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Vatsadze, 2P and Andrei V. Shevelkova+

New tricationic organic supramolecular tecton has been designed and synthesized. Contrary to known mono- and dicationic

species, this new molecule, being a “three-way connector”, allows assembling infinite supramolecular sheets and nets upon

interaction with appropriate inorganic counterpart complex anions. In this work, triprotonated 6-amino-5,7-dimethyl-1,3-

diazaadamantane, comprising two secondary and one primary nitrogen atoms, is utilized as a trication to form hybrid

compounds with iodometallate anions by exercising five hydrogen bonds at the time. It is shown that the bulky cation works

simultaneously as a spacer and a connector, such that the positions of inorganic [MIg]*~ anions (M = Sb, Bi) in the crystal

structures are defined by five hydrogen bonds and are well-separated from each other. The latter is considered as a

prerequisite for the hybrid compounds to display optical properties originating from the undisturbed electronic structure of

individual inorganic anions.

Introduction

Ammonia and amines are very important building blocks in
creating supramolecular assemblies via hydrogen bonding.1-3
Depending on the substitution at the N atom of the amine as
well as on the degree of its protonation, one can envision
several distinct cases (Fig. 1).

Figure 1 clearly shows that increasing the number of R-
substituents (alkyl or aryl groups, not carbonyls) decreases the
number of possible H-bonds that could be formed by a
particular amine or by its protonated form. This leads to a
simple conclusion that cases I-lll could serve as edges in the
potential supramolecular H-bonded architectures, whilst case
IV would only result in terminating modes.

Increasing the number of N atoms in a molecule leads to
increasing the possible ways for supramolecular architectures
formation (Fig. 2).
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It was demonstrated recently® that combining in one molecule
two protonated tertiary nitrogen atoms (1,3-diazaadamantane)
led to the creation of a novel bridging supramolecular building
block with a general structure of H-N*(molecule)N*-H.

These simple considerations bring about the conclusion that an
addition of the nitrogen atom (in its protonated form) should
increase the dimensionality of the possible H-bonded network
(Fig. 3). Clearly, an adamantane derivative with the highest
number of nitrogen atoms is urotropine. However, its
protonation is limited to one or two nitrogen atoms,> because
more acidic conditions cause its decomposition. The alternative
way to increase the number of H-bonding sites is an addition of
an amino-group to 1,3-diazaadamantanes thus increasing the
number of nitrogen atoms to three and affording five H-bonds
at a time. Such an idea has not been explored prior to this work.
Apparently, the nature of the counter anion also plays a very
important role in the formation of a particular supramolecular
product. In recent years, halometallate anions have come to the
forefront of modern research, first, owing to the discovery of
so-called lead-iodine perovskites demonstrating excellent light-
harvesting properties with high energy conversion®®.
Subsequent broad investigations of other post-transition metal
halide complexes have unveiled other important properties
including bright luminescence in a wide spectral range observed
for many hybrid compounds of Sb3* and Bi3*,10-16
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Figure 1. Possible modes of H-bond formation for all monoamines. Upper row — neutral amines, lower row — protonated ammonium cations. Red dotted bond — H-

bond donor, blue dotted bond — H-bond acceptor. Quaternary ammonium cation (V) is shown for the completeness of the picture.
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Figure 2. Possible modes of H-bond formation for combination of two tertiary diamines
resulting in bridging H-bond manner of the organic ligand. Combination of bis-tertiary

diamine with primary amine in the same molecule leads to the three-way connector.
Red dotted bond — H-bond donor.

Herein we introduce a new supramolecular tecton, 6-amino-
5,7-dimethyl-1,3-diazaadamantane, comprising two secondary
and one primary nitrogen atoms, which upon tris-protonation
could serve as a 3-point connector (Fig. 3) capable of forming up
to five H-bonds as an H-bond donor. We describe a facile path
to new hybrid compounds of the general formula
(3A10)(Mlg)-3H,0, where 3A10 is a 6-amino-5,7-dimethyl-1,3-

NH;
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Figure 3. Previously known (left) and new (right) modes of 1,3-diazaadamantane

polyammonium building blocks for supramolecular assembly (only the modes with
HB donor capacities are shown).

diazaadamantane cation [C1oN3H»,]3* and M = Sb (1) or Bi (2).
We discuss their crystal structures that feature a complete
isolation of inorganic [Mlg]3- octahedral anions embedded in a
3-dimensional framework of H-bonds constructed by utilizing all
five N-H interactions. Finally, we present optical properties of

two new compounds that stem from the undisturbed electronic
structures of isolated inorganic anions.
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Results and discussion

Compounds 1 and 2 were synthesized by facile reactions of 6-amino-
bismuth
triiodides in aqueous hydroiodic acid. The precipitated and washed

5,7-dimethyl-1,3-diazaadamantane with antimony or

off yellow (1) and orange (2) crystals are stable for weeks when
stored in Petri dishes (Fig. S1 of the ESI) and start to decompose upon
heating at about 50 °C losing all water at 100 (1) and 95 °C (2), see
Figures S2 and S3 in the ESI.

ARTICLE

The compounds are isomorphous and crystallize in the orthorhombic
space group Pnma (Table S1). The crystal structures consist of three
moieties, namely: the triprotonated organic cation, the [Milg]*
inorganic anion (M = Sb or Bi), and solvent water molecules, in the
ratio of 1:1:3. The organic cation indeed offered all of its three
protonated nitrogen atoms to form five hydrogen bonds of various
types (Fig. 4).

Figure 4. Crystal structure of 3A10(Mlg)-3H,0 (3A10 = CyoN3H»,3"; M = Sb or Bi); a whole unit cell with three basic structural moieties is depicted (top). The surroundings of the

triprotonated 6-amino-5,7-dimethyl-1,3-diazaadamantane with H-bonds (bottom, left) and a projection of the crystal structure onto [100] plane (bottom, right). M atoms are shown

in blue, iodine in cyan, oxygen in red, carbon in light grey, and hydrogen in dark grey; dashed lines represent hydrogen bonds.

Surprisingly, the cation’s coordination mode is not symmetric: two
nitrogen atoms of the diazaadamantane cage show different
coordination. One of those forms a N-H---O bond with water oxygen,
whereas the other one forms a N=H--:| bond with an iodine atom of
the inorganic anion. However, the C-N bond lengths for both
nitrogen atoms are around 1.50 A, which points out to an equal
positive charge on them.17:18

This journal is © The Royal Society of Chemistry 20xx

In general, the structural motif of both protonated cage N atoms is
virtually identical to that described previously.> The third nitrogen
atom of the new tecton is also protonated to become an ammonium
moiety, which forms three hydrogen bonds: one with water oxygen
and two with iodine atoms. Thus, the triply protonated amino-
diazadamantane molecule works as an unsymmetric “three-way
connector” forming five intermolecular H-bonds.

J. Name., 2013, 00, 1-3 | 3
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In both structures, the H:-| distances lie in the range of
2.69-2.76 A, which is slightly shorter than the typical H--|
distances of 2.80-2.85 A.19-22 We note that the C—H---| hydrogen
bonds are also present in the structures, however, the
corresponding H--| distances exceed 3 A, making these bonds
approaching the sum of the van der Waals radii of hydrogen and
iodine.?32% Although compounds 1 and 2 are isomorphous,
there are minute differences in the hydrogen bond lengths and
the degree of the cage distortion in the cations, which can be
traced by minor differences in the IR spectra of two compounds
(Fig. S4 of ESI).

The examples of organic cations serving as templates/tectons
by forming multifold H-bonds with inorganic anions and/or
solvent molecules are plentiful. For instance, deprotonated 1,4-
diazacycloheptane, also known as homopiperazinium, utilizes
both nitrogen atoms to form a total of four H-bonds, with the
nature of an acceptor atom depending on the chemical
composition of a compound.?>-28 An example of a triprotonated
tecton is provided by recently published N,N,N’,N”,N"-
pentamethyldiethylenetriamine, which can be used in three
different conformations to form hybrid derivatives with Sb(lll)
chloride.?® In them, each nitrogen of the triamine accepts only
one hydrogen upon protonation, thus this triamine makes only
three hydrogen atoms available for forming H-bonds. In the
case of 1 and 2, one organic cation forms five relatively strong
H-bonds, which makes this cation, triprotonated 6-amino-5,7-
dimethyl-1,3-diazaadamantane, a unique
tecton.

The inorganic anions in the crystal structures of 1 and 2 are
slightly distorted [Ml¢] octahedra; the Bi—I distances range from
3.01t03.12 A and those of Sb—I range from 2.94 to 3.08 A (Table
1). Although the Sb3* cation, unlike its Bi(lll) congener, is keen
to display its stereo active s? lone pair,3°-3> the distortion of the
[Sblg] octahedron is modest and does not outplay that of the
[Bilg] octahedron, with the deviation of the I-M—I angles not
exceeding 6 degrees in both crystal structures.

supramolecular

Table 1. Selected interatomic distances and angles in the Mlg3-
anion in the crystal structures of 1 and 2.

Atoms Distance, A Atoms Angle, °

1

Sb1-12 (x2) 3.0820(3) 13—Sb1—14 174.585(12)
Sbi-13 2.9721(4) I5—Sb1—I2 178.431(9)
Sbi-14 3.0481(4) I5—Sb1—I2 178.429(9)
Sb1-15 (x2) 2.9373(3)

2

Bil-12 (x2) 3.1192(6) 13—Bil—l4 174.073(18)
Bil-I3 3.0224(8) I5—Bi1—I2 178.100(14)
Bil-14 3.1095(8) I5—Bi1—I2 178.101(14)
Bil-I5 (x2) 3.0079(6)

The +3 charge of the triprotonated 6-amino-5,7-dimethyl-1,3-
diazaadamantane cation matches the -3 charge of the [MIlg¥]
anions ensuring their 1:1 ratio (and thus a neutrality of a whole
compound) in the crystal structure. The organic cations,
inorganic anions, and water molecules are linked with the help
of hydrogen bonds to form a three-dimensional supramolecular

4| J. Name., 2012, 00, 1-3

structure, which projection onto the [100] plane is shown in
Figure 4. Clearly, the triprotonated cation releases all its
nitrogen donor sites to form hydrogen bonds in such a way that
the inorganic anions are separated from each other by the
cations and water molecules (Table 2). In both crystal
structures, the closest distance between iodine atoms of the
neighboring [Mlg] octahedra is over 4.2 A, which exceeds twice
the van der Waals radius of iodine.?324 Therefore, utilization of
the triprotonated 6-amino-5,7-dimethyl-1,3-diazaadamantane
cation ensures the complete isolation of inorganic anions in the
crystal structure and precludes their direct interaction with
each other.

Table 2. Hydrogen bonding in the crystal structures of 1 and 2.

D-H--A d (D-H), A d(H-A),A  d(D-A), A Angle (D~
H-A), °
1
N3-H3A--02#1 0.87(5) 1.88(5) 2.734(5) 167(5)
N3-H3B-I5#2 0.91(4) 2.70(4) 2.521(3) 150(3)
N3-H3B#3--I5#4 0.91(4) 2.70(4) 2.521(3) 150(3)
N5-H5--01 0.90(5) 1.95(5) 2.670(5) 136(4)
N4-H4---14#5 0.77(5) 2.83(5) 3.540(3) 156(5)
01-H1A-I5#6 0.82(4) 2.98(4) 3.704(3) 149(4)
O1-H1A-IS5#7 0.82(4) 2.98(4) 3.704(3) 149(4)
02-H2#3-12#7 0.84(4) 2.97(4) 3.732(3) 152(4)
02-H2-12#6 0.84(4) 2.97(4) 3.732(3) 152(4)
C10-H10B#3--12#4 0.99 3.01 3.745(3) 132.3
C10-H10B#3:124#8 0.99 2.98 3.715(3) 132.3
C10-H10A-12#5 0.99 2.98 3.715(3) 132.3
C10-H10A-12#6 0.99 3.01 3.745(3) 132.3
2
N3-H3A--02#1 0.81(7) 2.01(8) 2.739(10) 150(10)
N3-H3B-I5#2 0.86(14) 2.77(14) 3.507(3) 145(12)
N3-H3B#3--I5#4 0.86(14) 2.77(14) 3.507(3) 145(12)
N5-H5--01 0.90(10) 1.90(10) 2.653(9) 140(8)
N4—H4---14#5 0.79(7) 2.78(8) 3.547(7) 166(9)
01-H1A-I5#6 0.84(5) 3.12(4) 3.703(5) 128(3)
O01-H1A-IS5#7 0.84(5) 3.12(4) 3.703(5) 128(3)
02-H2#3-12#7 0.79(4) 3.01(4) 3.732(3) 152(4)
02-H2--12#6 0.79(4) 3.01(4) 3.732(3) 152(4)
C10-H10B#3--12#4 0.99 3.00 3.726(6) 132.5
C10-H10B#3--124#8 0.99 2.98 3.715(3) 132.3
C10-H10A--12#5 0.99 2.98 3.715(3) 132.3
C10-H10A-12#6 0.99 3.00 3.726(6) 132.5

#1 [x, y, 1+2] #2 [Vo-x, Vat+y, Ye+2z] #3 [X, Yo-y, 2] #4 [Vo-X, -y, Ye+2] #5 [Ve+X, Y-y, 3/2-2]
H6 [Yi-x, Yo+y, -Ya+z] TH# [Vo-X, -y, -Vo+2] #8 [[%e+X, Y, 3/2-2]

It is expected that in the absence of direct interactions between
the inorganic [MIlg]3>~ anions, the band structure will be
dominated by flat bands; therefore, band gaps of 2.1-2.6 eV
should be anticipated since the charge transfer proceeds from
the 5p states of iodine atoms at the top of a valence band to the
5p (6p) states of antimony (bismuth) atoms at the bottom of a
conduction band.3%-38 Indeed, the analysis of the optical diffuse
reflectance measured for both samples and converted into
absorbance data by the Kubelka-Munk method led to the values

This journal is © The Royal Society of Chemistry 20xx
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of 2.5 (1) and 2.2 (2) eV, in accordance with yellow (1) and
orange (2) colors of compounds, respectively (Fig. 5).

4

((k/s)*hv)?

2.0 22 24 2:6 28 3.0 3.2
hv, eV

Figure 5. Kubelka-Munk plots for 1 (blue) and 2 (red).

Although rather strong hydrogen bonds may contribute to the
band structure near the respective Fermi levels for both
compounds, such a contribution should be vanishingly small in
1 and 2 because the H--:O and H--I distances are not short
enough (Table 2) compared with those that are capable of
affecting the band gap by slightly pushing the 5p states of iodine
atoms to higher energy.>?° Therefore, the observed band gaps
can be attributed to the charge transfer in the pristine [Mlg]3-
anions.

Figure 6 shows the photoluminescence (PL) spectra for both
compounds. Whereas 1 displays bright PL at 77 K with an
exciton lifetime of 45 ps (see Table S2 in SI), the PL signal for
compound 2 is rather weak. The emission maxima are observed
at 724 nm for 1 and 753 nm for 2, which means that the
emission bands shift towards the near-IR region. Indeed, when
irradiated by a 365 nm laser beam at 77 K, compound 1 displays
a bright red glow owing to the width of the spectral line
protruding to the visible part of the spectrum. For compound 2
such glowing is hardly observed mainly due to lower intensity of
PL but also because of a greater shift towards the IR region.

For both compounds, PL spectra are characterized by large
Stocks shifts, 1.0 eV for 1 and ca. 2.4 eV for 2, as well as by wide
spectral bands with full-width half-maximum (FWHM) of about
125 nm for both compounds (Fig. 6). Given that isolated
positions of the [Mlg] octahedra make collective excitations
least probable, we attribute excitation to the metal-centered
transitions that involve ns? lone pairs on Sb3* and Bi3* cations.
Excitation leads to the population of the respective np-states,
and the distortion of the [Mlg] octahedra induces small polarons
capable of trapping charge carriers leading to self-trapped
excitons.31:3940 The distortion of [Mlg] octahedra is facilitated by
the absence of outer covalent bonds, which explains large
Stocks shifts and a broadband character of PL emission.

A comparison of the PL properties of 1 and 2 with other
iodoantimonates and iodobismuthates cannot be
straightforward, because in the latter compounds the [Mlg]
octahedra are joined into dimers or trimers. However, they also

This journal is © The Royal Society of Chemistry 20xx
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display PL emission in the red or near-IR region due to self-
trapped excitons. The emission is characterized by narrower
bands and relatively small Stocks shifts of 0.5-0.9 eV.1241-43 Most
likely, these properties can be attributed to less distorted
iodometallate anions and their smaller spatial separation in the
crystal structure.

Experimental

Synthetic procedures. For the synthesis of target compounds,
6-amino-5,7-dimethyl-1,3-diazaadamantane was first obtained
according to a published procedure.** Bil; (99.99 %), Sblz (99 %)
Pred (98 %), H2O(gist), and 1, (99.99 %) were also used as starting
reagents. Hydroiodic acid (stabilized) was synthesized by
hydrolysis of freshly prepared Pl; as described in detail
elsewhere.*> The Hl acid (stabilized) was distilled at 126 °C.

For the preparation of 1, 6-amino-5,7-dimethyl-1,3-
diazaadamantane (79 mg, 0.44 mmol) and antimony triiodide
(221 mg, 0.44 mmol) were separately dissolved in 2 mL of
hydroiodic (20 %) acid and then two solutions were mixed,
which immediately resulted in precipitation of the yellow
powder of 1.

The orange powder of the compound 2 was prepared by the
same procedure using 6-amino-5,7-dimethyl-1,3-
diazaadamantane (70 mg, 0.40 mmol) and bismuth triiodide
(230 mg, 0.40 mmol).

For the crystal growth of 1 and 2, the same synthetic procedure
as for the powder samples preparation was used but with 10 mL
of 20% hydrochloric acid. The solutions obtained after mixing
the reagents were left for 1 week to form polycrystalline
precipitates. Single crystals suitable for structure determination
and property measurements were separated by filtration and
dried at room temperature.

Thermal analysis. Thermogravimetric analysis was performed
using a NETZSCH 209 F1 Libra thermobalance. Calibration was
performed with CaC,04-2H,0 in order to increase the accuracy
of mass detection. The sample was heated in an alumina
crucible under dry nitrogen flow up to 350 °C with the ramp rate
of 10 °C-:min~1. The NETZSCH Proteus Thermal Analysis program
was used for data processing.

Powder X-ray diffraction analysis (PXRD) was performed on the
Imaging Plate Guinier Camera (Huber G670, Cu-K,; radiation, A
= 1.540598 A) with the 2@ angles ranging from 3 to 100° with a
0.005° increment. The data were collected by scanning the
image plate four times with an exposure time of 1200 s at room
temperature. For measurement, the microcrystals or powders
were finely crushed in an agate mortar, and the resulting fine
powder was fixed on a holder. The experimental patterns,
presented in the ESI (Figures S5 and S6) show excellent match
with the pattern calculated from the crystal data. Additionally,
Rietveld refinement was performed against the powder XRD
data and yielded the crystal data matching those obtained from
the single crystal structure refinement (ESI, Figure S7 and Table
S3)

J. Name., 2013, 00, 1-3 | 5
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Figure 6. PL spectra of 1 (left), 2 (right), and PL lifetime for 1 (bottom).

Crystal structure determination. Single crystal X-ray diffraction
studies of a suitable crystal of 1 were carried out on a Bruker D8
Quest diffractometers equipped with a CMOS detector (MoK,
A 0.71073 A, graphite monochromator).?¢ Data were
corrected for absorption effects using the numerical methods
from crystal shape implemented in SADABS (2016/2).*’ The
crystal structure was solved by the intrinsic phase methods
using the Olex2,%8 which gave positions of iodine and antimony
atoms. Difference Fourier syntheses in Shelxt (SHELXL-2018/3)
gave the positions of nitrogen, and carbon atoms of the cations,
and oxygen atoms of water molecules.*® The hydrogen atoms
were initially refined using the riding model. In the final stage of
the refinement, hydrogens attached to nitrogen atoms were
allowed to refine freely with their atomic displacement
parameters set as 1.3 of the parent nitrogen atoms. The crystal
structure was refined in anisotropic approximations of atomic

displacement parameters for all atoms except hydrogens.

Single crystals of 2 were selected directly from the reaction
products. The single crystal diffraction data were measured at
100(2) K on a Bruker D8 VENTURE with PHOTON 100 CMOS

6 | J. Name., 2012, 00, 1-3

detector system and graphite monochromator equipped with a
Mo-target X-ray tube. A frame width of 0.50° and an exposure
time of 15 s/frame were employed for the data collection. Data
reduction and integration were performed with the Bruker
software package SAINT (Version 8.38A).47 Data were corrected
for absorption effects using the semi-empirical methods (multi-
scan) as implemented in SADABS (Version 2014/5).*” The crystal
structure was solved by direct methods using the SHELXTL
(Version 2018/3) program package,*® which gave positions of
bismuth and iodine atoms. Difference Fourier syntheses gave
the positions of nitrogen and carbon atoms of cations and
oxygens of water molecules. Hydrogen atoms were calculated
and further refined using the riding model. In the final step, the
crystal structure was refined with anisotropic approximations of
atomic displacement parameters for all non-hydrogen atoms.
Selected bond distances and H-bonds parameters are given in
Tables 1 and 2 for compounds 1 and 2, whereas crystal data are
presented in Table S1 (ESI). Figure S8 of the ESI displays the
surrounding of the cations.

This journal is © The Royal Society of Chemistry 20xx
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Optical Spectroscopy. Optical diffuse reflectance spectra were
recorded using a Perkin-Elmer Lambda 950 UV-viz spectrometer
with an attached diffuse reflectance accessory. Measurements
were performed at 298 K in the spectral range of 250-1200 nm,
with the scanning rate of 2 nm-s™! using finely ground
polycrystalline samples. The data were processed using the
Kubelka-Munk theory approximation and linearized in the
[(k/s)-hv]¥2 — (hv) coordinates with hv along the x axis and
[(k/s)-hv]¥2 along the y axis, where k is the absorption
coefficient, s is the scattering coefficient, and h is the Planck
constant.® The k/s relation known as a remission function was
calculated according to the literature as k/s = (1-R)?/2R, where
R is the absolute diffuse reflectance.>! Extrapolation to k = 0
gives an approximate value of the optical £ of the material.
Photoluminescence excitation and emission steady-state
spectra were recorded at room temperature and 77 K with a
Horiba-Jobin-Yvon Fluorolog-QM spectrofluorimeter equipped
with a 75 W ArcTune xenon lamp and a Hamamatsu R13456
photomultiplier sensitive in the 200-980 nm emission range. For
the low-temperature measurements samples were placed in a
quartz optical cryostat filled by liquid N,. Luminescence decays
were acquired on the same instrument using pulsed DeltalLed
excitation source (4 = 370 nm) and EZ-time software for data
analysis.

Conclusions

In summary, we have presented triprotonated 6-amino-5,7-
dimethyl-1,3-diazaadamantane as a new supramolecular tecton
for constructing organic-inorganic hybrid compounds by
utilizing the ability of organic cation to form five hydrogen
bonds at a time. Taking new compounds 1 and 2 as examples,
we have shown that complete protonation of three nitrogen
atoms of 6-amino-5,7-dimethyl-1,3-diazaadamantane ensures
formation of the N-H-:: and N-H::-O bonds with iodine atoms of
the [Mlg37] (M = Sb for 1 and Bi for 2) inorganic anions and
oxygen atoms of solvent water molecules, respectively. The
geometry of the cation, in particular, the positions and
orientations of nitrogen atoms and respective N—H bonds, lead
to the complete isolation of the inorganic anions, with the |-
contacts exceeding twice the van der Waals radius of iodine. As
a result, the inorganic anions display properties governed by
their pristine electronic structure. They demonstrate band gaps
of 2.5 (1) and 2.2 (2) eV reflecting charge transfer from the ns
states at the top of the valence band to the np states at the
bottom of the conduction band as well as near-IR wide-band PL
emission due to self-trapped excitons facilitated by local
distortions of the octahedral anions devoid of outer covalent
bonds.

Therefore, we have developed a new supramolecular tecton,
which bulky structure with three nitrogen atoms ensures
embedment of MIlg3~ anions in such a way that the latter are
distributed in an ordered fashion and are well-separated from
each other. At the same time, the 3D supramolecular
framework made of hydrogen bonds supports perfect ordering
of the entire supramolecular assembly. We believe that utilizing
bulky triprotonated 6-amino-5,7-dimethyl-1,3-
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diazaadamantane as a 3-point connector opens the possibility
to engineer hybrid compounds formed as a result of embedding
isolated inorganic anions into a 3-dimensional network of H-
bonds. Moreover, we envisage the possibility of constructing
organic-inorganic hybrids by combining inorganic anions of
different nature, which will give rise to compounds with
properties stemming from the respective anions, whereas
triprotonated 6-amino-5,7-dimethyl-1,3-diazaadamantane will
ensure formation of a 3D network by forming five H-bonds with
inorganic anions.
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