: FTIR and Raman
Vibrational features of CPO-27-Ni have been extensively described previously.™ **3** For
sake of clarity Figure 1 reports only the ranges where major changes are occurring upon H,S
adsorption (60 mbar equilibrium pressure). The high frequency range of the IR spectrum is
reported where stretching modes of H,S occur (Parts a and b). On the other hand, the low
frequency range for the active Raman modes is reported (Part c) where some of the
framework modes are perturbed and some direct evidence of H,S coordination could be
singled out. The IR spectrum of CPO-27-Ni in contact with 60 mbar of H,S is reported as a
red curve in Figure 1, while the effects of progressive outgassing at room temperature are
reported as grey curves. The last spectrum, obtained after 3 h of outgassing does not show
clear evidence of significant amount of irreversibly adsorbed H,S.

Molecular H,S is characterised by three IR active vibrational mode at 2626, 2614 and
1182 cm™ corresponding to the asymmetric, symmetric stretching, and bending vibrational
modes.* The presence of H,S adsorbed on CPO-27-Ni is indicated in the IR spectrum by the
presence of a doublet at 2565 and 2524 cm™. These asymmetric and symmetric (S-H)
stretching vibrations of the adsorbed H,S are red shifted by 61 and 90 cm™ respectively with
respect to the gas phase values. Due to the fact that upon H,S adsorption most of the
framework bands are slightly shifted, any attempt to magnify specific features of the adsorbed
H,S performing spectra subtraction, was not satisfactory.

In comparison, IR spectrum for H,S adsorbed on MIL-47(V) shows a broad absorption
band centred at 2585 cm™ with shoulder at 2560 cm™.*® These dramatic shifts in the (S-H)
stretch observed on CPO-27-Ni and the change from yellow to dark green of the activated
sample upon H,S adsorption indicate the involvement of Ni®" sites into the adsorption
mechanism. The mentioned change in colour is further investigated by Uv-Visible

spectroscopy as described in the next section.
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Figure 1: FTIR (a and b) and Raman spectra (c) of CPO-27-Ni: As prepared (blue curve);
activated at 473K for 3h (black), in contact with H,S (red curve at 60 mbar); and following
desorption of H,S (grey curves) at ambient temperature.

Figure 1c compares the Raman spectrum of the activated CPO-27-Ni (black curve)
and when in interaction with H,S (red curve). The blue curve represents the hydrated sample,
which is reported for further comparison. The dehydrated form of CPO-27-Ni shows bands at
1625, 1561 and 586 cm™.They are due to benzene ring vibrations; the former two refer to
stretching modes, the latter to a ring deformation.®’Features at 1495 and 1428 cm™ are
assigned to v(COO)asym and v(COO )sym. The intense band at 1277 cm™ is attributed to v(CO)
vibration due to the deprotonated species derived from the hydroxyl group. The minor feature
at 835 cm™ is ascribed to ring C—H bending modes. At lower frequency, the band at 430 cm™
is attributed to the v(Ni—Oyigana) mode.®* 3" Upon H,S coordination, some relevant changes
occur in the framework vibrational region in both the frequency and the relative intensities of
the Raman bands. The spectra are reported only in the low frequency region due to the very
low intensity of v(HS) modes. As far as the frequency shifts are concerned, most of the
components are sensibly red-shifted (the bands at 1625, 1561, 1427, 1278, 833, 586 and 430
cm’* shift down to 1618, 1558, 1415, 1273, 827, 570 and 410 cm™, respectively). Exception is
made for the band around 1500 cm™ that remains almost un-shifted. The additional
component, observed at 327 cm™ and absent in both activated and hydrated CPO-27-Ni, could
be associated to the vibration of the Ni-S bond of the coordinated H,S. Due to its very low

Raman intensity, no evidence is recorded of the v(HS) mode. For this reason, the hypothesis



of H,S decomposition under the laser beam and the consequence formation of S deposition

cannot be totally discarded.

3.2 Uv-Visible-NIR spectroscopy

Despite from the observation derived from IR and Raman spectra one might expect the
adsorption of H,S to show features similar to that of water, the macroscopic change in colour
of the sample (from yellow to dark green) indicates that H,S has a much stronger effect on the
electronic structure of Ni sites than H,O. Figure 2 compares the electronic spectra of CPO-27-
Ni as prepared (blue curve), activated (black curve), and upon H,S adsorption (red curve).
The spectrum of the hydrated sample (in which water is coordinated to the Ni site) is
characterized by the presence of three main features: a band at 9300 cm™, a doublet at 13605
and 15080 cm™ and an intense absorption with an edge at about 21500 cm™. This latter
component is associated with the lowest n-n* energy transition due to the organic linker.
Three spin allowed d-d excitations are expected for a Ni?* ion in O, symmetry. However, due
to the low lying charge transfer region of the MOF-linker, the optical spectrum clearly shows
only the two dd-excitations (*Axg(*F)>°T24(’F) and *Asy(*F)>°T14(’F)) at low energy®” while
the expected d-d at high energy (*Axy(*F)>°T14(*P) appears just as a shoulder. The position of

this d-d transition has been reported only recently to be at 24800 cm™ by Gallo et al.*®

using
resonant inelastic X-ray scattering (RI1XS).3**! The technique, being element selective at the
Ni K-edge, does not detect the n—n* transition of the ligand (as UV-Vis does) and so the
Ni?* d-d transitions emerges clearely.*?

The thermal treatment in vacuo at 473 K produces a blue shift for all the components
and the appearance of a new band at 5730 cm™. Remaining components are observed at
10160, 14200 and 25000 (the latter clearly observed in RIXS experiments only), see Table 1.
This profile has been interpreted on the basis of a five-coordinated Ni** species in a squared-
pyramidal geometry (C4v Space group: the assignment of the electronic transitions is as it
follows: *BiCR)>°E()CF), *BiCF)>%A:F), °BiCR)->°B:CF),  *BiCR)>°E(2)(CP),
*B.(°F)>3A.(P).3* * H,S adsorption (60 mbar equilibrium pressure at RT, red curve) on
activated CPO-27-Ni causes the erosion of the component at 5730 cm™, while the other d-d
transitions now appear at 9430, 15400and 25500 cm™ respectively(the latter visible in RIXS
experiments, only); finally, the component due to the organic linker (lowest n-*) is slightly
red shifted at about 19500 cm™. The fact that the same number of major components are
observed in the spectrum obtained in presence of coordinated water (blue curve) implies that

the Ni%* sites are in octahedral symmetry also when coordinating with H,S. Furthermore, the



consistent change in color, even more dramatic than that observed for NO,* is reflected by

the significantly different positions of the bands. The data are summarized in Table 1.

Table 1. Maximum of the Ni** d-d bands observed by UV-Vis spectroscopy, in cm™ and
corresponding assignment according to literature, ** ** supposing an Oy- or a Ca.-like local
symmetry for Ni?* in presence and absence of adsorbents (H,O or H.S), respectively.

System Band position (cm™) | assignment
250007 *Agy(CF)>°Ty(°P)
CPO-27-Ni 15082-13605 Ay (F)>7T4(F)
hydrated 9300 “Agy(F) > T2y (F)
25000° *B.(F)>EM)CF)
CPO-27-Ni 14200 *BL(F)>°A(F)
de-hydrated 10160 *B1(F)>’B(F)
5730 °B1('F)>°A(P)
CPO-27-Ni + | 25500° “Agy(F)>"T1g(°P)
H,S 15400 “Agy(F)>Tig(F)
9430 3"A\ZQ(aF)931-29(3':)

®The exact band position has been observed by RIXS and reported in Ref.*®, for the hydrated
sample. RIXS data of the de-hydrated sample and after interaction with H,S have been kindly
supplied by E. Gallo and P. Glatzel (ESRF), prior publication.
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Figure 2: DIR-Uv-Visi-NIR spectra of CPO-27-Ni: As prepared (blue curve), activated
(black curve) and with H,S adsorbed (red curve, 60 Torr equilibrium pressure).



3.3 Microcalorimetry

Enthalpy of H,S adsorption at exposed nickel sites and the adsorption capacity of the CPO-
27-Ni were evaluated by measuring calorimetric adsorption isotherms. VVolumetric isotherms
as a function of equilibrium pressure are illustrated in Figure 3. The primary adsorption
isotherm (filled red square) was measured on a pristine CPO-27-Ni sample activated under
vacuum at 473 K. This sample was regenerated following the H,S desorption at room
temperature (303K) and secondary adsorption isotherm was measured (empty red square).
Difference between primary and secondary isotherms clearly indicates that, some amount of
H,S is not removed by outgassing the sample at room temperature. With the aim of providing
evidence about the potential of the material in recyclable cycles, the same CPO-27-Ni sample
was regenerated by desorbing H,S at 473K for 12h after secondary isotherm. Re-adsorption of
H,S on this regenerated sample (filled black square) shows more uptake than that observed
for the freshly activated one (filled red square). A subsequent 3 h H,S desorption at 473K was
performed before to run another H,S adsorption isotherm (black empty square); no significant
changes could be appreciated with respect to the previous scenario.

All the reported isotherms show type | behavior in which the saturation is reached at low
pressure (< 1 mbar); i.e., the suitable pressure range for natural gas purification, which
contains H,S in ppm level. Considering a 1:1 stoichiometry between adsorbed H,S and nickel
site, and taking into account all the nickel atoms available for the adsorption, the adsorbed
moles of H,S (n,) are normalized to the moles of the activated CPO-27-Ni (empirical formula
of CPO-27-Ni: C,HO3Ni, 155.7401g.mol™). The weight % is calculated over the sum of the
mass of H,S adsorbed and mass of the activated CPO-27-Ni. The maximum 17 wt% uptake
corresponds to the formation of a 1:1 complex. For freshly activated sample (filled red
squares) and samples regenerated at 473 K, (filled and empty black squares) an uptake of
~0.68 moles of H,S per mole of C4,HO3Ni is observed; this corresponds to 13 wt% of H,S.
Note that this value is in complete agreement with the one obtained in previous studies
performed on CPO-27-Ni in presence of other probes (NO and CO *2*%). Independently to the
strength of the interaction, the 1:1 ratio was never observed for this material. This aspect can
be linked to the fact that not all the Ni?* sites are available for adsorption. In fact, the presence
of a large amount of packed sample inside the calorimenter cell will limit the complete
desorption of the solvent. Note that such an effect does not occur in IR experiments, where

the spectra are acquired by employing very thin sample pellets.
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Figure 3: Plot of the volumetric isotherms obtained for H,S adsorption on the CPO-27-Ni
activated at 473K, as the function of the equilibrium pressure P, (m: adsorption isotherm on
freshly activated; 0. adsorption isotherm on sample regenerated under vacuum at 303K, m:
adsorption isotherm on sample regenerated at 473K forl12h, o: adsorption isotherm on sample
regenerated at 473K for 3h). The adsorbed moles of H,S (n,) are normalized to the moles of
Ni atoms present in the MOF sample, supposing all the Ni atoms available to the interaction
with H,S. The inset shows the zoom in the P, = 0-3 mbar range.

Figure 4 illustrates the dependence of the differential molar adsorption heat qgis as a
function of H,S coverage. Except from the isotherm obtained after prolonged re-activation (12
h in dynamic vacuum at 473 K, filled black squares), which is significantly higher (72 kJ mol
1) than the initial qqir (56-58 kJ mole™). This value remains almost constant up to the loading
of ~0.7 mole of H,S per mole of CPO-27-Ni in case of freshly activated (filled red squares)
and samples re-generated at 473 K (full and empty black squares). In case of sample
regenerated by outgassing at room temperature, the heat drop is observed at 0.5 moles of H,S
per mole of CPO-27-Ni. The decreases in heat of adsorption observed in all cases show
similar behavior with drops of about ~ 30 kJ mol™ (typical of weak physisorption with no

specific interaction between the host/guest species).

The fact that the initial heat of adsorption obtained for the sample regenerated at 473 K
for 12 h (figure 4 filled black squares) is significantly higher than in all the other cases and,
knowing that all the Ni sites in CPO-27-Ni are equivalent, suggests that this treatment causes
some damage to the framework with the consequent formation of defects. We think that, this
small fraction (0.1 mol of H,S/mol of CPO-27-Ni) of H,S is not reversible even after

outgassing at 473 K for 3 h (empty black squares).



Compared to other MOFs so far investigated for H,S adsorption, CPO-27-Ni has
shown the highest uptake and high enthalpy of adsorption while maintaining its structure and
porosity. In the case of HKUST-1, the interaction with H,S is so strong to be able to cause

framework decomposition'’; on the other hand, many cluster- based MOFs show very weak

interaction,® %
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Figure 4: Dependence of the differential molar adsorption heat qdiff as a function of H,S
coverage on CPO-27-Ni activated at 473K (m: adsorption isotherm on freshly activated;
adsorption isotherm on sample regenerated under vacuum at 303K, m: adsorption isotherm on
sample regenerated at 473K forl12h, o: adsorption isotherm on sample regenerated at 473K for
3h). The adsorbed moles of H,S n, are normalized to the moles of Ni atoms present in the
MOF sample, supposing all the Ni atoms available to the interaction with H,S.

3.4 Periodic DFT calculations

The main geometrical and energetic results obtained by periodic calculations at the B3LYP-
D*/TZVP level of theory with the CRYSTALO9 code® are summarized in Table 2. The
optimized structures are shown in Figure 5, as viewed along the [001] direction. All the
results refer to CPO-27-Ni with nickel atoms in high-spin electronic configuration within a
ferromagnetic unit cell and a molecular loading of 1:1 (i.e., one molecule per metal atom)

1. As expected, upon hydration or upon

with respect to experimental data of Dietzel et a
interaction with hydrogen sulfide, the volume of the unit cell increases in agreement with
experimental evidence. For CPO-27-Ni in interaction with H,S, structural features are in good
agreement with the recently reported synchrotron X-ray data at room temperature®®, with

values for lattice parameters and volume lying within 1% and 2.5%, respectively. For the



three structures, the average of the Ni-O bond distance in the framework and the Ni-Ni

distances are also in good agreement with experimental data from different techniques®* %,

despite a slight overestimation.

Table 2. Summary of the main geometrical and energetic features obtained by periodic
calculations at the B3LYP-D*/TZVP level of theory. For comparison also the experimental

values for —AH 2" are reported.

Exp +H,S
Dehydrated + H,0 + H,S value from
23
a=b(A) 25.894 25.897 25.908  25.745
c (A) 6.843 6.891 6.877 6.8057
V(A% 3973.3 4002.2 3997.5  3906.6
<Ro> (A) 2.029 2.060 2.054
Ruiz (A) 2.935 3.013 3.002
Rniz (A) 4.921 4.990 4.977
Rads (A) - 2.156 2.633 2.590
AdAB/AdBC (A) @ - + 0005/ + < +0.001
0.006
Onias (°) - 99.6/111.0 91.5/93.7
-AE® (BSSE) (k) mol™)® - 75.5(11.4) -55.9
(6.5)
AZPE (k) mol™) - 9.7 9.4
AH7(298K) (kJ mol™) - 2.2 -1.5
-AH°(298K) (kJ mol™) - 68.0 47.9
~AHZ (kI mol™) >100 57+1

? Intra-molecular distances of the adsorbed Ni**---AB(C) molecule: AB(C) = OH,; H.S For the
unperturbed molecules B3-LYP-D*/TZVP distances are: dag =dgc = 0.963 (OH,); dag =dgc =
1.345 (SHy)

® Lateral interaction between H,O (or H,S) adjacent molecules is about -2.0 kJ/mol (Ni) on

average, thus indicating a somewhat weak attractive interaction

¢ — AH 2™ values are obtained by microcalorimetry.

ads



Figure 5: H,O (left) and H,S (right) molecules as arranged in the CPO-27-Ni channels. Metal,
sulfur, oxygen, carbon, and hydrogen atoms are blue, yellow, red, gray, and white,
respectively.

As shown in Figure 5, computed results confirm that the principal interaction is observed
between the Ni atom and oxygen and sulfur, even if the molecules are tilted toward a nearby
oxygen atom of the framework thus indicating a weaker secondary interaction. This resembles
what it was observed for the adsorption of CO, in CPO-27-Mg which was explained due to
the presence of a negative potential around the oxygen belonging to the carboxylate group of
the organic ligand.*

The computed Ni---S bond distance of 2.633 A is close to the experimental value as
reported by Allan et al.?® (2.590 (1) A), and similar to bond lengths observed in H,S loaded
into Ni-zeolites.”®. For H,0, a good agreement is observed with respect to the Ni---O bond
length (i.e., 2.10 = 0.04 A) from the EXAFS spectrum.**The computed enthalpies of
adsorption of H,O and H,S are underestimated with respect to microcalorimetry results.
Indeed, experimentally determined -AHy(298K) is more than 100 kJ/mol per Ni atom for
water and 57 kJ/mol per Ni atom for hydrogen sulfide. This underestimation can be ascribed
to a general drawback of the DFT methods in describing the interaction of adsorbate with the
Ni atom. However, computed data can be considered in semi-quantitative agreement with

experiment.

3.5 Structure stability of CPO-27-Ni upon adsorption of H,S
In situ powder X-ray diffraction patterns were measured to check the structure stability of

CPO-27-Ni in contact with H,S for increasing times. The results are reported in Figure 6. A



very small decrease in intensity of first diffraction peak is observed at the very initial
exposure of H,S, as it is evident by comparing bold black curve and successive black curves;
after this first evolution, no further changes were observed until 72h (red pattern). Finally, the
pattern obtained after 2 months shows a further small decrease in intensity. This does not
affirm any loss of crystallinity, as the first diffraction peaks are sensitive to pore filling and
packing of the sample inside the capillary. Moreover, no additional peaks are observed and
those at higher angle well match in intensity with those recorded for pristine the CPO-27-Ni

sample. This results show the high stability of CPO-27-Ni with respect to H,S exposure.

5 10 15 20 25 30 35 40 45 50 55 60 65 70
2 Theta (°)

Figure 6: in situ powder X-ray diffraction patterns of CPO-27-Ni in contact with H,S(60
mbar) monitored as a function of time.

4 Conclusions

Combined use of spectroscopic with microcalorimetric data and computational evidences
were able to characterize the properties of adsorbed H,S on Ni sites of CPO-27-Ni. H,S forms
stable adducts at Ni sites, giving rise to species which are totally reversible only upon
outgassing at 473 K. Macroscopic change in colour of the sample that turns from yellow to
dark green, indicates that H,S has a much more strong effect on the electronic structure of Ni
sites than H,O. Heat of adsorption (qqifr), obtained for H,S adsorption isotherms on an
activated sample is maintained in case of a reactivated CPO-27-Ni. The measured value of 56-
58 kJ mole™ (almost constant up to the loading of ~0.7 mole of H,S per mole of CPO-27-Ni)
indicates the formation of a medium-strong physisorptive interaction. Compared to other
MOFs investigated so far for H,S adsorption, CPO-27-Ni shows the highest uptake and high

enthalpy of adsorption while maintaining its original structure and porosity. These key aspects



make CPO-27-Ni a promising material for application in biogas or natural gas stream

purification.
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