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B INTRODUCTION

The dynamic behavior and reactivity of crystalline materials' ~
is an intriguing research field that allows studying chemical
reactions that in the solution state are not accessible. Solid-state
reactions induced by gas,(’_12 light,B_17 or heat'®™** have
provided products that are otherwise very difficult or
impossible to produce.

Solid-state mechanochemical synthesis, where chemical
reactions are carried out by manual grinding or ball milling, is
becoming an effective and environmentally friendly synthetic
method. It has been successfully applied in many research areas,
such as supramolecular synthesis of hydrogen- or halogen-
bonded materials,”” > clusters and polymers,**>® metal-
lodrugs,37_39 and porous metal—organic frameworks.*™*
Real-time and in situ monitoring of mechanochemical milling
reactions has also triggered considerable attention.**

Solid-state interconversion, where one cocrystal can trans-
form into a new stoichiometric complex and vice versa by
adding/removing molar amounts of one of the starting co-
crystallizing components can lead to new solids that in solution
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are not easy to obtain. However, there are only a few reports on
the reversible solid-state ionic mechanochemical interconver-
sion of cocrystals and molecular salts with different
stoichiometries until today. The process is intriguing as it
provides a way to understand hydrogen bonding rearrange-
ments and relative stabilities between different stoichiometric
forms. Mechanochemical interconversion has been used to
screen stoichiometric variations of cocrystals using the
pharmaceutical compound nicotinamide and 10 dicarboxylic
acids.*® Defined as a sort of supramolecular metathesis, the
interconversion between pyrazine and tartaric acid in different
isomeric forms was investigated.46 Also the mechanical
interconversion has been used to study the polymorphic
transformation of pamoic acid and 1,4-diazabicyclo[2.2.2]-
octane (DABCO) cocrystals.*’ Recently, synthon modularity
has been proposed as the mechanism of conversion involving

Received: September 24, 2014
Revised:  October 31, 2014
Published: November 7, 2014



hydroxybenzoic acids with hexamine, corroborated by theoreti-
cal calculations.*®

Most of the reported mechanochemical interconversion
reactions are carried out via liquid assisted grinding (LAG),”
while neat grinding is less commonly used as it often fails to
give the desired groduct and gives products with a lower degree
of crystallinity.* We have described a reversible solid-state
ionic interconversion between two stoichiometric forms (1:1
and 1:2) of hydrogen bonded molecular salts upon neat
grinding by adding 1 equiv of one of the components.’® The
system involved S-sulfosalicilic acid dihydrate and the
amphoteric base benzimidazole. The results were supported
by quantum mechanics calculations specific for solid-state
systems.>’ To our best knowledge, studies involving inter-
conversion and their photoluminescent properties of molecular
salts with three stoichiometirc forms using neat grinding are
still unusual.

Herein, we have cocrystallized three new molecular salts
A;B,'H,0, A;B, and A,B, and used the molecular salt A,B,-
H,0°” (where A-2H,0 = 5-sulfosalicilic acid dihydrate and B =
4,4’-diaminodiphenylmethane) to study their reversible solid
state ionic interconversion by neat grinding. The salts A;B,°
H,0, A;B,, and A,B,"H, 0 can be interconverted by adding the
appropriate amount of one of the corresponding cocrystallizing
components (A2H,O or B) upon grinding (Scheme 1). The

Scheme 1. Synthesis and Interconversion between A,B,*
H,0, A;B,, and A,B,"H,0 Applying Neat Grinding
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amount of water present in A2H,0, A;B,"H,0, or A,B,"H,0
is comparable with that typically used for LAG, suggesting its
“catalytic” role as a proton shuttle in the mechanochemical
transformation. The solid-state photoluminescence properties
of the cocrystallizing components and that of the molecular
salts A;B,-H,O, A;B,, and A,B;"H,O are reported. The
experimental results are corroborated with time-dependent
density functional theory (TD—DFT) calculations, demonstrat-
ing the contribution of the anions of A on the emissive
properties in this family of molecular salts.

B EXPERIMENTAL SECTION

Synthesis and Crystal growth. Solution. A2H,0 and B were
weighed in 1:1 and 1:2 molar ratios and dissolved in EtOH, producing
large single crystals of salts A;B;*H,0 and A,B,, respectively. A2H,0
and B were weighed in 2:1 molar ratios and dissolved in EtOH,
producing large transparent single crystals of A,B,.

Solid State Grinding. A2H,0 and B were mixed in appropriate
stoichiometries (e.g, 1:1, 1:2, and 2:1) and then coground in a mortar
and pestle for 10 min, forming A,B,"H,0, A;B, and A,B,"H,0.

Solid-State Fluorescence. Solid-state fluorescence spectra were
obtained with a Hitachi Fluorescence spectrophotometer F-7000
measured at room temperature. The excitation wavelength used was
350 nm.

Crystallography. Single crystal data collection was performed with
Mo Ka radiation (4 = 0.71073 A) on a Bruker P4 diffractometer.
Powder X-ray diffraction was recorded at room temperature on a D8
Bruker diffractometer (4 = 1.54056 A), with Cu Ka-radiation and a
step size of 0.01°.

Single Crystal Data for A,B;-H,0. C;H,048>"-C;;H 4N,**-H,0,
M, = 43447, crystal dimensions 0.228 X 0.041 X 0.040 mm?,
monoclinic, space group, P2,/c, unit cell, a = 6.1214 (12) A, b =
17.328(3) A, ¢ = 19.009(4) A; = 96.294(3)°, V = 2004.2(7) A3, T =
296(2) K, Z = 4. Anisotropic least-squares refinement (304
parameters) on 4561 independent merged reflections (R, = 0.0443)
converged at wR,(IFI*) = 0.1238 for all data; R,(F) = 0.0470 for 2748
observed data (I > 2 (I)), GOF = 1.046. CCDC number: 1021217.

Single Crystal Data for A;B,. C;H,048*™2C3;H;N,*, M, = 614.7,
crystal dimensions 0.280 X 0.250 X 0.120 mm?®, monoclinic, space
group, P2,/c, unit cell, a = 13.692(13) A, b = 10.075(10) A, ¢ =
22.69(2) A; p=102.745(11)°, V = 3052(5) A3, T =296 (2) K, Z = 4.
Anisotropic least-squares refinement (407 parameters) on 6936
independent merged reflections (R,,, = 0.0230) converged at wR,(]
FI*) = 0.1151 for all data; R,(F) = 0.0409 for 5261 observed data (I >
2(I)), GOF = 1.030. CCDC number: 1021218.

Single Crystal Data for A,B; 2C,H;O¢S™-C;H,(N,>, M, =
634.62, crystal dimensions 0.280 X 0.200 X 0.140 mm?, monoclinic,
space group, P2,/c, unit cell, a = 12.676(4) A, b = 17.643(5) A, ¢ =
13.575(4) A; p = 114.989(3)°, V = 2751.6(15) A%, T = 296(2) K, Z =
4. Anisotropic least-squares refinement (492 parameters) on 6323
independent merged reflections (R, = 0.0222) converged at wR,(IFI?)
= 0.1002 for all data; R,(F) = 0.0373 for 5076 observed data (I > 2
(I)), GOF = 1.030. CCDC number: 1021219.

B RESULTS AND DISCUSSION

Structure of 5-Sulfonatosalicylate 4,4’-Diaminodiphe-
nylmethane Monohydrate Salt (A;B;-H,0). The molecular
salt A;B;*H,O was prepared by mixing 0.048 mmol of A2H,0
and 0.048 mmol of B. X-ray powder diffraction (XRPD)
analysis confirmed that product A;B;H,O obtained from
solution and grinding is the same (Figure S1, Supporting
Information). In A;B;"H,O, the asymmetric unit contains one
A dianion, one B dication, and one water molecule. As shown
by single crystal X-ray analysis, there is proton transfer from the
carboxyl and sulfonate groups of A to two amine groups of B.>
We note that while the monoanionic species are quite common
with Lewis bases, the formation of the S-sulfonatosalicylate
dianion is less common.**

All functional groups of A and B molecules are engaged in
hydrogen bonding interactions (Figure 1, Figure S4, Table S2).
The hydroxyl and the carboxyl groups of A dianion form the
intramolecular interaction (i). One NH;* group (N2) in B
cation forms three hydrogen bonds with O4 and O6 on the
SO, group in one A dianion (ii), (iii) and O3 of carbonyl group
in another A dianion (iv). The other NH;* group (N1) also
forms three hydrogen bonds, linking with OS of SO; in one A
dianion (v), O2 of carboxyl group in another A dianion (vi)



Figure 1. Crystal structure of A;B;"H,0 viewed along the a-axis. Hydrogen bonds are shown as black dash lines. Color code: carbon (gray); nitrogen

(blue); oxygen (red); sulfur (yellow); hydrogen (white).

and water molecule (vii). Each water molecule, as hydrogen
bond donor, is connecting with two O atoms of the carboxyl
groups (vili) while receiving as acceptor (vii). In the crystal
packing, loose 7—7 interactions (4.016 A) between A cations
are observed.

Despite the fact that we have used S-sulfosalicilic acid
dihydrate to crystallize with 4,4’-diaminodiphenylmethane, and
the good ability of water to establish HB interactions, the salt
precipitated as a monohydrate phase. Therefore, one water
molecule in A2H,0 is excluded in the final structure.

Structure of the 5-Sulfonatosalicylate Bis(4,4'-diami-
nodiphenylmethane) Salt (A;B,). The mechanochemical
synthesis of A;B, was carried out by mixing A and B in a 1:2
molar ratio (0.048:0.096 mmol respectively) and grinding the
mixture for 10 min. The good match between the experimental
XRPD obtained after grinding A and B, and the simulated
diffraction pattern from single crystal corroborates that the bulk
product corresponds to A;B, (Figure S2, Supporting
Information). The molecular salt A;B, contains one A dianion
and two independent B cations in the asymmetric unit. The
two protons in the carboxylic and sulfonate groups of A anions
have been transferred to one NH, group of the two
independent B cations (Figure SS). The B molecule in A;B,
structure is monoprotonated. Detailed hydrogen bond
interactions are shown in Table S3. The intramolecular
hydrogen bonding (i) between the carbonyl and carboxyl
groups in A molecule is maintained. The overall structure of
A;B, can be regarded as layered, in which the layers formed by
B cations are sandwiched between the layers formed by A
dianions (Figure 2) with an arrangement of perpendicular to
each other.

Figure 2. Single crystal structure of A;B, viewed along the b-axis.
Hydrogen bonds are shown as black dash lines. Color coded as in
Figure 1.



Figure 3. Synthesis Single crystal structure of A,B;*H,O viewed along the a-axis. Hydrogen bonds are shown in dashed lines. Color coded as in

Figure 1.

Figure 4. Single crystal structure of A,B; viewed along the c-axis. Hydrogen bonds are shown in dashed lines. Color coded as in Figure 1.

The connection between the cationic and anionic layers is
through extensive hydrogen bonds (ii—ix) between the
functional groups of A and B (Figure 2, Figure S5 and Table
S$3). In one independent B cation, the NH;" group (N1) is
hydrogen bonded to O3 of carboxyl group (ii) and O6 of
sulfonate group (iii) of A anion and NH, group of another
cation (iv). In the other independent B cation, the NH;" group
(N3) is hydrogen bonded to the O2 of carboxyl group (v), the
O4 and the OS of sulfonate group (vi, vii) of the A anion.
Additionally, the unprotonated NH, groups in two independ-
ent cations are also involved into the hydrogen bonds: one

NH, group is connected with the hydroxyl group O1 of A
anion (viii), the other NH, group is linked to O4 of the SO,
group (ix). Meanwhile there are 7—z interactions (3.792 A)
between A and B ions.

Structures of Bis(5-sulfosalicylate) 4,4’-Diaminodi-
phenylmethane Monohydrate Salt A,B;-H,O and Its
Anhydrous Salt (A,B,). A2H,0 and B were weighed in 2:1
molar ratios (0.124:0.062 mmol respectively) and dissolved in
ethanol. The phase purity was corrobotated by XRPD (Figure
S$3). Numerous attempts mostly resulted in the crystallization
of A;B;"H,0, and only once we obtained the anhydrous
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Figure 5. Neat grinding interconversion between A;B;"H,0 and A;B, (a), A;B, and A,B;"H,0 (b), and A,B,H,0 and A;B;"H,0 (c).

molecular salt (vide infra). However, we found that A,B,"H,0
was readily obtained by solid state grinding as shown by XRPD
(Figure S3) but not A,B,.

A,B;'H,0 crystallizes in the P2, space group, while
anhydrous A,B; forms crystals belonging to the P2,/c space
group. In both structures, the proton transfer occurs from the
sulfonate group of two independent A anions to two NH,
groups of one B cation.

In A,B,'H,0, there are two independent A anions, one
cation, and one water molecule (Figure S6 and S7). Detailed
hydrogen bond interactions are shown in Table S4. The
intramolecular hydrogen bond in A is preserved in both
molecules (i, and i,) as in all the previous structures. The two
protonated amino groups form an important hydrogen bond
network with A. The NH;" group involving N1 interacts with
the carboxylic group through O4 (ii) and with the sulfonate
group, O11 (iii), O12 (iv) atoms (Figures S6 and S7). The
protonated NH;" (N2) interacts with the other independent
anion through O4 (v), OS (vi), and 06 (vii) belonging to the
sulfonate group. Also the hydroxyl group (O3) interacts with
the NH;* (N2) via a bifurcated hydrogen bond (i and viii). The
water molecule (O13) establishes hydrogen bonds with the
sulfonate (O10) (ix) and the carboxylic group (08) (x) of
neighboring molecules (Figures S6 and S7). The carboxyl
group (O2) also establishes a hydrogen bond with the oxygen

of the sulfonate group (O11) (xi). In this molecular salt, 7—x
interactions (3.746 A) between A cations are observed.

As shown in Figure S8, in A,B), the intramolecular hydrogen
bond in A is preserved in both molecules (i, and iy) as in all the
previous structures. The extensive hydrogen bond interactions
involve one of the NH;* groups (N1) that interacts with a
sulfonate group via OS (ii) and O7 (iii), and with the carboxylic
group through O8 (iv) hydrogen bonds. The second NH,*
group (N2) forms hydrogen bonds with the sulfonate group via
05 (v), O7 (vi), and O2 (vii) hydrogen bonds. Moreover the
carboxylic group also interacts through O9 (viii). Furthermore,
m—7 stacking (3.576 A) between two independent A anions in
A,B, are present. Detailed hydrogen bond interactions are
shown in Table S4.

Mechanochemical Interconversion between A;B;-
H,O, A;B, and A,B;-H,O Molecular Salts in the Solid
State. Salts A;B,"H,0, A;B,, and A,B;"H,0 can be
mechanochemically interconverted in the solid state by adding
an appropriate amount of one of the corresponding crystallizing
components (A:2H,O or B). Crystalline A;B;"H,O salt was
first prepared by neat grinding (10 min) in a 1:1 molar ratio of
A-2H,0 and B, and then one mol of B was added to A;B,"H,0
and further ground for 10 min. XRPD confirmed that A;B, was
produced (Figure Sa). Further addition of 1 mol of A-2H,0 to
A;B,, followed by grinding, resulted in the formation of A;B;*
H,O0. The same interconversion between A;B, and A,B,;"H,O
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Figure 6. Cyclic mechanochemical interconversion between A;B,'H,0, A;B,, and A,B,*H,O via neat grinding.

and between A,B;*H,O and A;B,;"H,O can also be done as
shown by XRPD (Figure Sb,c).

Additionally, the reversible interconversion between the
three salts was further confirmed by XRPD by repeating for
several cycles the addition of A-2H,O or B in the
corresponding ratios. The A;B;*H,O salt was first prepared
to which one mol of B was added to produce the anhydrous salt
A;B,. Then, 3 mol of A-2H,0 was added to A;B, and the
mixture subsequently ground for 10 min, which gave the
hydrated A,B;H,O salt. Finally, to close the cycle, 2 mol of B
was added to A,B;*H,0 and the mixture was ground for 10
min, producing A;B,"H,0 again (Figure 6).

In the conversion from A;B;*H,0 to A;B, by adding 1 mol
of B (i.e., that does not contain water), there is proton transfer
from the carboxylic group and the sulfonate group of A to the
amine groups of B. The dicationic species switch to
monocationic species. The reverse switch from monocationic
to dicationic species can be carried out if 1 mol of A-2H,0 is
added to A;B, and the mixture ground. The presence of
additional sulfonic groups in the incoming A-2H,0 molecule
allows for the structural reorganization and proton transfer,
such that the carboxylate group in the reacting A;B,-H,O is
restored as carboxylic acid to form A;B;. Similarly, there is also
change of proton transfer between the A;B,°H,0 to A,B,'H,0,
followed by the switch between monoanionic to dianionic
species. Thus, the addition of an extra Lewis acid/base induces
the proton transfer in a system where various hydrogen bond
donors (ie., carboxylic and sulfonic acid groups) can react in
the solid state.

We note that water molecules are crucial in the solid state
reaction, helping the proton transfer process by acting as
proton carrier. In fact, the X-ray crystal structure of A2H,0
shows that proton transfer takes place forming the hydronium
cation (H;0%) and the S-sulfosalicylate anion.”> Hence in the
solid state synthesis of salts A;B,"H,0 and A,B,"H,0 using A-
2H,0 and B, and the solid state interconversion from A;B, to
AB'H,0 or A,B;'H,0, the proton transfer might be water

mediated and occurs from H;O" to 4,4’-diaminodiphenyl-
methane.®® This demonstrates that water molecules are
essential for the reaction (i.e, proton transfer) to occur
between the reactants.

Solid-State Photoluminescence of A-2H,O0 and B
Starting Materials, and the Molecular Salts A;B;-H,0,
A,B,, and A,B;H,0: A Combined Experimental and
Molecular Modeling Study. Co-crystallization can promote
the optical properties of a given material by combining
molecules with functional groups able to establish electrostatic
$7=6! Luminescent adducts are important for
applications as chemical sensors and electroluminescent
displays. We were interested in studying the photolumines-
cence (PL) behavior upon the addition of one of the molecular
components (i.e, A2H,0 and B) to the A;B,-H,0, A;B,, and
A,B,*H,0 molecular salts in the solid-state regarding the effect
of the protonation state of the molecular species. Figure 7
illustrates the emission spectra of the three salts and their
molecular components A*2H,O and B. The ionic salts are red-
shifted compared with the starting materials. The maximum
emission of A*2H,0 and B is below 400 nm (386 nm for A-
2H,0 and 358 nm for B respectively), whereas A;B;-H,0,
A;B,, and A,B;"H,0 can reach 412, 398, and 441 nm,
respectively. We consider that emission from A;B;-H,0, A;B,,
A,B;'H,0 molecular salts should be due to charge transfer
associated with the starting organic molecules. As they all emit
light, we rule out the quenching effect as a result of close
packing. However, we do see a considerable difference among
them regarding their emission features (Figure 7). As it is
known that in the solid-state z-stacked structures tend to
suppress PL properties, we find that A,B;"H,O has much
higher PL despite having a better z—z interaction among
anions (3.746 A). A similar trend is also observed in the 7—7
interaction among A and B in A;B, (3.792 A) when compared
to the 7—x interaction between A anions in A;B;"H,0 (4.016
A).

interactions.
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Figure 7. Solid-state fluorescence emissions: a: A-2H,0; b: B (dash
lines); c: A;B;-H,0; d: A;B,; e: A,B;"H,0 (solid lines).

Another reason for the different emissive behaviors among
A.B,-H,0, A;B,, and A,B;*H,0 salts might be related to the
proton transfer from A to B. It seems that when the acid is
doubly deprotonated (i.e, involving the protons from the
sulfonic and carboxylic groups) the fluorescence intensity is
lower (Figure 7). However, the higher wavelength is observed
in A,B;*H,0, in which each acid molecule is only mono-
deprotonated. This trend has also been observed in other
molecular salts.”*

In order to rationalize the observed PL spectra, the energies
of electronic excited states of the species involved in the
crystalline phases under investigation are necessary. In
particular, single excitations from the ground state of the
system need to be evaluated to estimate vertical transition
energies. The latter are the difference between excited states
and ground states energies on a given geometry, which is
generally the ground state geometry.

(a)

(c)

First of all we observe that in all crystalline phases we have
the species A in an anionic form (A~ and A7), while B is a
neutral molecule in B or a cation (B* or B*") in all the other
cases. Since an anion is generally more polarizable than a
neutral or a cationic species,”> we expect that, approximately,
the lower excitation energies in such molecular salts are related
to electronic states involving mainly energy levels of A than that
of B. This is confirmed by a first glance observing the PL
spectra of Figure 7, where the maximum concerning energy
levels of species B in its pristine crystalline form is blue-shifted
with respect to all the other emission profiles.

To confirm the above qualitative considerations and to justify
the observed PL spectra, calculations on excited states of
species involved into the crystalline phases have been carried
out. The extension of DFT to the time-dependent domain is
employed, namely, TD-DFT, which is known to provide
reasonable results for the excited states of molecules.**~%” The
input geometries of all the fragments were first optimized as
isolated molecules and then arranged in small clusters (dimers,
trimers, and tetramers) conforming the crystal packing, (ie.,
preserving the relative positions and orientations). The B3LYP
functional was adopted together with the 6-31G** basis set as
implemented in the suite of programs GAUSSIAN09,*® used
for all TD-DFT calculations (see details in Supporting
Information). The outcomes demonstrated a semiquantitative
consistency with the available experimental data.

To begin with, in the case of B neutral molecule the
estimated emission maximum is at 4.74 eV corresponding to a
wavelength of 261 nm. The calculated wavelength increases
improving the agreement with the experimental values by
considering in the calculations dimers, trimers, and tetramers
extracted from the B crystal structure (i.e., in the case of the
tetramer the wavelength is 286 nm). Considering B* and B>
cations, the estimated energy gap between ground and first
excited state increases, while the wavelength decreases. In the
case of B** we have in fact 5.46 eV corresponding to 227 nm so
that we can confirm that in the molecular salts under study, the

(b)

(d)

Figure 8. HOMO (a, ¢) and LUMO (b, d) orbitals involved in the emission of A~ and A>". Color codes as in Figure 1.



excited energy levels of B are to a first approximation
marginally involved.

Regarding A species and its molecular salts, we first
calculated the emission maximum of the monodeprotonated
anion (A7) appearing in both A-2H,0 and A,B,"H,0
compounds. The calculated emission for an isolated anion is
473 nm in wavelength to be compared with the experimental
values of 386 and 441 nm for A-2H,0 and A,B;"H,0,
respectively. In order to give a very simple picture of these
outcomes, in Figure 8a,b we report the HOMO and LUMO
orbitals of A™: the HOMO orbital is condensed at the SO5~
moiety, while the LUMO orbital delocalizes to the other side of
the molecule allowing a direct influence on the PL spectra by
interparticle interactions in the molecular salts. In fact, when
even a small cluster such as A™---H;0*H,O (extracted from A-
2H,0 crystal structure) is considered, due to the strong
interaction of close packed H;O" with the SO;~ group, the
corresponding calculated emission maximum readily blue-shifts
to 3.58 eV corresponding to 346 nm, which is in semi-
quantitative agreement with the experimental value of 386 nm
observed in A*2H,0. Because of the high steric hindrance, the
effects corresponding to the bulkier cations of B species are
lighter.

In the case of the doubly deprotonated A*~ anion, involved
in molecular salts A;B, and A;B,"H,0, we calculated an
emission maxima of 3.89 eV corresponding to 319 nm, which
differs considerably from that of A~ (473 nm). As shown in
Figure 8c,d, the HOMO orbital of A?" species localizes at the
COO™ group instead of SO;™. In this case the strong
interaction of A?~ with the dication B** in A,B,"H,O red-
shifts the emission maximum to 2.71 eV corresponding to 458
nm, while in the case of A;B, the effect is milder because of the
mono cation BT, in qualitative agreement with the experimental
results.

In conclusion, we showed the influence of the charges of
anions and cations in the PL spectra and the importance of
their molar ratio. Even if the emissive properties concerns
complex inter- and intramolecular interactions, qualitatively we
can assume that the presence of an extra anion, with the same
cation, really affects the emissive properties ongoing from the
molecular salt A;B;"H,0O to A,B;*H,0. This is a clear example
on how the PL properties of molecular salts can be tuned with
the addition or release of one of the molecular components.

B CONCLUSIONS

We have reported the single crystal X-ray structures of three
new molecular salts formed by S-sulfosalicilic acid dihydrate
and 4,4’-diaminodiphenylmethane using 1:1, 1:2, and 2:1 molar
ratios. The molecular salts are self-assembled via charge-assisted
and neutral hydrogen bonding interactions. The acid—base
proton transfer has been readily observed by single crystal X-ray
diffraction. We described the reversible solid state ionic
interconversion among A;B;"H,0, A;B,, and A,B;"H,0 upon
neat grinding by adding an appropriate amount of A*2H,O or
B. In the process water molecules are included or excluded
upon grinding suggesting that water mediates the proton
transfer. The solid-state fluorescence spectra showed that A;B,
H,0, A;B,, A,B;'H,0 molecular salts all exhibit emission
features and have red-shifts compared to the starting materials
A-2H,0 and B. Using TD—DFT calculations, we have
demonstrated the contribution of the anions in the fluorescence
emission and the influence of the related cations. The frontier
molecular orbitals and the energy levels of anions showed a

primary role in a semiquantitative comparison with the
experiments, mainly due to the higher polarizability of the
anions with respect to the cations. The established interparticle
(CT) interactions and the degree of anion deprotonation are
very important in the solid-sate fluorescence of the described
molecular salts.
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