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Elastic circular organic microcrystals
prepared by photoinduced delamination

Chengde Ding1, Baolei Tang1, Liang Li2,3, Panče Naumov 2,4,5,6 &
Hongyu Zhang 1

Circular organic crystals are essential as optically transducive components in
flexible organic optoelectronics, yet this crystal habit is not easily obtained
through traditional crystallization approaches. Here, we present a photo-
responsive organic crystalline material that when exposed to ultraviolet or
visible light, initially undergoes photoinduced bending, followed by photo-
salient effect and accompanied by delamination to elastic quasicircular
microcrystals. Curvature analysis under different conditions confirms the
controllability of this process. Light at 365 nm, 405 nm, and 445 nm generates
microcrystals with high curvatures (11–12mm−1), while 470 nm light produces
lower curvature (5mm−1), aligning with the absorption profile. Increasing the
excitation power from 15 mW to 150mW results in increase of the yield of
microcrystals with high curvatures (10–20mm−1) from 20% to 94%. This light-
driven fabrication method provides a controlled and reproducible means of
realizing rare crystal morphologies, highlighting the potential for exploring
quantitative relationships between such morphologies and their unconven-
tional optical properties.

In modern materials science, precise control over the shape and
functionality of materials is crucial1–3, especially for the development
of smart materials and advanced devices4–7. Accurate regulation of
morphology and properties not only broadens the diversity and
adaptability of the materials, but it also is required to address chal-
lenges with both contemporary and future applications8–12, with
potential to foster innovations in emerging domains such as biome-
dical devices, flexible electronics, and sensors13–15. Against this back-
drop, ring-shapedmaterial architectures have emerged as a recurring,
yet uncommonmotif explored in natural sciences, owing to their high
symmetry, mechanical stability, and adaptability in shape16–18. At a
molecular scale, cyclic molecules such as crown ethers19,20 and
cyclodextrins21 are established well in chemical synthesis, catalysis,
and supramolecular recognition processes. At the nanolevel, cyclic
nanostructures, such as carbon nanorings, exhibit exceptional

optoelectronic properties due to their symmetry and structure22. At a
microscale, circular structures are exemplified by microring
resonators23, a class of optical devices that leverage the circular path-
ways of light for efficient filtering and signal transmission in optical
communication and photonic integrated circuits24. These examples,
which represent only a small subset of the plethora of available circular
architectures, highlight the importance of ring-shaped structures in
achieving stability, efficiency, and adaptability.

A photomechanical deformation refers to reshaping of an object
that is induced or assisted by light, and it offers a non-contactmethod
for controlling the morphology and functionality of the material25–32.
This mechanism of shape manipulation has been demonstrated with
bending2,33–42, curling43–46, twisting31,47–52, and delamination53–56, and has
been applied to control bothmacroscopic shapes andmicrostructural
configurations. For example, by modulating the bending and
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deformation of flexible crystals under illumination, applications such
as soft robotic grippers or artificial bioinspired actuator replicas
become feasible29,57,58. Among these mechanisms, studies on photo-
induced delamination in organic crystals remain relatively limited,
despite that this post-processing of crystals could hold significant
importance as it results in unconventional shapes that are not always
available via the most commonly used method, crystallization. The
delaminated crystals, if sufficiently thin, often form curled structures
during delamination, however they usually do not curl sufficiently to
close a complete circle. Consequently, the controlled and scalable
preparation of flexible organic ring-shaped crystals remains a sig-
nificant and unresolved challenge. In this context, we address this
challenge by reporting aflexible organic crystal,MBID, that undergoes
photoinduced delamination to form ring-shaped microcrystals under
light stimulation. Unlike conventional brittle organic crystals, MBID
exhibits exceptional flexibility and a propensity for photoinduced
delamination, resulting in microcrystals with quasicircular habits. We
investigate the factors influencing the delamination process and elu-
cidate the underlying mechanisms through crystal structure analysis.
This work not only provides a scalable and controllable method for
fabricating ring-shapedorganic crystals but alsohighlights thebroader
implications of photomechanical post-processing for advancing
functional materials.

Results and discussion
Preparation and characterization
The material, 2-(4-(methylthio)benzylidene)-1H-indene-1,3(2H)-dione
(MBID; Fig. 1a) was synthesized with an 84% yield via Knoevenagel
condensation reaction between 1H-indene-1,3(2H)-dione and 4-
(methylthio)benzaldehyde. The identity of the product was confirmed
with proton and carbon nuclear magnetic resonance (NMR)

spectroscopy (Supplementary Figs. 1, 3), as well as with single-crystal
X-ray diffraction (SCXRD) analysis (Supplementary Table 1). Yellow
crystals were obtained by layering ethanol over a dichloromethane
solution of MBID, allowing for gradual solvent diffusion at room
temperature (Fig. 1b). The crystals are thermally stable, with melting
points ranging from 418 K to 432 K, and exhibit no phase transition
upon heating from room temperature to 418 K (Supplementary Fig. 4).
In dichloromethane solution (10−5 M), MBID appears yellow under
daylight due to the absorption with a maximum at 410 nm, and emits
faint green fluorescence under 365 nm (UV) light with an emission
band around 481 nm (Supplementary Fig. 5). Crystalline MBID shows
maximum absorption at 337 nm that extends over 400 nm, and emits
bright green fluorescence with a maximum emission wavelength of
527 nm (Fig. 1b, c). The crystals exhibit excellent elasticity, and can
undergo repeated and reversible bending under external force field
without visible damage (Fig. 1d). To assess the mechanical properties
of the crystals, we performed tensile measurements, which deter-
mined their average tensile modulus at 298K to be 0.12 GPa (Fig. 1e).
We noticed that during the exposure to ultraviolet or visible light, the
MBID crystals exhibit an unusual photoinduced delamination, result-
ing in the formation of distinct curved microcrystals with varying
curvatures (Fig. 1f), aswell as strongly curled crystals. In the latter case,
the termini partially overlap with each other, forming a quasicircular
shape (Fig. 1h). Both types of microcrystals obtained through delami-
nation demonstrate excellent elasticity. The arc-shaped microcrystals
can be repeatedly bent several times without damage (Figs. 1g, and
Supplementary Movies 1, 2), while the quasicircular microcrystals can
be distorted from circular to elliptical geometry by compression, and
return to their original formonce the external force has been removed
(Fig. 1i, and SupplementaryMovies 3–5).Given theunusual appearance
and favorable elasticity of the microcrystals, we posit that this com-
bination of shape and mechanical properties could be relevant to
flexible electronic devices, deformable electronic systems, and
micromechanical systems, similar to the prospects for other flexible
crystals.

Photomechanical behavior of MBID crystals
Considering that the chemical structure of MBID includes double
bonds and is nearly planar, similar to other photoresponsive crystals3,
we anticipated that such crystals are likely to be photomechanically
active. Indeed, when irradiated with UV light MBID crystals show an
unusual, complex photomechanical motion (Fig. 2a and Supplemen-
tary Movie 6). In the first 20 s, the crystals quickly bend towards the
light source. With continued exposure, the bending angle increases
further, although the rate of bending slows down. After 80 s of expo-
sure, the crystals begin to delaminate, accompanied by brief but
intensevibrations and evolution of cracks. Following thedelamination,
thebending angle notably decreases, likelydue to significant release of
the accumulated intramolecular strain, highlighting its mechanical
resilience2. This photomechanical effect also occurswhen the crystal is
exposed to visible light (Supplementary Movie 7). This series of pho-
tomechanical effects can be summarized as photochemical bending,
which, after reaching a certain threshold, causes the crystal to sud-
denly vibrate and crack—similar to a phenomenon known as
photosalience59. Simultaneously, the crystal undergoes light-induced
delamination, where we believe the photosalience and delamination
occur simultaneously. Upon closer inspection at higher magnification,
we found that the photoinduced delamination is distinct among the
similar photomechanical materials (Fig. 2b). Unlike other crystals
capable of photodelamination, after the delamination the crystal
ofMBIDhas arc-shaped crystalline fragments andpeculiar ring-shaped
microcrystals on its surface. Some of these microcrystals sponta-
neously detach from the crystal surface, while others remain attached.

We hypothesized that this distinct delamination behavior holds
potential as an alternative method for preparation of arc-shaped and
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Fig. 1 | Structure, appearance and properties of MBID. a Chemical structure of
MBID. b Photographic images ofMBID crystals under daylight and UV light. c UV-
vis absorption (broken line) and emission (solid line) spectra of MBID crystals.
d Reversible bending and unbending of a thin, long MBID crystal. e Stress-strain
curves of threeMBID crystals. f, h Photographic images of arc-shaped (f) and ring-
shaped (h) microcrystals recorded under daylight and UV light. g, i Reversible
bending and unbending experiments of arc-shaped (g) and ring-shaped (i) micro-
crystals. (Source data are provided as a Source Data file).
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ring-shaped microcrystals. The process is rationalized with the sche-
matic illustration in Fig. 3a, based on face indexing of the crystals
(Supplementary Fig. 6). When the (001) facet of the crystal is illumi-
nated, it bends towards the light source. Prolonged illumination
induces photosalient effect and photoinduced delamination, leading
to the formation of arc-shaped and ring-shaped microcrystals, which
either remain attached to the original crystal surface or completely
separate from it. Using optical microscopy, polarized light micro-
scopy, and scanning electron microscopy (SEM), we examined the

morphology of the crystals before and after the photoinduced dela-
mination, as well as the morphology of the ring-shaped microcrystals.
Prior to illumination, the crystal surface was smooth and flat with no
visible cracks (Fig. 3b, d and Supplementary Fig. 7a), and was bire-
fringent under polarized light (Fig. 3c). During illumination, the crystal
gradually bent and delaminated. When observed along the [010]
direction, the arc-shaped and ring-shaped microcrystals were clearly
visible when they were either attached to or detached from the crystal
surface (Fig. 3e–g and Supplementary Fig. 7b–d). The ring-shaped
microcrystals formed by delamination exhibited stable and uniform
geometries with smooth surfaces free of cracks and retained their
birefringence (Fig. 3h, i). SEM revealed that the ring-shaped crystals did
not form fully closed loops; instead, due to significant curling or
bending, their ends overlapped, forming an end-to-end-connected
circular structures (Fig. 3j and Supplementary Fig. 7e, f).

Controllable preparation and curvature modulation of quasi-
circular crystals
All the microcrystals generated by photoinduced delamination dis-
played excellent mechanical elasticity. Although this characteristic
suggests potential applications in flexible optoelectronic devices or
micromechanical systems, actual implementation would require con-
trol over the morphology and size of such crystals. To investigate this
possibility, we fabricated a series of arc-shaped and ring-shaped
microcrystals of varying curvatures (Fig. 3k). These microcrystals
exhibited diverse morphological features: the radii of the arc-shaped
crystals ranged from tens to hundreds of micrometers, while the ring-
shaped crystals formed structures with different radii. Although the
crystals had round shapes, they were not perfectly circular and dis-
played slightly asymmetrical features. This asymmetrymay result from
slight thickness variations in different regions of theMBID crystals or
uneven light exposure, which could lead to non-uniform stress dis-
tribution during the photoinduced delamination process, reflecting
the complexity of the photochemical, morphological, and structural
effects that account for the observed delamination and curling. Con-
sequently, statistical analysis was conducted on the curvature of arc-
shaped and ring-shaped microcrystals prepared by delamination
under various conditions to assess the controllability of the process.
Crystalswere irradiatedwith light of different wavelengths (Fig. 4a and
Supplementary Table 2). The power at all wavelengths (365 nm,
405 nm, 445 nm, 470 nm, and 515 nm) was 100mW, and the light
exposure time lasted until the MBID crystals started to delaminate.
The results showed that when illuminated at 365 nm, 405 nm, and

UV OFF UV ON

0 s 10 s

20 s 30 s 40 s

70 s60 s

80 s 90 s 100 s

50 s

ba

5 mm

1 mm

1 mm

Fig. 2 | Photomechanical effects and delamination of MBID. a Photoinduced
bending anddelaminationof a crystal that hasbeenfixedonto a pin and exposed to
UV light. b Zoomed-in images showing the quasicircular crystals evolving from the

surface of the irradiated crystal at the time point corresponding to 100 s from the
irradiation onset.

(0
10

)

bending

a

b c d

e f g

h i j

k

delamination

1 mm 0.5 mm 1 mm

1 mm1 mm 0.2 mm

0.2 mm 0.2 mm 0.2 mm

0.2 mm

Fig. 3 | Formation, size and shape of the curved and quasicircular MBID crys-
tals. a Schematics illustrating the photomechanical effects of the parent crystals.
b–d Non-polarized optical (b), polarized optical (c), and scanning electron (d)
images of the parent crystal. e–g Non-polarized optical (e), polarized optical (f),
and scanning electron (g) images of the crystal after irradiation with 365 nm UV
light, showing delamination on its surface. h–j Non-polarized optical (h), polarized
optical (i), and scanning electron (j) imagesof a ring-shapedmicrocrystals obtained
by delamination. k Optical micrographs of arc-shaped microcrystals with different
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obtained from the parent crystal.
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445 nm, the crystals afford circular microcrystals with an average
curvature (κ, which corresponds to the reciprocal of the radius, 1/R), of
κ = 11, 12, and 11mm−1, respectively. With light at 470 nm, although the
crystals still exhibited noticeable bending, the delamination was
markedly slower, resulting in a reduced average curvature, κ = 5mm−1.
In contrast, no photomechanical behavior was observed under 515 nm
illumination. This observation is clearly related to the solid-state
absorption properties of MBID (Fig. 4a), for which the solid-state
absorption spectra show that it absorbs strongly at 365 nm, 405 nm,
and 445 nm, while the absorption is lower at 470 nm, and the material
practically does not absorb at 515 nm. Based on these findings, 405 nm
was selected as the illuminationwavelength for further investigation of
the factors that affect the curvature of the microcrystals.

The nascent MBID crystals were exposed to 405 nm light
(100mW) until delamination was initiated, yielding 65 product
microcrystals, and the distribution of the curvature of these micro-
crystals was systematically analyzed (Fig. 4b and Supplementary
Fig. 8). The results showed that the maximum curvature was
κ = 20mm−1, while the minimum was 3mm−1. Statistical analysis
revealed that 13microcrystals (20.0%of the total) exhibited curvatures
in the range κ = 0−10mm−1. The majority of microcrystals, 42 in total
(64.6%), had curvatures in the range κ = 10−15mm−1, while 10 micro-
crystals (15.4%) had curvatures between κ = 15−20mm−1. These results
indicate that most microcrystals had curvatures in the range
κ = 10−15mm−1, demonstrating significant uniformity and controll-
ability. To further validate the controllability of the delamination
process, MBID crystals were irradiated with a 405 nm light of varying

powers until delamination occurred, and the curvature distribution of
the resulting microcrystals was analyzed (Fig. 4c). At an excitation
power of 12mW, 8 microcrystals (80.0% of the total) exhibited cur-
vatures in the range of 0 < κ < 10mm−1, while 2 microcrystals (20.0%)
displayed curvatures in the range of 10 < κ < 20mm−1. As the excitation
power increased, the number of microcrystals with curvatures of
0 < κ < 10mm−1 gradually decreased, while those with curvatures
of 10 < κ < 20mm−1 progressively increased. At an excitation power of
150mW, only one microcrystal (6.3%) had a curvature of
0 < κ < 10mm−1, whereas 15 microcrystals (93.7%) exhibited curvatures
in the range of 10 < κ < 20mm−1. These findings suggest that increased
excitation power enhances the formation of more strongly curled
microcrystals.

Further, we investigated the effect of thickness of the parent
MBID crystal on the curvature of the resulting microcrystals (Fig. 4d).
Our experimental data showed that when the crystal thickness is
10 μm, only microcrystals with curvatures 10 < κ < 20mm−1 are
obtained, with a total of 11 microcrystals accounting for 100% of the
population. As the crystal height increases, the number of micro-
crystals with curvatures of 10 < κ < 20mm−1 gradually decreases, while
thosewith curvatures 0 < κ < 10mm−1 progressively increase.When the
crystal thickness reaches 42 μm, the number of microcrystals with
curvatures of 0 < κ < 10mm−1 rises significantly to 10 (83.3% of the
total), whereas those with curvatures of 10 < κ < 20mm−1 decrease to 2
(16.7% of the total). These results clearly show that thinner parent
crystals aremore likely to produce strongly curledmicrocrystals, while
thicker crystals tend to generate less curved ones. Further statistical

Fig. 4 | Factors that determine the curvature of the quasicircular crystals.
a Mean curvature of the delaminated microcrystals at different illumination
wavelengths (black line) and UV-vis absorption spectrum (red line) of MBID crys-
tals. b Experimentally determined curvatures (κ) for 65 quasicircular microcrystals
(the x axis corresponds to the sample number). c–e Dependence of the curvature
on the illumination power (0 < κ < 10mm−1: green bars and symbols,

10 < κ < 20mm−1: blue bars and symbols) (c), height (thickness) of the parent crystal
(0 < κ < 10mm−1: green bars and symbols, 10 < κ < 20mm−1: blue bars and symbols)
(d), and thickness (T) of the microcrystal (e). f–h Experimentally determined cur-
vatures of crystals irradiated for 0 s (f), 10 s (g), and 20 s (h) with a 405 nm light.
(Source data are provided as a Source Data file).
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analysis returned a significant correlation between the thickness of
microcrystals and their curvature (Fig. 4e). When the microcrystal
thickness is less than 4 μm, the curvature exhibits a broad distribution
ranging κ = 9−18mm−1, with an average curvature κave = 13.58mm−1. As
the thickness increases, the curvature decreases progressively. For
microcrystals with a thickness of 16 to 20μm, the curvature range
narrows significantly, to κ = 4−8mm−1, and the average curvature
decreases to κave = 6.17mm−1. These observations clearly indicate that
there is a strong negative correlation between the microcrystal thick-
ness and the curvature, with the thickermicrocrystals exhibiting lower
curvatures.

To further enhance the curvature of microcrystals, we trialed
extended illumination following the delamination. However, the
experimental results revealed that prolonged exposure did not only
fail to increase the curvature, but instead it caused a significant
reduction. When illumination was halted immediately after delamina-
tion, the microcrystals exhibited a curvature distribution
κ = 11−20mm−1 (Fig. 4f), with κave = 14.03mm−1 (Supplementary Fig. 9).
Prolonging the illumination for 10 s reduced the curvature
κ = 6−19mm−1 (Fig. 4g) and κave = 12.83mm−1 (Supplementary Fig. 9).
Extending the illumination to 20 s further narrowed the curvature
range to κ = 5−19mm−1 (Fig. 4h) with the average decreasing to
κave = 8.91mm−1 (Supplementary Fig. 9). This phenomenon may be
related to the light-driven bending behavior of crystals in the presence
of light. As shown in Supplementary Fig. 10, when a crystal is exposed
to light andundergoes delamination, two types ofmicrocrystals can be
produced, an arc-shaped microcrystal (type 1) and a quasicircular
microcrystal (type 2). We further categorize the arc-shaped micro-
crystals into type 1a and type 1b, where type 1a and 1b represent the
more strongly and slightly curved arc-shaped microcrystals, respec-
tively. When light is continuously, the convex surface of arc-shaped
type 1a crystal is exposed to the light due to its greater curvature, and
further light irradiation causes its convex side to bend towards the
light, resulting in decrease in curvature. Arc-shaped microcrystals,
type 1b, are less curved, and both the inner and outer surfaces of the

curved surface are exposed to the light, and thus their curvature
remains nearly constant. The curvature of the quasi-circular micro-
crystals remains constant due to the stability of the ring structure.
Therefore, when photoinduced delamination occurs, continuous light
irradiation results in decreased curvature.

Photomechanical motion mechanism and crystal structure
of MBID
The complexity of the observed photomechanical effects compelled us
to explore the underlying mechanisms. Initially, we hypothesized that
the presence of double bond in the molecular structure might enable a
[2 + 2] cycloaddition upon irradiation, similar to someother examples60.
However, single-crystal X-ray diffraction data ofMBID crystals revealed
that the distance between the double bonds of two parallel molecules is
5.675Å (Fig. 5b). According to the Schmidt’s topochemical rule, this
distance exceeds significantly the 4.2 Å threshold required for [2 + 2]
cycloaddition in the solid state61. Although there have been reports of
[2 + 2] cycloaddition occurring in crystal structures that do not strictly
adhere to the topochemical criterion for reactivity62,63, our analytical
characterization did not show such behavior. MBID crystals were irra-
diated with 365nm UV light for 30min and subsequently analyzed by
NMR spectroscopy (Supplementary Fig. 2). The lack of changes in both
the NMR spectra (Fig. 5a) and the infrared (IR) spectra (Supplementary
Fig. 11) before and after irradiation further confirmed that no detectable
photochemical reaction occurs in MBID upon exposure to light. In
order to exclude the possibility of solvent release during illumination64

causing the crystal delamination, the sample was analyzed by several
techniques. SCXRD (Fig. 5b) did not show any solvent molecules in the
crystal lattice. Furthermore, ¹H NMR spectroscopy (Supplementary
Figs. 1, 2) did not detect solvent peaks fromdichloromethane or ethanol
in samples grown by slow evaporation from dichloromethane and
ethanol, and the water peaks were still detected after 30min of illu-
mination, suggesting that the signals originated from the deuterated
chloroform used for measurement. Thermogravimetric analysis (Sup-
plementary Fig. 12) and differential scanning calorimetry (DSC)

Fig. 5 | Structural changes that drive the delamination and curling. a 1H NMR
spectrum ofMBID crystals before and after irradiation by 365 nm light for 30min
(400MHz, CDCl3). b The dihedral angles between the plane of the double bond
and the planes of the two benzene rings, and the distance between the double
bonds of two parallel molecules. c, d Intermolecular interactions inMBID (c) and

MBID-M (d) along the a axis. e Schematic diagram showing the face indices of a
typicalMBID crystal before irradiation, and cell parameters ofMBID andMBID-M.
f Schematic illustration of photoinduced bending and delamination of a crystal
of MBID.
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(Supplementary Fig. 4) did not showmass loss or thermal effects in the
temperature range 300−400K, further excluding the possibility of
desolvation. The results therefore rule out the possibility that effects
due to release of solvent cause the delamination.

To determine whether the photothermal effect drives the photo-
mechanical motion65,66, infrared thermal imaging was used to monitor
the surface temperaturedistribution of the crystal during irradiation.We
used infrared thermography to monitor the dynamic change of the
crystal surface temperature under 405nm laser irradiation (power
range: 12−150mW; temperature rise range: ΔT =4−23K), and found that
the temperature rise was positively correlated with the laser power, and
the temperature quickly returned to the ambient temperature after the
irradiation has ceased (Supplementary Fig. 13). Notably, despite the
significant photothermal effect of the crystals, DSC analysis did not
detect any characteristic peaks of the phase transition in the 290−313K
interval (Supplementary Fig. 4). Furthermore, when the crystal was
immersed in an ice-water bath, the photomechanical actuation was still
observed (Supplementary Movie 8). These findings exclude contribu-
tions to the observed photomechanical behavior from photothermally
induced phase transitions and thermal expansion.

Combining computational insights with experimental valida-
tion, we aimed to establish a correlation between molecular con-
formational changes and macroscopic photomechanical responses
inMBID crystals. Previous studies on significant excited-state torsion
of analogous molecules provided critical context for understanding
MBID’s behavior67–70. To relate the molecular-scale dynamics with
the macroscopic, crystal-level phenomena, we performed excited-
state conformational simulations revealing significant structural
reorganization: the dihedral angle between the two benzene ring
planes was found to increase from 4.5° in the ground state to 24.5° in
the excited state (Supplementary Fig. 14). This pronounced torsional
rearrangement likely alters molecular stacking patterns, thereby
generating the strain necessary for photomechanical actuation. To
test this hypothesis at the crystalline level, we systematically inves-
tigated light-induced structural modifications. Microcrystalline
MBID-M obtained through delamination was irradiated with 405 nm
UV light for 1 h to induce significant structural reorganization, and
analyzed by SCXRD (Supplementary Table 1).

The crystal structures ofMBID andMBID-Mwere slightly different.
MBID andMBID-M are in the same crystal system and space group, the
orthorhombic space group P212121. In the structure of MBID, the dihe-
dral angles between the plane of the double bond and the planes of the
two benzene rings are 2.9° and 1.9°, respectively, with an intermolecular
double-bond distance of 5.675Å between the parallel molecules. In
MBID-M, the respective dihedral angles are 1.2° and 3.9°, and the
intermolecular double-bond distance was reduced to 5.595Å (Fig. 5b).
Face indexing of the crystal by SCXRD (Supplementary Fig. 6) and
modelling of the crystal habit (Supplementary Fig. 15) identified the long
axis of theMBID crystal as the crystallographic a direction. Along [010],
the adjacent molecules are connected through C−H ∙ ∙ ∙O hydrogen
bonds (H ∙ ∙ ∙Odistance: 2.34Å), forming columns of stackedmolecules.
In the [001] direction, adjacent columns are further linked by C−H ∙ ∙ ∙ S
interactions (H ∙ ∙ ∙ S distance: 2.984Å). In contrast, the MBID-M crystal
exhibits C−H ∙ ∙ ∙O hydrogen bonds (H ∙ ∙ ∙O distance: 2.411 Å) only
along the [010] direction (Fig. 5c, d). Comparison of the crystal struc-
tures ofMBID andMBID-M revealed that after UV irradiation, the crystal
undergoes contraction of 1.41% along the a axis (from 5.6753 to
5.5951 Å), slight expansion of 0.39% along the b axis (from 5.9656 to
5.9679Å), and expansion of 2.43% along the c axis (from 40.097 to
41.07Å) (Fig. 5e and Supplementary Table 1). The powder XRD pattern
ofMBID after in situ illumination with a 405nm light for 2min showed
new peaks, which correspond to peaks in the powder XRD pat-
tern simulated from the single crystal XRD data of MBID-M. This con-
firms the structural transformation of the crystal fromMBID toMBID-M
upon illumination (Supplementary Fig. 16).

Figure 5f summarizes the mechanism suggested for photo-
induced delamination and provides a viable explanation for the
observations (Fig. 5f). Upon exposure to light, the MBID structure
undergoes a transformation that results in a change of the MBID
packing to that of MBID-M. According to the SCXRD data, the a axis
contracts by 1.41% (from 5.67 Å to 5.59 Å) after light irradiation,
resulting in photoinduced bending toward the light source. The c axis
expands by 2.43% (from 40.10Å to 41.07 Å) after exposure (Fig. 5e),
and this anisotropic expansion results in accumulation of strain inside
the crystal. The elastic energy gradually accumulates as the ratio of
MBID-M increases with prolonged light exposure. When the accumu-
lated strain eventually exceeds the energy of the C −H ∙ ∙ ∙ S interac-
tions between the neighboring stacked molecular columns, the
connections between the molecular columns break, leading to the
photoinduced delamination. If the induction of this process is short,
the strain is accumulated rapidly and results in formation of a micro-
crack, which leads to fracture, and ultimately manifests as the photo-
salient effect.

Potential applications of quasicircular crystals
The formation of the circular microcrystal through photoinduced dela-
mination produces an optical environment distinct from that of the
original flat crystal. To further investigate the optical properties, we
performed microregion fluorescence spectroscopy analysis using laser
confocal microscopy, and compared the optical behavior of the original
crystal and the hollow circular microcrystal. Specifically, we employed
the spectral mode of confocal microscopy to obtain fluorescence
intensity images of the original crystal and the circular microcrystal
under 488nm laser excitation. The fluorescence intensity variations at
different distances from the edges of both crystals were analyzed at the
maximum emission peak (527nm). It was first confirmed that the
background signal was about 50. As shown in Fig. 6, microregion
fluorescence spectroscopy analysis using laser confocal microscopy
revealed very different optical behavior between the original crystal
(Fig. 6a, b) and the circular microcrystal (Fig. 6c, d). In the original
crystal, thefluorescence signalswere confinedwithin a 3μmrange at the
crystal edge (the intensity was ~1.5-times the background), decaying to
background levels beyond 4 μm (Fig. 6e). Notably, the circular micro-
crystal formed through photodelamination exhibited a characteristic
optical behavior: significant fluorescence signals were detected not only
near the periphery but also at the geometric center (60 μm from the
edge in thematerial-free cavity region),with substantially slower internal
signal attenuation rates compared to the external regions (Fig. 6f).
Comparative experiments demonstrated that at 10μm from the edge,
the circular microcrystal exhibited 5-fold stronger background fluores-
cence intensity, whereas the pristine crystal showednodetectable signal
at this position (Fig. 6g). This evidence confirms the light-field redis-
tribution capability of these circular microstructures. We suggest that
multiple internal reflections and constructive interference within the
ring structure result in localized field enhancement. This optical con-
finement extends the fluorescence signal beyond the near-field region,
which is not present in the pristine crystal. This behavior is similar to the
Whispering Gallery Mode generation, and suggests potential applica-
tions forphotonic sensing, especially in remotefluorescencedetection71.
In contrast to planar microstructures, closed geometries allow for
excellent light-field manipulation through curvature-induced confine-
ment, which enhances light-matter interaction.

In summary, this study presents an organic crystalline material
capable of photoinduced delamination. When exposed to visible and
ultraviolet light, the material undergoes a progressive photomechanical
process in which the crystals are bent toward the light, followed by
photosalience andphotoinduceddelamination and the formationof arc-
shaped and ring-shaped organic microcrystals. These microcrystals
preserve the excellent flexibility of the parent crystal and exhibit struc-
tural stability, maintaining their ring-shaped morphology even under
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external mechanical forces. Through a systematic investigation of the
key factors influencing the photoinduced delamination process, the
controllability of this technique was successfully demonstrated,
enabling the precise fabrication of arc-shaped and ring-shaped micro-
crystals. Additionally, crystal structure analysis provided a plausible
explanation for this phenomenon, linking it to structural changes in the
crystal. Notably, the circular microcrystals exhibit distinct optical
properties, including fluorescence signals at both the periphery and the
geometric center, attributed to multiple internal reflections and con-
structive interference. This study not only highlights the potential of
photoinduced delamination for producing microcrystals with uncon-
ventional morphologies but also reveals that ring-shaped organic
microcrystals exhibit intriguing structural properties and exceptional
flexibility. These characteristics make them promising candidates for
applications in optical devices, sensors, and stimuli-responsive materi-
als, laying a solid foundation for the design and development of flexible,
organic, crystalline functional materials.

Methods
Synthetic procedure for MBID
All reagents employed in the syntheses were procured from com-
mercial sources. Analytical-grade solvents were used as received,
without any further purification. For the synthesis (Supplementary
Fig. 17), 1H-indene-1,3(2H)-dione (96.54%) (1.46 g, 10mmol) and 4-
(methylthio)benzaldehyde (98%) (1.52 g, 10mmol) was dissolved in
ethanol (50mL) andNaOH (0.8mg, 0.2mmol)was added. Themixture
was stirred at room temperature for6 h andfiltered. Thefilter cakewas
dried andpurifiedby columnchromatography (silicagel, 1:1 petroleum
ether/dichloromethane) to provide the compound (MBID) as a yel-
lowish green solid (2.35 g, 84%). 1H NMR (400MHz, chloroform-d) δ
8.45 (d, J = 8.2 Hz, 2H), 8.01 (s, 2H), 7.85 (s, 1H), 7.82 (s, 2H), 7.33 (d,
J = 8.2 Hz, 2H), 2.57 (s, 3H). 13C NMR (101MHz, chloroform-d) δ 190.44,
189.21, 147.18, 146.26, 142.43, 139.95, 135.19, 134.99, 134.69, 129.52,
127.82, 124.92, 123.17, 123.14, 14.61.

Characterization
The 1H and 13C{1H} NMR spectra were recorded on an Agar Scientifica
400MHz spectrometer, with tetramethylsilane as an internal standard.
UV−vis absorption spectra were recorded using a Shimadzu UV-2550
spectrophotometer. The emission spectra of crystals were recorded
using an Ocean Optics Maya2000 Pro CCD spectrometer or a

Shimadzu RF-5301 spectrometer. The mechanical tests were carried
out on an Instron 5944 universal materials tester with a 5N Instron
2530 load cell. Differential scanning calorimetric (DSC) analysis was
conducted using a TA Instruments DSC Q20 calorimeter, operating
under a nitrogen atmosphere with a heating rate of 10 K/min. The
scanning electron microscopy (SEM) images were recorded using FEI
Quanta 450 microscope operated at 3 kV. The IR spectra were recor-
ded with a Bruker Vertex 80v FTIR spectrometer. After rcording the IR
spectra of MBID, the crystals were illuminated in situ for 30min and
the spectrum was recorded again.

X-ray crystallographic analysis
Powder X-ray diffraction (PXRD) data was collected on a Rigaku
SmartLab diffractometer with CuKα radiation. Single crystal X-ray dif-
fraction data were collected using a Bruker D8 Quest diffractometer
(CuKα, λ = 1.54178 Å). Indexing and data integration were performed
using APEX4 (Difference Vectors method)72. Absorption correction
was applied by the multiscan method implemented in SADABS73. The
structures were solved using SHELXL-2014 (direct methods) and
refined using SHELXL-2014 (full-matrix least-squares on F2) with ani-
sotropic displacement parameters and using the APEX4 program
packages. Hydrogen atoms on carbon and nitrogen were placed at
ideal positions with their isotropic displacement parameters set to
1.2 ×Ueq of the atoms to which they are bonded.

Crystal growth
0.6 g of MBID powder was dissolved in 100mL of CH2Cl2 to prepare a
dilute solution (21mmol/L). 6mL of this solution was transferred into a
test tube, and an equal volume of ethanol was carefully added along the
inner wall of the test tube, ensuring that the two phases remain sepa-
rated. The test tube was closed with cotton and placed in the dark at
room temperature. MBID crystals were obtained after about ten days.

Data availability
The crystallographic informationhasbeendeposited at theCambridge
Crystallographic Data Centre (CCDC). The CCDC deposition number
for MBID is 2404489 and for MBID-M is 2404490. These data can be
obtained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif. All data are available
from the corresponding authors upon request. Source data are pro-
vided with this paper.
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