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1. Introduction

Nonporous coordination polymers (npCPs) able to accommodate molecules

through internal lattice reorganization are uncommon materials with
applications in sensing and selective gas adsorption. Proton conduction,
extensively studied in the analogue metal-organic frameworks under
high-humidity conditions, is however largely unexplored in spite of the
opportunities provided by the particular sensitivity of npCPs to lattice
perturbations. Here, AC admittance spectroscopy is used to unveil the
mechanism behind charge transport in the nonporous 1:2CH;CN. The
conductance in the crystals is found to be of protonic origin. A vehicle
mechanism is triggered by the dynamics of the weakly coupled acetonitrile
molecules in the lattice that can be maintained by a combination of thermal
cycles, even at low humidity levels. An analogue 1-pyrrole npCP is formed by
in situ exchange of these weakly bound acetonitrile molecules by pyrrole. The
color and conduction properties are determined by the molecules weakly
bonded in the lattice. This is the first example of acetonitrile-mediated proton
transport in an npCP showing distinct optical response to different molecules.
These findings open the door to the design of switchable protonic conductors
and capacitive sensors working at low humidity levels and with selectivity to

different molecules.
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Nonporous coordination polymers (npCPs)
that can act as porous are remarkable ma-
terials able to release or incorporate small
molecules in their structure via internal
lattice reorganization.'=}] These molecules
are typically weakly coupled to the lattice
and can migrate across the crystal, pro-
viding npCPs with complex molecular dy-
namics and an associated wide variety of
applications from magnetic switching,!->4l
gas/vapor adsorption*®l and sensing,!*%11]
energy storage,l’?] and catalysis,!'}] even
though this is a relatively recent research
area. Owing to the weak interactions in the
crystal packing, these materials are usu-
ally softer than porous coordination poly-
mers (pCP) and metal-organic frameworks
(MOF). This “softness” can allow npCPs to
exhibit a greater affinity and sensitivity to
adsorbate molecules!*] compared to many
MOFs for which ligand functionalization is
often required.['*7]

Electron transport in coordination poly-
mers in general has proven so far to be
elusive. Only a few reports point in that direction for some spe-
cific MOFs.'821l An interesting alternative source for charge
transport would be protons or more complex cations. Proton
conduction in solids plays a fundamental role in fuel cells!??]
and Dbiological systems.[)] In contrast to typical amorphous
acidic polymers, npCPs, MOFs, and pCPs can combine ion
conductivity with a crystal-like structure which in turn pro-
vides a handle to tune transport properties by proper chem-
ical design. Extensive work, mainly in MOFs, has been per-
formed in recent years to attain a clear picture describing pro-
ton transport in these materials as well as the role of am-
bient molecules like water.[?*?°] Proton conductivity in MOFs
typically stems from donor guest molecules in the pores!?6-32]
or adhered water molecules,>*37] and can be tuned with
acidic groups within the lattice structurel3*3#*0 or by intro-
ducing networks of van der Waals interactions.*!l Most of
these examples work under large relative humidity (>90% RH)
levels.

Unlike MOFs, the potential of npCPs to host proton trans-
port is largely unexplored. Only a few examples, based on
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Figure 1. a) Schematics of the acetonitrile-mediated vehicle proton transport: I) Acetonitrile is weakly bonded to the lattice. Il) Acetonitrile is released
enabling a transient path for proton vehicle transport. Ill) The evaporation of acetonitrile quenches the proton transport path. b) Conductance G and
¢) susceptance B measured as a function of the temperature T with a lock-in technique in sample 1. A peak appears at T, (aceto) = 310 K. d) Arrhenius
plot of G below T, (aceto). The activation energy is E, = 1.28 eV, consistent with vehicle transport of protons. €) G measured in sample 2 as a function
of Tuntil 312 K, and back to room temperature. Thereafter the crystal is left to relax with time for 2 hours.

water-assisted transport show their potential to compete with or
even outperform some MOFs.[42-40]

Recently, we reported a novel nonporous coordination poly-
mer (,[Fe(H,0),(CH;CN),(pyrazine)](BF,),. (CH;CN), com-
plex, hereafter 1-2CH,;CN).[*’l The Fe core is hexacoordinated
with two water, two acetonitrile, and two pyrazine molecules
forming closely packed 1D coordination chains. Besides,
1-2CH,;CN contains two uncoordinated acetonitrile molecules
coupled to the polymer chains through hydrogen bonds formed
with the coordinated water molecules. No weakly bonded water
molecules are found in the lattice structure (see Section 1 in the
Supporting Information for the structure). The 1-2CH;CN crys-
tals were able to reversibly modify their electro-optical properties
by desorption of the uncoordinated acetonitrile molecules from
the crystal latticel*’! (see schematics in Figure 1a). A sharp peak
in the DC electrical current was reported to coincide in temper-
ature with a crystal phase transition and subsequent breaking of
van der Waals bonds of interstitial acetonitrile molecules.[*’] The
conductance peak was accompanied by a color change of the crys-
tal from light yellow to orange. The mechanism able to translate
the phase transition to a sharp change in the current was however
not understood. The selectivity of the lattice to accommodate ace-
tonitrile or other small volatile molecules was not explored.

Here, we use AC admittance spectroscopy to unveil the mech-
anism behind charge transport in the nonporous 1-CH,;CN. We
show that the conductance in the crystals is of protonic origin.
A vehicle transport mechanism is activated by the dynamics of
weakly coupled acetonitrile molecules in the lattice that leads to
a non-trivial modification of the capacitance and resistance of the
material. A simple combination of thermal cycles allows to trig-
ger and maintain the conductance over time. We show that this
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acetonitrile-based mechanism preserves proton transport even at
low humidity levels (RH< 40%), in contrast to most CPs. We have
also exchanged in situ the uncoordinated acetonitrile molecules
in the lattice by pyrrole, forming the new 1-pyrrole. We show that
the optical response (color) and the proton transport properties
(critical temperature, conductance, etc) are determined by the na-
ture of the molecules weakly bonded to the lattice, thanks to the
particular sensitivity of npCPs to perturbations to their lattices,
not easily achieved by more rigid MOFs. This is the first exam-
ple of acetonitrile-mediated proton transport in an npCP showing
distinct optical response to different molecules.

2. Results and Discussion

Figure 1b,c shows the temperature T dependence of the real and
imaginary components of the complex admittance Y* measured
on a single crystal (sample 1) with a lock-in technique. These
complex components correspond respectively to the conductance
G and the susceptance B of the material such that Y* = G + iB.
The heating rate is set to +1 K min™ and the AC excitation is fixed
to a frequency w/2z = 10 kHz and an AC voltage V,. = 100 mV.
An offset DC bias voltage is set to V =1 V. A sharp peak cen-
tered at T (aceto) = 310 K appears in G by increasing the temper-
ature, as previously observed in DC conductance measurements
after the release of acetonitrile molecules, see schematics in Fig-
ure 1a.[*’] The conductance at the peak, normalized to the dimen-
sions of the crystals is ~#10uS cm!. These values are similar to
those typically found in the literaturel*?#¢ The initial increment
in G can be fitted to an Arrhenius law for thermally activated
transport (see Figure 1d and additional examples in Section S2,
Supporting Information). The activation energy barrier obtained
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from the fit is E,= 1.28 eV. Thereafter, the thermally activated
conductance quenches above T,(aceto) and G drops toward the
initial background following a softer exponential decay with tem-
perature. Note that no response is observed in G during cooling
back to room temperature or in subsequent thermal cycles (see
Figure S6, Supporting information). Optical and conductance re-
versibility are regained only once the crystal is exposed again to
acetonitrile, as previously reported for DC measurements.!*’] The
conductance is therefore intrinsically connected to the transient
presence of free acetonitrile.

To disentangle the roles of temperature and time decay in the
post-transition relaxation, an additional control measurement
(sample 2) is performed where the temperature is swept from
room T'to T (aceto) (red points in Figure le) and ramped back to
room T (blue points). Thereafter, G is measured as a function of
time atroom T (see Figure 1e). Initially, G slightly decreasesat T,
most likely due to a thermal lag. Thereafter, no significant decay
of G is observed in timescales (2 h) much larger than those em-
ployed in the temperature-dependent measurement (12 min) in
Figure 1b. The same behavior is observed by stopping the temper-
ature ramp at T, (see Figure S7, Supporting Information). The dy-
namics are therefore predominantly governed by the increment
in temperature and not the time decay. Accordingly, a small ther-
mal cycle allows to activate and maintain conductance in the crys-
tal at room temperature.

The singular behavior of the admittance observed in these crys-
tals can be explained in terms of proton transport, triggered by
the particular dynamics of the acetonitrile molecules. The high
E, value discards a Grotthuss mechanism and is consistent with
a vehicle transport mechanism where protons diffuse assisted by
vehicle molecules in a liquid-like environment. See schematics
in Figure la. This mechanism is typically described for solvent-
assisted, typically water, proton transportin MOFs.[**] The release
of acetonitrile molecules from the crystal lattice seems to en-
able a transient channel for vehicle transport of protons (scheme
II in Figure 1la). A similar mechanism has been described for
other nonporous coordination polymers where the sudden rota-
tional motion of small molecules in the lattice induces a non-
linear increase of the proton conductivity.*’! The proton source
in 1.2CH;CN is possible moisture or coordinated water in the lat-
tice. On the other hand, it has been recently shown that acetoni-
trile plays a fundamental role in the proton dynamics in zeolites.
It is shown that a protonated solvent cluster may form where ace-
tonitrile dimers [(CH;CN),H]* form under specific conditions of
high acetonitrile pressure, temperature or in small pores.[*®] The
subsequent temperature-induced quenching of the conductance
can be ascribed to the progressive evaporation of the acetonitrile
molecules, that is, the vehicle molecules enabling proton trans-
port, from the surface (see schematics III in Figure 1a). The va-
por pressure, and thus the transfer rate of free molecules from
surface to gas phase, grows exponentially with increasing tem-
perature, as described by the Antoine semi-empirical equation. A
substantial evaporation of acetonitrile concomitant with the crys-
tal phase transition has been demonstrated on videos recorded
on large pellets of the compound.[*’! This evaporation can be re-
versed/frozen to maintain a constant vehicle path and therefore
conductance, as seen in Figure le. We can safely discard the con-
duction of BF} anions since that would lead to the disintegration
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of the crystals and the process would be irreversible, whereas we
observe a clear reversibility in our crystals

Interestingly, the out-of-phase imaginary component B de-
velops as well a clear peak at the same temperature (see Fig-
ure 1c). The shape of the peak evolves to an oscillatory pertur-
bation around a constant background for higher AC frequencies
(510 kHz), as shown in Figure S4, Supporting Information. This
frequency and temperature perturbation in B, together with the
progressive drop in G, cannot be understood in terms of a sim-
ple thermally activated transport mechanism through the crystal.
The first, in particular, points to a non-trivial evolution of the ca-
pacitive properties of the crystal at temperatures near the phase
transition, due to the reorganization and loss of acetonitrile. A
similar quantitative behavior is observed in 16 samples (80 % of
the total) (see Section S3, Supporting Information, for detailed
statistics).

Frequency dependent AC admittance spectroscopy has been
performed at different temperatures. AC admittance spec-
troscopy provides a direct measurement of the different contri-
butions to the conduction in the crystal, like grain boundaries,
charge traps in bulk, etc,[*) and their evolution with temperature.
Figure 2a,b shows G and B measured in a single crystal (sample
3) as a function of the frequency (5 Hz <w/27 < 510 kHz) at dif-
ferent temperatures. At a fixed temperature, G increases with @
and begins to saturate at high frequencies (~10* Hz) and B de-
velops a wide peak in the same frequency range (~5 x 10° Hz).
The saturation point in G and the peak in B grow with tempera-
ture (empty dots) up to 311 K and thereafter it decays (full dots)
back to the initial values, in accordance to the observations in Fig-
ure 1. Interestingly, an additional sharp increment in B appears
at the highest frequencies (>10° Hz), more clearly at higher tem-
peratures. The full-range frequency response can be qualitatively
reproduced with two parallel RC equivalent circuits connected in
series as seen in Figure 2d.

This configuration is typically used to describe proton trans-
port as the sum of two contributions: i) the intrinsic conductance
of bulk, limited by charge traps, defects, etc (C, and R_) defining
the low-frequency spectrum. ii) The internal interfaces created by
grain boundaries, etc (C,, and R;,), defining the high-frequency
spectrum.[*] Note that the frequency response is inverted with re-
spect to the impedance. Figure 2c shows the Nyquist plot of the
admittance obtained from Figures 2a,b and its temperature de-
pendence (see equivalent Nyquist plot of the impedance in Figure
S15, Supporting Information). A single, almost complete semi-
circle is observed spanning over most of the frequency range.
This indicates that C, is predominant, giving rise to the semicir-
cle, while C,, is negligible in comparison, giving rise to the high-
frequency tail observed in Figure 2c. This has been reported for
negligible grain boundaries in single crystals!** and in the pres-
ence of an almost continuous path for proton transport, like a
water or solvent film.*¥l It therefore reinforces the vehicle trans-
port of protons through an acetonitrile liquid-like environment
scenario. The high-frequency tail becomes significant only at the
lowest and the highest temperatures where the acetonitrile film
may have discontinuities and therefore the grain boundaries may
start to play a role (see schematics in Figure 1a).

The capacitance and resistance values of the equivalent cir-
cuit can be obtained directly from the radius and the low and
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Figure 2. Frequency spectrum of a) the conductance G and b) the susceptance B measured at different temperatures in a 1-2CH;CN crystal (sample 3).
The grey arrows indicate increasing (empty dots) and decreasing (filled dots) G and B with temperature. c) Nyquist representation of the admittance. A
full semicircle spans over most of the frequency range, while a small high-frequency tail can be observed for the highest and lowest temperatures. Gray
arrows indicate the shift of the curves under increasing temperature. d) Theoretical G and B curves reproducing the experimental results by using two

parallel RC circuits connected in series. Each subcircuit accounts for the bulk (C;, R;) and grain boundaries (C,y, Ryy) contributions.
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Figure 3. Temperature dependence of a) C, b) R., and c) R, for the 1-2CH;CN at 32% RH (red dots, sample 3) and at 45% RH (blue dots, sample
4) and the pyrrole-substituted 1-pyrrole (green dots, sample 6), respectively. These values are obtained from the boundaries in the respective Nyquist
plots, as detailed in Section S5, Supporting Information. Error bars account for the uncertainty in determining the boundaries of the semicircle due to

the experimental noise.

high frequency boundaries of the semicircle. (See Section S5,
Supporting Information, for the full mathematical description.)
Figure 3 shows the evolution of the different components with
temperature (red dots). We observe a clear drop of C, that
stabilizes after T (aceto). In contrast, R, remains approximately
constant until T, where it starts to increase with the temperature.
On the other hand, Ry, decreases until T (aceto) and thereafter
starts to increase. Variations in the high-frequency tail are too
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subtle to observe clear changes in C,, with temperature (see
Figure S10, Supporting Information). It seems therefore that the
initial increment in G in Figure 1b is mainly due to a drop in C,
and R, The drop in Ry, fits with the emergence of an acetonitrile
film that smooths the effect of the grain boundaries. A rapid
decrease of C, could be associated to a reduction of the bulk rel-
ative permittivity e or the ratio A/l between the section A and the
length [ of the crystal. The first may be possible since acetonitrile

© 2021 The Authors. Advanced Science published by Wiley-VCH GmbH
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Figure 4. a) Nyquist representation of the admittance measured on a 1-2CH;CN crystal (sample 4) at 45% RH. The presence of water shifts T, to lower
temperatures (2291 K). b) G measured as a function of T in a 1 -2CH;CN crystal at 45% RH, a 1 -2CH;CN crystal at 32% RH (same as in Figure 1)
and a 1-pyrrole crystal (sample 6) containing pyrrole (dark green state) in the lattice. c) Optical reflectance measured on a single crystal (sample 5) by
replacing acetonitrile molecules by pyrrole molecules. The color changes from a light yellow (acetonitrile in the lattice) to a dark green (pyrrole in the
lattice). d) Nyquist representation of the admittance measured on a 1-pyrrole crystal (sample 6). The semicircles do not fully close at low frequencies,

indicating that R and R, are significantly larger.

(e = 37.5) is initially being replaced by air (¢ = 1) in the lattice.
A similar effect has been previously reported for MOFs.[**] The
second scenario may be also possible since the crystal clearly
shrinks to accommodate the loss of acetonitrile. However, a
change in the dimensions would also induce an increment in R,
before T.. The latter is not observed in the experiments. Finally,
the subsequent drop in G coincides with an increment in R, and
R, This again points to the appearance of domains and grain
boundaries as a result of the loss of acetonitrile.

To understand the role of humidity on proton transport, we
have studied the AC admittance spectroscopy at higher relative
humidity (RH) levels. Figure 4a shows the Nyquist plot mea-
sured on a sample 4 at different temperatures and at 45 % RH.
The corresponding G and B frequency spectra can be found in
Supporting Information. Three main differences can be observed
with respect to sample 3 (Figure 2) measured at 32% RH: i) G is
around one order of magnitude higher at room temperature. ii)
No peak is observed at T, (aceto) = 310 K. A single semicircle ap-
pears in the Nyquist plot that reaches a maximum at T (water)
= 291 K and thereafter continuously shrinks when heating the
crystal. The same behaviour is observed in G vs T at a fixed fre-
quency (see Figure 4b for a comparison [blue dots]). iii) The crys-
tals change from yellow to orange at lower temperatures (291 K)
and seem drastically modified after exposition to high humidity.
Their electro-optical properties are not reversible by adding ace-
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tonitrile again. We systematically observe this behavior in mea-
surements where RH lies above 40%.

The larger conductance observed at room temperature could
be due to additional water-assisted proton transport. The absence
of a peak at T (aceto) may indicate that acetonitrile has been al-
ready displaced by the water molecules. Thus, the acetonitrile-
mediated proton transport mechanism is quenched. Density-
functional theory (DFT) calculations were performed to model
1 -2CH;CN and the same material where the weakly bounded
acetonitrile molecules are replaced by water at the same lattice
positions (see Section S14, Supporting Information, for details).
The binding energy of water and acetonitrile are found to be simi-
lar and therefore, we can expect that they may compete, especially
at high humidity levels, to be adsorbed within the material. Also,
the lower T, observed in sample 4 may be due to the slightly lower
binding energy predicted by DFT for water (0.78 eV) as compared
to acetonitrile (0.85 eV). DFT predicts a H-bonding interaction of
the guest water with the BF, counterions in the npCP with the
OH groups pointing towards the fluorine atoms. It has been re-
cently reported that water may displace not only acetonitrile but
also further molecules in the bulk which would explain the irre-
versibility of the process at high humidity levels.[*]

The capacitance and resistance values obtained from the
Nyquist plot (blue dots in Figure 3) can be compared with sam-
ple 3. In both samples, the initial C, value is roughly the same

© 2021 The Authors. Advanced Science published by Wiley-VCH GmbH



ADVANCED
SCIENCE NEWS

ADVANCED
SCIENCE

Open Access,

www.advancedsciencenews.com

(120-150 pF). However, in contrast to sample 3, C, steadily in-
creases with temperature. This reinforces the idea that acetoni-
trile (€ = 37.5) is being replaced by water (¢ = 80). On the other
hand, R, is significantly lower than in sample 3 at room tempera-
ture and steadily increases with temperature. This indicates that,
in this case, water provides the initial transport path for protons.
Besides, the continuous drop of G involves the enhancement of
grain boundaries that would in turn explain the change observed
in the crystals. R, remains virtually unchanged.

Finally, to delve into the role of the weakly coupled molecules
in the crystal lattice, we have replaced the acetonitrile uncoordi-
nated to the Fe ion by pyrrole. The 1-pyrrole is obtained by expos-
ing 1-2CH,CN to a pyrrole-saturated atmosphere (See Section S9,
Supporting Information, for synthesis details). The assimilation
of pyrrole by the crystal lattice and the crystallinity of the new
material is shown by thermogravimetric analysis, infrared spec-
troscopy, and powder X-ray diffraction, see Sections S10-S13,
Supporting Information. Figure 4c shows the optical reflectance
and optical images of a crystal (sample 5) before and after exposi-
tion to a pyrrole-saturated atmosphere at room temperature. The
crystal color changes from light yellow to a dark green, indicating
a modification of the crystal lattice (see supporting video).

Figure 4b shows G measured as a function of T and at w/2x
= 10 kHz on a 1-pyrrole crystal (sample 5) soaked with pyrrole
(dark green state, green dots) and at 33% RH (see B and addi-
tional examples in Figure S13, Supporting Information). G is
non-zero at room temperature, in contrast with sample 1 con-
taining acetonitrile (red dots). In addition, a sharp increment ap-
pears at T (pyrr) = 305 K and G remains roughly constant until
312 K where it rapidly decreases below the initial, room temper-
ature G. The decay temperature (~ 312 K) is similar to the one
observed for 1-:2CH,CN crystals and the plateau can be roughly
fitted by two contributions that tentatively can account for the
initial loss of pyrrole (305 K) and a subsequent loss of remain-
ing acetonitrile (310 K). The presence of both molecules in the
lattice seems in accordance to the DFT calculations. The calcu-
lations could not converge to a fully relaxed geometry when all
weakly bounded acetonitrile molecules were replaced by pyrrole.
Among the different studied configurations of the pyrrole inside
the material, the lowest energy calculation yields a structure with
pyrrole bound in a # — & stacking with the pyrazine ligand. This
would explain the appearance of a plateau or double peak in the
conductance.

A similar temperature dependence is observed in the Nyquist
representation of the admittance, as shown in Figure 4d (see Fig-
ure S12, Supporting Information, for the corresponding G and
B frequency spectra). The overall conductance is significantly
smaller than in the previous samples. Accordingly, the semicircle
shifts to lower frequencies and appears incomplete. Besides, by
checking in detail the equivalent circuit parameters (green dots
in Figure 3), R,, and C, seems to be following the same pattern
than sample 3 but shifted to lower temperatures. This points to
a similar mechanism for the conductance. This is more clearly
seen in the normalized figures shown in Figure S11, Supporting
Information. In contrast, R, is much larger and seems to follow a
different trend. The ability of the crystal to selectively accommo-
date different molecules in the lattice thus determines the optical
properties (color) as well as proton transport properties like con-
ductance or transition temperature.
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3. Conclusion

In conclusion, we have studied the charge transport properties
0f 1.2CH,CN nonporous coordination polymers acting as porous
by means of AC admittance spectroscopy. We show that the con-
ductance in the crystals is of protonic origin. A vehicle transport
mechanism is triggered by the dynamics of weakly coupled ace-
tonitrile molecules in the lattice, that leads to a non-trivial modifi-
cation of the capacitance and resistance of the material. A proper
combination of thermal cycles allows to activate and maintain a
current level on the otherwise insulating material. Acetonitrile
therefore provides 1-2CH,;CN with proton transport capabilities
even at low humidity levels. Besides, we have in situ generated
the new 1-pyrrole material. We find that proton conductivity and
optical response (color) can be tuned thanks to the ability of the
crystals to reorganize when different molecules are incorporated
in the lattice. Our findings may serve as starting point to the
design of switchable protonic conductors and capacitive sensors
with selectivity to different small molecules and at low humid-
ity levels.

4. Experimental Section

Materials:  Chemicals and reagents were purchased from commercial
suppliers and used as received

Optcal Reflectivity: Optical reflectivity measurements between and
373 K were performed using a MOTIC SMZ-171 optical stereoscope cou-
pled with a MOTICAM 3. Images were collected in BMP format without
any filter using the Motic Images Plus 3.0 software, with the mean value
from each region of interest (ROI) analyzed under the Image) program.
The temperature was controlled using a Linkam T95 system controller and
a LNP 95 Liquid Nitrogen Cooling System.

Thermogravimetric Analysis: TGA was performed using a TA Instru-
ment TGAQ500 with a ramp of 1°C min~" under air from 303 to 873 K.

Infrared Spectroscopy:  FT-IR spectra were recorded as neat samples in
the range 400-4000 cm™~" on a Bruker Tensor 27 (ATR device) Spectrome-
ter.

Elemental analysis:  Elemental analyses (C, H, and N) were performed
on a LECO CHNS-932 Analyzer at the “Servicio Interdepartamental de In-
vestigacion (SIdl)” at Auténoma University of Madrid

X-ray Diffraction Spectroscopy: Powder X ray diffraction data was col-
lected in a Rigaku Smartlab SE diffractometer with a Bragg-Brentano con-
figuration, using Cu-Ka radiation (4 = 0.1541 nm). The sample was mea-
sured between 5° and 50° with a speed of 1.8° min" under an X-Ray fluo-
rescence reduction mode, at room temperature.

AC Admittance Spectroscopy: Temperature-dependent AC spec-
troscopy is performed in a Linkam T95 electrical probe station equipped
with a LNP 95 liquid nitrogen cooling system and a Zurich Instruments
lock-in amplifier.

Density Functional Theory Calculations: The full geometrical optimiza-
tion of the unit cell of 1, 1.2CH; CN and 1.2H, O compounds are performed
using the QuantumESPRESSO package.[%]
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Supporting Information is available from the Wiley Online Library or from
the author.
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