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Abstract: Photochromism and photomagnetism are two important
features for the generation of smart materials that are of utility for
optical switches and memory devices. Very few materials that
exhibit both the features at room temperature are known to date, the
reported ones mostly contain metal-ions to assist the electron
transfer with photo stimuli. Herein, we report a new class of organic
materials that show photochromism and photomagnetism at room
temperature due to the generation of free radicals in the solid-state.
1,4-bis(4,5-diphenyl-1H-imidazol-2-yl)benzene (BDPI) was found to
acts as organic photomagnet without use of any traditional
photochromic couplers or radical containing moieties.  Solvent
molecules (eg. water and DMSO) form hydrogen bonds with the
imidazole rings which act as binding glue in stacking of 1,4-
bis(imidazolyl)benzene moieties via m--- interactions. These
interactions found to play a significant role in promoting strong spin-
spin interaction in the solid-state which can be inferred from the
appearance of broad EPR signal, whereas a sharp signal appeared
only after irradiation. The sharp signal indicates formation of
paramagnetic free radicals which influence antiferromagnetic
exchange interactions with weakening of the magnetic susceptibility
significantly. This work provides a new direction in the ongoing
research of photochromic and photomagnetic materials, where a
simple 1,4- bis(imidazolyl)benzene system changes its color, radical
activity and magnetic behavior with photoirradiation.

Introduction

Stable organic radicals owe an increasing demand as a
promising building blocks of functional materials due to their
unique electronic and physical properties.’®1 Over the years,
many organic radicals have been synthesized to explore solid-
state magnetism, where weak noncovalent interactions
significantly influence the interactions between unpaired spins.?
7 Among the numerous radical families, nitrogen-rich
benzotriazinyl and benzimidazole radicals and sulfur rich thiazyl
radicals have received more attention given their excellent
magnetic activity and stability at room temperature.® Photo-

magnets are special class of magnetic materials for which light
acts as an external stimulus for switchable magnetic behavior.['?-
151 This phenomenon was observed for many years in metals
(Cu, Al) and metal oxides (ferrites, garnets), after that Prussian
Blue analogs (PABs) was introduced by Hashimoto and
coworkers as an efficient photomagnet in late 90s.['*18  More
recently, a new class of inorganic-organic hybrid material had
been developed by incorporating photochromic moiety into 3d-4f
heterobimetallic complexes that show photomagnetism at room
temperature.**2% The photomagnetism was shown to originate
due to photoinduced electron transfer (PET) from electron-rich
(18-crown-6) or electron-deficient (viologen derivatives) organic
moieties to redox active metal ions. Diarylethene and
azobenzene based photochromic couplers are the common
units in most of the organic photomagnets, where
photoisomerization switches magnetic interactions between the
radicals.?*?l  To date, no organic material which exhibit
photochromism and photomagnetism together without altering
its structural identity is reported to the best of our knowledge.
Such materials are very essential for fundamental understanding
as well as for practical applications in optical switches and
memory devices.
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Scheme 1. Chemical structure of the 1,4-bis(imidazolyl)benzene system and
their derivatives.
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1,4-bis(imidazolyl)benzene derivatives are well known
chromophores for their excellent photophysical and
photochemical properties in solution state.?324 Kaftory and
Speiser have shown that the acetonitrile, water and acetic acid
solvates of 1,4-bis(imidazolyl)thiophene exhibit solid-state
photochromic, piezochromic and thermochromic properties.[?]
Further, we have shown earlier that the influence of cation---m,
COO---H-N* and COO---N* interactions in the generation of
photochromic organic semiconductor through light induced
radical formation in the solid state.?’! The photochromic nature
of the 4,4’-bipyridinium cations (also termed as viologens) and
many other interesting crystalline materials have been studied to
explore their potential applications as smart photoswitchable
devices.P”29 Very recently, Guo and coworkers have reported
that 4,4’-bipyridinium cation exhibits reversible photochromism
with semiconductivity, where the coloration and decoloration
process was triggered by light.?? They have concluded that
strong cation -7 interactions assisted in quick electron transfer in
these transformations resulting in the variation of colors and
corresponding semiconductivity values. The organic materials
containing bis(imidazolyl)benzene moieties are anticipated to
exhibit such photochromism through the radical generation.

In accordance, to study photochromism through radical
generation further 1,4-bis(imidazolyl)benzene was selected
which is an interesting chromophore as the oxidized form of

which was well studied for photochromism in solution state due
to the light induced generation of free radicals.*%¥ In the
oxidized form, a reversible transformation of singlet quinoid state
to triplet biradical state was observed by EPR studies. However,
the nature of its non-oxidized form and its behaviour in the solid
state was not addressed to date. In this context, 1,4-bis(4,5-
diphenyl-1H-imidazol-2-yl)benzene (BDPI) and its planar
counterpart 1,4-bis(1H-phenanthro[9,10-d]imidazol-2-yl)benzene
(BPI) were chosen for the detailed study on their photochromic,
radical and EPR activities in the solid state (Scheme 1). For
each system, two different solvates with water and DMSO/DMF
were prepared to understand the solvent dependency on
chromogenic behavior. Interestingly, BDPI found to show
photochromism, whereas BPI remains photo-silent. Further, two
modified analogues of BDPI, oxidized form (BDPI-2Y) and N-
alkylated form (NEt-BDPI), were also analysed in detail to
understand the importance of -NH group on the imidazole ring
behind photochromism. The materials were thoroughly
analysed using solid-state electron paramagnetic resonance
(EPR) and superconducting quantum interference device
(SQUID) to understand their radical generation, photochromic
and photo-magnetic behaviours, and correlated these properties
with their structural features. Further, spin density distribution
calculations were used to understand the difference in radical
activity between the two types of stacks of BDPI units.
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Figure 1. Photochromism in (a) BDPI-I and (b) BDPI-II; (c) UV/Vis diffuse reflectance and (d) solid-state fluorescence spectra of BDPI-I; (e) UV/Vis diffuse

reflectance and (f) solid-state fluorescence spectra of BDPI-II.



Results and Discussion

BDPI and BPI were synthesized according to the Devidson
method.B4 Benzil or 9,10-phenanthroquinone, terephthaldehyde
and ammonium acetate were dissolved in hot glacial acetic acid
and refluxed for 5-6 hours. Solid products of BDPI and BPI were
obtained after washing with excess amount of water and dried in
air. The assynthesized BDPI (BDPI-I) and BPI (BPI-I) were
further characterized through *H-NMR, FT-IR and HRMS
analyses (Figure S1-S5). Crystallization of BDPI-I from
DMSO/water (4:1) solvent system yields large needle shaped
crystals BDPI-Il (BDPI.2DMSO.H;0). The crystallization of
BPI-I from DMF/water (4:1) solvent system resulted in plate
shaped crystals of BPI-Il (BPI.2DMF). The crystals structures of
BDPI-II and BPI-Il were determined and thoroughly analysed in
terms intermolecular interactions in their crystal lattices.
Pertinent crystallographic details along with hydrogen bonding
parameters are given in Table S1 and S2 (Figure S6).

It is interesting to note here that the solid product of BDPI
initially appeared in yellow color but it turned into deep green
during filtration and drying under ambient condition. This
change in color with in few minutes indicated the photochromic
nature of BDPI-l. To evaluate the effect of light in the color
change, the synthesis and workup procedures were carried out
under dark condition. This process resulted in bright yellow
colored product (Figure 1a) which turned to green color solid
(BDPI-I") upon exposure to sunlight or low-power white-light
source light emitting diode (LED) within few minutes. Instead of
applying white light, we have used different UV lights (UV-A and
UV-B) and lights of a particular range of wavelength (red, green
and blue), but in all cases the color change was occurred
(Figure S7). This clearly indicates that the as-synthesized BDPI
(BDPI-I) exhibits photochromism irrespective of any light source.
Further, the green-colored material BDPI-I' was found to be
stable and remains green for more than a month in room light or
in dark condition but transformed into yellow upon heating at 50-
60 °C for 4-5 minutes (Figure S8). Such reversible
transformation of colour changes was found to occur in similar
manner for four consecutive cycles which becomes somewhat
sluggish after four cycles. The powder X-ray diffraction patterns,
IR and Raman spectra of both the forms found to be identical
(Figure S9), however they found to exhibit different solid-state
diffuse reflectance spectra (DRS) and luminescence properties.
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In DRS, BDPI-I shows two absorption bands at 310 nm
and 400 nm, whereas the BDPI-I' exhibits one additional
absorption band at 650 nm (Figure 1c). The optical band gap for
both the materials were determined from Tauc’s plot using the
equation for the direct and indirect band gap.B53¢ BDPI-I'
shows a relatively lower value of 1.64 eV and 1.56 eV for direct
and indirect band gap, whereas the BDPI-I shows quite higher
value of 2.72 eV and 2.53 eV, respectively (Figure S10a,b).
Origin of the absorption band at 310 nm is typically from the side
phenyl rings of BDPI whereas the longer wavelength band at
400 nm can be attributed to the absorption of whole
bis(imidazolyl)benzene moiety.?¥! The solid-state luminescence
spectra BDPI-I', upon excitation at 310 nm and 400 nm, shows a
common emission maximum at 500 nm with half of an intensity
compared to the nonirradiated yellow material (Figure 1d).
Additionally, the solid-state fluorescence lifetime was calculated
for BDPI-I and BDPI-I', where the BDPI-I' exhibits a shorter
lifetime by 1.6 ns (Figure S10c). Therefore, the quenching in
emission intensity with shorter lifetime for the BDPI-I' replicate
strong non-radiative decay pathway in organic radicals, caused
by self-absorption of photoinduced radical or electron exchange
between the photogenerated radical and the fluorophore.[37:38

Similar type of characteristics was observed for DMSO-
H.O included crystalline BDPI-II; the white-colored crystals
grown under dark condition converted into deep green crystals
(BDPI-II), albeit with prolonged irradiation for five days (Figure
1b and Figure S1la). The two forms BDPI-Il & BDPI-II' show
similar FTIR and PXRD pattern (Figure Sl1lb,c), whereas
BDPI-II' exhibited distinguishable absorbance spectra with a
generation of a broad band at 650 nm (Figure 1e) which is
absent in BDPI-II. In solid state emission spectra, hypsochromic
shift of 45 nm was observed for BDPI-1I with respect to BDPI-I,
that could be the effect of presence of different solvent
molecules which influences the stacking of chromophores in the
crystal lattice (Figure S11d).%40 A similar fluorescence
guenching was observed in case of BDPI-II' in comparison with
BDPI-Il, which suggests the analogous effect of light on both
BDPI-I and BDPI-Il forms (Figure 1f).
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Figure 2. (a) TGA-curve of BDPI-I; (b) FT-IR spectra of irradiated and anhydrous form of BDPI-I; (c). tuneable photochromism in BDPI-I.



In order to explore the reversibility of photochromism under
heat, the TGA of both the forms were evaluated. The TGA plot
of BDPI-I shows the weight loss of ~12% at 104°C (Figure 2a).
This loss indicates the possible presence of four water
molecules per BDPI unit which might have been included in the
BDPI-l. The FTIR exhibits broad signals at 3350-3480 cm™ and
1662 cm?® due to the -OH stretching and -OH bending
respectively (Figure 2b), which is in support of presence of H,O
molecules. The TGA of BDPI-II shows weight loss of 2% and
21%, at 107 °C and 161 °C respectively, which correspond to
the loss of H,O and DMSO respectively (Figure S12). The TGA
shows that both the materials are stable up to 100 °C and
therefore their irradiated forms (BDPI-I' and BDPI-II') of both are
heated up to 50-60 °C, which resulted in the generation of the
original forms in yellow color.

It was further found that the anhydrate of BDPI-I can be
prepared by heating it at 110 °C for 30 mins. The FT-IR spectra
of the heated material shows that signals related to water
molecules were vanished which confirms the formation of
anhydrous BDPI-I. The PXRD patterns of anhydrate BDPI-I
found to be different from that of its parent material (Figure S13).
The anhydrous BDPI-I exhibits off-white color, but doesn’t show
any color change upon irradiation. However, grinding of the
anhydrate with a drop of water changes its color to yellow which
changes into green immediately with irradiation (Figure 2c).
Thus, it can be inferred that the presence of water playing a
significant role in photochromic property of BDPI-l. Despite of
several trails we could not obtain single crystals of BDPI-I.
However, Rietveld analyses of its powder X-ray Diffraction
pattern using Pawley fitting method resulted in a possible model
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The PXRD of BDPI-I was indexed in two
syngonies: orthorhombic or monoclinic (TableS3). We
considered one model structure that provided the most
reasonable arrangement of molecules in the monoclinic unit cell
P2:/n with x? = 27.8 and Rp/Ryp/Rexp = 0.055/0.075/0.015 (Table
S4 and Figure S14). The asymmetric unit is composed of one
BDPI molecule and four water molecules. On the other hand,
BDPI-II crystallizes in P2,/c space group and the asymmetric
unit is composed of half unit of BDPI, one disordered DMSO
with two orientations and one water molecule of half occupancy.
In both the forms, the imidazole ring of BDPI was involved in
hydrogen bonding (N-H---O and O-H---N) with the solvent
molecules as shown in figure S6a and S15a. Further, BDPI
molecules form stacks, however considerable differences were
observed in the interactions between the stacks and
arrangement of stacks with respect to neighbors (Figure 3b,d).
In BDPI-I, two adjacent 1,4-bis(imidazolyl)benzene moieties are
stacked in off-set along the length of the molecule, via -1
interaction between the imidazole ring and central phenylene
ring with the centroid-to-centroid distance of 3.51 A (Figure 3a).
The terminal phenyl rings interact with the imidazole rings via
similar -1 interaction with a centroid-to-centroid distance of
3.664 A. In contrast, the stacks in BDPI-II contains edge-to-face
-1 interaction with the distance (carbon of edge to centroid) of
3.442 A between the terminal phenyl ring and the imidazole ring
(Figure 3c). The central phenylene rings have weak -1
interactions as the only one of their C-H groups overlap on each
other as the stacks formed in totally slipped mode along the
width of the molecule.

structure for BDPI-I.

(b)

Figure 3. (a) Molecular stacking observed in BDPI-I and (c) BDPI-II; solvent included two-dimensional arrangement via weak non-covalent interactions in (b)

BDPI-I and (d) BDPI-II.



The solid state EPR studies have been conducted to
understand the differences between the photophysical
properties of BDPI-I vs BDPI-I' and BDPI-Il vs BDPS-II' which
exhibited quenching of fluorescence and shortening of the
fluorescence lifetime upon irradiation. Yellow-colored BDPI-I
shows a broad band at higher g value around 2.22 with peak-to-
peak width of =100 mT (Figure 4a). Such high g value with
broad EPR-signal is the signature of strong radical activity,
mostly observed in metal-oxides where redox-active metal
centres placed in close proximity.“*#3 BDPI as a non-metallic
system confirmed through XPS analysis (Figure S16), the broad
signal is being appeared through the spin-spin interaction of the
m-radical centres, those are in close proximity. Interestingly,
BDPI-I' exhibit a totally different radical activity compared to its
parent material. Along with the broad EPR signal, a very sharp
signal appeared at g=2.001 with AHp, value of 1 mT, which was
absent for the parent material. The sharpness of the signal and
g-value (2.003 for free electron) indicates the photo-generated
free radicals stabilized through the tr-aromatic moieties in
BDPI-I' and, hence, promotes the photochromism.  The
reversible color change was further verified through EPR activity,
heating at 50-60 °C of BDPI-I' transformed into pale yellow
colored BDPI-I" where very weak radical signal was observed
for both the broad and sharp signals (Figure S17a).
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Figure 4. (a) Solid-state EPR-spectra of non-irradiated and irradiated form of
BDPI-I and (b) BDPI-II. For the EPR signals coming from blank EPR tube are
indicated by *.

No such signals correspond to radical generation is
observed in the EPR spectra of toluene or benzene solution of

BDPI (Figure S17b). This fact highlights the importance of
cooperative interactions which exists in the BDPI-l. It is
interesting to note here that the anhydrate form of BDPI-I does
not exhibit any such significant radical activity, highlighting the
presence of water in BDPI-I (Figure S17c). Similarly, BDPI-II
and BDPI-II' also exhibited signals around the g value of 2.21
with peak-to-peak width of =35 mT, albeit BDPI-II' shows an
intensified signal (Figure 4b). The signal corresponding to free
radical that is at g=2.001 also appeared in BDPI-II', it is sharp
but lower in intensity than that of BDPI-I'. The lower AH,, value
(100 mT vs 35 mT) of the broad radical signal and weaker free
radical signal for BDPI-II' indicate a considerable difference in
spin-spin interaction in the forms of BDPI-I and BDPI-II given the
differences in their stacking interactions. As a result, the
photochromic response is faster (5 mins) in BDPI-I compared to
BDPI-II (5 days) which doesn’t contain strong -7 interactions.

BDPI-II

AEg =103 kcal/mol

Figure 5. Spin-density distribution plot of (a) BDPI-I and (b) BDPI-II.

The significant difference in the stacks of BDPI-I and
BDPI-Il is face-to-face interaction in BDPI-I and edge-to-face
interaction in BDPI-II. In order to understand the differences in
these stacking interactions and radical activity, single point
energy calculations were performed by considering the dimeric
units of the stacks using wB97XD/Def2TZVP basis set with
Gaussian 16 program suite.***% These calculations reveal that
both the dimers are stabilized by non-covalent interactions as
demonstrated by NCI plots using Multiwfn software and exhibits
comparable interaction energy values (Figure S18).41 The spin
density distribution pattern was calculated to get some insights
on the effect of m-m stacking in intermolecular spin-spin
interactions. The energies of the singlet and triplet states of
BDPI-dimers were calculated from single point energy
calculation using the same basis set, where singlet state
calculations were done in restricted mode and triplet state
calculations were done in unrestricted mode. For BDPI-I, the
singlet-triplet energy gap (AEs.t) was found to be 82 kcal/mol,



whereas for BDPI-II the gap became higher with the value of

spin density between the two BDPI molecules, which is less in

103 kcal/mol. In addition to that BDPI-I shows delocalization of  BDPI-II (Figure 5 a,b). Thus, face-to-face stacking in BDPI-I is
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Figure 6. (a) Modified BDPI-analogues with control experiments; (b) solid-state EPR spectra of BDPI-analogues at 298 K and (c) at 7.6 K.

effective in minimizing the singlet-triplet energy gap, which is
also an important criterion for radical stabilization in triplet state.
These results are quite significant and in agreement with strong
radical activity in BDPI-I, which also shows better photochromic
response than BDPI-Il. The existence of the free radical
coupled with strong spin-spin interaction prompted us to
examine the electrical conductivity of BDPI-I before and after
irradiation. Therefore, the current-voltage (I-V) characteristics of
BDPI-I and BDPI-I' were measured in pallet form using two-
probe technique (Figure S19). Surprisingly, we obtained very
low conductivity value for the materials in the order of 10° to 10
2.5 cm?, which could be the effect of strong spin-spin
interactions in BDPI units similarly observed in phenalynyl
radical systems.[*”]

Further modifications on 1,4-bis(imidazolyl)benzene moiety
have been done to disturb the overall intermolecular interaction
followed by spin-spin interaction in solid state. Firstly, BPI has
been synthesized where the free rotation of the terminal phenyl
rings was restricted. Interestingly, no photochromism or
thermochromism properties were observed in as-synthesized
BPI-I (Figure 6a). TGA curve revealed the existence of water
molecules in BPI-l same as BDPI-l (Figure S20a). The
irradiated form (BPI-I') and the anhydrate form (heating at
135 °C) didn’t show any differences in PXRD pattern or in FTIR
spectra, that suggest no significant change in overall packing
like BDPI-I (Figure S20b,c). Though there was no color change
appeared after irradiation, but a considerable quenching of
fluorescence intensity and shortening the fluorescence lifetime
were observed in BPI-I' (Figure S21). These results prompted
us to examine the radical activity of the irradiated BPI-I in solid-

state. Interestingly, both BDPI-I' & BPI-I' show almost similar
EPR signal, where both the broad and sharp radical signals
have existed together with the same g-values (Figure 6b). The
possible explanation for no photochromism in the BPI-I could be
the lack of non-planarity and its effect on molecular packing
followed by spin-spin interaction. To find out the molecular
packing in BPI-I, Rietveld analysis was also performed using the
PXRD pattern but due to the poor crystallinity our efforts were
not successful. Herein, crystallizing BPI-I in DMF-water solvent
system produced plate shaped orange colored crystals BPI-II,
that provided some insights to understand the molecular
arrangement as well as supramolecular architecture and its
effect on radical activity (Figure S22a). BPI-Il crystalizes in
P21/c space group and the asymmetric unit comprises of half
unit of BPI, one unit of DMF molecule. DMF molecules are
involved in hydrogen bonding interactions with the imidazole ring
and placed in between the two BPI units prohibiting the -
stacking of BPI molecules and forms a 2D-herringbone layer
(Figure S6b and Figure S22b). BPI-Il also turned out to be
photoinactive same as BPI-l. EPR spectra of irradiated form
BPI-II' didn’t show any sharp radical signal corresponding to the
free radical and also the broad radical signal became narrower
(Figure S22c). Such difference in radical activity could be the
lack of -1 interaction in BPI-II, which might be present in BPI-I.
Solid state fluorescence spectra of BPI-Il also support this
agreement, which shows four times lesser intensity than BPI-I
due to the absence of mr-stacking (Figure S22d).

Two more modifications were made on BDPI moiety to
examine the effect of imidazole -NH group in originating
photochromic property in these systems, one was oxidation of



imidazole ring (BDPI-2Y) and the other one was alkylation of
imidazole -NH bond (NEt-BDPI) (Figure 6a). These syntheses
were carried out by reported methods and thoroughly
characterized by *H-NMR, HRMS and FT-IR analyses (Figure
S23,24,25,26¢). TGA analysis revealed the absence of solvent
molecules in the as-synthesized form of BDPI-2Y & NEt-BDPI
(Figure S26a,b). None of these two exhibited changes of color
with irradiation, that clearly indicates the importance of -NH bond
in imidazole ring towards photochromism. Moreover, solid-state
EPR analysis revealed that the irradiated form BDPI-2Y*
exhibited the very strong radical signal with AH,,, value of around
100 mT at g=2.19, whereas the irradiated NEt-BDPI' exhibited
an anisotropic broad band (AH,,=63 mT at g=2.12), but no
appearance of sharp radical signal for the free radical at g=2.001
(Figure 6b). We further measured radical activity of all of the
irradiated BDPI analogues at low temperature i.e. at 7.6 K
(Figure 6c). Interestingly, the broad radical signal was
completely disappeared in all of them at low temperature, except
the free radical signal. For BDPI-2Y', very weak free radical
signal observed at low temperature, could be originated from the
unreacted BDPI-| present in the oxidized form as an impurity.
This indicates that the irradiated materials exhibit variable
magnetic behavior with respect to temperature. This was
analysed further through temperature dependent EPR analysis
and measuring the bulk magnetization through SQUID.
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In order to investigate the photoinduced magnetism of the
photochromic  bis(imidazolyl)benzene  system,  magnetic
measurements have been carried out for both the nonirradiated
and irradiated forms at a constant field of 0.1 T and the data
were corrected for diamagnetism of sample and sample holder.
The XT vs T plot of nonirradiated BDPI-I revealed the linear
increment of magnetic moment with increasing temperature from
10K to 300K, that can be attributed to the antiferromagnetic
interactions between the BDPI units (Figure 7b).% This could
be the effect of strong spin-spin interaction takes place between
the Tr-radical centres within the distance of 4 A to exhibit strong
antiferromagnetism. BDPI-I' was also having a comparable
linear nature in xT vs T plot but the difference was its lower
magnetic moment value (1.60 emu K/mol) than the non-
irradiated one (1.91 emu K/mol) at 300K. x vs T plot also
provides similar results, where the irradiated form having lower
magnetic moment value all over the temperature range and
broadness appeared at around 75K and 160K justified the
strong antiferromagnetic ordering of the spin centres after
irradiation (Figure 7a).'°#8 These observations clearly suggest
the photomagnetic property of BDPI-l at room temperature,
which is a rare phenomenon in neutral organic chromophores.

In order to get more insights in spin-spin interactions in BDPI-I',
the temperature dependent EPR analysis has been performed
from 15K to 300K. With temperature increment, the peak-to-
peak signal intensity for the free radical getting decreased,
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that reveals the paramagnetic nature of the free radical (Figure
7c and Figure S27a). Along with that, a significant g-shift of the
free radical was observed from 100K to 300K. This could be the
influence of antiferromagnetic ordering coming from the broad
radical signal started appearing from 100K (Figure 7d). The
peak-to-peak intensity vs temperature plot shows a clear
transition of magnetization around 100 to 125 °C, also support
the antiferromagnetic exchange from spin-spin interactions of
BDPI-units (Figure S27b). Thus, the photomagnetic nature of
the photochromic BDPI-I is the cumulative effect of
paramagnetic and antiferromagnetic species present in the
bis(imidazolyl)benzene moiety, that needs further investigation.

Conclusion

A single component and neutral organic molecule was
demonstrated to exhibit two very interesting light-induced
phenomena such as photochromism and photomagnetism in its
pure solid state. Till date, the studies were focused on oxidized
form of 1,4-bis(imidazolyl)benzene derivatives for its radical
generation and photochromic nature in solution state. For the
first time, 1,4-bis(imidazolyl)benzene was shown to exhibit
photochromic and photomagnetic behavior in solid-state with the
generation of stable m-radicals. Such unprecedented photo-
activity in the solid-state was proven by EPR studies which
revealed an interesting radical activity in BDPI. The solvent

molecules, in particular water, found to play a very important role.

The hydrogen bonding of water molecules with imidazole N-
atoms of BDPI molecules resulted in the strong -1 stacking
interactions in BDPI-I which in turn promoted the photochromism
and radical generation. The relationship between intermolecular
interactions and radical generation, followed by photochromism,
was clearly established through several chemical modifications
of BDPI chromophore and computational analysis. Further,
such photoinduced radical activity of BDPI-I in the solid state
was shown to result in excellent organic photomagnet that
exhibits both the paramagnetic and antiferromagnetic features at
different temperature. Further studies are under progress in our
laboratory to fine tune the 1,4-bis(imidazolyl)benzene
chromophore in order to realize their photoinduced
paramagnetic and semiconducting properties.  This work
promises to provide many new insights in the field of stable
organic radicals, which are of great utility for the design of
optical and sensor devices.
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