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Abstract

N-Salicylideneanilines are interesting model compounds for understanding solid-state
photochromism. The introduction of bulky substituents (trityl or fert-butyl groups) by
chemical modification of the N-salicylideneaniline derivative is an effective method to build
up photochromic solids. Alternatively, we propose, herein, a supramolecular approach to
design photochromic materials which involves the introduction of a bulky anion in the
structure. In this context, this is the first report on N-salicylideneamino-1-alkylpyridinium
salts (iodide and tetraphenylboride salts). Iodide salts were obtained by alkylation of the
parent N-salicylideneaminopyridine with the appropriate iodoalkane (iodomethane or
iodoethane) in acetone. The iodide salts were used as starting material for the production of
tetraphenylborate salts by anion-exchange in methanol. All solids were characterized by
means of X-ray diffraction and absorption spectroscopy. The effect of different counterions

as well as of the crystal structure on the solid-state photochromism is investigated.
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Introduction

Photochromism is a color change phenomenon occurring in materials due to reversible
transformation of chemical species/molecules/substances following the absorption of
electromagnetic radiation.'” Photochromic materials are potential candidates in information
storage, optical switching devices and nonlinear optics to name a few.'™

N-salicylideneaniline derivatives are among the most studied thermo- and photo-switchable
systems.! They can switch between three different colored forms: a colorless enol form, a
yellow cis-keto form and red trans-keto form (Figure 1). This color scheme can be affected
by both chemical substitution to the chromophore and by the crystal packing.
Thermochromism arises from a ground state tautomerization in which the enol form and the
cis-keto form are involved. Irradiation of the crystalline solid with UV light results in an
excited state intramolecular proton transfer (ESIPT) followed by a cis-trans

photoisomerization with final formation of a red-colored frans-keto isomer.”® The color

transition from pale yellow to red is characteristic of all photochromic N-salicylideneanilines.

©§N©____ C@”Qr: QJ’“@

enol cis-keto trans-keto
Figure 1. Chemical species involved in photo- and thermochromism of N-

salicylideneanilines.

Due to steric requirements of the cis-frans isomerization, photochromism is rarely
encountered in the solid state.*” Several works define the concept of open- versus closed-
packed structures. Open structures are characterized by molecules in a twisted conformation
(with dihedral angle between phenyl rings > 30°) and dominated by edge-to-face interactions.
In contrast, closed-packed arrangements are characterized by near-planar molecules stacked
with short interplanar distances from 3.3 A to 3.5 A.*’ It has been suggested that only open-
packed arrangements are optimal for photoisomerization to occur (photochromic solids). It
has also been shown that the introduction of bulky substituents (trityl or zerz-butyl groups) by

11-15

chemical modification”'® or introduction of a co-former in the crystal structure

13,16 17,18

(salification, complexation or co-crystallization by hydrogen™'' or halogen bonds'*)
P ry y hydrog g

ACS Paragon Plus Environment

Page 2 of 36



Page 3 of 36

oNOYULT D WN =

The Journal of Physical Chemistry

are effective methods to build photochromic solids. However, structural factors involved in
the expression of photochromism in N-salicylideneanilines are not yet understood.'*'**’

The use of supramolecular approaches in the design of optical materials® is a rapidly
growing domain of research.?'** By co-crystallization, multiple crystal forms can be built for
the same N-salicylideneaniline molecule without any need to chemically introduce
substituents which could affect the electronic state of the chromophore.'' Another aspect of
this approach is the possibility to obtain isostructural solid forms via the so-called co-former-
induced isostructurality.”*** Actually, co-crystallization can overcome the functional group
dissimilarities that control the crystal packing. Therefore, it can be considered as an efficient
tool for the construction of materials having the same architecture (isostructural) but with
systematically tunable properties (punctual modifications).” ! Studying the photochromic
behavior of molecules embedded in highly similar environments, as it happens in
isostructural co-crystals, could provide insights on factors that determine photochromism."

A last advantage of co-crystallization, which is a direct consequence of the induced
isostructurality, is the possibility to prepare solid solutions®* of the chromophores (Figure 2).

33,34

The substances may be soluble over a broad range of relative concentrations, producing a

crystalline solid with properties varying continuously over this concentration range®>~* or

which shows characteristics of the two (or more) combined substances.*

Similar

2SI molecules ..... No solid
[ H H | bt @D solution
W different .. ,. behavior

ll packing
= ll. 1'*'1 vl
I.T:|-| Leitien - i S
Anion-induced isostructurality Solid solution

Figure 2. Anion-induced isostructurality and solid solution behavior triggered in the newly
obtained isostructural multicomponent systems (purple circle = small anion, L-shaped grey

object = bulky anion, blue rectangle = cation 1, light blue rounded rectangle = cation 2).

In this context, we study the effects of crystal structure and counteranion size on the solid-
state photochromism in some example of N-salicylideneamino-1-alkylpyridinium salts
(iodide and tetraphenylboride salts). lodide salts were obtained by alkylation of the parent N-
salicylideneaminopyridine using the appropriate iodoalkane (iodomethane for 1, and
iodoethane for 2) in acetone. The iodide salts, 1 and 2, were used as starting material to

prepare the bulky tetraphenylborate salts 3 (from 1) and 4 (from 2) by anion-exchange in
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methanol (Figure 3). Salts 3 and 4 were mixed in a solid solution of 3¢¢-403s type

isostructural to the starting salts 3 and 4.

R
C13_O OH T1 C12=N2®
Nosd N c/ % ©
5—Cé 79 1= Cg 10X
VARRNY A4 N
Cy \C13'C7 Co—Cyp
C=0

Figure 3. Chemical diagram and numbering scheme of salts under study (1: R = Me, X=1. 2:
R =Et, X=1. 3: R =Me, X= BPhy. 4: R = Et, X= BPhy). Torsion angles, discussed in the text,
are T1: C¢-C-C7-N; and T2: C;-N;-Cs-Cy,. Dihedral angle between the two aromatic rings is
labelled as @ (not shown in the figure).

Experimental Methods

Materials. ortho-Vanillin (2-hydroxy-3-methoxybenzaldehyde), 3-aminopyridine,
iodomethane and iodoethane were purchased from Sigma-Aldrich and used as received.
Solvents used for synthesis and crystallization (MeOH, acetone and acetonitrile from Acros
Organic Geel, Belgium) are commercially available and were used without further

purification.

Synthesis of the compounds

(E)-2-Methoxy-6-(pyridin-3-yliminomethyl)phenol was synthesized by mechanochemical
synthesis''*¢ following a procedure reported earlier.’’”* Dry grinding was performed in a 2
mL Eppendorf tube using a Retsch MM 400 Mixer Mill.

Synthesis of 1. 3-{(E)-[(2-Hydroxy-3-methoxyphenyl)methylidene]amino}-1-methylpyridin-
l-ium iodide. (E)-2-Methoxy-6-(pyridin-3-yliminomethyl)phenol (C;3H2N2O» 0.8 g) was
dissolved in acetone (16 mL) under stirring. Subsequently, iodomethane (261 pL) was added
dropwise to the solution and the reaction mixture was stirred overnight at room temperature.
A yellowish-orange solid was obtained, recovered by filtration and washed with acetone.
Yield: 86 %. The recovered solid was analyzed by powder X-ray diffraction. Its powder
pattern matched with the one calculated from the single-crystal structure of 1 (Figure S1).
Prisms of compound 1, suitable for single-crystal X-ray diffraction, were obtained by slow
evaporation from a saturated solution in acetonitrile after 4 days. Crystals were found to be
dichroic, i.e they exhibit two different colors (yellow and red in this particular case) when

observed at different angles (especially with polarized light).
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Synthesis of 2. 1-Ethyl-3-{(E)-[(2-hydroxy-3-methoxyphenyl)methylidene]amino}pyridin-1-
ium iodide. (E)-2-Methoxy-6-(pyridin-3-yliminomethyl)phenol (C;3H;2N,O,, 0.8 g) was
dissolved in acetone (16 mL) under stirring. lodoethane (336 pL) was then added dropwise to
the solution and the reaction mixture was stirred overnight at room temperature. A yellowish-
orange solid was recovered by filtration and washed with acetone. Yield: 75%. The
recovered solid was analyzed by powder X-ray diffraction. Its powder pattern matched with
the one simulated from the single-crystal structure (Figure S1) of 2. Orange needles of
compound 2, suitable for single-crystal X-ray diffraction, were obtained by slow evaporation
from a saturated solution in ethyl acetate after 3 days.

Synthesis of 3. 3-[(E)-[(2-Hydroxy-3-methoxyphenyl)methylidene]amino]-1-methylpyridin-
1-ium tetraphenylborate. A stoichiometric amount of NaBPhs was added to a solution of 50
mg of 1 in 4 mL of methanol. The solution was warmed until complete dissolution was
achieved and then kept at room temperature to form a yellow precipitate of 3. This yellow
product was filtered, washed in MeOH and dried under vacuum.

Comparison of the diffractogram of the ground powder, taken directly after synthesis, with
the one calculated from single-crystal data for 3, confirms selective formation of solid 3
(Figure S1). Single crystals suitable for X-ray analysis were obtained by slow evaporation of
saturated solutions in MeOH after 4 days.

Synthesis of 4. 1-Ethyl-3-[(E)-[(2-hydroxy-3-methoxyphenyl)methylidene]amino]pyridin-1-
ium tetraphenylborate. A stoichiometric amount of NaBPhs was added to a solution of 50 mg
of 2 in 4 mL of MeOH. The solution was warmed until complete dissolution was achieved.
This solution was kept at room temperature to form a precipitate of 4. This yellow product
obtained was filtered, washed in MeOH and dried under vacuum.

Comparison of the powder pattern, of the as-synthesized product, with the calculated
diffractogram from single-crystal data of 4 (see the structural characterization section),
reveals selective formation of solid 4 (Figure S1).

Synthesis of 3¢ ¢2-403s solid solutions. Equimolar quantities of 3 and 4 were dissolved in
ethyl acetate. Crystals of 3¢62-493s suitable for X-ray analysis were obtained by slow

evaporation of solvent at room temperature after 2 days.

Characterization

Single-crystal X-ray diffraction. Single-crystal diffraction data for 1-4 and 3 62-4¢.3s wWere
collected at 20 °C on an Oxford Diffraction Gemini Ultra R system (4-circle kappa platform,
Ruby CCD detector) using Mo Ka (A = 0.71073 A) radiation for 1-3 and Cu Ko (A = 1.54184

5
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A) for 4 and 3.62-49.3s. The structures were solved by SHELXT>® and then refined by full-
matrix least square refinement of |[F|* using SHELXL-2016.* Non-hydrogen atoms were
refined anisotropically; hydrogen atoms (except those bounded to disordered atoms) were
located from difference Fourier map. Hydrogen atoms non-involved in hydrogen bonding
were refined in the riding mode with isotropic temperature factors fixed at 1.2Uq of the
parent atoms (1.5U,q for methyl group). Coordinates of the hydrogen atoms implicated in
hydrogen bonds were refined. Static positional disorder in the pyridine moiety of crystalline 3
(due to simultaneous presence of two near-equally plausible conformations, Figure S2) was
refined with 0.78 : 0.22 occupancies ratio. Similar disorder was detected for 4 and 3¢.62-40 .38,
but only for one chromophore ion in the asymmetric unit and occupancy of the minor
component was ~6%. However, inclusion of this disorder in the refinement does not improve
significantly the refinement while requiring many parameters, so we decide not to include it
in the final refinement. Substitutional disorder (methyl/ethyl group) was refined in the 3.¢,-
438. The initially occupancies ratio obtained from the refinement was close to the one from
NMR data, but refinement was not stable, so occupancies ratio was fixed to 0.62 : 0.38. The
program Mercury*' was used for molecular graphics.

Powder X-ray Diffraction Measurements. X-ray powder patterns (Cu Ka radiation, step
size 0.017°; 45 mA, 30 kV) were collected in the 20 range 5-40° using a Panalytical X Pert
PRO diffractometer (Bragg-Brentano geometry, X’Celerator detector). The program Mercury
was used for calculation of X-ray powder patterns from single crystal data.

UV-Vis diffuse reflectance. Measurements were performed on pure powder samples.
Reflectance spectra of solid samples were acquired with a Varian 5E spectrophotometer
equipped with a “praying mantis” diffuse reflection accessory and was converted to
absorption spectra using the Kubelka—Munk function.*” Photochromism investigations were
performed by irradiating powder samples by using a MAX-303 lamp (Xenon light source
300W) at 360 nm (by use of 20 nm bandpass filters). Thermal fading was analyzed by
monitoring the evolution of absorption at 500 nm (Spectra measured each 10 min over 1200
min, in a dark environment).

NMR Spectroscopy. The proton NMR spectra were collected on a Varian VNMRS 400 MHz
NMR spectrometer operating at 25 °C. Quantitative 'H NMR spectra were recorded using an
excitation pulse of 90° and a recycle delay equal to 10.0 s (maximum longitudinal relaxation time
= 2.0 s). The 'H chemical shifts were calibrated using the residual signal of DMSO (2.50 ppm).
After the single crystal X-ray diffraction experiment, a single crystal of the solid solution 341

was transferred in a coaxial NMR tube and dissolved in deuterated DMSO. The composition of

6
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crystals of 3y4.x) was therefore determined by NMR spectroscopy. The NMR spectrum shows
only peaks that are characteristic of ions 3 and 4 (and of the tetraphenylborate anion). By
integrating the area underneath those peaks, the relative ratio of 3 and 4 in 344(1.x) was determined
quantitatively. Solid solution composition is of type 3¢.62-40.35. The same composition was found
for polycrystalline powders used for UV-Vis diffuse reflectance.

When DMSO is used, the enol tautomeric form is the one detected.
Micro-spectrophotometry. The UV-Vis transmission spectra of a single crystal of 1 were
acquired using a conventional optical microscope (OLYMPUS BX61) in transmission mode
equipped with an optical fiber connected to a spectrophotometer (Ocean Optics USB4000). A
polarized white light source was used for each measurement and the analyzer was removed.
A total of 13 spectra were acquired on single crystals of 1, to study its dichroic behavior, by
moving the polarizer from 0° to 180° by 15° steps (integration time of 500 ms averaged over

5 scans).

Results and Discussion

Structural Characterization

The aim of this structural characterization section is to find common structure features and to
correlate them with the expression of photochromism in the systems under study. The crystal
packing features of 1-4 are discussed below (see Table S1 and S2 for crystallographic
parameters). This is accompanied by an analysis of the T1 and T2 torsion angles and of the ®
angle defined in Figure 3. The T2 angle is close to 0° in all derivatives due to the
intramolecular hydrogen bond involving the —OH group and the imino group. T1 and ® have
been indicated as descriptors of the likelihood of solid-state photochromism in previous
works. Specifically, it was stated that photochromism is preferentially encountered for T1 >
25° and/or @ > 30°. The twisted conformation resulting from T1 values greater than 25° (or
® > 30°) should account for an open crystal packing which should be required for
photochromism.*"* However, several workers have shown the limits of this prediction rule
both in single-component and multi-component crystal systems (co-crystals, salts,
solvates).**! 14184 Nevetheless, for the sake of completeness, values of @ are provided in
the structure analysis (values of T2 and T1 are provided in Table S3).

Compound 1. Compound 1 crystallizes in the P2,/c space group. The tautomeric form
observed under the experimental conditions is the enol form, as deduced from selected bond

lengths (Table S4) and hydrogen position. Ions of 1 present a near-flat conformation with
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calculated value of @ of about 1.9(2)°. Piles of stacked centrosymmetric dimers (head-to-tail
stacking) propagate along the b-axis. Adjacent piles are symmetrically related by 2-fold
screw axes running parallel to the piles. The resulting crystal packing assumes a herringbone
feature® when viewed along the c-axis (Figure 4).

Compound 2. Compound 2 crystallizes in the P2,/c space group. The only tautomeric form
detected under the experimental conditions is the enol form. T2 torsion angle is constrained
by an intramolecular H-bond to a near-planar value. The overall conformation of the
chromophore is planar and described by @ = 2.1(2)°. A head-to-tail stacking between
chromophore ions is present as for 1. The stacked centrosymmetric dimers propagate along
the a-axis. However, the resulting crystal packing shows a layered aspect when viewed along

the crystallographic b- and c-axis (Figure 4).
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Figure 4. Asymmetric unit of 1 (left) and 2 (right) along with the head-to tail dimers and

view along the b- and c-axis (from top to bottom).

Compound 3. Compound 3 crystallizes in the P2,/n space group with one chromophore and
one tetraphenylborate in the asymmetric unit.

The only tautomeric form detected under the experimental conditions is the enol form. The
methylpyridinium moiety, of the N-salicylideneamino-1-alkylpyridinium derivative in
crystalline 3, is affected by a static positional disorder due to simultaneous presence of two
near-equally plausible conformations. The two conformers present a non-planar conformation
tilted by a @ angle of about 42.5(3)° and 44.3(3)° in the disordered moiety (Figure S2).
Introduction of bulky anions in the structure disrupts the head-to-tail stacking observed in 1
and 2. Two tetraphenylborate anions interact, through their phenyl groups, with the
methylpyridinium moiety of the chromophore resulting in a cage-like assembly (tetra-aryl
box) held by =...7 stacking and electrostatic interactions. The vanillidene moiety is outside of
the cage but partially hindered by the tetraphenylborate anions for interactions with other
chromophore ions. The only detected interactions directed to the vanillidene moiety are weak
orthogonal C—H...O contacts (see Figure 5). In principle, one half of the chromophore is

strongly bound whereas a second half is only weakly bound.

Compound 4. Compound 4 crystallizes in the triclinic P1 space group with two ions of
chromophore and two of tetraphenylborate in the asymmetric unit. Despite belonging to a
different space group, solids 3 and 4 are isostructural (see Figure S for structure overlap, and
Figure S1).%° The ethyl group acts by slightly deforming the structure, a factor which leads to
decrease of symmetry (see Table 1). The only tautomeric form detected under the
experimental conditions is the enol form. The two crystallographically independent

chromophore ions show @ of 37.6(2)° and 48.6(3)°, respectively (see Table S1).

Solid solution 3,5-4.35. Solid 39.62-493s crystallizes in the triclinic P1 space group with two
ions of chromophore and two of tetraphenylborate in the asymmetric unit (Figure S3).
Dihedral @ angle for the two crystallographically independent chromophores is 39.2(3)° and
44.6(3)° (see Table S2).

This solid solution is isostructural to the starting solids 3 and 4 as confirmed by analysis of
unit cell parameters (see Table 1). One should take into account that f angle of 3 is
supplementary to the one of 4 and 3 2-40.38, S0 they are different only due to unit cell choice
conventions for triclinic and monoclinic systems (see Table 1). The 362-4¢.3s solid solution

obeys Vegard’s law: a linear relation exists between the unit cell volume of the solid solution

9
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and the concentrations of the constituent elements, i.e. 3 and 4.*” Calculated composition

from Vegard’s law is of 0.60 : 0.40, which is very close to values obtained by NMR

experiment.

Table 1. Cell parameters of 3, 4 and 3¢.62-40.3s

3 30.62'40.38 4
Space group P2i/n Pl Pr1

a (A) 11.2697(2) 11.2975(2) 11.3269(3)
b (A) 16.2411(2) 16.5277(2) 16.7355(5)
¢ (A) 17.4036(3) 17.3521(3) 17.4740(5)
a (°) 90 89.2858(12) 89.396(2)

B (°) 104.2390(18) 75.1350(15) 74.793(3)

v () 90 88.9588(13) 88.828(2)
V (A% 3087.56(9) 3130.96(9) 3195.71(17)
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51 Figure 5. Superimposed crystal structures of 3 (blue) and 4 (grey). An 8-membered
52 supramolecular assembly (top left). View of a tetra-aryl box highlighted by a red area (top
54 right). Overview of chromophores orthogonal arrangement in 3 and 4 by omitting the

tetraphenylborate anions. Hydrogen atoms and disorder (in 3) have been omitted for clarity.
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Attempts to obtain a solid solution of 1,2(x.1) type have so far been unsuccessful. In fact, it
has been shown how an ethyl (solid 2) in place of a methyl (solid 1) substitution dramatically
changes the structure from a herringbone arrangement to a layered one in solids 1 and 2. The
lack of isostructurality suggests that the protruding ethyl group (of 2) cannot be fitted in the
compact structure of 1. This is the main reason for which a 1,21y solid solution could not be
obtained.

Instead, in structures 3 and 4, the tetra-aryl box™ (Figure 5) formed by two bulky anions
represents a loose region of the crystal packing where the protruding ethyl group can be
accommodated without significant steric strain. In other words, the tetra-aryl box “hides” the
protruding alkyl group (methyl or ethyl) and the resulting networks are, therefore,
isostructural (Figure 5). This case of co-former-induced (or anion-induced) isostructurality
suggests that 3 and 4 can generate a solid solution (Figure 2).* However, it must be pointed
out that isostructurality is not a necessary requirement for two molecules to be mixed as long
as the flexibility of the crystal packing can compensate steric hindrance and variation of
lattice energy.3 33449

Selected distances listed in Table 2 (centroid labelling in Figure 6) confirm this structural
flexibility showing that the ethyl group acts by slightly opening the tetra-aryl boxes and by
slightly increasing the distance between chromophore ions. This aspect is corroborated by
analysis of the structural parameters of the 3¢.24¢.33 which show values intermediate between

those of 3 and 4.

12
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37 Figure 6. Centroids labelling (Selected distances are reported in Table 2) adopted in
39 description of 3 (blue sticks), 4 (grey sticks) and their solid solution 3¢.624¢.3s (not shown).
40 Hydrogen and disorder (in 3) are omitted for clarity. Arrows show the shift in the structure

42 from 3 to 4.

Table 2. Selected distances in structures 3, 4, and their solid solution 36,4038 (centroids
labelling is provided in Figure 6).

Distance (A) 3 30.6240.38 4

50 Cgl...Cgl’  8.500(4) 8.497(4) 8.560(3) 8.540(3) 8.560(3)
31 Cgl...Cg2  5.790(4) 5.797(3) 5.838(3) 5.795(3) 5.962(4)
53 Cg3...Cg3  9.971(3) 9.994(3) 10.157(3) 10.157(3) 10.394(3)
54 Cgd...Cgd>  7.845(3) 7.792(3) 7.929(3) 7.922(3) 7.908(3)
o Bl...BI’ 11.498(3) 11.404(3) 11.694(3) 11.579(3) 11.739(3)
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Photochromism and thermochromism

The photochromic behavior of powder samples of compounds 1-4 was investigated by
irradiating the samples at 365 nm. While irradiation of compounds 1 and 2 did not produce
appreciable changes in their Kubelka-Munk (absorption) spectra (Figure S4 and SS), the
same experiment for 3 and 4 resulted in significant increase in the 500-600 nm spectral
region. The observed variation can be ascribed to the appearance of the absorption
contribution of the frans-keto tautomer in the 500-600 nm region of the spectrum consistent
with a yellow-to-red color change (Figure S4 and S5). Therefore, only 3 and 4 present a
photochromic behavior. From a structural point of view, the non-photochromic character of
solids 1 and 2 can be safely ascribed to their closed packing with chromophores arranged in
head-to-tail stacked dimers (Figure 4) with short interplanar distances (3.278(3) A for 1 and
3.360(3) A for 2). Conversely, mismatching of the structure, due to the tetraphenylborate
anions in 3 and 4, induces disruption of the head-to-tail stacking observed in 1 and 2, thus
facilitating the pedal motion mechanism®° needed for the photoisomerization. Color change
can be appreciated by naked eye as shown in Figure 7. By leaving 3 and 4 in the dark at RT
(Figure 8) the red coloration fades over the time as a result of the thermal decay of the trans-
keto form. This thermal fading process is well described by a bi-exponential decay as has
been previously reported (Figure 8 and Figure S6-S8).”'*! Small differences are found in
the kinetics of thermal fading processes which reveal that 3 undergoes the slowest process (t;
=78.5 £ 1.9 min, t; = 470.4 = 6.9 min) while 4 is of about 1.6 times faster (t; = 45.3 £ 0.6
min, t; = 476.4 £+ 3.2 min). Remarkably, the 3¢.6240.3s solid solution is also photochromic and
shows a conversion time (t; = 55.0 + 1.7 min, t, = 471.2 £ 7.8 min) which is in between that
of 3 and 4. These values corroborate observations based on the crystal structures and show
how the ethyl substituent is not directly involved in intermolecular interactions but acts by
slightly opening the tetra-aryl boxes of the structure and by slightly increasing distance
between chromophore ions which are both favorable factors for the photoisomerization to
occur.

It is noteworthy that the thermal decay, and so the photochromic behavior, of the solid
solution 3624038 is closer to the one of 4 although this latter is the minor component of the
solid solution. As a matter of fact, although 4 is the minor constituent of the solid solution,

38% of substitution is already enough to decrease symmetry. Therefore, the solid solution

crystallizes in the P1 space group, like solid 4, rather than in the P2,/n group, observed for

solid 3. Root mean square deviation (RMSD) was calculated on superimpositions of clusters
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of 6 tetraphenylborate ions (number of atoms = 150) in structures 3, 4, and solid solution
30.62-40.38, in order to investigate to which of the two starting solids (3 and 4) the solid solution
is structurally closer. Value of RMSD is of 0.294 A for solid solution 3.¢2-40.3s related to
solid 3 and of 0.166 A for solid solution 3¢ 624035 related to solid 4 (Figure S9). Even if the

oNOYULT D WN =

three structures can be considered as isostructural, the RMSD values obtained highlight that
11 the solid solution is structurally closer to solid 4 than to solid 3. This result suggests that it is
13 not the major component that determines the thermal fading behavior but the combined effect
14 that both components together have on the crystal structure.

16 Microcrystalline powders show moderate (1 and 2) and low (3 and 4) thermochromism

(Figure S10).

Figure 7. Photochromic color change in powdered form of 3 (left) and 4 (right). Half of the
31 powder was covered by an aluminum foil to avoid exposition to the 365 nm irradiation. The

33 irradiated part, on the left, is orange.
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Figure 8. Kubelka-Munk spectra of solid 4 showing the two-steps thermal decay of the trans-

keto form.

Dichroism of 1

Dichroic materials are characterized by a change in their color when observed at different
angles, especially under polarized light. This phenomenon of color change corresponds to a
change in their absorptions spectra related to their orientation relative to a source of linearly-
polarized light. The absorption of light depends on the relative orientation between molecular
transition dipole moment and the direction of polarization of the linearly-polarized light.
Light is expected to be most strongly absorbed by the chromophore if these two directions
coincide (0° orientation).”> Dichroic materials can have applications as polarizers, beam
splitters or optical filters.”> The control of dichroism by a crystal engineering™* approach is
a new domain of research. A pioneering work on this topic is authored by Bushuyev and co-
workers who reported modulation of dichroism by halogen bond co-crystallization of 4,4'-
dihalooctafluoroazobenzenes.” They concluded that the control over dichroic properties of a
material is based on avoiding the formation of herringbone structural motifs. Conversely,
parallel alignments, like supramolecular chains, lead to highly dichroic materials. Another
relevant consequence of a linear (chain) arrangement is that, in principle, dichroism should be
observed regardless of the crystal face being chosen.® In this context, we studied dichroism
in 1-4 (see experimental section for more details). To the best of our knowledge this is the
first entry in the literature for N-salicylideneamino-1-alkylpyridinium salts derivatives. From

a structural point of view, none of the reported solids presents a purely linear arrangement

16
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(chains). Solid 1, which present a herringbone arrangement by looking toward the c-axis,

showed a strong face-dependent dichroism (Figure S11-S13). In particular, (011) showed a

weak color transition from red (darker coloration at 0°) to orange upon 90° rotation of the

oNOYULT D WN =

polarizer (Figure 9 and Figure S14). On the contrary, the color of the (100) crystal face
10 dramatically changes from orange-red to greenish-yellow (Figure 9 and Figure S15).
Transmittance spectra quantify the color transition showing a high increase in the 500-600
13 nm range on changing the linearly-polarized light angle (Figure 9). Isostructural, solids 3 and
15 4 were both found to be non-dichroic, regardless the face being observed. Solid 2 was found
16 to be weakly dichroic (Figure S16).

18 These results are in agreement with reports from literature and show how the herringbone

packing can lead to nearly perfect isotropic optical properties at certain crystal faces. >>~*
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Figure 9. Face-dependent dichroic behaviour of 1 observed on the (011) crystal face (top)

and on the (TOO) crystal face (bottom).
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Conclusions

We have reported here the use of a crystal engineering approach for the construction of
photochromic solids based on the use of bulky anions. To the best of our knowledge, this is
the first entry in the literature for the N-salicylideneamino-1-alkylpyridinium salts (iodide
salts, 1 and 2, and tetraphenylboride salts, 3 and 4).

We have shown how the small iodine anions (in 1 and 2) determine formation of highly
compact crystal structures. Although, the overall crystal packing of 1 and 2 is different (with
the first showing a herringbone structure, the latter showing a layered one), both solids are
non-photochromic due to the dense packing and to the presence of head-to-tail dimers with
short interplanar distances. The replacement of iodide, in 1 and 2, by the bulky
tetraphenylborate anion (solids 3 and 4) leads to a multiplicity of effects.

First, the resulting solids 3 and 4 are both photochromic due to disruption of head-to-tail
stacking structural motifs in non-photochromic compounds 1 and 2.

Secondly, tetraphenylborate salts, 3 and 4, are isostructural. This effect, the anion-induced
isostructurality, is due to formation of tetra-aryl boxes which permit the accommodation of
the alkyl group (methyl for 3 and ethyl for 4) bound to the pyrimidine moiety of the
chromophores, overcoming the molecular differences.

Thirdly, the achieved isostructurality allows 3 and 4 to be mixed in a 3¢.62-4¢.38 solid solution
isostructural to the starting salts 3 and 4. All three isostructural solids (3, 4 and 3.62-40.38) are
photochromic confirming the role of crystal structure in determination of photochromism.
The study of kinetics of thermal fading reveals that 3 undergoes the slowest process (t; = 78.5
+ 1.9 min, t, = 470.4 + 6.9 min) while 4 is of about 1.6 times faster (t; = 45.3 £ 0.6 min, t, =
476.4 £+ 3.2 min). Remarkably, the 3624038 solid solution is also photochromic and shows a
conversion time (t; = 55.0 £ 1.7 min, t; =471.2 + 7.8 min) which is intermediate between the
one of 3 and 4. This trend is consistent with structure data and shows that the ethyl group acts
by slightly opening the tetra-aryl boxes of the structure and by slightly increasing distances
between chromophore ions, two favorable factors for photoisomerization.

It is noteworthy that the thermal decay, and so the photochromic behavior, of the solid
solution 3¢ 624038 is closer to the one of 4 although this latter is the minor component of the
solid solution. The calculation of RMSD reveals that the solid solution is structurally closer
to 4 than 3 even though the former is the minor constituent (38 %). This result suggests that it
is not the major component that determines the thermal fading behavior but the combined

effect that both components have on the crystal structure.
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Microcrystalline powders show moderate (1 and 2) and low (3 and 4) thermochromism.
Dichroism results are in agreement with reports from literature and show how the
herringbone packing leads to nearly perfect isotropic optical properties at certain crystal faces

(face-depended dichroism).

Supporting Information Description
Analytical data (PXRD, UV-Vis, "H NMR spectra), crystallographic data (CIF) for 1-4 and
30.62-40.38, selected bond lengths to determine the major tautomer, photographs of dichroism.

CCDC deposition numbers: 1827939-1827943.
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